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ABSTRACT

A new metabolitbe has been isolated from the

culture filtrates of the fungus Fusicoccum amygdali

Del. The constitution and stereochemistry of this new
compound has neen established by its synthesis from
fusicocecin A.

This new fusicoccin has been labelled with tritium

at C-8 and fed to the fungus Fusicoccum samygdali Del. It

was specifically incorporated into fusicoccin A with .

efficiencies of up to 20.6%.
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REVIEW



INTRODUCTION

Many natural  products contaiﬁ a_repeateﬂ isopentene
skeleton; The se compounds include the mono-, sesqui—: di-~,
‘ses- and tri- terpenoids containihg respectively, 10, 15, 20,
25, and 30 carbonvétqms, as well as the sterols, carotenoids,
thé natural rubbers, the polyprenols, and any substances
containing terpenoid elements in their molecules,

1-5

Several theories on terpenoids have been put forward.

Of these, the "IsoprenerRule" has proved a very useful guide

in the elucidation of structures 6f terpenoids. However, there .

‘have been exceptionst’Z to the "Isoprene Rule."

6-16 using isotopic labelling,

Biosynthetic studies
showed that é number of sﬁbstances e.g. leucine, isovaleric
acid, acetone, acetaté, acetoacetate and 3—hydroxy43;methyl—
glutaric acid, could be incorporated into terpenoids. However,
later work1§"21 éuggested there might'be a redistribution of -
the label, since 3—hydroxy—3—methylglutaric acid was in rapid
equilibfium, in various biological systems, with 3-methyl-
crotonic, 3-hydroxy-isovaleric and 3-methylglutaconic acids,
as well as with acetyl- and acetoacetylcoenzyme A.

The key substance in the biosynthésis 6f terpenoids,

22-24 in distillers' soluble

was discovered by Skeggs et al.
residues. This compound, 3-hydroxy-3-methylpentsano-5-lactone
(mevalonic acid lactone) has been investigéted extensively

in the biosynthetic studies of terpenoids.




- . 25 . N . A4 .

Tavernina et al ? observed that synthetic fz - CT7 |- DL o MZyalonic
acid was incorperated by liver preparations, into. cholesterol with an
efficiency of 43%. ”he caerboxyl oarbon (¢ - 1) vas eliminzied as 002,1n, con-—-

26,27

verting mevalonlc acid to cholesterol.” These observaticus 1ndlbude-

that nmevalonic acid gives rise to a branched chain 05 internediate which is

used as such, in the biosynthesis of squalene or sterols,

Gould et a12° reported that after administration of DL — [2 -14C].Q
mevalonic acid to mice, 4C% of the radiocactive dose couild be recovered in the

body cholesterol, 107% in the expired C0,; and 5% in urine. -

Cornforth‘eﬁ a129 shoved [? -14d)~ﬁevalonic acid to be a precursor of
squalene. Chemical degradation of the resulting [}463 squalene29’30 éhowed
that squalene.contained only six labelled positions in the chain of the meclecule
The branched methylcarbons of sqﬁalene were not labelled, This indicated
that all the carbon atoms‘in mevalonic acid retained théir individuality-

during the Biosynthésis. Tt was also established that isoprene is not an

. Y . . . 2
. intermediate in going from mevalonic acid to squalene or sterol 9.

The 140/3H ratio of squalene bioéynﬁhesized from .
[é~140:543ﬁ ﬁevalonic acid by parbicle-free extract of ﬁaker'84‘
yqast%l was ﬁhe same as in the mevalonic acid, This exelﬁdea
the possidility that C-5 of the wmevalonic acid was oxidised to
carboxyl before oondansatioﬁ.. | |

It was observed32 34that Cc-2 of mevalonic a01d is not
1ncorporated into the angular methyl groups of squalene, but is

located entirely in the main chain of squalene. It was also

shown35 that the "biniogical 1sopren9 unit" is not derlved from

mevalonic acid by oxidative reactions.



The oversall conversion of mevalonic acid to squalene
' : 361

. ' 1 . +_!' ’- f t
requires ATP, IMn and reduced pjradlno nuclieotide gs cofactors.

- ; S | - sy
Previously, it had Leen observed that fractionation”” of a crude extract of
yeast, gove fractions A and B,both of which were required for the conversion

Y,

‘ . . . - + s
of mevalcnic acid to squalene (in presence of ATP, Mn' and reduced pyridine

59 to ¢

nucleo tide). Ffaction A was shown atalyse the phosthoxrylation of

40

mevalonic acid by ATP., The enzyme in fraction 4 was shown to be nevalonlc

kinase, which catalyses.the formation of phosphomevalonic acid:

mevalonic acid + ATP .. phosphomevalonic acid + ADP,

In the presonoe of ATP, phosphomevalonic acid. waﬂ Snown to

be éonverted to another mevalonic acid der1vat1ve4l which éavevL
rise to squalené in the absence of ATP. Téhen4o therefore N
suggested that phosphomevalonic aéid is the fir5f>ihtermediéte
_in the trahsformation of mevaglonic acid to squalene.

| It was réported42 th;t the "biological iéoprene unit"” which undergoes
condensation, p0sse$ses terminal methylene groups which arise ﬁy élimination
‘of water aAd phosrhate, from mevalonic acid or its phosphorylated derivatives.
'Tchen4o suggested that the purpose of phosphorylation of mevalonic acid‘is to

- facilitate the ellmlnatlon of the nydroryl group, since pho phate esters are

be+ter 1eav1ng groups than hydxogyls.

It has ﬁeen shown43 that a protein fraction of yeast .extract catalyses
the synthesis from ﬁevalpnate, of farnesyl pyrocthosphate which was converted
to squalene on addition.df-yeésf cell particles and reduced pyridine nvcleo-
tide. Lynen et 5144 feported‘that 3, 3-dimethylallyl pyrophosphate and
geranyi'pyrophosphatemqre interniediates preceding the‘formation of farnesyl,
pyrophouph“te. 5—Phosphomevalonat9 and S5~diphosphorzvalonate were isolated

45, 46

from livevr~enuyne prerarstions . Both substances were showm to be more
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effective precursows ci cholestersl thsn DL-mevalonic acid itself. These

47,48 . p3

cbservations were follewed by the discovery -igopentenyl-

pyrovhosphate, geranylpyrophosphale and-farnesylpyrorhosphate in the bio-
a2

syuthesis of squalene. Geraniol and farnesol were synthesize from

mevalonate—2-l4c and from (R)5—phosphomevalcnate—2-14C, with soluble liver-

enzymes,

Today it is believed that terpenoid biosynthesis is
initiated by the enzymic redvetion of (S)-3-hydroxy-3-
k. 'l

mo o
L.l

viglutaryl coensyme ACﬂas shown in scheme 3. Two hydrogeny
transforred from reduocd n]coi]wamldp adenine dinucleotide
phosphate {NADPH). This reduection producing (R)-mevalonic acid
(6), is not ensily reversibla. So Far as isvknown, mevalonic

ara 4

acid is produced oy no other pathway and is used solely for
terpenoid synthesis. In contrasth, (3)=3~hydroxy-3-methyl
glutaryl coenzyme A (5) is producsd by SeVPPil b1°°ynthet1° path-

ways.
Carvonydrate F?b Protein
i i Z i
\V4
v . )
CHBCOSCOA Pa— CHBCOCHQCOSCOA (S)-Leucine
GoASIT (2)
1 T B hd
| u;;b ",OJ | 01{3 ‘_ CH,
HOLC. Py _POSCoh____ . HONC \ (10SCoA /c \c\osco
: e
CHy i, + 1,0 CH N VT (‘H3\ CH
NADPH (5) _ (4)° Biotin _ ‘
. | g Biotin-Co, (3)
NADP L , ,
CH .OH L |
Q& e
HO R{s CH,,OH

W
\

= Schewnel.
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In the next two enzymic processes, (R)-mevalonic acid
is phosphorylated o produce succsssively, 5-phosphomevalenic
acid (7) and S5-pyrophosphomevalonic acid (8). In each case the
donor is the terminal phosphoryl. group in adenosine triphosphzte
(p&TP ) ’

5-Pyrophosphomnevalonic acid (8) reacts on the enzyme with
adenosine triphosphate to give adenosine. diphosphate (ADP),
inorganic pnosphate, C0y, and£5-1uopen$eny1pyrophoqoqata (9)4Oq

The oxygen of the tertiary hydroxyi group was found in ‘the

inorganic phosphate after the res ction51 This suggests the

phosphorylation of this hydroxyl group by ATP before
elimination, but no intermediate phosphate has been detected.
The new double. bond is formed by a concerted elimination
rather than by dehydration followed by decarhbox ylatlon, for
no hydrogen from the agueous medium appears in the product.

This process is a trans ellm1n9t10n54 as shown in scheme 4.

In the next steplx-100pentenylperphoqphate (9) is converted,
by a prototropic shift, into 3,3-dimethylallylpyrovhosph=ate (10).
The equilibrium in this reversible reaction, leans heavily
towards (10). The elimination of a proton in the ch~nge
(9)— (10) is stereospecific, the hydrogen atom H, being the one
eliminated. Thus, (9) with a relatively unreactive pyrophosphoryl
group and a nucleophilic double bond, is converted into a highly

reactive electrovhilic allylcpyrophosphate (190).



12

vty .
002}1 -
01201
c
{ \ /
: \ e
f . it H,- : {
H
) . HC, . : i
tw ! ; a
H
!
R)-Mevalonic 1
( y-Mevalonic acid HB"' HC
(7) ATP
. o - \/ ADP
oP=oOPOH, - . - ‘ |
OPP=0ROM, T 3
i ' o ' : \ / CH,OPP
c<< ¥g I
c \c
[]
N\ ’
H, /
o / H,
| ] a
. | Hy Ha
| ATP b ophoss Lot oed ()
o spnomevaiont
002-4/’; /\ |
CH
3

\
C e g
Y/ CH,OPP e CtI OFP
\ Y / .
>
'C ¢ <
: ‘ \
I 3 Hd l
HfL HC . ' n
.3 4) (10) a
£ ~isopentenylpyrophosrhate . 3, 3-dinethylallylipyrophosphate



13

Both (9) and (10) are joint substrates for the enzyme
catalysing the next stages. The process is like polymerization
in some respects, (10) being the initiating and (39) the
propagating, species. The combination of these two molecules,
with loss of a pyrophosphate ion from oné of them and a hydrogen
ion from the other, produces geranylpyrophosphate (11) (scheme 5a).
This product then replaces (10) in = further; exactly similar, -
reaction with (9) to form farnesylpyrophosphate, the precursor of
Sesquiterpenes. |

Experiments using asymmetric labelling with hydrogen
isotopeéghave shown that establishment of the new carbon-to-carbon.
bond above, is accompanied by complete inversion of configuratipn"
at the allylic carbon atom, indicating a bimolecular nucleophiliec
substitution reaction. Further, the fixed stereochemical relation
between addition of the allylic Cg unit and elimination of the
hydrogen ion suggests that the enzymic process proceedé in two
distinct steps: (i) trans-addition of the allylic unit and of an
electron donating group X, and (ii) trans—-elimination of X and
of fhe hydrogen ion, as shown in scheme 5a.

In the biosynthésis of rubber, the elimination of hydrogen
ion produces a cis double bond and the hydrogen atom eliminated
is the prochiral hydrogen87 Hy in scheme 5b. This result could
be produced by a simple change in orientation of the substrate
(9) on the enzyme without any alteration in the wmechanism of

reaction, as shown in scheme 50.
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Two molecules of farnesyl pyrophosphate can condense to yield presqualene
pyrophosphateas as shown in Scheme 6. This substance gives rise to triter-

penes.

Coupling of farnesyl pyrophosphate with one molecule of AB—isopentenyl
pyrophosphate yields gerany%geranyl pyrophosphate, This substance can

cyclise with elimination of the pyroihosphaﬁe group to give diterpenes.

Two molecules of geranylgeranyl pyrdphosphate can condense to give pre-

89

lycopersene pyrorhosphate™ as shown in Scheme 7. This substance gives rise -

to carotenes.

Condensation of geranylgeranyl pyrophosphate with A?-isopentenyl.
pyrophosrhate gives rise- to geranylfarnesyl’pyrophospﬁate. iThis compound

yields sesterterpeﬁe$80heme 8 is a summary of the biosynthesis bf'terpenes.
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SESTERTERPENES

Sesterterpenes are believed to originate from geranylfarnesyl pyro-

phosphate., Gascardic acid (1) below was isolated from the secretion of the

(1)

90

insect Gascardia madagascariensis” . The structure of this compound was

established by degradative studies and biogenetic reasoning.

Compounds called ophiobolins have been isolated from the fungus

of

Ophiobolus (cochliobolus) miyabeanus and Helminthosporium speciesAfungi.

Ophiobolin A (2) was first isolated by Ishibashi and Nakamura®*.
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" Scheme 9.
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The structure and absolute configuration of this compound was established
by Nozoe et al,9l from the X-ray crystallographic data of its bromomethoxy

derivative,

Nozoe et alglc isolated ophiocbolin B (3) and established its structure
by chemical and spectroscopic correlation with Ophiobolin A (2) (Scheme 9).

These workers also reported the isolation of Ophiobolin C (4), Scheme 10.

Ttai et a1’'® isolated Ophiobolin D (5) from Cephalosporium caerulens.

The structure and absolute configuration of this compound was established by
X~-ray crystallographic analysis of its bromoacetate. Ophicbolin D has been

correlated? € with Cphiobolin C, Scheme 10.

Canonica et alglf reported the chemical degrédation of Ophiobolin A

and Ophiobolin B, isolated from Helminthosporium Orizae (Scheme 11).
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Tschesche et al’° isolated meonocinol (6) and its isomer (7) from the

antibiotic moenomycin,

OH

0 R - Y\/OH - oxs P

Geranylnerolidol (8) and Ophiobolin F (9) were isolated from the fungus

which causes the leaf spot disease in maize., Nozoe et 53.193 demonstrated that
Ophiobolin F is'produced when synthetic all-trans geranylfarnesyl pyro-

phosphate is incubated with a fungal enzyme system. The structure and stereo—
chemistry of Ophiobolin F was established by bibgenetic reasoning93 and

chemical correlation with Ophiobolin ¢ (4), Scheme 12.

(8)
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(4)
(1) ¢ ax
(ii) Pa-C/H
‘ - (9)
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OH

Scheme 12,
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. . ' ‘ - |
a
Iitaka et a1’4 isolated ceroplasteric acid (10a) from the wax secreted

by the insect Ceroplastes albolineatus. The structure of this compound was

established by X-ray analysis of the 4-bromobenzoate -of ceroplastol.(10b)

10a R
10b R

COCH
CHZO H

\

Chain et -al isolated fusicocecin A_{(1la) from the fungus
Fusicoccun amygdali Del. This compound has the ophiobolin ring
system and was thought to be derived i’rom a_seste;‘terpene

oH - |
: V OH
A0 CH,O C - CH=CH '
2 N : 2 - HO CHZ
HO-- - ©
, H HO o
ORc
Ll M - Hz
AH-
CH,OMe | CH,OH
UICL) ‘ (“19>
precursor, Hovever, the isolation of fusicoccin H (11b) is strong

cvidence that fusicoccin A may be a diterpene.
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Slusarchyk et a,l96 have isolated diumycinol (12), isodiumycinol (13)

and diumycene (14), from the phosphorus containing antibiotic diumycins.

é/ Y\/,\/’\‘R (12) R- /_\l/\CHZOH

(13) R-= AN
/\l/\ | /\Oh\
(1y) Rz 7NN

-

The isolation of cheilanthatriol (15) has been reported by Sukh Dev et
a197.

OH

(15)

Fasciculatin (16), Furospongin-I (17), Ircinin-I (18), and Nitenin (20)

o
were isolated from Marine Spongege. Faulkner~ 8 h=s recently isolated

variabilin (19) fron Ircinia Varigbilis.

\
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Fusicoccin A (I) was isolated by Chain et all from culture filtrates of

the fungus Fusicoccum amygdali Del., which causes a wilting disease of the

almond tree (Prunus amygdalué St.). They observed that fusicoooin A showed
Phytotoxic activity in the tomato plant test in concentrations of 0.1 - 0.2
ﬁg/ml. The elementary analysis of fusicocein A (from ethylacetate) indicated
the§0ﬁnu1ar C3BH58013' Molecular weight.determination by X-rays gave a value
of 733.5( 2%); isothermal distillation gave a value of 697.3(F 45%). The
mass spectrum showed the highest mass peak at m/e 704. This peak was thought

to be due to loss of one molecule of water from C (mol. wt. 722).

| 38758013
Fusicocein A yielded one molecule of glucose on acid hydrolysis. Elementary
analysis and n.m.r. indicated one methoxy- and two acetoxy- groups. When
hydrogenated in presence of a catalyst, fusicoccin A absorbed one mole of
hydrogen to give dihydrofusicoccin A, which e;hibited the highest mass pezk
at m/e 706. Dihydofusicoccin A had about half the bioclogical activity of

fusicocein A.

Barton2 and Chain reported that the mass spectrum of fusicoccin A showed
a minor peak at m/e 722 vhich fragmented into the aglycone 023H36o6 (m/e 408),
ahd a diacetylglucosyl fragment CIOH15O7 (n/e 247) which gave rise to peaks
at m/e 205 (loss of CH200), 145 (205 - CH,COOH), and the base peak at m/e 69

3

C.H,). Although they observed only two acetyl groups in the n.m.r.
54 .

(100 MHz) spectrum of fusicoccin A, the mass spectrum of dedcetylfusicoccin
032H52010 (17596), azlycone ion m/e 366, indicated the loss of three acetyl
groups. Acetylation of fusicoccin A with acetic anhydride in pyridine gave
a product C42H62015 (M+ 806) whose n.m.r. spectrum shoved fivg acetoxy-groups.

Acetylation of fusicoccin A wifh 2H6 ~acetic anhydride gave a product

(N+ 815), requiring the addition of three acetoxy-groups. In addition to the




';I : . . ) 38
/

very small peak at m/e 722, fusicoécin A showed a more intense ion at m/é 680,

Bartoﬁz’et al suggested that this peak at m/e 680 was due to the molecular

ion (M&). The minor m/e 722 ion requiring three acetoxy;groups,and the

diacetylglucosyl ion at m/e 24?}in the mass spectrum of fusicoccin A were

- thought to arise through a thermal transacetylationz’3 prior to ionisation

of the parent compound (M = 680). Barton2 et al. suggested the revised
molecular formular of fusicoccin 036
i

shared between the glucosyl unit and the aglycone.

H56012’ containing two acetoxy-groups

e stmctuie

ﬁﬁé:%ﬁféééhé@iétfy”Q?;?ﬁéiéocdiﬁwiAwas eé%;blie-
_Vfﬁ}gé__fby degradative and spectroscopic studieg§ énd byréﬁ_i:;éy>;fysfﬁillAvu
ographic analysis6 of a mercuribromide of its aglycone. - The same structure
and stereochemistry of fusicocecin A was independentl& suggested by Ballio

et al3 on its degradative ahd spectroscopic data, and X~-ray crystallography

of its p~iodobenzenesulphonyl derivative.

Derivatives of fusicoccin 4, (I a - g) have been observed in culture

filtrates of Fusicoccum amygdali Deb., and also when fusicocecin A is incubated

at room temperature at the pH of the culture filtrate. The structures of

7

these compounds have been established by mainly n.m.r. spectral data’.

Pt

Barton et a}s have isolated fusicoccin H (II) from culture filtrates of

_ Fusicoccum amvgdali Del., The structure of fusicoccin H was established by

degradative studies and by chemical correlation with the known fusicoccin
series, Teeding expériments showved that fusicocein H can act as a precursor
of fusicoccin A, which strongly suggests that fusicoccin A is a diterpenoid

and not a degraded sestertepenoid.




I Ry, Ry = COCHy;; Ry, Ry = H
(a). R, = COCHB; R,, RB, R4 = H
(v) By Ry By By = H

(c) | R, Ry, = COCHB; RB, R4 = H
(a) R, R4 = COCHB; R,, R3 = H
(e) R, = COCHB; Ry, Rs, R4 = I
(£) _F4 = COCH;; Ry, Rys By = H
() Ry = COCHy; Ry, Ry, By = H

\

{
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In the following work a new metabolite has been isolated from culture

filtratés of Fusicoccum amygdali Del. The structure and stereochemistry of
this minor metabolite havebeen established as (28) (Scheme 9) by its synthesis
from fusicoccin A. Feeding experiments have shown that compound (28) can

act as a precursor of fusicocein A.

A chloroform extract of a culbure filtrate of Fusicoccum amygdali Del,

was fractionated on a silica gel 11, F.C. column, eluting with isopropanol and
chloroform 05:95). Fractions coptaining fusicocein A (I) were combined,
concentrated, and the fusicoccin A (I) crystallised. A t.l.c. examination
of the mother liquor showed the presence of several new minor metabolites of

mobilities between fusicoccin A (I) and deacetylfusicoccin (Ib). The mother

liquor was evaporated to dryness to give a yellow gum. Attempts to purify
the new metabolites by p.l.c. failed. The crude meterial was acetylated with
acetic anhydride and pyridine at 80°, The reaction mixture went almost black

but p.l.c. separation gave a small amount of compound (I) (Scheme 1).

The mass spectrum of compound (I) showed the highest mess peak at m/e

732 (16%), with other peaks at m/e 672 ( i) (732 - MeCOQHL 663 (1.3%)(752 -

¥

Ost9), 603 (134) (663 - meco,H) 442 (8.4%5), 417 (5%), 374 (18.5%) (132 - C, Hy 00
575 (18.5%) (132 -~ C,,11;05) 357 (21%5) (152 - CppB,00,) 314 (33.3%) (574 -
MeCO,K), 313 (33.2%) (373 - MeCOLH), 289 (99.4%), 229 (80.2%), 169 (74%),

109 (53%) and 69 (100%).

Compound (I) was hydrogenated in preéence of a catalyst to give compcund
(2). The mass spectrum of compound (2) showed the highest mass peak at m/e
734, with other peaks at m/e 674, 663, 603,444, 417, 374, 373, 357, 314,

289, 229, 169, 109, and the base peak at m/e T1.
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From thé mass spectra, compounds (I) and (2) appeared to have 4 acetoxy-
groups. fThree acetoxy-groups were on fhe glucop&ranqse unit as indicated by
the presence of the charé%eristiq glﬁcop&ranose triacetate ion series m/e

289, 229, 169, and 109. The fourth acetoxy-group was on the ion m/e 374,
fragmenting into the ion m/é 314 (374 - MeCOQH). The base peaks at m/e 69

and 71 in the mass spectra of (1) and (2) respectively, indicated the presence
of an isopentenyl unit? (CSH9) in (1). This isopentenyl unit was catalytically

hydrogenated to give compound (2).

-

From the mass spectrum of compound (8) (Scheme 4), it appeared that the
mass spectrum of the derivative of (21 corresponding to (8),would give valuable
information. Compound (2) was deacetylated and treated according to Scheme 4,

but the mass spectrum of the product corresponding to (8), was not helpful.

The samples of compounds (1) and (2) were insufficient for further
characterisation. It was assumed that (1) and (2) had the same carbon
skeleton as the known fusicoccins and structure (22) (Schemes 2 and 7) was

suégested for compound (2), based on the mass spectral data.

Ae,0,py. Hy/Pt

Extract -EQEEEE%> Gum ——> Compound -——-g—————%r Dihydro
- ' 80° (1) EtOAc (2)
Scheme 1.

Attempts were made to synthesise structure (#2) rrom fusicocein A,

according ta: Scheme 2,
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(22) Scheme 2,
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However, when the comprund (22) was synthesised it differed from compound

(2) in the mass spectrum, On t.l.c. the synthetic compound (22) was less
polar than compound (2), indicating that (2) might be of a higher oxygenation
than (22). Structures (a) and (b) below looked equally possible for

compound (2). The molecular weight of (a) or (b) is 794. It was thought
that the absence of a peak at m/e 794 in the mass spectrum of (2) might be

due to elimination of CH,COOH from the parent molecule (a) or (b) prior to

3
ionisation.
ORc - ‘ ORc
Ao V e, 0CH) 4 fco HZOCSHII
. CH <
Rc - A o 2
ORc
cH,0Me ‘ : CH,0Me

(@) ‘ (b)

Compound (27) of structure (&) was synthesised from fusicoccin A,
according to Scheme 8 and was found to be identical with (2). Both compounds

(2) and (27) were non-crystalline.

A chloroform extract of a culture filtrate of Fusicoccum Amygdali Del.,

was treated with acetic anhydride and pyridine under nitrogen at 800, to give
compound (1). This product was deacetylated to give a crystalline compound
(28) (Scheme 9), which was later observed in the culture filtrate of

Fusicoccum anvgdali Del. The constitution and sterecchemistry of (28) was




/

established by its synthesis from fusicoccin A

'Synthesié of Compound (22).

Treatment of triacetylfusicoccin4h(9) with 0,211 aqueoﬁs NaHCO5 for
1% hours afforded a2 mixture of prdducts. Ffom this mixture compound (10)
_(Scheme 5) was isolated by p;l.c.-and crystallised from ether to give needles,
m.P. 9971000, it 680, diacétylagiycone ion m/e 450, isopentenyl unit‘m/e 69;
n.m.r.:T 7.93 (5H,‘s, CHBCO) and T 8.05 (31, s, cnsco). Vhen treated with
HZ/Pt in ethylacetate, compound (10)'%ook up one mole of hydrogen to give
the di—hydro derivative (14).  Compound (14) crystallised from ether as

needles, m.p. 75°, M 682 and the ¢ side chain m/e T1; n.m.r. 1 7.93

(34, s, CH5CO) and - 8.05(3H, s, c115co).

To synthesise di—(2,4,6-triisopropylbenzenesulphonjl)—deacetyldihydro~
fusicocein (18) (Scheme 7), it appeared necessary to protect the sugar
hydroxyls in compound (10) or (14), with groups stable to conditions under

which both the acetoxy-groups cen be removed.

It was established that all the hydfoxyls in deacetylfusicoccin4 (16)
(Scheme 6) could be benzylated by treating deacetylfusicocein with Nel and
benzylbromidq,to give hexabenzyldeaéetylfusicoccin. The protection of the
free hydrorxyls in éompounds (10) ana (14) by benzylation was attempted by
freating compound (1C) or (14) with methyllithium, tetramethylpiperidine
and benzylbrcmide. However, it appeared deacetylétion ocecurred and the

experiment failed,

Treatment of compound (1C) with orthonitrobenzylciiloride in pyridine

at room temperature,yielded the diorthonitrobenzoyl derivative (11) (Scheme 5%).
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Treatment of compound (11) with more orthonitrobenzylchloride in pyridine
at 550 had no effect. When compound (11) was treated with benzoylchloride

in pyridine at room temperature, it yielded the monobenzoyl derivative (12).

Treatment of compound (12) with 0,2M aqueous NaHCO_, at 350 overnight or

3
0.2M Na2003 at-5° for 30 minutes afforded a mixture of products, in addition
to unchanged starting material. T.l.c. showed that the reaction mixtures
included deacetylfusicocein (16) (Scheme €) and compound (10) (Scheme 5).

In the case of the 0.2M aqueous Na200 reaction mixture a benzoate without

3
nitrogen (elementary analysis) was isolated. This indicated that the
benzoyl group was more stable than the O-nitrobenzoyl groups, under these

conditions. It appeared thaf a tribenzoyl derivative might undergo deacetyl-

ation without debenzoylating, under the conditions above.

Treatment of compound (14) with benzoylchloride in pyridine at room
temperature, yielded the tribenzoyl derivative (15). Treatment of compound
(15) with 0.211 aqueous Nazéo 3 gave a mixture of product;, including A
deacetyldihydrofusicoccin, compound (14) and unchanged (15). It was hoped
that a bigger base Qould remove the acetoxy-groups without affecting the
benzoyl groups. However, treatment of (15) with piperidine in dry toluene.
gave mainly compound (14) and a small amount of deacetyldihydrofusicoccin.

There was a small amount of unchanged (15).

Treatment of compound (14) with a mixture of dihydropyran, toluene and
concentrated hydrochloxric acid at 800, gave a yellow oil on evaporation
(Scheme 7). This product was deacetylated and treated with 2,4,6-tri-
isopropylbenzenesulphonyl chloride in pyridine, at room temperature for
several days. The reaction mixture was worked up and the tetrahydropyranyl

ethers cleaved by trecting the product with dilute hydrochloric acid in



ethanol,:to give a mixture of products. Separation of this mixture by

p.l.c. gave compound (18), Amax 28im, (¢ 3700), n.m.r. T 2,86(2H, s)

(aromatic, 17V groupand v 2.92 (2H, s) (aromatic, 27 group).

Treatment of (18) with Nal in acetome, gave mainly compound (19), A max
281mu (é 1900), n.m.r.7 2.90 (21, s)(Aromatic, ZryjrouP). Compound (19) was

identical with compound (6) in Scheme 3.

Compounq (19) reacted with NaBH4 in dimethylsulphoxide, giving the

- cyélopentadierig (20) 1" 564 (032}15208 m. th. 564), Amax 270 me (£ 1200), m.m.©

1 3,86 (2H, s) assigned to the cyclopentadiene protons.

Compound (20) was hydrogenated in the presence of 10% Pd/Strontium
carbonate, tc give compound (21), without the cyclopentadiene sbscrption in
its U.V. spectrum. The n.m.r. spectrum of (21) did not show the cyclo-

pentadiene protons atT 3.86.

‘,Treatﬁent of (21) with acetic anhydride and pyridine at room temperature
for 4 days, save compound (22), M' 734 (C4OH62012 n. wt. 734). This
product was diﬁierent from compound (2) in Scheme 1. T.l.c. examination of

acetylation mixtures of extracts of cultures of Fusicoccum amygdali ﬁel.

showed no signs of a compound identical with (22).

Synthesis of Compound (27).

Treatment of dihydfofusicoccinA (23) with a mixture of dihydropyran,
toluene and hydrochloric acid, gave a light yellow oil on evaporation. This
product was deacetylated and treated with 2,4,6~triisopropylbenzene-

sulphonyl chloride at room temperature. The reaction mixture was worked up
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and’the_tetrahydropyfanyl ethers cleaved by treating the product with dilute
L. 1! . .

hydrochloric acid, tc give a mixture of products. Separation of this

mixturé'byrp.l;c. gave compound (24), Apmx 281 mu (¢ 2400), n.m.r. T 2.86

(28, s) (aromatic, 179 group).

Treatment of compound (24) with excess sodium iodide in acetone, yielded
the iodide (25), Amax 224 mu (£ 75¢0), end 259mx (g 1600). This product
analysed for 032H51IO9 and gave a positive Beilstein test.

Compound (25) rezcted with NaBH4 in DMSO to give compound (26) identified

by its mass spectrum only, m/e 582 (IiF, ¢ m. wt. 582), 350 (aglycone

32754%
ion), 332, 314, 259, 207, 151, 109 and the base peak m/e T1.

Treatment of compound (26) with acetic anhydride in pyridine at Toom
temperature overnigﬁt, yielded two products, the minor one being fully
acetylated. However, acetylation of (26) at room temperature for 7 days or
at 80° under nitrogen overnight, gave mainly the fully acetylated product
(27). The mass spectrum of (27) showed a small peak at m/e T94
4éH64014 m. wt. 794), a large peak m/e 734 (M' - CHBCCOH), and the

rest of the spectrum was identical with the mass spectrum of compound (2) in

+
(M7, ¢

scheme 1. Compounds {2) and (27) were also identical on t.l.c.

Compound 28,

A chloroform extract of a culture filtrate of Fusicoccum amygdali Del,

was treated with acetic anhydride and pyridine &t 807 under nitrogen

(Scheme 9). The reaction mixture was worked up aﬁd fractioned on a silica
gel colum, to give a -  fraction containing compcund (1), This fraction
was fractionated by p.l.c. to give a crude sample of (1). Deacetylation

of this product and separation by p.l.c. on silica gel did not yield a pure
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compound., The crude compound ffom p.l.c. was purified by f.l.c. on 5%

AgNO3 impregnated silica gel plates, to give compound (28), which qrystailised
from ether; In the crystalline fofm, compound (28y is only slightly

soluble in ether but it can be brought into ether solution by dissolving it
first in ethanol and evaporating the solution to dryness ih vacuo, The
residue, whiéh may be a gum or a solid foam, readily dissolves in ether.
Compound (28) obtained above had to be recrystallised .from ether several times,
to obtain a pure sample. The pure sample of (28) melted at 194 - 203° with
decomposition, on a Kofler block. In a sealed tube under nitrogen (28)

melted at 204—6o without any sign of decomposition,

The mass spectrum of compound (28) showed the highest mass peak at m/e
580 (M+, 032H5209 m. wt. 580), with significant peaks at m/e 350 (aglycone
. s
ion, M' = CG..H,.0.), 332 (350 - H20), 151 (332 - 611H1702), and the base

1171875
peak m/é 69. When hydrogenated in preserce of Adam's catalyst (28) absorbed
one mole of hydrogen to give the dihydro derivative (29), which was identical
with compound (26). The mass spectrum of (29) showed the highest mass peak
‘at m/e 582 (M, 052H5409 m. wbt. 582) with significant peaks at n/e 350
(aglycone ion, M' - Clleoos)’ 332 (350 - HZO), 151 (332 - 011H17°2)' and
the base peak m/e 7l. The base peaks at m/e 69 and Tl in the mass spectra
of (28) and (29) respectively, indicated the presence of an isopentenyl unit4
(05H9) in (28). 'fhe i.r. spectrum of (28) displayed absorption at 3420(0H)
and 1645 (RCH = CH2) cm . The n.m.r. spectrum of (28) run in deuterio-
cﬁioroform showed a six~proton singlet at +8.77 due to the gem dimethyl
substituent, and a one-proton double doublet centred at + 4.27 due to the X
proton of the vinyl ABX system present in the isopentenyl unit4. Further,
the n.m.r. spectrum showed one.methoxyhgroup (~ 6.70), one‘tertiary (+ 8.83)

and three secondary metnyl groups,r 8.96 (3H, d, J6Hz), T 9.04 (3H, d, J6Mz),

/
’

!
/
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and4'|-9..17 (;;1, d, J7.5Hz).

Thé dihydroderivative (29) was crystalliséd with difficulty from a
'mixfure of diethylether and petroléum etﬁer (b.p. 40—606). All attempts to
crystallise the corresponding‘compound (26) in the synthetic series, failed.
Thus, a good comparison of (26) éﬁd (29) could not be made. Compound (28)
was easily crystallisedvffom diethylether. Therefore, an attempt was made
to synthesise (28) from fusicoccin A, despite the risk of lecsing the iso-

pentenyl unit during acid treatment.

Treatmenf of fusicoccin A (3) (Scheme 10) successively with a mixture
of dihydropyran, toluene and hydrochloric acid, 2N sodium hydroxide,
2,4,6-triisopropylbenzenesulrhonyl chloride, and finally hyd;ochloric acid,
gave corﬁpound (30),  Amax 281 mu (£ 1900), n.m.r. T 2.85 (2H, s)(aromatic, j.ry
group) » T4.21 (14, dd, J10, 18Hz) iso.pentenyl unit. Compound (30) in
aéetone was heated with Nal in presence of triethylamine to give the iodide
(31), Vmex (1Br) 3450 (OH) and 1645 (RCH = CHy)om 3 Mmax 224 mu (¢ 7400)
and 259.(€1800); n.m.r. + 4.25 (1H, dd, J10, 18Hz) isopentenyl unit. Treat-
ment of compound (31) with NaBH 4 in DISO at 100° overnight,yielded a 50:50
nmixture of two products and a small amount of unchanged (31). When this
reaction was foiibwed by t.l.c. it was founa that only one product was
formed within the first 4hour of reaction. After 30 minutes the second
product appeared and increased with time. In later yreparations the reaction
was run for 20 to 25.minutes to give compound (32) along with unchanged (31).
P,l.c. separation of this mixture gave (32), which Qas crystallised from
ether. Compound (%2) melted at 194—201O wilth decomposition; on a Kofler
block. In a sealed tube under nitrogen (32) melted at 202—4o without any .

" sign of decomposition. A mixed m.p. determination of compounds (28) and (32)

showed no depression, Compounds (28) and (32) were identical in all other
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respects. This synthesis established bthe shructure and
stereochemistry of {(28) as shown in scheme (9).
Compound (32) was labelled with tritium and fed %o

Tusicoccum amygqgli Del., It was iuncorporated into fusicocecin A

with a high efficiency, indicating that (28) can act as a

precursor of fusicoccin A,

Labelling of (32).

Preatment of (32) with pyridine and-ace tic anhydride at
20 overnight, gave the telbraacetate (33), scheme 11, This
product, identilfied by its i.r. and n.m.r. spectra, failed
t0 erystallise. Oxidation of (33) with Jones reagents'g gave
a crude product, presunavly oontaiqiug the ketone (34).ifhis
‘erude product was treated with LiBT4 to give compound‘(35),
which was identical with (32). Compound (35) was recrysta-

1lised to consbant specific activity, 9.69x10° d/n/ng.

Feeding Experiments.

Two feeding experiments were carried oul,
(a) 7ompound (35) (1.07ag: btotal activity Fed 10.37x10”° d4/m

wasg Ted Lo one Tlagk alf 100Oml culture of Fusicocceum

amygdali Del. and worked up after 5 days.
= . .
(b) Compound (35) (3.61lmg: total nctivibty fed 34.98x107 A/a

was fed to 2 flasks edch of 100ml culture of Fusicoccun

anygdali Del., and worked up after 7 days. In both cases
the crude extracts of the culture filtrates were deacetylated
and. fusicoccin D {36) isointed by p.l.c. and reervstallised

-l

to constant specific activity. In these two experiments 35
c P J { )

was incorporated with efficiencies of 20.1 and 20.6%, respech-

ively. These incorporation efficiencies are higher than those

;
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‘reCOrded for fusicocein H (II)8 (1.25 and 2,34%), showing that
(32) is a mo:é advanced precursor than fusicoccin H.

{
{

Treatment of-compouﬁd (36) with acedic anhyidride and
pyridine at 2° overnight, gavé triacetylfusicocein (37).
Jones oxidation of (37) at SO-fOT 1/2 hour, gave (38), with.
a loss of 89.0% of the label. | '

It wadg presumed that the residual tritium (114) in (38),
might be at C-7 or C-14 as a result of scrumbling during
Jones oxidation. Therefore, (38} would be'expected to lose its
tritium Wﬁen treated with a base. Treatmeﬁt of (38) with
K+5"Bﬁt/'EIOEut gave a single non—crystaliine product.On t.l.c.this
product was much more polar thsn (38) and probably did not
have any ace%étes. The specific activity of this product
corr63ponded to 94.5%v1¢ss of the tritium originally present

in (37).
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: Acetylation of extracts of culture filtrates of

Fusicoccum amygdali Del. failed to yield compound (22) on

Hydrogenation. Therefore, it is unlikely that compound (d)
(scheme 13), is an intermediate in the conversion of |
fusicocein H (a) to fusicoccin A. Scheme 13 shows the possi-
ble pathways for the conversion of fusicocein H (a) to the
new metabolite (28). None of the compounds (b) ~ (g) have yet
been isolafed from the fungus.

The final stages in the biosynthesis of fusicoccin A,
mist fherefore involve the specific hydroxylation of one of
the geminal methyl groups of the isopropyl residue in (28),
followed by the enzymic acetylation of this primary hydroxyl
group and the sugax hydroxyl group.
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EXPERIMENTAL

Unless otherwise. stated, the following data applies to this section:

Melting pqints wvere determined on a Xofler block and are uncorrected.
Infra-red spectra were recorded on a Unicam SP200 spectrometer, as solutions
in carbontetrachloride. Ultravioclet spectra were recorded on a Unicam SF800
spectrometer, N.m.r. spectra were recofded in deuterochloroform on. g T-60 0T &
varian H.A.100 spectromefer. Mass spectra were Tun on a Perkin Elmer 270 low
rgsolution or an A.E.I..MS9 high resoluticn spectrometer., - Rotations were

measured on a Perkin Elmer 141 polarimeter, in chloroform solutions,

Radiocounting was carried out with a Beckmann Liquid Scintillator Counter.

The efficiency of 3H_counting was ca. 50% with a background of ca. 50 dpm,

Thin layer (t.l.c.) and preparative layer chromatography (p.l.c.) wert per—

formed on Kieselgel GF,., activated at 110°C for 1} hours.

54
Solvents were removed in vacup on a rotary film evaporator in water ﬁaths.

at 50 - 60°, Products were freed from water or pyridine by repeated addition

and evaporation of ethanol-tocluene, in vacuo on a rotary film evaporator, in

water baths at 50 - 60°.
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Isolation of Compound (1)

A chloroform extract of a culture filtrate of Fusicocecum amygdali. Del. was

concentrated and fractionated on a silica gel M.F.C. column, eluting with 5%
‘isopropanol in chloroform. Fractions coﬁtaining fusicocein A2 were combined,

* concentrated and the fusicoccin % crystallised, A”"portion of the mother
liquor Oanentraté (92mg) was; treated with acetic anhydride in
pyridine at.85° for 24 hours. The mixture was poured into ice water and extract-
ed with ether. The ether extracts weré evaporated to dryness and the residue
dried. Separation of the residue by t.l.c., eluting with 30% ethylacetzte in
petroleum ether (b.p. 40-60°), gave_(l) Rf(ca. 0.3) (1 mg) as a gum. The mass
spectrum of (1) showed the highest recorded peak at m/e 732 (16%) (" - CHSCOCH),
with significant peaks at m/e 672 (4%), 663 (1.3%), 603 (1%), 442 (8.4%), 417
(58), 374 (18.5%), 373 (18.5%), 357 (21%), 314 (33.3%), 313 (33.2%), 289 (99.4%),
229 (80.2%), 169 (74%), 109 (55%), and 69 (100%). .

Dihydro derivative'of(1) L

Hydrogenation of (1) in ethylacetate in presence of Adaﬁ's catalyst, gave
(2). The mass spectrum of (2) showed a small peak at m/e 794 ('), and a larger
peak at m/e 734 (M - CHBCOOH), with other peaks at m/e 674, 663, 603, 444, 417,
374, 373, 357, 314, 289, 229, 169, 109 and T1.

2,4,6-triisopropylbenzenesulphonylfusicocecin A(4).

" Fusicoccin A (3) (1g) in pyridine was treated with 2,4,6-triisopropylbenzene-
sulphonyl chloride (1.5g) at room temperature for 3 months, The mixture was
treated with excess ethanol and evaporated to dryness. Separation by p.l.c.

eluting with 5% isopropanoi in chloroform, gave (4) RF(ca 0.5), which crystallised
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from methanol, m.p. 92-3° (891 mg). [a]f)zo + 8% (¢, 0.93); v max 3500 (OH),

1725 (C = 0); 1§SO(RCH = ‘CH2), 1605 (arbmatic) cm"l; N max 281 mat

( £2500). MR, v2.88 (2H, S) aromatic,' 1 4.22(IH, ad, J10, 18Hz), 76.73(3H,S),
t 7.90(34,s), T 7.96(34,5), T8.75 - 8.80 (274, 2s), ~ 8.98(3}{, d, J6.SHz),
79.21 (3H, 4, J7Hz).

(Found: ©, 64.8; H, 8.3; S, 3.3. 05111780143 requires G, 64.5; H, 8.2;

8y 3.4%).

Di—(2,416—triisopropzlbenzenesulphonyl)—deacetyldihydro—fusicoccin ().

2,4,6-triisopropylbenzenesulphonylfusicoccin‘(4) (450mg) was deacetylated
by treatment with 28 NaOH and methanol (1:4), at room temperature overnight.
Dilution with water, extraction with-ether and evaporation of the ether extracts,
gave the deacetyl product. This substance was dried and treated with 2,4,6-
triisopropylbenzenesulphonyl chloride (lg) in pyridine at room temperature for
6 .days. The reaction mixture was treated with excess ethanol and purified as in
the above experiment, to give a t.l.c. pure non-crystalline produet (326mg).
Hydrogenation of this substance in ethanol in presence of‘Adam's catalyst or 10%
Pd/CaCOB, gavé 2 products. Hydrogenation of the substance (250mg) in eth&lacetate
in presence of Adam's catalyst gave the non-crystalline di—(2,4t6—triisopropyl~
benzenesulphonyl)~-deacetyldihydrofusicoccin(5) as the sole product (243mg).
(_a]%oo +21° (¢,0.17); A max 281 ( € 4800). MMR, 72,77 - 2.90 (4H,2s)

aromatic, 6.70(3H, s).

Reaction of di-(2,4,6~triisopropylbenzenesulphonyl)-deacetyldihydrofusicocein(5)

with sodium iodide.

Di~(2,4,6~triisopropylbenzenesul phonyl)~deacetyldihydrofusicoccin(5) (124mg)

was treated with sodium iodide (lg) in acetone (19ml), under reflux overnight.
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The reaction mixture was gxtraé%d into ether. Removal of solvent and crystal-
:1isation from petroleum ether (b.p. 40—600) and diethyl ether, gave iodo-
(2,4,6—triisopropyl—bénzenesulphonyl)—deacetyldihydrofusicoccin (6)(8Tmg) as
needles, m.p. lOl—lQBO; a mixed m.p. determination with iodide (19) showed no
depression.[glgoo_48° (c, 1.2); Amax 2éhnu@:2100); MR, T2.88(2H,s);

16.18 (6H,S, broad), v6.74(3H,s), T8.74 -~ 8.86 ( 28, 3s), T 8.94(3H, q,
J6Hz), T9.11(3H, 4 J6Hz), v9.21(3H,t, J3.5Hz). (Found: C, 58.0; H, 7.8;

I, 12.9. C,.H,,T0,)S vequires C,58.1; H, 7.7; I, 13.1%).

Triacetyldihydrofusicocecin cyclic ether (8).

Dihydrofusicoccinl (7) (5C0mg) was treated with mercuric acetate (1.6g) in
methanol (30ml) at room temperature for 4 days. The reaction mixture was poured
into aqueous KBr solution (3.2g in 100ml of water) and kept at room temperature
for 20 minutes. The mixture was extracted with ether and then with chloroform.
The ether and chloroform ektracts were combined and evaporated to dryness, to
give a five componenf-residue, (all the components quenched U.V. light). This
residue was dissolved in methanol (40ml) and treated with 2N NaOH(8ml), followed
by NaBH4(4OOmg) and more 2N NaOH(8ml). The mixture was stirred atvroom temper—
ature overnight. ''he reaction mixture was poured into water and extracted with
ether, The ether extracts were evaporated to dryﬁess and the residue dried.

This residue'was'treated with excess acetic anhydride in pyridine at room temper-
ature, for 3 days. The reaction mixture was poured into ice water and extracted
with ether. The ether ext?acts'were evaporated to dryness, to give (8) (200mg)
as needles m.p. 141-144° (from ether). t93§00 +16%c,0.6); vmax 2975, 1745

1, mm, 16.73(3H,s), T7.96(3H s), T7.98(6H,s),
T 8.06(6H,s) T8.95(9H, s), T 9.02(3H, 4, J4Hz) 19.16(3H,t,J7.5Hz).

M.S. m/e 808 (5%). M', 626 (8%), 556 (16%), 497 (8%), 432 (41%), 390 (50%),

(c = 0), 1375, 1245 and 1050cm”
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372 (4T%), 289 (100:50), 229 (97%), 169 (857), 109 (43%), 71 (675), (tass
measurement at 1(626), found 626.2965: 031H45013 requires 626.2937).

(Found: ¢, 62.5; H, 7.9. requires C, 62.5; H, 7.8%).

C42t'62%5

Diacetyldeacetylfusicocein A (10),

Triacetylfusicoccin]i. (9) (602mg) was dissolved in methanol 75ml and treated
with 0.2M agueous sodium bicarbonate (15ml) at 35° for 1} hours. The reaction
mixture was diluted with water and extracted with ether and the ethereal extracts
evaporated to dryness. Separation of the residue by p.l.c., eluting with 5%
isopropancl in chloroform, gave (10) (RF Ca 0.3) (210mg) as needles, m.p. 99~

100° (from ether).

o . o
’3“3]2)0 + 31° (e, 0.3), v max 3475 (OH), 2970, 1730 (C = 0), 1380, 1245 and

1050 em ™t

. WMR, t4.24 (I%,dd,J10, 18Hz), 16.70 (3H,s),17.95 (3H,s) 18.05
(34,s), T8.77 (6H,s), T8.80(3H s), T8.92(3H,d, J6.5Hz), T 9.15(3H,d,J7H2).
MS m/e 680 (pﬁ} CygHsg01, mol. Wt 680), 450 (diacetylaglycone), 390, 330 and

69. (Found: €,63.3; H,8.2. c36H56012 requires 0’63.5;. 'H,8.3%).

The di-O-nitrobenzoate (11).(P &7

O-nitrobenzoyl chloride (2g) was added to pyridine (15ml), dropwise with
stirring. A precipitate was formed. .The diacetate (10) (217mg) in pyridine
(Sml) was added and the mixture stirred at room temperature for 22 hours. Ice
was added and the mixture diluted with agueous sodium chloride and extracted with
ether. The ether extracts were evaporated to dryness. Separstion of the residue
by p.l.c., eluting with 5% isopropanol in chloroform, gave (11) (band R Ca 0.5)
as a gunm (257mg). Eail%zo + 83° (c,1.94), vmax 3515(0H), 2995, 1735(¢C = 0),
1610, 1555 and 1355 cm.™; A mox.  262.5 mp (& 9800).

MR, T 2.40(8H m) srcmatic, 1 6.70(3H,s), T 8.06(3H,s), T8.08(3H,s),



70

T 8.78(9H, s,overlapping), 78.95(3H,d,J6.5Hz), T 9.18(3H,d,J7Hz).
(Found: €, 61.2; H, 6.2; N, 3.0. CsoHg,N,01g Tequires C, 61.3; H, 6.4

N, 2.9%).

Attempted O-nitrobenzoylation of (11).

Compound (11) (50mg) in pyridine (1ml) was added as above, to a mixture
of O-nitrobenzoyl chloride (lg) and pyridine (10ml). The mixture was stirred
at 55° for 3 days and worked up as above. . The product was unchanged (11), which -

analysed correctly for 050H62H2018'

The mono-benzoyl derivative of (11). o

Compound (11) (133mg) in pyridine (3ml) was .treated with benzoyl chloride
(600mg) at room temperature overnight. The mixture was poured into ice water
and extracted with ethexr. The ether extracts were evaporated to dryness.
Separation of the residue by p.l.c., eluting with 5% isopropanol in chloroform,
gave (12) (band RFCa-b.é) as a gun (95mg).

[a]§2° + 86°% (c, 0.6), vmax 3510 (o), 1735(C = 0) cm.“l; Amox..
255 mp ( €15900), 262 mp (€14500)., NMR, 72.38(13H,m), T6.70(3H,s),
T8.05(3H,s), Tv8.07(3H,s), 7 8.76(9H,s, overlapping), T8.93(3H,d,J6.5Hz),
9.16(3H,d,7Hz). (Found: C, 63.4; H, 6.4; N, 2.6. 057H66N2Ol9 requires

C, 63.2; H, 6.1; N, 2.6%).

Attenpted deacetylation of compéund (12).

Compound (12) (5mg) was treated with methanol (5ml) and 0.2M aqueous
NaHCO3 (1m1) at 350 overnight. The reaction mixture was diluted with water
and extracted with ethexr, Evaporation of the ether extract to dryness gave a

residue which was a mixture of compounds including (12), (10) and deacetyl-



fusicoccin2 (16). Similar results were obtained when the experiment was

repeated with 0.2M aqueous sodium carbonate at 50 overnight.

Tribenzoates (13) and (15).

The diacetate (10) (68mg) in pyridine (3ml) was treated with benzoyl
chloride (500mg) at room temperature dvernight. The reéction ﬁixture was worked
up as in the preparation of (12). The product was separated by t.l.c., eluting
with 23% isopropanol in chlofoform, to give (13) (band R, Ca 0.6), as a gum
(45.5mg). [a]%zo + 36'(0, 0.5), vmax 3510 (OH), 1730 (C = 0) em.”%;

A max 231 myp (£54400), 275mp (557005, 282mp ( £4500). NMR, 72.16 (6Hm),
T2.72 (9H,m),. T 4.20 (1H,dd,J10, 18Hz), 76.71(3H,s), T7.93(3H,s), T8.04(3H,s),-

19.03(6H s), 79.20(3H,d,J3.5Hz), 19.25(3H,s,J 3.5Hz),
When the experiment was repeated with the dihydvo (14), compound (15) (Pik6) was
obtained as a gum. (Found: C, 68.7; H, 7.0. 057H68015 rgquiresAC, 68.9;

H, 6.9%).

Attempted deacetylation of compound (15) using Na_.CO..

Compound (15) (Smg) was treated with methanol (6ml) and 0.2M aqueous sodium -
carbonate (lml) at room temperature for 35 minutes. The reaction mixture was
- worked up as in the preparation of (10). The product was a mixture of compounds

including (15), (14), and the deacetylation product of (14).

Attempted deacetylation of (15) using piperidine.

Compound (15) (27mg) in dry toluene (1ml) was treated with dry piperidine
(0.2m1) at room temperature for 20 hours. T.l.c, indicated one product in

addition to unchanged (15). ' The reaction mixture was then kept at 350 for 20



72

hours. T.l.c. indicated two products in addition to unchanged (15). The
reaction mixfure ﬁas then put under nitrogen and heated at 100° for 3 hours.
T.l.c. indicated that a considerable amount of unchanged (15) rémained.r More
piperidine (0.8m1) waé added and the mixturé kept at 1000, under nitrogen,
overnight. T.l.c. indicated the bresenée of unchanged‘(l5). The two pfoduofs

formed earlier, had decreased, and (14) had been formed.

The dihydroderivative of (10).

Compound (10) (575mg) was dissolved in ethylacétate and hydrogenated in
presence of Adam's catalyst, at room temperature and atmospheric pressure, to

give (14) (480mg) as needles (from ether), m.p. 75°.

e}
157 +23° (o, 0.6), vmax 3450 (OH), 1730 (C = 0) em.™ , MR, T 6.71

(3H,s), 77.94(3H,s), 78.06(3H,s), T8.91(9H s), 7 8.93(3H, d, .15;12),'

19.14(3H, ¢, J7Hz), 719.18(3H J7Hz). ‘M.S. m/e 682(Mﬁ036H mol. wt. 682),

58012
450 (diacetylaglycone), %90, 330, 71.

(Found: ¢C, 63.4; H, 8.3. requires C, 63.5; H, 8.3%).

C16M58012

Hexabenzyldeacetylfusicocecin (17).

Deaoetylfusiooccinl (16) (200mg) in-N,N-dimethyléoetamide (5ml) was stirred
with NaH (300mg) under nitrogen at room temperature until no mére hydfogen was'
given off. Benzyl bromide (1.5ml) was added and the mixture was stirred at 500,
under nitrogen, overnight. The mixture was ?oufed‘into ice water aﬁd extracted
with ether. The ether extracts were evaporated to dryness, Sepg;ation of the
residue by p.l.c., eluting with ethylacetate-petroleum ether (b.p. 40-60°).

(10:100), gave (17) (band Ry, Ca 0.4) as a.gum (216mg). [p]?go +14° (¢, 1.65);
v max 2900-2950, 1505, 1465 and 1370 om"l; A\ max 210 mp (§46,0CO), 259mp

(e1740). H.S. m/e 1136(Mj CryHag0yo mole wh. 1136). i



(Found: ¢, 78.6; H, 7.9. 074}{88010 recuires C, 78.3; H, 7.8%).

Attempted benzylation of compound (14).

Dry ether (50ml) was placed in a 2-neck flask provided with a water
condenser and nitrogen. 5.3% methyllithium in ether (0.8ml) was injected below
the surface of ether and the mixture was stirred at room temperature. Tetra-
methylpiperidine (465mg) was added and the mixture stirred for several hours,
to allow the formation of tetramethylpiperidinelithium. The diacetate (14)
(99.6mg) in dry ether, was added and the mixture stirred at roon temperafure
overnight., The mixture became cloudy. Dry N,N-dimethylacetamide was added -
until a clear solution was formed. Benzylbromide (1ml) was addéd and the mix- .-
ture stirred at room temperature overnight. The mixture was poured into ice
water and extracted with ether. The ether extracts were evaporated +to dryness,
T.l.c. indicated the residue was a mixture of at least 7-compounds, including
the deacetylation product of (14). Separation by p.l.c., eluting with 5% iso-
propanol in chloroform, gave the major product (band Ry Ca O. 3) as a gun (13mg).

A max 218 mp (e7443) and 259 mp. (e345), [a]2° 0° (¢, 0.7). NMR,T 6.70
(34,s), 78.03(34,s), T8.57(3H,s), T8.73(6H,s) 718.99(3H,s), 79.25( 3H,d);

there was a broad signal centred at T 2.60,

Di-(2,4,6-triisopropylbenzenesulphonyl )-dihydrodeacetylfusicocein (18).

Compound (14) (297mg) in dihydropyran (1Cml) and toluene (5ml), was stirred
with concentrated hydrochlbric acid (1 drop), under nitrogen, at 80° overnight.
The mixture was evaporated to dryness, to give a yellowish oil, This product
was deacetylated with 2NNaOH (2ml) in methanol (10ml) at room temperature over-
night, The reaction mixture was diluted with water and extracted with ether.

The ether extracts were evaporated to dryness and the residue dried. The
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residue was dissolved in pyridine (5:4g) and treated with 2,4,6-triisopropyl-
benzene;ﬁlbhonyl chloride (2.1g), at room temperature for 104 hours. The re-
action miﬁture'was treated with excess.ethanol, evaporated to dryness, and the
residue freed from pyridine. The residue was dissolved in ethanol (75ml), and
treated with hydrochloric acid (1ml) in water (4ml) at 300 overnight, to cleave
the tetrahydropyranylethers. The reaction mixture was then diluted with water

and extracted with ether. The ether extracls were Qashed with agueous sodium
bicérbonate and evaporated to dryneSs. The residue contained both the monc-

and di- 2,4.6-triisopropylbenzenesulphonyl products. Separation by p.l.c.

eluting with ethylacetate-petroleum ether (b.p. 40-60°) (1:5) and then with 5% |
isopropanol in chloroforin afforded (18) (vand R Ca 0.4, the mono-product band

‘RiCa 0.0.39) as a gun (115mg). [6312)10 +12%c,0.9); v max 3530(0H), 30CO,

1605. 1475 and 1440 em.”ts Amax 281 (£3700). NIR, T 2.86(2H,5) hromatic, 1% o),
12.92(2H,s) (aromatic, 2% group) 16.75(3H,8), v8.72-8.97 (45H,5s),

19.02(3H, 4, J6.5Hz), 9.10(3H, d, JTHz), t9.14(3H, ¢,6JTHz).

Todo-2,4,6-triisopropylbenzenesulvhonyl compound (19);

Compouﬁd (18) (87mg) in acetone (15ml) was heated under reflux with sodium
iodide (1.5g) overnight. The reaction mixture was diluted with water and ex&ract—
ed with ether. T;g ethefiextracts were evaporated to dryness. Separation of
the product by p.l.c., eluting with 5% isopropanol in chloroform, gave (19)

(pand R, Ca 0.35) (44mg) as needles (from diethylether - petroleum ether
b.p. 40-60°), m.p. 102-103°. A mixed m.p. determination with the iodide (6)
showed no depression. [a) %80 - 49° (c, 0.92); v max 3450(0H), 1605, 1475,
1440cm,” Amax 281 mp (¢ 1900). IR, 72.90(2H,s) (aromatic 2" gg.oup))
1 6.74(3H,s), 78.74-8.85(27H,4s) T 8.96(3H, d, J6Hz), 79.10(3H, 4, J6Hz)

T 9.20(3H, t, J3.5Hz).
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Cvclopentadiene (20).

The icdide (19)A(140mg) in dimethyl-~sulphoxide (2Cml) was stirred with
NaBH4 (1g) at 140o for 3 days. The reaction mixture was poured into water and
extracted with ether; The ether extracts were washed with aqueous N'aEiCO3 to
remove dimecthylsulphoxide, and evaporated to dryness. Klution of the product
on p.l.c. using 5% isopfopanol in chloroform, afforded the cyclopentadiene (20)
(band Ry Ca 0.2) as a gum (15mg).[01§OO + 53° (G, 0.12); vmax 3420(0m),
1705, 1470 cm.-ls Amax 270 mp (€1200)., NMR, .r3.86(2H,s) @yclopentadiené})

1 6.70(3H,5), 18.76(6l,s), 7 8.82-8.96 (~15H, q, overlapping) 1 9.14(3H,

J7Hz), .
M.S. m/e 564 (i C5oHls,0g mol, whe 564).  (Found: ©, 67.9; 9.5) "
C5,H;,0g requizes C, 68.0; H, 9.3%) .

Hydrogenation of the cyclopentadiene (20).

The cyclopenfadiene (20) (14mg) in ethylacetate was hydrogenatéd in
presence of 10% Pd on strontium carbonate, at room temperature and atmospheric

pressure.

1 mol. of hydrogen was absorbed, giving a single product (14mg), The
product had no U.V. absorption at A270 mu. and did not show the cyclopenta-
diene signal at T3.86 in its n.m.r. spectrum. This product was identified as

compound (21) without Ffurther charactherisation,



Acetylation of (21) to compound (22).

Compound (21) (14 mg) in dry pyridine (0.3ml) was treated with acetic
anhydride (0.5ml) at roonm temperature for 4 days. The reaction mixture was
diluted with water and extracted wi{h ether. The ether extracts were evaporated
to dryneéé. Purification by p.l.c., eluting with 30% ethylacetate in petrol-
eum ether (B.p. 40 -~ 60°), gave (22) (band R, ca 0.7) as a gum (15mg). M.S,
m/e 734(3%) (H" CygHo,0, mol. wh. 734), 378(12%), 360(8.5%), 359(11%),
358(11%), 315(17%), 300(28%), 289(44%), 256(225), 229(285%), 169(267), 151(287),

! A 1. ' ' N ' . [R)
109(267), and 7L(100%). This product was not characlerised further.

2. 4,6~triisopropylbenzenesulphonyldeacetyldihydrofusiccecin (24).

Dihydrofusicoccin2 (23) (1g) in dihydrOpyfan (30ml) and toluéne (lOm;) was
stirred with concentrated hydrochloric acid (2 drops) under nitrogen at 70o
overnight. The mixture was evaporated to drymess, to give a yellow oil. This
product was deacetylated with 2N NaCH(5ml) in methanol (25ml), at room temp-
erature overnight. The reaction mixture was worked up and dried as in the
preparation of (18). The product was dissolved in pyridine and treated with

2,4,6~triisopropylbenzenesulrhonyl chloride (6g), at roon temperature for
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69 hours?. Thg reaction mixture was tﬁeated_with ethanol and work up as for
(18). Thé;product in ethanol (iSOml) was treated with concentrated hydro-

chloric acid (2m1) in water (8ml), afIEOo.overnight. The product was worked

up and purified as for (18), to give (24) (band R, ca 0;5) as a gum (786mg).
[a]]%lé + 49° (e, 1.8); v max 3500 (CH), 3000, 1605, 1475, 1440, and 13550m"1;
Amax 281 mp (€ 24C0), NIR, 72.86 (2H, s)(aromatic 11'55,@,,); 6.7L

(3}1, s), ‘1 8.73(9H, s) v8.79(12H, s), 78.90 (6H, s) 78.97 (3H, 4, J6.5Hz),

v 9.12(3H, 4, J6.5Hz), T 9.17 (3H, 1, J7Hz).

(Found: C, 65.1; H, 8.5; S, 3.6.

¥

C47H76SO12 requires C, 65.4, H, 8.7,

S, 3.7%).

The iodide(25) .

Compound (24) (415mg) in acetone (15ml) and sodium icdide.(l.Sg) were
stirred and heated under reflux overnight. The reaction mixture was diluted
with water, wérked up and purified as for (19), to give the iodide (25)

(band R; ca 0.45), es needles (from ether) m.p. 137 -/40°, (276mg). The

° (e, 0.7); A max

. . (o]
product gave 'a positive Beilstein test. [!1]2g + 4
224 mp (€ 7500), dnd ;.. 259mp (e1600).

(Founa: ¢, 54.5;}, 7.4.. C32H51109 requires C, 54.4; H, 7.2%).

Reduction of the iodide (25).

The iodide (25) (6lmg) in dimethylsulphoxide (23ml) was stirred with
NaBH4 (200mg) at 100° for 30 minutes. The reaction mixture was poured into
water and worked up as for (20). Separation of the product by p.l.c., on
triple elution with 3% isopropanol in chloxroform, afforded compound (26)
(band RF ca 0.43) as a gum 30mg. The ﬁroduct gave a negative Beilstein test.\

M.S. m/e 582 (1) (M", ¢, H_.0, mol. wt. 582), 350 (29%) (aglycone)
- 32°54°9 ' )



332. (3495), 314 (10%), 259 (137%), 207 (20%), 151 (275%), 109 (31%) 71 (1005%).

This compound was not characterised further.

Acetylation of (26).

Compound (26) (30mg) in pyridine (b.Sml) was treated with acetic
anhydride (1lml) under nitrogen at 70° overnight. The reaction mixture was
poured into ice water, worked up and purified as for (22), to give (27) (band
Ry Ca 0.4) as a gum (32mg). Le] %20 + 15 (c, 2.8),vmax 1740 (C = 0), 1370,
1240, and 10450m.-11ﬂﬂh 16,78 (3H,s), 7 8,0% - 8,11 (151, 3s), T 8.78
(6H, d, J7Hz), 78,96 (9H s), v 9.14 (3H, 4, J7Hz), T 9.18 (3H, t, J7Hz).
M.S. m/e 794 (1" G ollgs0p, mole whe T94), T34, 373, 331, 209, 229, 169,'1097 -
and 71. This product (27) was identical with compound’ (2) on t.l.c. and the
i.r. and mass spectra were identical. There was no further cleracter— .
isation.

Isolation of Compound (28)

A chloroform eiéract of a culture filtrate of Pusicoccin amygdali Del.

was concentrated and fractionated on a florisil colurn, eluting with isopropanol-
chloroform mixtures. The fractions containing fusicoccin'A2 (3) were concen-
trated and the fusicoccin A crystallised. The mother liquor was evaporated to
dryness. The product (26g) in pyridine (40ml) was treated with acetic anh&dri&e
(160ml) under nitrogen at 70o for 2 days. The mixture was worked up and
dried as for compound (22). T.l.c. indicated the product contained compound

(1). Fractionation of this product on a column of silica gel G.F.C.

(61 x 6.5cm, 1150g) eluting with 30j ethylacetate in petroleum ether (b.p. 40-
600), gave impure compound (l). This product was further purified by p.l.c,
elutiné with 304 ethylacetate in petroleum ether (b.p. 40 - 60°). The product

was still impure and it was. deacetylated with 2 NaOH (4ml) in methanol (20ml)
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at room temperature overnight. The reaction mixture was worked up as usual.

Separatlon of the preduct by p.l.c. on 5% silver nitrate/silicd gel G F

254°
eluting with 10% isopropanol in chloroform, gave (28) (vand R, Ca 0.4)

(BOOmw) as white crystals (from ether), m.p. 194 - 203 (with decomnoultlon),
204 - 6° under nitrogen in a sealed tube (no decomposition). Cﬁ:l%s + 240
(e, C. 54), vmex. (KBr) 3420 (0H), 1645 (RCH = CH,), 1460, 1385, 1350, 1275,

1246 and 1150 em,~t -H.M.R., T 4.27(0H, dd, J10, 18Hz), T 6.70 (3, s)
78.76 (6H, s), +8.82 (3H, s), v8.96 (3H, d, JG6Hz),

v9.04 (3H, 4, J6Hz), T9.17 (3H, d, JTHz),.

11S., m/e 580 (0.5%), (11 C3ll5,0g molL. wt. 580), 350 (15%), 332 (2690,

259 (205), 207 (15%), 151 (23%), 109 (385) 69 (10055) .

(Found: C, 65.9; H, 9.1,

032H5209 requires C, 66,2; H, 9.0%).

. The dihydro derivative of (28).

"Compound (28) (SOmg)“in ethylacetate waé hydrogenated in presence of
Adanm's oataljst.‘ ) mol. of hydrogen was absorbed to give the dihydro (29)
' (SOmg). This product crystallised from diethyl ether - petrolewn ether
" (b.p. 40 - 60°) (with difficulty), as needles m.p. 106 - 8°, It was identical
with product (26) on t.l.c. [a] f)f +22° (e, 0.69); v max 3500 (0d), 1475,
1400, 1380 and 1055em.” .S, 582 (1%) (" Cplls, O mol. wb. 562),
350 (23%) (aglycone), 332 (29%), 314 (9%), 259 (20%%), 207 (19%) 151 (259),
109 (31%) and 71 (100%). The product was identified without further character-

isation.

2,4,6-triisoprepylbenzenesulphonyldeacetyifusicocein A (30),

Fusicocein A2 (3) (500mg} in dihydropyran (1Cml) and toluene (5ml) was
stirred with concentrated hydrochlorio acid (2 drops) under nitrogenAat roon
temperature for 5 days, and then at 65o for 7 hcurs. The mixture was evap-

orated to dryness to give a light yellow oil, The product was deacetylated
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wiiﬁ 2N-NaOH (2ml) in metﬁanol (13m1), zt room tempefature overnight., The
xea@ti§3¢mi%iure was worked up and dried as for (24). The pré&uct was

) diésblveé in pyridine and treated with é,4,6—triisopropylbenzenesulphonyl
éhloride (820mg), at room temperaturé for 19'dayé. The reaction mixture was
treated with excess ethanol andAworked up as for (24). The pyridine free |
product was dissolvéd in ethanol'(75ml) and tréated with concentrated‘hydro-
chloric acid (1ml) in water (4ml) at 300 for 17 houis. The pfoduct was
‘worked up and purified as for (24), to give (30) (band Rﬁ Ca 0.4) as a éum
u%@;ug“+ﬁmem‘mwwwmmmemzmmw%
1355 and 1270 .Y,  Amax 281 mp ( €1900), IR, v2.85 (2, s)(é?dmﬂtic,lry
group 5)_,14.20 (¢, ¢a, J10, 18Haz), 76,69 (3H, s}, 18.7‘2 - 8.78 '
(27H, 35), 78.96 (3H, 4, J6.5Hz), 19.12 (31, 4, Jvﬁzj. (Found: C,65.3,

‘H, 8.5, S, 3.6. Cyqtin,50,, requizes C, 65.4; H, 8.7; S, 3_.7?5)'

The iodide (31).

Compound (30).(306mg) in acetone (15ml) waé stirred with sodium iodide
(1.5¢g) in presence of triethylaﬁine (1m1), and heated.under reflui for 24
houré. Tﬁe product was diluted with wvater, worked ﬁp and purified as fox
(25), to give (31) (band R, Ca 0.38) as needles (rré'ni ethér) (211ng),

m.p. 157°. Ea]]2)00 + 5% (e, 0.8); v max (kBr) 3450 (OH), 1645(RCH = CHQ), 3

1465, 1385, 1370 and 1260 cm.—l; A max 224 (e7400), = ‘and

259 ( €£1800). IMR, 74.25(1H, d4d, J10, 1si{_z), T 6.70 (31, s), Tv8.74 (6H, s),
v8.82 (3H, s), 78.85 (34, 4, J5Hz), 19.14 (311, d, J7Hz). .

(Founa: €, 54.6; H, 7.2; I, 17.7. requires C, 54.4; H, 7.2;

C.H IO
¥32749779
I, 18.0%).



"Reduction of the iodide (31).

Thejiodide (31) (782mg ) in a1nethyl°ulpho (ide (23mi) wvas stirred with
Nth (lv) at 100° for 23% mlnutes. The mixture was poured -into aquecus
Nall(,o3 solutlon (2Ccoml) and extracted with ether (2 x SOml); The ether
extructs vere washed with fresh squeous NahCC. (2 x 3Cml) and évaporated to‘
dryness. Separation of the produc t by p.l.c., on triple elutlon with S/» iso-
propanol in chloroform, gave (32) (band R, Ca 0.36) (391mg) and unchanged
(31) (166mg). The product (32) crystallised from dicthylether m.p, 194 -
V201° (with dep;), 202.; 4° ﬁnder nitrogen in a séaled tube. A mixed m.p.
determinationnﬁith (28) showed no deprGSSion. Compounds (28) and (32) were
1dent1cal on t l.c. and the i. r., n.,m,.r. and mass Opecfra were identical,
[aj + 24° (¢, 0.6); vnax (ICBr) 3420 (OK), 1645 (RCH = CH,), 1460, 1385,
1350 1275, 1240 and 1150 cm -l
1.5, 580 (0.5%), (") 350 (15.6%), 352 (26%), 259 (20.6%) 207 (11%), 151 (23%),
109 (35%), 69 (1008). MMR, 74.26 ( H, a4, J10, 18Hz), T 6.70 (31{, s),
«8.75 .(6H ), 18,85 (3H, s), 78.96 (3H, a, J6Hz),
+9.03 (3H, d, J6Hz), r9.16 (3H a, J7‘I/.) o |
(Fownd: G, 66.1; H, 9.0. C3oHgp0g requires O 66.2; H, 9.0%).

——



Tetrancetyl- derivative of (32).

Compound (32) (187mg) in dry pyridine (800ug) was treated
with scetic anhydride (2.5g), at 2° overaight. The reaction
mixbure was poured into ics-waier and the product extracted |
w7ith ether. Separatioh by p.l.c. eluting with 30% ethyl-
acetate in petroleuwnm ether Cb.p. 40-600), yielded compound
(33) (pand Rp ca 0.27), as a gum (218mg), Vmax 3570 (OH),

1750 (C=0) and 1645 (RCH=CH,) cm>® N.n.r. v4.32 (1H, dd, J10,17.5H
76.70 (3H, s), v7.94 (3H, s), 78.03 (3H,s), +8.06 (3H, s), |
+8.07 (3H, s), +8.80 (9H, s), v8.87 (3H, d, J6.5 Hz),

r8.97 (3H, 4, J6.5 Hz), and +9.19 (3H, 4, J6.5 Hz). This

product was identified without further characterisation.

N

Jones Oxidation of Compound (33).

Compound (33) (76mg) in acetone (5ml) was cooléd‘to -5°
in a salt-ice bath§ Jones reagentg (0.5m1) was added. The
flask was shaken by hand at ~59 for'2 minutes.~Excess isopropanoi
(3ml) was added. The mixture was poured into ice water and
extracted with ether. The ether extracts were washed with
water and evaporated to dryness. The residue, presumably
containing (34), was dried in vacuo at room temperature for

2 days and used without purification.
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Compound (35)

To LiBH4 (170mg) in THF (freshly distilled over LiAlH4)
(10ml) was added 3H20 (5.Ci/ﬁl) (75 ul). The mixture was
gtirred and refluxed for 11/2 hours. The crude product from
Jones oxidation above, was dissolved in dry THF (7ml) and
added. The mixture was reflﬁxed for 15 hours and cooled to
room temperature. SN NaOH (5ml) and methanol (5ml) were =added
and the mixture kept at room temperature for 7 hours. The
reaction mixture was then diluted with a saturated aqueous
solution of NaCl (50ml) and extracted with ether (2x20ml).

The ether extracts were washed with more brine (20ml1) and
evaporated to dryness in vacuo. The residue was taken up in
ethanol and the solution evaporated to dryness, repeating the
process several times, to free the product from labile activity.
The product was recrystallised to constant specific éctivity
from diethylether, to give (35) scheme 11, (17.6mg),

9.69x10° d/m/mg. This product was identical with (32) on t.1.c.
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Feeding Experinents.

Fusicocoum amyedali Del. was grown in shaken flasks

[BOO ml oapacity, 100ml medium of +the composition:

glucose (3.0%), NANO, (0.33%), KHPO, (2.0%), KCL (0.05%),
MgS0,.TH50 (0.05%), FeS0,.THp0 (0.001%), soya bean meal(0.2%),
and tap water to volume:) The flasks were incubated at 24°
for 27 houré. Comp&und (35) was dissolved in a few drops of
warm ethanol, diluted with distilled water and fed to the
éultures,rinsing the vessels with a@ueous ethanol (7:3). The
cultures were shaken again at 24% for 5 or 7 days. The cultures.--
weré then filtered through muslin, washing the mycelium with
distilled water (4x 25ml). The filtrate and washings were
combined and exfracted with isobutylmethyl ketone (3x100ml)
and diethylether (100ml). The extracts were combined and
evapdrated to dryness in vacuo at 45% The residue Qas dissolved
in methanol (25ml) and treated with 2N WaOH (5ml) at room
temperature overnight. The mixture was diluted with weter and
axtracted with IBMK (3> 30ml) and diethylether (30ml). The
extracts were combined and evaporated.to dryness in vacuo.
Fusicocein D (36) was isolated from the residue by p.l.c.,on
elution with 10% isopropanol in chloroform. Compound (36) was
reorystallised'to constant specific activity, from a (1:1)
mixture of acetone and petroleum ether (b.p. 40—663..The

~results are given in table I below.



TABLE T

Compound (35): Specific activity 9.69x 10° d/m/mg.
Wt. Total | Volume | Period | Yield| Total % Incorp.
fed. astiv, of of of activ. D i i
in mg fegw culbure| incuba-| Fus.D| rec'd

%107 in ml ion in | (36) | x10°

d/m dsys. in mg! &/m"
1.07 | 10.37 | 100 5 11 | 2.079 20.1
3,61 34.98 2x100 . 7 17.6 7.216 20.6

Specificity of Incorporation.

Compound_(37).

3H-Fusicoccin D (36) (22.4mg) in pyridine 500mg was
treated with acetic anhydride (1.5g) at 20 overnight. The
mixture was poured into ice-water and extracted with ether.
The ether extracts were evaporated to dryness and the product
recrystallised to constant specific aétivity, from petroleunm

sther (b.p. 60-80%) to give triacetylfusicocein A (37) (28mg),

m.p. 116° (Lit.m.p.,116—7o), 3.068xl&’d/m/m mole.
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Compound (38).

Compound (37) (28mg) in acetone (10ml) was stirred,
cooled to 5° and treated with Jones reagent” (1.2ml) dropwise.
The mixture was stirred at 5° for 1/2 hour. Excess isopropanol
(5ml) was added. The mixture was diluted with water (50ml)
and extractéd with.ether (2x 20m1). The ether extracts were
~combined, washed with water (2.x20m1) and evaporated to
dryness in vacuo. The product was recrystallised to constant
specifie activity, froa petroleum ether (b.p. 60—800), to give ..
the &, —unsaturated ketone (38) (2Img), m.p. 136-99
[OL]%OO + 80° (e, 1.6) , N, 235 mu (€ 2400),

[ Tit. m.p. 137-89 [2]) + 809 M., 230 mu (¢ 9500)]% mhis
product had =z spécific activity of 3.366x 105 d/m/m mole,
corresponding t& 89.0%'1088 of the label. Treatment bf (38)

with X 08u?/ HOBu® at 30° overnight, gave an uncharacterised non-
crystalline product. This product had a specific activity

of 1.70 x10° d/m/m mole, corresbonding to 94.5% loss bfAthe

tritium originally present in (37).



87

References

1. A, Ballio, #.B. Chain, P. De Leo, B.F. rlanger, li, Fauri, A, Tonolo,
Nature, 1964, 203, 297.

2, K.D. Barrow, D.H.R. Barton, E.B. Chain, C. Conlay, T.V. Smale, R, Tnomas,
i and B.S. Waight, Chemical Comm, 1968, 1195,

3, A, Ballio, M, Brufam, C.G. Casinovi, 8. Cerrini, W. Fedini, R. Fellicciari,
B, Santurbano, and A. Vaciago, Lxperientia, 1968, 24, 631.

4. K.D. Barrow, D.H.R. Barton, &.B. Chain, C, Conlay, T.C. Spale,
R. Thomas, and B.S. Waight, J. Chem. Soc. (C), 1971, 1259,

5. K.D. Barrow, D.H.R. Barton, E.B. Chain, U.F.W. Chnsorge, and R. Thomas,
J. Chem. Soc. (C), 1971, 1265 - :

6. B, Hough, M.B. Hursthouse, S. Neidle and D. Rogers, Chem., Comm, 1968,

1197.
7(a) A, Ballio, C.G. Casinovi, G. Randazzo and C. Rossi, DIxperientia, 1970,”
26, 349.

7(b) A, Ballio, C.G. Casinovi, M. Framon-Dino, G. Grandoline, F. Menichini,
G. Randazzo and C. Rossi. Experientia, 1972, 28, 126.

8. K.D. Barrow, D.H.R. Barton, E.,B. Chain, U,F.W. Ohnsorge, and R.P. Sharma,
J. Chem. Soc. Perkin Trans. I, 1973, 1590. '

9. A. Bowers, T.G., Halsall, E.R.H. Jones, A.J. Lemin,
J. Chem. Soc.,1953, 2548.




