CHAPTER 11

HISTORICAL

Alkaloids lsolated from Species of Ervthrophleun

The Erythrophleun
Hardy in 1875 from Erysh
Baill. leaves and vt 1954) date, there are about fourty
alkaloids of whic . sfuckutes are known from only six Erythro-
phlewn apnc.te-l. . e fzlkalodds we __,_‘ ated from the bark
extract. Arya (1 epbrfed thel al 2 161d! wount in the bark of

various species as

Alkaloidal __ x hrophlewn species

.E‘l PP ARt STt — i e 13 [ j
| Alkaloid (%)
] | o
E. uhlm#tacﬂra Baill. gasland - 0.25
- PAHARNTUNFAME Y | o
E. gﬂﬁ:ma 6. Zanzibar 0.77
E. ivorense A. Chev. West Nigeria 0.31
‘ E. lasianthum Crob. Portuguese E. Africa 0.26 i

g B ..,._.__.‘,___J.



The alkaloids reported to be distributed in genus Erythrophleum

are summarized in Table 2.

Table 2

Distribution of Erythrophlewn alkaloids

AR1A9N

Ref erence

b e —— —— i —— B e —

Jansson and Cronlund, 1976,

}Etunlund and Oguakwa, 1975;
Ruzicka et al., 1945 b,

Schlircler, 1941.

‘Plant | :
Harms. (bark)
gt
. "
E. cauminga Baill. gine
(bark) 4
AT
E Norco e

Auel eI
SIBNANGNa |

Cassamidine
Erythrophlamine
Erythrophleguine
3-Hydroxynorerythro-

suamide

ronlund and Oguakwa, 1975;
Ruzicka et al.1945 a, b,

Cronlund and Oguakwa, 1975, |

F

ﬂﬁ.kwa and Cronlund, 1976,

jCronlund and Oguakwa, 1975.




Table 2 (continued)
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Plant

Alkaloid

Reference

Erythrophleun chloro-

stachye Baill. (bark)

ﬂ‘lJEl’J

amaqnﬁ‘m

Loder et al., 1974;

Falkiner et al., 1975.
Loder et al., 1974.

Falkiner et al., 1975;

Falkiner et al., 1975;

}

Loder et al, 1974.

Loder et al., 1974,

t Falkiner et al., 1975.

phlaninl

stac
Norerythrostachamide
Norerythrosuamine
3g-Acetoxynorerythro-
suamine

.l!

Te‘r et al., 1974,

r

&mlﬁma‘m et al., 1975.

Loder et al., 1974.
Falkiner et al., 1975.

Loder and Hearn,

Falkiner &t al., 1975.

Loder and Nearn, 1975 b.

1975 a.
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Table 2 (continued)

Plant ! Alkaloid Reference

Erythmphfm chloro-
stachye Baill. (leaf)

P2 Griffin et al., 1971.

E. fordii 0liv. (bark)

Arya, 1962.

E. guineense G. Dol 7| Cast

(bark) B ' |  Lindwall et al., 1965.
ﬂ‘utl INHNINY '1...,;‘:‘;;112”;0.
A7 Mﬂlmimﬂﬂ L s

Lindwall et al., 1965.

"I balma, 1939; Clarke, 1971;

Norcassamide Friedrich-Fiechtl and
Spitteller, 1971; Loder
et al., 1972.

Cassamidine Thorell et al., 1968.




Table 2 (continued)

Plant Alkaloid
Erythrophleum guineense | Norcassamidide
. Don (bark)

(bark)

ﬂ‘lJEl’J

IIQ-H&itoxycasnnine

ﬂmﬁﬁd entns, 197

Qﬁ?ﬂﬁﬂm’ﬂﬂm‘ THY

Loder et al., 1972.

Cassaidine
Coumidine
Ivorine

Cagsamine

12

Reference

Friedrich-Fiechtl and
Spitteller, 1971;

et al., 1972.

1949,
Clarke, 1971; Lindwall
et al., 1965.
Thorell et al., 1968.
Friedrich-Fiecht] and

Spitteller, 1971;

‘t aI- . l!?;.

' ' Cronlund and Sandberg,

and Sandberg,

]Gmnlund and Sandberg,

Ottinger <t al., 1965,
Cronlund and Sandberg,

Cronlund, 1973,

Loder

Engel and ‘I'nrngtur. 1948 &

Loder

1971.

1971;

1971,

1971;
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Table 2 (continued)

Plant Alkaloid Reference

Cronlund and Sandberg, 1971;

Erythrophleum ivorense
A. Chev. (b'ﬁ)

Loder et al., 1972; Loder |

and Nearn, 1972. 4

}Crnnlund and Sandberg, 1971.

Cronlund and Sendberg, 1971;
Loder et al., 1972; Loder
and Nearn, 1972.

Cronlund and Sandberg, 1971.

Chemistry of Erytidiec p

]

Research on ghe chemistry of Frythrophlewn alkaloids was begun

in 1935 uhmﬂa“ﬁ%ﬂ@ﬂﬂt%ﬂﬁnaﬂme alkaloids

(cassaine, muid:l.ne and norg¢assaidine)sand an amorphepus one (homo-
pute) Yioe 5l M| of Bt AUV s, 350>
Eul:meqmtly axtm:l.ﬂ chemical investigations of this group of alkaloids
have been undertaken in several laboratories and led to the structural

elucidation of those which have been isolated.



A. ic Structure of Erythrophlewum Alkaloids (1).

Most of the alkaloids obtained from the species of Erythro-
phleum are, in general, secondary or tertiary aminoethanol esters, or
amides of a,B-unsaturated monocarboxylic acid of tricyclic diterpene

series containing a perhydrophe: hmé skeleton (3). The tricyclic

d for caesane group (4) of
mberdfg System of diterpenoid portion

1o iodle [1965). “THe basic and correlative
structures of Erylhrophleiad fdllal oide ax

swBhown in Figure 1.
ho gu

Es- ﬂC‘HZCH:N(GI:Ia}! or
OCHECHiHH{CHE} or
) an}cazcnluﬁ '
LS e
A Iy
19 a8, X
ALLINEN S WNENS

RINITUNNANYIAY

(2) Phenanthrene (3) Perhydrophenanthrene (4) Cassane

Figure 1. Basic and correlative structures of Erythrophleum alkeloids.
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There are two major groups of Erythrophleum alkaloids depending

on the R, group at C-4 of ring A (1).

The first group (5) contains two methyl groups at C-4 (1, R, = Cll;]'
and a hydroxyl group at C-3 (1, R, = OH). At C-3, some of the alkaloids
are esters having acetate [mjl, j-methylcrotonate {uocm-c(cns}z}.

3-hydroxyisovalerate (0C gH,).) or hydroxylvalerate (00CC,H_OH)

)
group as ll‘ The alkaloi hiy £% ? are summarized in Table 3.

AULINGN

ARAINTY

010392
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Table 3

Erythrophleum alkaloids containing C-4 dimethyl groups

Alkaloid R Ry | Ry R
Cassaine H =0 | OCH,CHN (cHy),
6a-Hydroxycassaine OH =0 OCH,CH/N(CH,) ,
3=(3-Methylcrotonyl, =0 Dﬂﬂzﬂﬂzﬂtﬂﬂa)g

cassaine
Norcassaide’ =0 H{EHs)Cﬂzc‘BzﬂH
Cassaidine OH OCH,, CH, N (cuy),
Norcassaidine OH mzcazm(casj
Norcassaidide OH N ((‘.Ila) Cﬂzlmzﬂll
Coumingine =0 Oﬂﬂzmzu tﬂﬁ) 2
Norcoumingide =0 | N(CH;)CH,CH,OH '
Countidias | ; OH ncﬂzcuz!!{cu3 )5
Coumingidine ¢ & 00CcC Hﬁl H =0 | OCH,CH,NH(CH,)
- ﬂu &) INEDINENNT < | con,enmeon,

AR U N

WINg1a Y

Referefices: Clarke, 1971; Cronlund, 1973 a, b; Cronlund and Oguakwa, 1975;

Falkiner et al., 1975; Hauth et al., 1965; Loder et al., 1974;

Morin, 1968; Ottinger et al., 1965; Thorell et al., 1968,
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The second group (6) has one B-carbomethoxy group at C=4 dimn
place of a methyl group (1, Rzi COOCH,). At C-3, some of the alkaloids
are esters having acetate group as Il.l. The alkaloids in this group are

summarized in Table 4,

Erythrophl ,‘;, rhmttmx]r group

y i
- Alloi.dl' = . ] '33 R, 35
B LT -‘ . : I LR 'iu"
| Cassamine n ¢ R e B LS| 0c,GlLN(CH,),
Horcﬂqnﬂnq a @ ﬂ ‘jm N “"] g nﬂ .] a E] BCHIEHIHH(CH_,‘]
Norcassamide H H =0 N {CH3) CH z1‘.“:!’12!3'11
Cassamidine H H OH OCHZGHZII (Cl‘la) 2
Norcassamidine H | = OH OCH,CH,, NH (CH,)
Norcassamidide H H (1] N l:l.'.:l'l3 ) Cﬂzﬂ H,ZOH
Erythrophlamine OH H =0 OCH,CH,N(CH,),
Norerythrophlamine OH H =0 OCH,CH,NH(CH,)
Norerythrophlamide oH H -0 H{misicnzcuznn




Table 4 (continued)
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Alkaloid R, R, R, R
3B-Acetoxynorerythrophlam H =0 ﬂCBzCHIHH{GHE)
| Erythrostachamine H OH OCH,CHN(CH,) ,
Norerythrostach , H OH OCH,, CH ,NH (CH,, )
Hurerythmatmhy OH H(Cﬂ. JCH cnznu
3g-Acetoxynorery ; OH | OCH,CH,NR(CH,)
Erythrophleguine = ’ \ =0 OCH, CH,N(CH,) ,
Erythrosuamine ..u!‘.'r‘ : OH OCH CH Hlﬂﬂa]
Jaald
g
Norerythrosuamine P OH CH HE(C’B )
At OCH,
Norerythrosuamide = =0 OH N(CH,)CH,CH,0H
s 22
Dehydronorerythrosuamide — E’ =0 =0 H(LH }ﬁE O
| 3g-Hydroxynorerkt ' )i OH | OCH,CH,NH(CH,)
3g-Hydroxynor v_l OH N(CH, )CH_CH, OR
s RO
|
3p-Acetoxynorery fhrosuamine OH

"n

S Ak Bt

DGHZEH NH(C HEI}

ey m maimﬁmm .

Lindwall et gql., 1965 a, b; Loder et gl., 1972; Loder gt gl.,

1974;

Morin, 1968 and Thorell et al.,

1968,

Loder and Nearn, 1975 a, b; Mathieson et gl., 1960;
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8-Dehydrocassamic acid (B); the hydrolyzed product of erythrophleguine (7);
was converted via the acid chloride to 8-dehydrocassamine (9), a member

of this group which has not yet been isolated naturally (Clarke, 1971).

0y —OCH, CH, N(CH, ), Oz ~OR

(7) Erythrophlegui

There 1is ythrophlewn alkaloids consists

of few alkaloids whic ethiyl group or an aldehyde group

is found at C-4 e three alkaloids of this

group are l'}-hy red I_?":pf- b), norerythrostachaldine

(11) and 3g-acetoxyhorery ie (12)|Falkiner et al., 1975).

ANGARINNT
AUANING

CH,N(CHy),

(10) 19-Hydroxycassaine (11) R = OH

(12) R = 0OCH,
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19-Nor-4-dehydrocassaidine (13), isolated from Erythrophleum ecouminga
Baill., was reported to have one double bond with no methyl group at

C-4 (Oguakwa and Cronlund, 1976).

%’*c /ocuzcazu 1‘.t::vzli.‘.l2

According ! pr e atement on page 14, the Erythrophleum

alkaloids are derivatiVes ii erpene acids. In four cases,

the alkaloids isolated from the 1 of Erythrophleum echlorostachys

Baill. are secqnd oethanoliester and amides of cinnamic

AY )

acid, i.e, p-dimeth A&}, N-2-hydroxyethyl-N-methy1l

]
o W
cinnamamide(15), -‘?-hydrox:mthyl—l‘l-methyl-ﬁms-p-hydroxycinmmidn (16)

and H—Z—hﬂﬁt ?}Wﬁ%ﬂf*ﬁz, 1971).
PIAINTUUNTT NN

|
c-?cucﬁzﬂazn(CHj}z =CCNCH, CH, OH
H I:Il!l2
%

(14) (15) R1 = H. R, = cu3
(16) R, = OH, R, = CH,

(17) R, = H, R, = H
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B. Stereochemistry of Erythrophlewn alkaloids

loids (18) have >

asymmetric centers at ‘ , 4659 .- ' 4, The configurations
of C-5 hydrogen, C-9 h % e assigned the a-
orientation and those of -10 methyl the B~orientatien
(Chapman et al., 1963; ¥ing et al., 1958; Mori and

Matsui, 1966 and ”’gr‘,v T at., 19 : lo g_li are known to have

geometric hmriut@ since b%nan C-13 and C-16 posseses

the C-16 carbon ﬁ trane® won the axial OBM4 a-methyl group (Hauth et al.,

W9 ‘ﬂﬂ'ﬂiWEﬂﬂ‘i
%ﬁﬂﬁﬂﬂ%ﬁﬂ’%ﬂﬂﬂ Y. ™ e

at C-3 [Ill may be B-configuration of hydroxyl (OH), acetste (OOCCH ),

1965) .

3-methylcrotonate (ﬁﬂCﬂH—C(ﬂﬂa]z}, 3-hydroxyisovalerate muccazcmu) (CBB) z),
or hydroxyvalerate (GDCC&HEOH} group (Cronlund, 1973 a, b; Cronlund and
Oguakwa, 1975; Loder and Nearn, 1975 a, b and Turner et al., 195%). The
group at G4 (1{2} may be f-configuration of methyl (CH,), hydroxymethyl
(Ellzcli}, formyl (CHO), or carbomethoxyl (COOCH,) group (Chapman @t al.,

1963; cronlund, 1973 b and Loder and Nearn, 1975 b). In ring B, the
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functional group en C-6 {!3} may be either a~hydroxyl (OH) or ketone (=0)
group and that on C-7 (R,) may be either f-hydroxyl or ketonme group
(Blessington et al., 1970; Lindwall et al,, 1965 b and Thorell et al.,

1968),

According to the extensive structural investigation of cassaic

é C-14 a-methyl (Linstead
et al., 1942 and Morin, L / / \z\\\\:‘; n of all rings are assigned
the chair-chair-chair rations with larger number
of equatorial bonds at / / / \ pare the more stable
(Johnson, 1951), The cdt ’\\(\\

\\

cid 1ies {llustrated in
T - ‘

Figure 2. ﬁ
,»-"" Ee

‘” didid G ~OCH,CH, N(CH,)

o ,‘ o N

g
L

ﬂqwﬂﬂ@ Tefib
ﬁﬁma%‘nim wﬁwm‘ﬁ’ﬂ

HOOC-.. . _uH

Figure 2, Conformation of cassaic acid.
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C. Hydrolysis of Erythrophlewm Alkaloids

On mild hydrolysis with diluted mineral acid, these alkaloids
afford g-methylaminoethanol and a,f-unsaturated tricyclic diterpenmic
acids, The diterpenic acids (21) hydrolyzed from Erythrophleum alkaloids

are summarized in Table 5.

Diterpenic . Ry | R, A® Bond
Cassaic acid ‘o , g | e _
B—Mhydrou-q(uﬁl ,J TI EJ ﬂ gw ’ttlﬁ H =0 Present
Ganaiﬁ: ; Ny (e “ g A q’ OH i
| ORI R e) [0 el
Coumingic acid ﬂﬂCCHBC(ﬂH} (CH3]' CH3 H =0 -
Coumingidic acid. mccﬁuana II:HJ H =0 *
Erythrostachaldic acid OH CHO H OH -
Cassamic acid H Uﬂﬂﬂﬂa H =0 =
8-Dehydrocassamic acid H COOCH, | H =0 | Present
Cassamidic acid H COOCH, H OH -
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Table 5 (continued)

Diterpenic acid R, R, Ry | B; A® Bond
Erythrophlamic acid coocH, H =0 =
Erythrostachamic acid CﬂOCHS H OH -
Erythrosuamic acid =0 OH -
(Cassminic acid)

Erythrophleadienolic ag / ' H OH | Present
LI
Reference: Arya, 1962 BLgs ingghn 3 " \ ; Chapman et al., 1963;
Chapman et gf. X ’i ke, 19713 Dalma, 1954; Gensler and
Sherman, 19595 1 indwe ‘3._, 965; Loder et al., 1974; Loder
and Nearn, _;4_*;,{':, . al., 1960; Morin, 1968; Ruzicka
et al. ""L‘.F-'-';-;E‘*f"_:f':;,'-'—*'-'l;*-_'--_ﬁ-'_-—-“ =11 et al., 1968.

‘?}

)

The Bﬂ—eate ication in diterpenic n::m and alkaloids can undergo
hydrolysis wi ﬂ acid hydrolysis,
yields ussuanﬂa ﬁﬂwmme ic acid (Ruzicka et al.,
1941) ﬂ and 3-methyl-
crotonic ﬂ‘c Elun 5 El.mw] on nmi@ ydrolysis, provides

the mixture of coumadic and cassaidic acids (Thorell et al., 1968). Acid
hydrolysis of coumingidine generates methylaminoethanol together with
coumingidic acid, but its methyl ester, on alkaline hydrolysis forms an

acid identified as cassaic acid (Dalma, 1954).

Erythrophleguine (22), the 6-hydroxycassamine, isolated from

Erythrophleum guineense G. Don having a 6a-hydroxy and a 7-ketone group,
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is hydrolyzed and rearranged easily under acid conditions to give
8-dehydrocassamic acid (23) but a 7-hydroxy-6-oxo orientation as in
erythrosuamine (26) effectively prevents this rearrangement. The proposed
mechanism shown in Figure 3 for the formation of B-dehydrocassamic acid

from erythrophleguine involves a 1,4-elimination of water from the enol

(24) to yield another enol wall et al., 1965 a, b). Similar

probably exist and 1GHTE " reasondblé precursor of the isolated
8-dehydrocassaic acig 7 arke,.
//é "‘\
d-l
vl 7/ % '
‘$ T

’,.." .M ,#

reaction would explain &h #f-hydroxycassaine (27) might

v 4""“

(22) Erythroph

6-Dehydrocassamic acid

l * L34

quaﬁwaw%ﬂawni -
AN 7

(22)— —p (23)

N (24) (25) =

Figure 3. Formation of B8-dehydrocassamic acid
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% OCH_CH H(ﬂﬂa}z

C/ 272

|
W

27) ﬁmw_ﬂ ,n %"w Eﬁﬁ-ﬁhydrnusuaic acid
QRININTAUNNINYIAD
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D.

Conversion of Erythrophlewn Alkaloids

27

The hydroxyl group in rings A and B of diterpenic portion®of

Erythrophleum alkaloids may be converted by reduction with sodium

borohydride (HaBHﬁ} into ketone group which may be reconverted into

the hydroxyl group by oxidatiar

or chromic acid,

Cassaine
Coumingine

‘- H.n.EH
= uﬂmﬂﬂ%‘wmm
Hurr:ansmide —--—i Norcassani idide
Norerythrosuam a : de:ln?rﬂt TO-

suamide
uana4

Norerythrophlamide — Norerythrostachamide

th chromic trioxide {c:ﬁ._,_} in pyridine

Reference

Engel, 1959.

Thorell et al., 1968,

Hiedich—Fiechtl

and Spiteller, 1971.

Jansson and Cronlund,

1976.
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A, Introduction

Nowadays, a great number of research have been undertaken to

investigate on how plants produce alkaloids by the use of radicactive

and also upon the re tion to siffifesharural products. Experiment on

use of the political unrest in
the regions where ,..;.__, .& Eﬁd (Morin, 1968). So the
speculative bios : 3 f3~;TV-?2Aff-( ;: aloids may follow closely
that of the dite Isfbecgus ‘i caxt i‘nkeletnn of these alkaloids

themselves correlat b /tlié EasEan® group of the diterpenoids.

Terpenoids afe ympounds of extraordinarity diverse

structures, all of onsidered to have originated

from 6 - carbon B .‘:-'l' to isoprene units
(methylbutadiene] |29) . ot - satuﬂ}ted form of ‘this five carbon
unit is called isogemtane (30) (Nigholas, 1973). These units link

copettide ,ﬂ 148 SVLE U1idWNE)c) E12d of c1ns cromures, degres

4R 3 ifﬁ“‘%“?ﬁ"ﬁ FANERY

ﬂﬂz-ﬂﬁ dH cas-cuzncu-cﬂ3

(29) Isopremne (30) Isopentane

Almost all of the terpenoids conform to the "biogenetic isoprene
rule" firstly developed by Wallach (1914) and refined by Ruzicka et al.
(1953), a rule which states that a terpene is constituted by union of two

or more isoprene units in a "head-to-tail" manner (Nicholas, 1973).
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Biosynthesis

A. Introduction

Nowadays, a great number of research have been undertaken to
investigate on how plants produce alkaloids by the use of radicactive

tracers. These investigatiom ¢ based upon structural similarities

fatural products. Experiment on

ﬁ has been hampered by the
""---s

shortage of plant mates¥ad%, i e of the political unrest in
the regions where g nd (Morin, 1968). So the
speculative biosynglies aloids may follow closely
that of the diterpe nkalel‘.un of these alkaloids

themselves correlate 3 of the diterpencids.

Terpenoids a mpounds of extraordinarity diverse

structures, all of them L gonsidered to have originated
from fragments ;‘——F"- to isoprene units
(nethylhutndienemﬂ. ugdted form of this five carbon
unit is called isopéptane (30) (Nigholas, 1973). These units link

copethie iﬂ ot SV I IEL NS )Q ot ctng cromres, degres

" qma“ﬂ""itﬁ Wikl *ﬁ*ﬁ‘iﬁ‘h ]

CHy=CH-C=CH, CH,~CH —cu-

2

(29) Isoprene (30) Isopentane

Almost all of the terpenoids conform to the "biogenetic isoprene
rule" firstly developed by Wallach (1914) and refined by Ruzicka et al.
(1953), a rule which states that a terpene is constituted by union of two

or more isoprene units in a "head-to-tail" manner (Niéholas, 1973).
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Blosynthesis
A. Introduction

Nowadays, a great number of research have been undertaken to
investigate on how plants produce alkaloids by the use of radicactive

tracers. These investigatiouns W based upon structural similarities

and also upon the rels n to s fatural products. Experiment on

shortage of plant mates¥ad® Jinl part-beeayse of the political unrest in
the regions where | (Morin, 1968). So the
speculative bilosyntl luids may follow closely
that of the diterpe skel eton of these alkaloids

themselves correlated - of the diterpenoids.

Terpenoids are mpounds of extraordinarity diverse

structures, all of ansidered to have originated
from fragments *—i:'# to isoprene units
(mthylbutadieneﬂﬂ. tu%ed form of this five carbon
unit is called :I.ar;r;ﬁwne (30) (Nigholas, 1973). These units link

cogetiéc ﬂ‘LLEJ AL I EL LDt 10 cronures, degres

"] *ﬁ“ﬁ“ﬁiﬁ“"‘%ﬁ AINERE

cuz-ca-c-ﬂﬂz CH,~CH —cn—cna

(29) Isoprene (30) Isopentane

Almost all of the terpenoids conform to the "biogenetic isoprene
rule" firstly developed by Wallach (1914) and refined by Ruzicka et al.
(1953), a rule which states that a terpene is constituted by union of two

or more igoprene units in a "head-to-tail" manner (Niéholas, 1973).
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The combination of two isoprene units arranged "head-to-tail” 1is shown

below:

Ty g e B h
H,C=CH-C=CH, + H,C=CH-C=CH, > nzc-cu-o-cu-im-cu-o-cnz

The terpenoid embraces wide varieties of compounds according to

in their molecules as shown in

SN\,
é'_a

/

the number of isoprene

Table 7.

General formula

c SHB

Crof1e
Cy 5oy
Ca0f32

@gﬁﬂw%’ﬂmn'i
NI A nena e

Polyterpenoids n (CHy)
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The generally acceptable biosynthesis pathways of isoprenmoid

compounds are outline in Figure 4 (Bu'Lock, 1965).

Monoterpenes, Clﬂ

Ca

Sesquiterpenes, cu PR

&

Triterpenes, EED

_ . .
- -EH——!———idhﬂqh

zﬁ‘i—'—' ete [

MH’NIWITWEHﬂ‘ﬁ ’.’"'mm

geranylgeranyl pyrophosphate

ARIANN DA ANHNAL.,

Diterpenes, C

Carotenoids

The ﬁitarpaunida are Gzﬂ compounds which may be regarded as
derived from four isoprenoid residues. The diterpenes are found in
acyclic, monocyclic, bicyclie, tricyclic, tetracyclic and pentacyclic
forms. According to Rowe et al., basic diterpene hydrocarbon skeletons

are shown in Figure 5 (Hanson, 1972).
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CH,0H
I —

(31) Geranyl geraniol (32) Geranyllinalool (33) Taxane

(41) Podocarpane (42) Beyerane (43) Kaurane

F o

!
15

e

(@

(46) Trachylobane (44) Atisane (45) Gibberellane

Figure 5. Basic skeletons of diferpencids,
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Like the other terpenoids, they are found in plants or animals
as hydrocarbon or in combination with oxygen in the form of hydroxyl ,
ketone, aldehyde, furan t_ings, oxides and others (Nicholas, 1973). A
uniform numbering system favoring that followed the steroid ring system

has been augge'stad for the diterpenoids (McCrindle and Overton, 1965).

The bilosynthes
1. Formati

2,

Polymer

3. Formatig

1. Formatigh of tepyl pyro osphate

All terpenoid compoliuds

= from isopentenyl pyrophosphate,

which is also "ﬁ ag 8 nten}rl pyrophosphate

=~
-

ie synthesized frogm @ "‘_‘- both plants and

animals ag the fnllﬂng steps ock, 1965; ﬁmkuer, 1972):

R L Tt p——

acetyl CoA by "Head-to-tail" copdensation.,,, This reactigp is catalyzed
o or SIRAGAN T UNTINETR Y

b) A third molecule of acetyl CoA adds to the carbonyl group
at position three of acetoacetyl CoA to form 3~hydroxy-3-methylglutaryl
CoA (48). The steps (a) and (b) are normally interconvertible. I-Hydroxy-

3-methylglutaryl CoA may be derived from leucine as shown in Figure 7.

¢) 3-Hydroxy-3-methylglutaryl CoA is then reduced to an inter-—
mediate product mevaldic acid (49). This reaction is practically irre-

versible and requires NADPH molecule.
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d) The enzyme mevaldate reductase transfers the hydrogen stereo-
specifically from NADPH or NADH to the substrate, SIR}-[H'] mevalonic acid

(50) ie thus formed (the tritium atom is marked (*) in Figure 6).

e) Mevalonic acid is then phosphorylated at the primary alcoholic

group to form mevalonic acid monophosphate (51) and then in a second

reaction step mevalonic acid p .‘ ‘ ,&/ (52) is formed.
Bl ird hQﬂﬂ at tertiary alcoholic

group via ATP undergoes gofiCefredl z-...,;ﬁ a molecule of water and

T
AN
!ll\\\.. o e

e (53).

Acetyl CoA ﬁﬂ) 3-Hydroxy-3-methylglutaryl CoA
{c}l_lmmiﬂ
maac ’palk‘f “ nc\}m 'il
\GE"’ M \ /" \ /c‘*h

H"

(50) Mevalonic ﬂLﬂ H ’J ‘V'l E] VI ‘j' W E}ﬂ:ﬂ.ﬁm actd enzyme-bound

; D o
3
e (RLIESH e )
(51) Mevalonic acid phosphate (5?) Mevalonic acid pyrophosphate
{f}lﬂr
IEE :: f\B ) % ®QG/CH3 £
el g oo =P S O
ADP + Pi 2 on.f‘:\ﬂ.
H,0
(53) Isopentenyl pyrophosphate co
2

Figure 6. Biosynthesis of isopentenyl pyrophosphate from acetyl CoA.
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CH-CH,,-CH-COOH ——» CH—Giz—mUﬂ'DH e CH-CH_-CO~-CoA
c’ 23 ¢’ n.c’ 2
H3 Hﬂz H] 3
Leucine 2-Ketoisocarproic acid Isovaleryl CoA

HOOC C COnvCoA ¢——
N X
cfy Nof

(48) 3-Hydroxy-3-methyl-

l

& S s _ E“s

HOOG C o COVCoA ¢—— P \c{,ma

H3G

3-Methylcrotonyl CoA
glutaryl CoA (Senecioyl CoA)

Figure 7. Convers M Leucine 19d o -methylglutaryl CoA.

2. Polymegfzafignfof Phﬂﬂphnu
The formatiom'of/diferpe é\\\\ ace by the polymerization
of several molecules c ypenténvl pyrop ‘\-‘ ate. Theege reactions of

polymerization are shown described below (Luckner, 1972).

a) By th hift of the double bond o “d§epentenyl pyrophosphate
— : Iy

A5 'p'
U
allyl pyrophosphate (54) which serves as a starter molecule for this

wlmrizntiuﬂﬁ Ei :‘ﬁnﬂ W%:w 3qﬂ%ﬂic ester, 3,3-di-

methylallyl pyréphosphate or th}_ derived cation is an effective electro-

philic WMﬂ ?qu ’3 w&q#&m this

reaction 8t C-2 is strictly stereospecific. The a-hydrogen atom (°H) is

¢

catalyzed by isoperifen this yields 3,3-dimethyl-

always eliminated,

b) One molecule of dimethylallyl pyrophosphate then serves as
an acceptor for one molecule of isopentenyl pyrophosphate. The pyrophos-
phate group is then lost from the starter molecule. The condensation
may be considered as a nucleophilic substitution by the GHZ group -of

isopentenyl pyrophosphate. The substitution causes an inversion of
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configuration at C-1 of the starter molecule since the CH, group of
isopentenyl pyrophosphate opposite the pyrophosphate group enters the
molecule from the side in a concerted reaction. During the resulting
shift of the double bond, occurring simultaneously with the hew C-C
bonding, the °H atom at C-2 is lost. The resulting monoterpene is

geranyl pyrophosphate,

(55),

0

c) Since geranyl by allylic ester, the process
can be repeated by a_simida¥ muchdr \R {ing farnesyl pyrophosphate,
(56), and this is the ' ‘any 1 pyrophosphate, C20 (57).

Configurations arow se compounds are trans.

AULINENINYINg
ARIANITUANINE AT
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(57) Geranylgeranyl pyrophosphate, o0

Figure 8. Polymerization of isopentenyl pyrophosphate,
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3. Formation of Cyclic Diterpenoids

All of the presently known cyclic diterpencids are considered
to be derived, as a result o6f the Ruzicka biogenetic isopremaid rule,

from geranylgeranyl pyrophosphate (58) or geranyllinaloyl pyrophosphate

(59), either by direct cyclization or by secondary rearrangements (Nicholas,

1973).

(58) Geranylgeranyl anyllinaloyl pyrophosphate

Geranylgeranyl p werted to bicyclic and tri-

cyeclic derivntivl ciizatic .:&' and initiated

by protonation. Thﬂ:yc

names (+)-labdadienyl gyxophosphate (60). From its mode of formation

with the ﬂraﬂ:lum mwﬁﬂ ﬁﬂcﬂiﬁme-- conformation,

this wecesaarily has the typical trans-antd-trans sterdbéhemistry, but

sot. tor ikl bl sl AANYAR L v, s

Luckner, 19?2} Their summary is shown in Figure 9.

is/the bicyclic labdane type



L e oL ¥ "

dienyl pyrophosphate
]

p] ;J cursor of diterpenoids.
i

M&l ANBNINYING « e ctse acso
(61) by the iuui:nt:l.nn of the € -®®).

4 ,amamzmmm AN, oo

group, to the parent skeleton of pimarane, cassane, abietane, kaurane,

Figure 9,

beyerane, trachylobane and atisane types. Compounds of these types are
outlined in Figure 10 (Nicholas, 1973; Richards and Hmdrickn-cm, 1964).
From Figure 10, the cassane group which related to Erytirophleum alkaloids
has a modified pimarane skeleton in which the C-17 methyl group has

migrated from C-13 to C-14,



Beyerene

‘Q‘m iRL) um'a/maam

=
14
17

Abietadiene Cassene

Figure 10, Biosynthesis of cyclic diterpenoids,
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