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SULTIARY

Studies of the terpenoid constituents of the fungus

Penicillium brevicompactun have establicshed the presence

of two new compounds(a furan and a dihydrofuran) with
the same nucleus ac mycophenolic acid but with modified
terpenoid side chains. Zlucidation of the sitructure of
these has been assisted by various transformations
involving the side chain. ‘

The structure of mycochromenic acid,a further compound
of this type vhich was previously isolated from

P.brevicomnactun has been confirmed by a synthecsis which

%stablishes 2 new route to chromenes,

From the sare fungus three related sesquiterpene
benzoates (pehrolide,deoxypebrolide and desacetylpebrolide)
were isolated and their structures elucidated by chenicel
studies and by an X-ray analysis of bromoacetylpebrolide.
NIER studies of pebrolide and its derivatives and the X-rcy
data chowed thet the preferred conformation in solution
and the conformation in the crystal are very sinilar.

A secuence Tor degradation of biosynthetically labvelled
pebrolide was establiched. This wae zpplied to material
derived from doubly labelled 214C/Q3H nevalonate and the

presence of label at C-1 2nd at the 4« carbon establiched,
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GENZERAL TITRODUCTION

The discovery of the effectiveness of the mould
product, venicillin, in treating many bacterial
infections in man, gave tremendous impetus to the
isolation and screening of micro-organisms and their

metabolites for antibiotics.

The variety of mould metabolites is very large
and a considerable number of them possess terpenoid
structure. The last few yearé have witnesced meny
notable advances in the knowledge of vharmacological
and rhysiological properties of the tervenoid group.
In the case of the sesquiterpenes, those nroduced by
fungi show a particularly wide variety and novelty of
structure, relatively few menbers having skeletons
similar to those found in plants. In the azulenes,

. . o 1
from Iecterius deliciosus, lactaroviolin ( 1 ) ’

lectarazulene ( 2 )l , lactarofulvene ( 3 )2 , in the
benzoguinone helicobasidin ( 4 )3 , and in culmorin

(5 )4 , the head-to-tail 05 units are easily visible,
whereas, in helminthosporal ( 6 )5 , the illudins ( 7)?

marasmic acid ( 8 )7 , and hirsutic acid ( 9 )8 , 2
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nmore complex vattern is observed,

Fomannosin (10 )2 , is the first example of a
sesquitervene containing the cyclobutene moiety.
An expanding group of sesquiterpenes contain an
oxebicyclo-(3,2,1)-octane system including
diacetoxyscirpenol ( Jl)10 , crotocin (12 )11 ’
trichothecin (13_)12 , the verrucarins e.g.
verrucarin A ( 14)13 , the roridins e.g; roridin C
(15 )12

in trichothecin and crotocin is crotonic acid, probably

, trichodermin (16 )14 < The conjugate acid

arising from condensation of two acetate units. The

macro-ring of verrucarin A is formed by the cis,trans

rmuconic acid (17 ) , and an isomer of mevalonic acid
( 18) . Verrucarin B ( 19)15contains an evpoxy

acid related to this mevalonzte isomer.

Trichothecin appears to be derived from farnesyl
pyrophosphate by a pathway invblving oxidations and
alkyl shifts as showvn in the figure ( 20)16 . The
unusual prirary epoxide grouving present in these
antibiotics is also present in the unrelzted
antiamoebic antibiotic, fumagillin (21,97 , from

Aspergillus fumigatus, which vossesses an isoventenyl
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trimer nucleus and a decatetraendioic acid side chain
apparently derived from the normel ClO fgtty acid.

A possible biosynthesis is indiceted in scheme (22 }6 .
The antibiotic ovaliecin (23 }8 , recently isolated

;from Pseudevrotium ovalis is closely releated.

One separate grdup of terpenoids is that involving
alkylation of an otherwise derived nucleus with
isoprenoid units. While this type of compound is very
common in the higher organisms, in micro-organisms

it is relatively rare. Grifolin ( 24 }9 , is

derived by alkylation of orcinol with trans trans
farnesyl pyrovhosphate. Siccanin ( 25 fC) is a related
antifungal antibiotic in which cyclieation has
occurred. Siccanin ('25) has a sesguiterpene portion
(drimane skeleton) attached to the orcinol ring.

| From the same fungus chromenes have recently been
isolated named siccanochronmenes A and B (26 %1 in which
partial cyclisation has occurred. | Tauranin ( 27)22
also possesses a non isoprenoid side cﬁain derived from
orcinol. Other compounds in the same group include
auroglaucin ( 28)23 and flavoglaucin (29 )24with an |

isopentenyl substituent, mycovhenolic acid ( 30)°° with
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a degraded geranyl side chain (oxidative loss of
acetone), fuscin (31 )26 , hycelianamide (32 )27 ,
with a2 terpenoid ether grouping, atrovenetin (33 )28 y
and quinone coenzynmes (vitamin X (34 )29 , coenzyme Q
(35 )30.). Benzoguinones with side chains ﬁontaining
six to nine isoprenoid units are generally found in
fungi, bacteria and planté, whereas those containing

nine to ten units are chiefly found in animal tissues.

The fungal metabolite mycophenolic acid was one of
the first secondary metabolites in which the tervenoid
portion was shovn to be derived from mevalonic acid 7 .
The accepted sequence of reections from acetyl Co A
up to mevalonic acid is based on work in memmalian
systems and is shown in scheme ( 36) . The acetyl

.Co. A is carboxylated to give malonyl Co A which is
then decarboxylatively coupled to a second molecule of
acetyl Co A to yield acetoacetyl Co A, Claisen
condensation of this species with a third molecule of
acefyl Co A leads to (b - hydroxy f» - methyl glutaryl
Co A; The evidence suggests that up to this point the
reactions are reversible,but that the reduction of

mevalonic acid is effectively irreversible and that this

is one of the points at which terpene synthesis may be



2
controlled 32 .

It hes been pr0p088d33 that the first three
steps may involve enzyme - bound species rather than
the free Co A esters and that the final reduction to
@evalonic acid releases it from the enzyme surface.
&he focal point of sesquiterpene biogenesis is the
naturally occurring compound farnesol whose formation
from acetyl Co A via mevalonic ecid hes found
experimental verification.34Lynen35and his collaborators
identified farnesyl pyrophocphate as a precursor
of squalene in yeast and it was l=ter shown that
farnesyl pyrophosphate was vreceded in biosynthetic
sequence by geranyl pyrophosphate, The first step
in the conversion of isopentenyl pyrophosvhate into
farnesyl pyrophosphate was the enzymic isomerisation
of isopentenyl pyrophosphate to dimethylallyl

pyrophosphate, which was then converted into geranyl

pyrophosphate and the latter, in turn, to trans trans

farnesyl pyrophosvhate. This pathway has been shown

-

6 .
to operaste in mammalian liver by Popjak et.al.J s Who

have also established the trans,trans structure for

farnesyl pyrophosvhate,.

Various cyclisations of farnesyl pyrovhosphate give
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6
the different groups of sesquiterpenes. A well
defined group of sesauitervenes has been isolated
which 1is apparently derived by a non-stop trans
antiparallel cyclisation of farnesyl pyréphosphate.

37, drimenol (38 )38 ,

; , 40
polygodial (39 )39 , and confertifolin ( 40) ., 1%

for example iresin (37 )

was suggested initially that these might in fact be
degraded di-~ and triterpenes, but iresin has been shovm
to have the opposite stereochenistry from that found

in most higher terpenes and steroids, although drimenol,
confertifolin, etc.» have been shown to possess the

"econventionzal" absolute stereochemistry.

The actual mechanism of cyclisation in these cases
has not been proved,but in vitro treatment of the
terninal monoepoxide of farnesyl acetate with boron
trifluoride~ether complex or mineral acid gave z
reasonable yield of the stereoisomwers (.7 ) ( 42) 41
also oxidative cyclisation of farnesyl acetate (43 )42

by a free radical path occurred in a rexarxably

specific way 42,
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INTR0DUCTION

Fenicillium brevicomvectum belongs to the class

of fungi knovm as Fungi Imperfecti and has been

43

previously studied among others Oxford and Raistrick ’

Godin 44 and Birch 45. A series of phenolic compounds

was isoleted, among them mycorhenolic acid, which wes

46

found by Gosio in 1896 to inhibit Becillus antrecis.

Although the antibacterizl activity/toxicity ratio was too
low to allow its use as a. therarpeutic agent, nevertheless, this
marked the discovery that antibacterial substances could be

produced by nicro-organisns.

liycophenolic a2cid (44) has been extensively studied
by Birch and co-workerc. They suggested that the
aronatic nucleus is thet of orsellinic acid (45)
oxidised o phtholide V1, The C - methyl group at C - 5
and the 0 - I’e groups being derived from methionine 48.
Vhen labelled orsellinic azcid was fed to the organisn,
incorporation wes poor and the label turned up in the
corresponding position in mycorhenolic &acid only to an extent
of about one fourth, indicating the vrevious degradation in

part to small units 49. This result may be due to problers

of assimilation of the orsellinic acid fed to the orgesnisn,
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8

or it may suggest that the precursor of mycoprnenolic
acid is (46 ) dinstead. In suvport of this the 10
compound (47 ) accomnanies mycophenolic acid in

P. brevicompactunm and in growing experiments wes

found to reach a maximum concentration in early growth

Vhich Jater decreased 50.

The strain of P. brevicompactum used in the

present work was previously shovn to afford a mixture
of Cio compounds including (47 )51 . Another of these
compounds has now been tentatively icdentified as the
hydroxyphthalide ( 48) on the following grounds.,

t+ was phenolic and it was noted that ite ultraviolet
spectrum at neutrality and also at pH 10 was
superimposalle with that of 5,7-dihydroxyphthalide

(49 ) . Furthermore, both substances possessed similar
wltraviolet- induced deep-blue fluorescence and
produced the same wine colouration with alcoholic
ferric chloride. However, they did not possess exactly

the same Rf value in methyl ethyl ketone, water,

diethyliamine T.L.C. systen.

l2.ss measurement indicated the moleculzr formla

C If the presence of the nucleus (a9 )

10 M0 95
is assumed then in the NIR spectrum, the one proton



signel at 4.31 could be assigned to a proton in

the lactone ring. The low ¥ velue of this proton

(cf 4.8 T in mycophenolic acid ) could be due to the
deshielding effect of a group attached at this
position. The presence of a2 multiplet at 5.39 and of
a doublet at 8.54 T suggests that this group could be

—CH OH —CH, as in (48 ) . This structure is strongly

3
supported by the cracking pattern which shows an
abundant ion at /e 165 correcponding to a loss of
~CH OH--CH3 from the molecular ion. T.L.C.

evidence of the formation of this compound was obtained

following the borohydride reduction of the ketone (47 )

Since the main subject of the present work
concerned the terpenoid constituents of

P. brevicompactun, this compound has not as yet been

studied further. However, since a 02 unit could be
lost by retroaldol cleavage this compound may have
significance in the biosynthesis of the nucleus of

mycophenolic scid.
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DISCUSSION  PART 1

The side chain of nycophenolic &cid is
derived from mevalonate and has been shown to
represent a geranyl groun from vhich the terminal
?hree carbons have been removed by oxidation.

i

Evidence of this has been provided by the isolation

from a culture of P. brevicomvactum containing

2 - C mevalonolactone, of acetone and
nycophenolic acid in approximately eguimolecular
gquantities and of approximately equel, molar, specific

2
ac‘l:iv:i’ciesA5 R

In the present work a strain of P. brevicomvactun
P

was used which had already been found to produce
mycophenolic acid and three metabolites which

appeared to be related . Since no analogue

of mycophenolic acid with an intact geranyl side chain,
e.g. (50 ) has ever been revorted and nothing is known
about the mechanism of this oxidative cleavege , , it was
of interest to carry out a systematic investigation of
these metabolites.

One of these three compounds was the ethyl ester

of mycovhenolic acid (51 )51 . An interesting

feature is the presence of the unusual ethyl
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grouping. The natural occurrence of ethyl esters

such as this is rare, previous exenonles being curvulin

(52 )3 curvin (53 ) 25, ethylacetese’ind ethyl

F

cl

stipitatonate (54 ) 55from various fungi,znd monoethyl

dipicolinate from various bacilli.56

| .
’ The hydroxylactone ( 55)51was also isolated

at the same time. The distinction between the two
possible isomners was made by synthesis of both from
mycophenolic acid, the threo-isouer vie peracid
oxidstion and the erythro via osmylation of the double
bond of mycoPhénolic acid.

; . s . . 1
The third compound was named mycochromenic acid (56) L,

The structure of this compound was proposed on the
following grounds : microanzlysis and mass

svectroscopy indicated the moleculer formula 017 H18 06’

As with that of mycovhenolic acid the INIR showed

resonances at 7.9, 6.2 and 4.97’cofre3pondiné to an
aronatic methyl group, to a methoxyl group and to the
mefhylene group of the phthalide respectively.- However,
the phthalide carbonyl group does not have a free

phenolic grouping in the peri position in keeping with the
UV spectrum being unchanged on basification. The position

e

of the UV maximum at max 3325 A (cf UV spwectrum of
o

mycophenolic acid nax 3070 A ) and occurrence in the
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LR of doublets at 4.37 and 3.32 T (J = 10.2 ©/s)

3

suggested the presence of the mycorhenolic zcid

Q

chromophore extended by conjugetion with a cis
disubstituted double bond. The remaininé features

of the NIR were also consistent with the propcsed
structure, a singlet at 8.50 T being assigned to the

CH3 - C - 0 - grouping and multiplets at 7.45 and 7.8 7
to methylene groups respectively and to the carbonyl
grouping , the latter methylene group suffering

additional deshielding by the gem ether function.

In the present work an attenpt to synthesise
nycochromenic acid from mycorhenolic acid has been
carried out to prove the suggested structure and to

test in vitro the following biogenesis,

The hydroxylactone (55 ) occurring in

P. brevicompactun could be derived from mycophenolic

acid by initial formastion of a glycol with subsequent
cyclisation to the threo - l=ctone (5% ) . This has
many anslogies in plgnt tervenoids, e.g. in cownarins
in which 2 double bond of an isovrenoid side chain
occurs as an oxidieed form either as an epoxide as in

)57

auropten ( 57 or as a glycol as in toddalolszctone

(58 )58 . Similarly nmycochromenic acid might be
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13
derived biogenetically from nycorhenolic acid
(scheme 58) by attack of the rhenolste anion upon
the corresponding epoxide followed by dehydraﬁion.
Alternatively, mycochromenic acid night be derived
from mycophenolic acid by abstraction of a hydride
ﬁon giving the unstable intermediste quinone
ﬁethide which would immediately isomerize to the
chromene. Three mechanisms heve been considered
for the formation of the guinone methide (59 )5?
The first mechanism(path A), based on chemical
evidence that phenoxy radical formation is the initial
step,involves one electron oxidation. If an ionic
procecss is involved, then the methide could be
formed by hydride abstraction from the hydroiyl group
(path B)or more directly from the benzylic carbon(path

B! ) .

It has been shown that enols are subject to two
electron oxidation6o . Thus in both chemical and
biochemical dehydrogenation of steroidal ketones
it is the enolic form of the substrate which undergoes
hydride abstraction at the carbon aton . In
addition suitable enolic compounds are rapidly
dehydrogenated by high potential guinone reagents,.
thought to function by accepting hydride ion 61 .

Another mechenism (scheme 60) which excludes a quinone
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14
nethide intermedizte could be nromnosed, but in one
case at least suonort for the formation of the guinone
nethide has been found, narely in the occurrence of
derivatives of the verent phenol (61) oxygenated at the
benzylic position, this being vresumed to arise by

hydration of the intermedizte (62) 2.

In view of the experinents described later,
only a brief attempt to test the first mechaniem by
creating the vhenoxy radical was cerried out. I'etheanolic
solutions of'myCOphenolio acid were irradiated serparately
with ordinary light and with UV light under a stresn of

oxygen. Only starting material was recovered in both cacses.

The second mechanisn was tested as follows :
Epoxidation of mycoohenolic acid with m -chloroprerbenzoic
acid followed by treatment of the product with base resulted
in the formation of the threohydroxy lactone. ¥o cyclic
ether could be detected. Similar reaction with the ethyl
ester of mycophenolic acid using dry sodium ethoxide again
gave only this lactone. T™is may be formed via hydration

of the epoxide during work upe.

The failure of this synthetic apvnroach to
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et
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mycochromenic acid vrompted en investigati
the third route, that is, by hydride a
In order to test this possibility, mycovnhenolic

acid was refluxed in benzene for several hours with

10% pallsdium charcoal under nitrogen. Exemination

of the  products by T.L.C. showed the presence of a

small amount of mycochromenic acid; the yield

wvas increased by using xylene instead of benzene, but

was still very low. A substantial imnprovement was

obtained, however, by the use of 243 = dichloro - 5,6

dicyano - 1,4 benzoquinone in benzene or even better

in xylene, lycochromenic acid was easily

recognisable in T.L.C. by the unusuval characteristic

deep blue colour that mycochromenic derivatives give

when they are svrayed with ceric monium niirate,

baked for a few minutes and allowed to cool. One

of the main difficulties in this dehydrogenation

experiment lay in the separation of mycochroﬁenic acid

from the reaction products. It was thought,particularly

in view of the work described later(p17 )that one

possible source of difficulty might be in the presence -

of the free carbonyl group vhich might interact with the daiie
bond. Also one of the main difficulties is the similar

Re value of mycochromenic acid and the decomposition
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products of D.D.Q. Both these difficulbies were
avoided by first prerpzring the ethyl ester of
mycophenolic =acid. Dehydrogenztion vith D.D.J. in
xylene now afforded mycochromenic ester in 40% yield

this being readily separated from the other reaction

roducts by means of preparative T.5L.C.
P

This eppears to be the first exverinmenta
reproduction in vitro oi the biogenesis of natural

Q
chromenes as proposed by lurner 5’.

Following the publication of this result, the
potential of this method has been explored by other
workers62in the synthesis of some revprecsentative
chromenes using cyclodehydrogenation with D.D.Q; these
include D I — cannabichrome ( 63) , evodiononol

methyl ester (64 ) and flemingin C trimethyl ether( 65)

Vhen coupled with prenylation of vhenols, this
method nmay be the mildest and most efficient
synthesis of 2,2-dimethyl chromenes, The usual methods 63
for éynthesis cf 2,2-dimethyl chromenes reguire the use

of reagents ( L A H or Grignard ) which can interfere witn

other reactive functional groups in the same molecule.

VYhen the NMR spectrum of mycophenolic acid was run
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obzerved that the

Y
n
1G]

in trifluoroacetic acid, it v

ifference from that in

jal]

spectrurr ghoved e renzrkable
deutefochloroform. Renowval of the solvent yielded

an isoneric compound that wase no longer acid and

vnose lNIR spectrun in deuterochloroform did not show
any vinyl protons., It was shown to be a phenolic
conmpound because of the base shift in it's U.V.
spectrum and positive test with ferric chloride.

The principal features of the mycophenolic nucleus were
still present in the NIR spectrﬁm. This also -showed
the absence of the double bond of the side chain in
nrycophenolic acid and the methyl appeared as a singlet
at 8.86 T (cf 8.5Tin mycophenolic acid) corresponding
to a methyl group vicinal to an oxygen function.

These features indicete the product is the lactone( 66)
The remaining features of the NIR spectrun are algo in
accordance with this structure. Also this structure
is in agreement with the mess srectrum whose base peak
corresponds to the ions( 67) derived by benzylic
cleavage. In the case of the hydroxylactone ( 55 )
the base peak corresponds to ( €8 ) due to the presence
of the hydroxyl group. This compound was also obtained

on refluxing mycophenolic acid with p- toluensulyphonic

acid in tenzene.
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Onn the otner hand the double bond of

g

nycopnenolic acid interzcets with the phenolic hydroxyl
group under different acidic conditions, namely, upon
refluxing in acetic zcid with concentrated sulphuric
acid.64 . The new product was non phenolic, showing
no base shirt in it's UV spectrum and showed no vinyl
proton in NIR spectrum which was closely similar

to that of the above lactone. The structure ( 69 )
which was assigned to this compound, correcponds to
the dihydro derivative of mycochromenic acid and
catalytic reduction of ethyl mycochromenate in fact

wvas found to give the ethyl ester of this product.

The mass spectrum is also in egreenent with the
proposed structure, thus the base peak at /e 207

corresponding to the fragment (70),

In the present work, two further metabolites related
to mycovhenolic acid have been isolated. Both of them
are precent in small zmounts and are only found in the

later states of growth (28 days).

One of them has been named mycofuranolide (71) and

figure ( 72 ) shows the NIR recorded for this,



19
compound . Ylermentel anclysis end mass cousctroscopy
indicated the molecular formula 012 HlO O, The
IR spectrwn of the metabolite with resonances at
4.76 T (phthalide methylene) 5.821’(arométic methoxyl)
and 7.84 T (aromatic methyl) suggested that the
@ycophenolic nucleus was present in the new compound.
In contrast with mycophenolic acid,in the IR spectrunm
there is only one band in the carbonyl region at

1780 cm~t

vhich corresponds to the ¥ - lactone, but in
this compound the intramolecular hydrogen bonding
responsible for the lowering of the frequency of the
lectone 'in mycovhenolic acid is absent. It was
deduced that the metabolite was non-phenolic from

the absence of any hydroxyli absorgtion in the infrared,

from the negative test with ferric chloride and since
the ultraviolet spectrun was unchanged in base.

Of the four oxygen atoms known to be present, three

have been allocated. Since no ofher carbonyl absorption
was detected in the infrared, this other oxygen atom must
then form vrart of an ether linkage. Apart from the
three signals due to the mycophenolic nucleus

the NMR spectrum showed two doublets at 2.3 and 2.95 T
(AB quartet J = 2C/s). This pattern is cheracteristic

of the furanoid « and(sproton respectively of a benzofuran.
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Analogies ere found in cowssrins e.g.: furocournzrinic
acig (73 )65 where the furan protons cene at 2.43
and 3.0 7T .. The a2bove physical data alloyed two
structural possibilities (74 ) and (72 J .  The
low value of the nethoxyl group 5.82 might seem to
be in favour of the structure (75 ), by enalogy
with O-methyl mycophenolic acid (76 )51 vhere the
methoxyl group in the peri position to the lactone
carbonyl group eppears at 5.97 7. On the other hand,
the model of the structure (74 ) shows that the
methoxyl protons lie in the plane of the double bond
of the furan ring. Ilodels also show thet in
mycochromenic acid the methoxyl protons lie outwith
the plene of the double bond of the pyran ring. This
interpretation is supported by the resonance of the
methoxyl group in furocoumarinic acid which appears at
5.88 7. The structure (74 ) was thought more likely
beceuse of the co-occurrence of a series of compounds
in the same strain of fungus with the methoxyl grouv

at the same position.

The mass spectrum of mycofuranolide shows the

charzcteristic cracking rettern of a2 benzofuran

as represented in figure (77')?6
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The structure (74 ) was confirmed by synthesis

as follows. Ring closure involving cyclo-
dehydération of 1l:4 - dicardbonyl conpounds represents
one of the oldest and most convenient meéhods for |
the preparation of furan derivetives (78 )67 . For
the synthesis of a sinple unsubstituted benzoiuran
systen, the reouired 1l:4 - dicarbonyl derivative would
be (79 ) of which the mono-enol form is

O - hydroxyphenyl acetaldehyde (80 ) . The

0 - hydroxyphenyl acetaldehyde derivative required

for the present work has been prevared fron
mycophenolic acid. Ozonolysis of mycophenolic acid in
chloroforn yielded a complex mixture. The acetate of
mycophenolic acid was then prepared and ozonolysis in
methanol ‘produced a mixture of acetal and zldehyde
although in low yield However, ozonolysis in
chloroform 2t-15°C gave the aldehyde (81 ) in feir
yield. Dehydration of the aldehyde (81 ) with

P~ toluenesulrhonic acid in benzene yielded (82 )
which wes identical to mycofuranolide'in its FIR,IR,UV,

spectra and Rf value.

The existence in P. brevicomractun of compounds

containing isoprenoid units e.g. nycophenolic acid,
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with others conteining uncubtetituted fufan ring
has meny verallels anong natural »nroducts (83) 68
A significent Teature is that freguently, definite
isorentaene units and unsuostituted furan rings are
found incorporated together in one compound ( 84 ) 69.
Recently it has been found that in furocownarins [4-'%]
Zevalonic acid has been incorporated into the furen ring
showing that the two carbons of the furan ring were
part of an isoprene unif. 70

The second new metabolite related to mycorhenolic
acid was present only in small anounts. It showed
all the features of the mycorhenolic nucleus (lactone
methylene group at 4.95 7T, methoxyl group at 6.117 and
aromstic methyl group at 7.99 T ) but was not acidic or
phenolic. The IR spectrum showed carbvonyl abcorptions
at 1780 and 1795 et indicating the presence of a second
¥ - lactone function apart from that of the phthalide nucleus.
The similarity of its IIR spectrum with that of the |
lactone (55 ) and the occurrence of its molecular ion at

n/e 318 suggested the structure (85 ) for this compound.

At this stage we learned from Dr. 7.B. Turner that

he had obtained a compound .with the same gross structure,
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by synthesie from myconnernolic &cic by succecaive
treatment with bromine and alksli. A commarison

B!

of the IIR spectrum of thie product’with that of the
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in the same region the peaks at 6.657 and 5.09 Vcorresvonding

respectively to the methylene protons and the nethine
ﬁroton in the dihydrofuran ring showed a different
maltiplicity. In the synthetic product the methylene
protons appear to be egquivalent and are split by the
vicinal proton into a doublet, while in the natural

compound the methylene protons appear as a rultinlet

which can be recognicsed as the AB pazrt of an ABX cysten.

Comparison of nodels of the ervtiro and threo forms
of this compound show that the erythro should more
readily edopt a confornaticon in which the saturated lactone
ring would cause non equivalence of the dihydrofuren
CH, group. This suggests thet the natural compound and
the synthetic compound are the erithro and threo isomers
respectively. Synthetic studies to confirm this
assiénment could not be carried out owing to lack of

time.

*Kindly provided by Dr. W.B. Turner, I.C.I.

Pharmaceuticals I1td.
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Viork by Birch has shown that the side chain of
mycophenolic acid is probably a degraded geranyl

unit. As described in the foregoing section, other

!
!

¢ompounds with a degraded geranyl side chain have been

isolated from P, brevicomractum but a2ll are related

to mycophenolic acid. In the screening of the broth

of P. brevicomnactum for compounds containing

isoprenoid units the fungus was fed with mevalonic acid
and 2 redio T.L.C. scan of the neutral compounds

was carried ouv. This showed the presence of a large
number of conmpounds having radioactivity. Three of
these can be distinguished from the rest by their
charecteristic staining proverties with ceric ammoniun
nitrate solution and were isolated by partition of the
broth extract between water and chloroform to remove

the most polar compounds, waching with satursted

agueous sodiun bicarbonate to remove the acids and fin2lly
'chroﬁatography of the neutral fraction. These three
compounds turned out to be closely related to one

another but not to mycovhenolic acid. The compound with

an R of 0.65 in 10% methanol-chlorcform was called
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pebrolide shown to have the structure (86 ) and the
others with Rf 2t 0.87 and 0.28 wvere chovn to be
deoxypebrolide (87 ) and desacetylonebrolide ( 38)
respectively. Deoxyvnebrolide was produced in snall

emounts in comparison with the other two.

i
Il

| Figure ( 89 ) shows the NIR spectrum recorded for

pebrolide. Elementsl analysis and mass spectroscopy
indicated that the noleculer formules of pebrolide wes

C,,H,~0 The presence of two tertiary nethyl

247°3077°

groups in pebrolide was indicated by the two singlets
at 9,04 and 8.56 Tin the IR spectrum. The presence
of an acetate grouping was indicated by a peak at

1 ond 1243 emL in the I.R. spectrum, by a

1740 em
singlet at 7.96 ¥ in the IR spectrum, and by losses of
42 and 60 mass units in the nass spectrum  (90).

The alconol corresponding to this acetate, which will
be discussed later, did not show any of these spectral
features. The presence of a benzoate grouping was
indicated firstly by the IR spectrun with peeks at

1715 cmfl and at 1597, 1580 (C = C stretching) and

711 em T (2romatic C-H out of plane),rsecondly by the

NIR svectrum wvhere the typical pattern of benzoyl ring

protons apveared at 2.50 and 1.96 T . The latter
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corresponds to the ortho protong, the low T wvalue
being due not only to the withdrawing capacity of the
carbonyl group, but also to its anisotrepic effect
and thirdly by %he mass spectrunm where losses of 122
and 105 units of mass were favoured processes

(figure99d ).

The presence of a2 saturated § -lactone grouping

1 in the IR

was indicated by the peak at 1780 cm™
spectrum and the peak at 3605 cm_1 revealed the presence

of a hydroxyl group.

With 211 the oiygens accounted for, nebrolide is
thus the acetate benzoate of a trihydroxy ¥ -lactone
of molecular formula 015 H24 05. In this formule
two double bond egquivalents, apart from the two of the
lactone ring, remain unaccounted for. It was
established that there were no double bonds present since
pebrolide gave a negative reaction with tetranitromethane
and since catzlytic reduction gave only a hexahydro
derivative, 1% at m/e 436, in which only the benzene
ring had been reduced, as indicated by the appropriate
changes in the NIR spectrun. Pebrolide, therefore, has

two rings in addition to the lactone ring.
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That the hydroxyl group in pebrolide was secondary
was shown by oxidation of vebrolide with Jones reagent
to a ketone ( 91), molecular forruls 024-H28 O7
(analysis end mass svectrum) with the consequent
disappearence of the multiplet a2t 6.77 in the KIR
spectrum assigned to the proton geminal to the
hydroxyl group. That the second metabolite
deoxypebrolide( 87), differed from pebrolide only in
the absence of the secondary hydroxyl group wvas
indicated by the similarity of the NIR svectra, the
main difference being the absence of the multiplet at
6.7 ¥ in the spectrumn of deoxypebrolide and this was
also indicéted by the absence of hydroxyl absorption
in the I.R. spectrum, by elemental analysis and mass

spectroscopye.

The NIR spectrum of the third metabolite desacetyl
pebrolide ( 88), indicated that this compound did not
possess an acetate grouping but the other resonance
sigrals were similar to those of pebrolide. Indeed,
acetylation of vebrolide and desacetylvebrolide yielded
the same diacetate (92). As will Dbe discussed later,
it was not possible to interrelate vebrolide and

desacetylvebrolide by basic hydrolysis of the former but
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it was found that uncder controiled conditions zcid
hydrolysis of DPeprolide removed celectively the acetate
grouping yielding desacetylpebrolide identical to the

natural vroduct. .

The alcohol resulting from this hydrolysis weas
shovm to be primary by oxidation with Jones reagent
t0 an acid (93 ) which was characterised zs its nethyl
ester (94 ). In the NIR spectrum of pebrolide, the
AB system at 6.21 and 6.037 with a2 coupling constant
of 12 cps wes assigned to the methylene protons in a
tertiary acetoxymethyl group. It is vell knowzlthat
protons of this type often show different chemicsal
shifts and a coupling constant of 11 cps showing there-
by that they do not freely rotate but have a preferred
conformation . These signale are absent in the

spectrum of the corresponding methyl ester (%4 ),

Attempts to base hydrolyse the acetate grouping
in pebrolide did not yield desacetylpebrolide but a
conpound less polar which was shown to be its isomer.
The same compound was obtained when desacetylrnebrolice
was treated under the sare conditions. This isomer
presented similar features in the NIR spectrum to that
of desacetylpebrolide but with significent changes in

the region 5-6 T . The double doublet at 5.74 T in
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pebrolide collapsed to a doublet, J = 10 cns,upon
irradiation 2t 7.48 T (the middie of superimpoced
multiplets) end to & doublet,d = 6 cps,unon irradistion
at 5.027T . This indicated the possibiiity of these
protons forming an ABX system of the type-CH.CHz.O.CO-
where JAX was equal to zero. The isoner of
desacetylpebrolide presented similar features in the

NIR but JAX was no longer egual to zero.

That the benzoate was seccndary was shown by
treatment of deoxypebrolide with aguecus sodiun
hydroxide which gave a diol ( 95) and benzoic acid.
The proton under the benzoate apveared in the TR
spectrum of pebrolide at 4.3 T and integrated for one
proton while in the diol it anrezred at 5.6 7T . That
the benzoate group was secondary ﬁas also indicated by
the h&drolysis of the keto acid (93 ) yielding a
hydroxyacid characterised as its methyl ester (%6 ),
Oxidation of the ester (96 ) gave the keto ester (97 )
with the consequent disappecrence in the KR spectrun

of the signel assigned to the proton geminzl to benzoate.

Attempts to reduce the carbonyl of the lactone
group in desacetylpebrolide with LAH gave a complex

nixture from which no pure compounds could be isolated.
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Pebrolide ketone wes unaiiected bj ttennted
catalytic reduction with 105 Fd - charcoal in ethanol.
However, when I%Oz in acetic acid was uséd,a compound
identical with-the hydrogenation product of pebrolide
was obteined. It thus appears that the =secondary
hydroxyl group in pebrolide is in the more stable

configuration (e.g. equatorial rather than axial).

At this stege in the investigation, attempts were
made to prerare a derivative suitable for study by X-rays.
Reaction of pebrolide with p~bromobenzene sulpnonyl
chloride did not afford a crystslline vprocuct. However,
reaction with bromoacetyl bromide gave the bromoacetzte
which was in a suitatle crystzlline form. Its
structure was elucidated by means of X-ray analysis

(see appendix) and was shown to have the structure (S8 ) .

The absolute configuration was determined by the
method of anomalous dispersion and is that shovn
in (98 ) . The same conclusion can be reached on the
basis of ORD data. The ORD of vebrolide,
desaéetylpebrolide and deoxypebrolide all show a trough
at 259 L. The ORD curve of pebrolide ketone showed,

in addition to a trough at 259 m, 2 reak at 315 .
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(

Accordingly, the effect of the carvonyl groun at C - 1
is to produce & cmall positive Cotton effect. The
absolute sterzochenictry showmn could be calculated

on the basis of the Cctant Rule7% figure’99) to result
in a positive Cotton effect. 1 -~ ketormeznolyl oxide

i
with comparable absolute stereochemistry also gives a

emall positive Cotton effect (figurelCO)!-

Pebrolide isthus 2 sesquiterpene lactone with a
drimnane skeleton. Some features of this structure are
particularly interesting. Firstly, the C - 1
oxygenation is very unusual not only in this type of
sesquitervenes but also in diterpenés, tritervenes and
steroids and secondly, the presence of z bengoste

grouping is unique in the sescuiterpene field.

On the basis of this structure the facile base-
catalysed isomerisation of desacetylypebrolide can be
understood to involve epimerisation at C - 8 of the cis
equatorizl lactone.10l)the X-ray data show that the two
six membered riﬁgs ere both chairs but with a certain
amount of distortion particularly in the B ring which has

the fused cis lactone ring and three axial $ substituents.
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This crowding expleins the resction of desacetyl-
pebrolide with bace since epimerication of the axial

8P lactonic substituent to ecuatorial 8« would give the
less crowded trans isomer, Analogous eﬁimerisations
have been reported, dehydroiresin (102) giving
isodihydroiresin (103) and dihydroconfertifolin (104)
giving isodihydro-confertifolin (105)%° . It would be
expected on mechanistic grounds that epimerisation of
the lactone would occur prior to opening of the lactone
ring. This was confirmed by the detection vy T.L.C.
of isodesacetyl pebrolide in the alkaline resction
mixture obtained by treatment of desacetyvnebrolide with
a nmethanolic solution of potassium hydroxide for less than
one minute. Two other spots were visible one
corresponding to starting material zind the other on the
base line to potassium salts. Upon acidification,
only two compounds appeared, desacetylpebrolide aﬁd its

.

isomer.
. In interpreting the NIR spectra of pebrolide and
its derivatives,it is necessary to take into account

the crowded nature of the molecule which results in a

number of large chielding and deshielding effects.
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-

This intervrevation was essizted by the aveilarility
of a number of derivatives of pebrolice, some of which were
prepared with a view to degrading biocynthetically

labelled metabolite (¢ f.later section).

T4 the NIR spectrum of pebrolide,the AB part of
the ABX system mentioned above has been assigned to
the methylene protons of the Y - lactone and these are
coupled to the proton at C - 9. In the case of
dihydroconfertifolin the.corresponding protons appear
as a multiplet at 5.89 7 in deuterochloroform,
If the spectrum of dihydroconfertifolin is run in
beﬁzene then the multiplet is better svread out
showing more clearly the same splitting patteran and
coupling constants as in pebrolide ( figure 106 ),
It can be seen from models that with ring B as a chair
the dihedral angles of the llx and 11@ protons with
the proton 2t C - 9 are 300 and 90o respectively which
correspond according to the Karplus equatiog%fo coupling
constants of 7 and O cps, close fo the observed
values of Joy (5.5 cps) andd o (Ocpe). This confirms that
ring B adopts a chair conformation in solution. I%
might seem from models that the steric interaction of

the three axia1(3 substituents would be relieved if ring B
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were, for example,a twist boat but this would not give
appropriate dihedral angles. Ring B is alsoc g cheir in
the crystal of bromoccetylrpebrolide. It nay @lso Dbe
seen that the lactone ring is non planar and this could
explain the non equivalence of the methylene protons in
dihydroconfertifolin. It may be seen from the above
that it ie the(sproton in pebrolide vhich has almost zero
coupling with the vicinal-proton and eppears at 5.07
i.e. down-field 0.89 p.v.m. from that in dihydroconfertifolin.,
This effect must be due mainly to the lone pair on the
hydroxyl group at C - 1 since the correcponding
resonaﬁce in 1 - deoxypebrolide (table 1 ) is at 5.62 7.
The 11« proton is relatively remote from the oxygen
atom. X-ray data show that the distance between 11p

proton and the oxygen at C - 1 ie~ 2,2 2 vhile that for the

1l - « proton is ~ 3.3 2.

It has been shown79 that when a proton
is deshielded by the lone pair of electrons of an oxygen
function, an additionél dovmfield shift is observed when
its NIR spectrum is run in pyridine. This has been
attributed to the lone pair of electrons of the oxygen atom

complexing with the solvent. CDCl3 - pyridine dovmnfield



H-11p H-1l«

CDCl3 5.02 5.74
desacetylnebrolide

C-H:H 4.70 5.72

575

CDCl3 5.80 5.45
isodesacetylpebrolidae :

CSHSN .5.66 5.29



~{

c-1 C~de
(86) oH CH, 04
(92) 04, CH, 04,
(91) =0 CH, 04,

H-llp
5002
5.36

5-50

H-11l«

5.74

5.738

5.70
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shifts are found for sewveral cignals in the UIR
spectrun of cdesacetyloebrolicde, It may be seen i

in table 2 +that of the two lactone methylene protons
the 1184 proton shows & chift of 0.3 p.n.n. while

the 11 « proton shows a shift of only 0,062 p.p.m.

In trans desacetylpebrolide the dihedral angles
between the ll« and 11¢ protons and the proton at
C -9 are 356 and 1570,re5pectivelyJ corresponding
to coupling constant of 6.5 and 13.5 covs. Since
the observed values are JAX = 7 cps and JBX = 11 cpé,
it may be seen that the 11p nroton signal is that
a2t higher field.

In trans desacetylpebrolide the lle«and 11¢ protons
are both 2.7 8 from the oxygen at C - 1 and both show a
down: field chift from thoce in trans dihydroconfertifolin
(0.35 and 0.25 Dp.p.?. ). Table 2 shows the CDC1ly -
pyridine shift for the methylene protons of the lactone
in trans desacetylpebrolide. Both protons show the

same additional downfield shift of 0.15 v.p.m.

Table 3 shows the effect on the lactone methylene
protons of various functions at C - 1. It may be

seen that the deshielding effect of the hydroxyl group in
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pebrolide is noditied by acetylation. Thisg i due

o

to the delocalisztion of the lone pair of electrons
of the oxygen atom by the cerbonyl groun of the acetate.
The 11 proton does not very much from 5.75%7in 2ll

these derivatives,

Aé mentioned earlier, the methyl resonances in
pebrolide appear at 9.05 and 8.51 Talthough it is not
imnmediately obviéus vvhich methyl appears at low field.
However, a comparison of the IIR. spectra of the methyl
ester ( 94) and the ketone (21 ) schow thet thé resonance -
at 9.037in wnebrolide is due to the methyl groupn at C - 4
since the higher field resonance is affected by the
conversion of CH,0ic to COClle . The deshielding
by 0.19 p.p.m. of the methyl 2t C - 4 in the ketone (91 )
is in agreenent with the effects found in steroids where
a ketone at position C - 3 and C -~ 7 deshields the C - 19

methyl group by 0.24 p.p.m. and 0.27 p.p.n. respectively.

The angular methyl group inApebrolide thus appears
in the NIR at unexpectedly low field (8.5T). It is well
known that an axial hydroxyl group will deshield an axizl
methyl group situated 1,3 on the samne ring7§ In the diol(95)

derived by vigorous hydrolysis of deoxypebrolide, both



c-1 I C-6 C—4 - c-10
(104) H H H cis 9.16 9.03
(95) H - CH, OH OH trans 8.87 8.75
(86) OH CH, 04, OB, cis 9.04 8.56

*  OH CH,04,  0-COCgHyp  cis 8.99 8.67
(88) OH CH,, OH 0B, cis 9.12 8.53
(1014)0H CH, OH 0B, trens 9.06 8,55
(126)=0 CH., OH 0B, cis 9.0 8.4
(91) =0 CH, 04, 0B, cis 8.85 8.35
(g4) =0 CO,le OB, cis 8.51 8.31
*¥%  OH CH, 01 0-COCGHy, cis 9.10 8.65

*¥ Hexehydropebrolide.

*¥%* Hexahydro-desacetylrebrolide,

T2ble 4
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nethyl groups are dechielded by about b.3 P.D.m., Telative
to the methyl groups in either cis or trans
Gihydroconfertifolin, In the tablesa it is
shown that the stereochemistry of the 1aétone ring

~

makes little difference to the T values of the methyl

groups (ef Nos. 88 and 101A Js thus comparison of
cis and trans is permissible. The cyclohexane

carboxylate group appears to deshield one of the methyl
groups and shield the other and the benzoate does this

t0 a greater degree.

If partial double bond character is attributed

to the - 0.CO0 —- bond in the benzoate group,it may be
seen in the slightly distorted configuration resulting
from the repulsion of the B substituents, that the methyl
group at C - 10 will lie in ¢he plane of the pseudo
double bond and will be deshielded while the methyl
group at C = 4 will lie at right angles to this plane and
will be shielded. This double bond character may be
expected to be greater in the benzoate than in the
cy:l&hexanecarboxylate and this could explain the nmore

marked shielding and deshielding effect in the benzoate.,

Another signal in the LR svectrum of pebrolide which

appeared at an unexvectedly low field is that at 4.3 7T



(88) CH, OH 4 .25
(86) CH, 04, 4.28
(99) COOlI%e 4,46

desacetylrebrolide

05H5N 3.97

Table 5



38

assigned to the proton geminel to the benzozte,

Removal of the benzoate grouping as in the diol (95 )
pyoduced an up-field shift of 1.26 vn.v.m, but the

value is still wvery low for an equatorial proton geminal
to a hydroxyl group. It appears that this decshielding
effect is produced by the lone pair of electrons of the
oxygen of the primary glcohol. Delocalisation of the
electron pair of the oxygen by acetylation as in pebrolide
or conversion of the primary alcohol to the methyl ester
reduces the deshielding effect. The decshielding effect
due to the electron pair of the oxygen atom upon the
proton geninal to the benzoatewas again enhanced when the
NIR spectrum of deszcetylpebrolide was run in pyridine

( table 5 ).

The absence of any significant additional dowmn-Tield
shift in pyridine of the nethyl at C - 4 in sone
diterpenoide having a 4o CHQOH has been used as evidence
that the CHZOH group has . a preferred conformation in
which the CH group is far removed from the axial C - 4
methyl group and is pervendicular to thé plane of the
ring?7 This would also seem +0 apply to the 40
methyl group in desacetylpebrolide which shows a down-

field shift in pyridine of only O.l1 p.p.m.



The proximity of one of the protons of the
hydroxy methyl group and the 6 X oproton is showm
by Nuclear Overhauser effect. Thue, irradiation at 6.2 7
resulted in an enhancement of the signal at 4.3 7T by

about 9%.

It was found that in the bromozcetyl pebrolide
crystal, the distance bet&een the oxygen of the
primary alcohol and the hydrogen at C -~ 7 is 2.56‘3.
This suggests that there is 1littlie difference between
the conformation in the crystal and the preferred conformg—

tion in the solutione.

Conclusion.,

From the NIiR spectrum of pebrolide and its
derivatives and the X-ray analysis of bromoacetyl -
pebrolide it may be concluded that the preferred
conformation in solution and the conforrmation in the
crystal are very sinmilar,in particular,with resmect
to the conformation of ring B,o0f the benzoate function

and of the 4ol substituent.
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In recent yecrs progress on the study of the
biogenesis of naturel products has been greatly
advanced by the use of tracers other than 14C,in
particular,3H, 18O, 130 and 2H. The usé of
hydrogen and oxygen isotOpes lead to an understending
i

| . . .
of many of the processes leading from revalonic acid

to terpenoids,

It has been shown that the first two enzymic
processes both phosphorylations which successively
produce mevalonic acid % - phosphate (106) and
mevelonic acid 5 - pyrophosphete (107)78. The last one
gives inorgenic phosphate, carbon dioxide and 3 - methyl
3 -butenyl pyrophosphate (103) . The oxygen atom from
the tertiary-hydroxyl group is found in inorganic
phosphate after the reaction?’ It was deduced that the
hydroxyl group is phosphorylated before elimination.

The formation of the new double bond is thought to
occur by a concerted elimination and not, for example,
by - dehydration followed by decarboxylationy Tor no
hydrogen from.the agueous mediun appears in the product.
80

Stereochemically the process is a trans elimination .

Next, 3 - methyl - 3 butenyl pyrorhosphate (108) is converted
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by a prototronic shift into 3 - methyl 2 - butenyl
pyrophosphate (109 )~ The elininztion of a proton
in the chenge (105) == (109) is stereosneciiic,
the hycrogen marked Hc being the one eliminated.

These two molecules (108) and (109) are condensed with
loss of pyrovhosphate ion from one of them and a
hydrogen ion from the other to form geranyl
pyrophosphate (110) . This product then revylaces (109)

in a further, exactly similar, reaction with (1C3) to

form farnesyl perphosphate‘(lli)Bg.

Experiments using asymmetric labelling % witn
hydrogen isotopes showed that theestablishment of a
new carbon to carbon bond is accomranied by conmplete
inversion of configuration at the allylic cerbon atom;
such inversion is cheracteristic of an SII2 reaction rather
than of a carbonium ion reaction. Marther, the fixed
stereochemical relationAbetween addition of the allylic
05 unit and elimination of the hydrogen ion (c¢f figure A )
is taken to indicate that the engymic process proceeds
in fwo distinct steps,first,trans addition of the allylic
unit and of an electron donating group X and,second,

trans elimination of X and the hydrogen ion.,

A number of terpenes appear to arise by a non-stop
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trens-

)

nti-parallel . c¢yclisastion of farnesyl
pyrophosvhete (three isoventenyl unite), geranyl
geraniol pyrophosphate (4 isopentenyl units), and
squalene (six icopentenyl units) to give’sésquiterpenes,
diterpenes and tritervenes ,resvectively .¥roor that the
nethyl carbons in the terminal isopropylidene groups

of sguelene retein their individual identity in the

84
courcse of cyclisation has been presented by Arigoni .

14C) nevalonate

Soya-bean seedlings were supplied with (2
and the labelled soya - sapogenois cubsequently

isolated. The 1,3 glycol structure in ring 4 (112)

was oxidiced to give the unstable 3 - oxo-24-carboxylic
acid (113) which was readily decarboxylated to the ketone

14

(114) giving CO, that contained no ~'C. Hence, in

2
the formation of this pentacyclic triterpene sthe axially
oriented hydroxynethyl group &t 0(4) was derived
from the methyl carbon of mevaelonic acid. There is also
retention of individual identity by the corresponding gen
disubstituted cérbon etoms in rosenonolactonedt .

Removel of the keto group from the dihydro compound (115)
under Wolff - Kishner conditions took place accompanied
by cvening of the lactone ring. The resulting unsaturated

acid decarvoxylated smoothly when heated at 250° to give

002 and the unsaturated hydrocarvon ( 116 . No radioactivity
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was found in 002. The absence of radiocactivity
in 002 derived from the lactone ring parallels the
findings in the triterpene series and nakes it
probable thet although different initiatérs nay be

involved, the mechznism for the ring closure is

essentially of the same type for the di and triterpenes.

The retention of stereochenical individuality by the
apparently identical terninal geminal dimethyl groups in
an open chain terpenoid structure has been demonstrated
in the case of mycelianamide (17 ) by Birch et 5185 .
This compound was biologically labelled as showm

from ( 2 14

¢) mevalonic azcid and the ternenoid chain
cleaved by treatment with sodium in liquid amnonia.
The resulting hydrocarbon was administered to a rabdit
and recorded from the urine in the form of its
dicarboxylic acid metabolite (118) . Ozonolysis
of this material yielded acetzldehyde that was free fron
radioactivity, indicating that enzymatic attack on one
of the gem - dimethyl groups had been confined to that *
which was lebelled. This is an exanple of dissymetric

reactivity of a symmetrical substrate in association

with enzymic site. , .
86
In contrast to this Yeowell and Schmid
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have reported evidence Tor randonisation of the
isopropylidene methyl cerbons of citronellal (119)

in the course of its presumed conversion via

iridodial (120) into the nlant glucoside plumieride(22) .
Gomparative studies of the distribution of label from

(i 14C) acetate and (2 140) mevalonate resvectively

1ed the authors to postulate the union of aceto-acetate(123)
with an intermediate of the type (121) in which the

isopropylidene carbons become indistinguishable fron

each other,
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Fungi appear to offer some edvanteges for the
investigation of terpene biosynthesis for the reason
that they are readily groym under condit;ons vhich nay
be rigorously defined and labelled substrates are
often readily incorporated into metzbolites as

compared with higher plants.

Examination of the structure now elucidated for
pebrolide showed that the distribution of oxygen
functions would be favourable far determination of
labelling patterns in different parts of the molecule.

Accordingly, we were led to study the biosynthesis of

pebrolide by Penicillum brevicompactua.

One of the principal ains of this study was to
establish vhether the cyclisation involved in the
biosynthesis of pebrolide occurs with the same
stereospecificity as in di; ard triterpenes with
resvect to the gem dimethyl at the C - 4 and to find
which of the carbons at that position is derived from

the C - 2 of mevalonic acid.

It ies expected that if the fungus is fed with
2 - 3H mevalonic acid, the tritium will be incorporated into

pebrolide as shown in (124 ). If the p methyl group
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ron O - 2 of wevalonic ecid then

™y
Hh

2t C = 4 ie Qexriwvad

2 tritiunm stvons will b

w

exwecied in This group, »ut

if the CHQOAC group is the one wvaich ig derivesd fron

C - 2 of mevalonic acid then there will be onlyld tritiun
aton in this group, this being the statisticel

residue of tritiun resulting from oxygenation of a

doubly tritiated methyl groun.

It would be vpredicvea from this lebelling patitern
that oxidation of the hydroxyl group at C - 1 will
. I R .

result in e drop of the ratio °H/ ~&. If the carbon
at C — 4 is derived from C - 2 of nevelonic acid and
there is no screnvling, then conversion of the
CHQO Ac group of rebrolide ketone to a carboxyl function
will result in the locs of 1% tritium atone with the
concequent change in the ratio of tritium to carbon.
On the other hand, if it is the @ substituent at C - 4
which is derived from C ~ 2 of mevalonic acid, then no

. . mrs o 3 14 . . - m
chenge in the ratio “H/ €7 will be observed.,  The
oxygenation at C - 6 should z2lso allow the confirmation
of tritium atoms at C - 7. Hydrolysis of the benzoate,
oxidation to the ketone and ecuilibration with base

should result in renoval of the remaining tritiun ators.,
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R Sk

The transfor:i=ation necegezry 10 carry out this
degradative schnene were &ll eschieved using insctive
material as follows. Tebrolide Xketone %5), obtained
by oxidation of pebrolide with Jones reagent, was
selectively hydrolysed to the corresponding alcohol (1286)
using acid. Oxidetion of this with Jones reagént anc

sterification of the resultent scid (127) geve the methyl
ester (128). Bagic hydrolysis of the benzoocte function
of the acid (127) was accompanied by epimerisation 4
of the lactone giving the ketol acid (129) vhich was
charactericed as its methyl ester (130). Oxidation with
Jones recgent now gave the diketo ester (131). The

conmpounds obtained thus were useful cs reference compounds

in the sescuence with active meterial.

Preliminary studies of the type and amount of
sesquiterpenes vproduced in relation to the tims of growth
were carried out using 7T.I.C. It was shovm that in six day
cultureu, the fraction contained nainly vebrolide. At nine
days desacetylpebrolide we.s pregent. Because the acetate
group of pebrolide was necescsary to allow this selective

degradation, the fungus was harvested after six days.

A four day o0ld culture of F.brevicompactum was fed
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with 10 ml., of 2 11 nl. acueocus golution of

DL - levalonic zcid - 2 —140 lactone and D L -~
Yevalonic acid - 2T7-lactone of 0,05 mc and 2 me of
activity respectively. At the end of 48 hours,

the fungus was collected and the broth separated and
wvorked up in the usual manner. To the chloroforn solution
- of the neutrals 187 mg of inactive rebrolide was added
and re-isolated by means of crystallication ard purified
to constant activity. The specific ectivity of
pebrolide with respect to tritium was found to be

0.001 pe. The incorporation in pebrolide was 0.007 %

(or 0.014 % bzsed on L - mevalonate).

The low incorporeation could be due anong other
factors to the substantial amount of nycophenolic acid
produced by the fungus and present not only in the broth
but in the myceliumn. The side chain of nycophenolic

acid is formed formslly by two isopenoid units.

Another factor which might be responsible for the
low incorporation was revealed by carrying out a TLC redio
scan of the crude mixture of neutrals, This chowed that
an unidentified compound less polar than pebrolide having a
very high activity relative to pebrolide was present.

It is knomm§7 that steroids incorporazte mevalonic acid
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much more readily than sesquiterpenes and this
compound could correspond to a steroid ester. In
addition, ergosterol has been found in substantial

amounts in the mycelium of P. brevicompactum, hence

the low incorporation of mevalonate into pebrolide may
be partly due to channeling of this precursor into

steroids.

If the number of tritium atoms in pebrolide is 5,
a 3H/14C ratio of 33.3 would be expected, but on the
other hand, if the number of tritium atoms is 13/3 then
the ratio should be 28.8. The 3H/l4c.ratio in
pebrolide was found to be 29.8 in agreement with the latter.
This is evidence of the possible presence of f/3 of

tritium in the group at C - 4.

Oxidation of pebrolide gave pebrolide ketone
and the ratio 3H,/14C‘was found to be 25.2, which represents
the loss of one tritium atom. The - CHé.OAc group in
pebrolide ketone was transformed into a carbomethoxy
function and the ratio SH/2*C was found to be 11.7, which
represents the loss of f/3 tritium atoms with respect to

pebrolide ketone and 7/3 to pebrolide.

This result indicates that during the biosynthesis
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of pebrolide, each one of the nethyl groups 2t C - 4
keeps its identity and that thre cerpon aton at € - 4
position is derived from C - 2 of mevelonic acid. It

is possible that although different initiators may be

e

entielly of the same tyvwe for this kind of

o
L=}

o

nyolved, the mechanism for the ring closure is
f
S

sesquiterpene as for di- and triterpenes.



INTROVUCTLION

X=RAY AVALYSIS O BROVOACIIYLIFEBROLIDE
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Since the firet successful diffracti@ﬁ of
Z-rays by Von.léue in 1912, the study of crystalline
structures, on an atonic basisghas developed renidly.
A great voriety of cryetal structures have now been
determined renging from the very simple;in the case of
NaClvto the conmnlex structures of the proteins.

The procedure of & structure determination-

o~

employed in this work involved recording the diffraction

b
|3

of the X-rays by the crystel, photogravhically ectinating the

beenes; determining the

(e}

of the diffracte

6]

m

intensities
structure by the heavy atom method and refining the

paraneters of the atoms in the molecule by Fourier and

least-square method.

The following is 2 brief account of the theory

underlining this method.

A beenm of X-rays incident on a crystal is scatvered
by the electrons within the crystal, the scattered wave
recombining in various directions to give the observed
diffresction mexira, Diffraction theory shows that the
amplitude and phase of the wavelength from a scattering

point in a2 three demensional array is



52

Fj exp 2N i (h:c'j + ky. + 1lz.) oo (1)

vhere fj is the ccatterirg pover of the noint, xj yj zj

are the fractional co-ordirates of the noint with
respect to the cell edge and h, k, 1, are integers,

At the maximum of the diffroction spectrum, hkl, the

|

| . . .

wave reculting from & combination of 211 weavas from all

scattering points within the unit cell is given

-

0 »
Fyyp = foexp 2P i (hx + ky, + 1z,) + f,
exp 2 M i (hx2 +ky, + 1z2) + eeee + . oexp
2 n i (hx; + ky, +lzi)=
=Jgifi exp 2 n i (hxj + kyj + lzj) .. (2)

Fhkl’ a complex quantity ies knovn as the structure

0]

factor, its modulus Fhkl y as the structure enplitude.
The structure factor is defined as the ratio of the
enplitude of the radiation scattered in the order hkl

by the contents of one unit cell to that scattered by

a single electron under the came conditions. In practice,
it -is only possible to mezsure directly the structure

anplitude and nct the phase for any given diffraction

naxinmuri.

The scattering units cfa crystzal are the electrons

associzted with each.aton. Since ators of different



53

chemical types ezch have treir own characterictic
electronic distribution, ezch exnivitvs different
scattering properties, these ccavtering prowerties
being described by the £ = curve. Thermal motion
of the stoms within the crystal ceuses the effective
l

f - curve to fall off more repidly with sin ®A than

for the same atom at rest,

In the sinple case

£=1f, exp -3 (sin °%A)° ... (3)
where £ and fo are the scattering functions for the
atom at rest and undergoing vibrationzl motion’
resvectively. %he quantity, 5,is called the temverature
co~efficient and its value ie given by

B=8n 2U eees (4)
where U is the mean square displacement normal to
the reflecting plane of the étom from ite mean position;
U is known as the temverature factor. In the case of

isotropic vibrazticn of a given atom the tempverature

co-efficient, B is adequately described by equation (4).
In practice such an ideal case is seldom encountered

and it is necessary to describe the temperature co-efficient

vibration in termns of anisotropy tenpersture factor U ij

as expressed by :
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2 _ . 2 K 2
h™ a* + ¥ b + 1 i
< U22 J33 1
' 2 U B 4+ 2 U, Klb e + 2 U.- zle g ) . (
c + + < c  + zlc & .o
23 31 <
wnere a 4, b and ¢ @are reciprocel lattice parameters.
In the course of the X-rzy anzlysis the vibrational
notions of the atome must be taken into consideretion.
This necessitates the calculation and subsequent

refinement of temperature factors.

The numnber of electrons in a volure elenent dxGydz is

given by (xyz) V 4 x dydz where V is the volune of

obe
the unit cell, thus the structure factor exnreseion ray

be written.

Po.= v 2(P(C¢ (xy2) exp 2R i (hx + ky + 12)
hkl — ,
abc
al o) o
dxdydz .o (6)
‘wnere h,k,l are intégers. The deneity of scattering

matter throughout the unit cell can also be expressed
in terms of & Fourier Summation

xyz = € = Z A(vqr) exn» 20 i (px + qy + y2)..(7)
py,a and r being integers and A( var) the unknown general
term.  Substitution of equation (6) into (7) leads to

A(pgr) = F(hxl)/V ; .- (38)

Subsequent substitution of eguation (8) into (7)

yields the expression of the distribution and density of

N

N~
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scattering natter in the unit cell a2g a Fourier swmation.
P(nkl)

v
This can be exprecssed in ternis of 2 phace 2

Clxyz) =22 2 exn 2 M i (hx + ky + 1z)..(Q

13
o]
[}
0]
0
w0

M,

(xyz) = = =22 EL%EA) (exp 2 M hx + 2 M Xy +

2n 1z - (hx1l) ) .o (2,
ﬁxamination of eguation (10) reveals thet determinztion
;of a structure using only observed phaseless structure
‘amplitudes is not immediately vpoesible on account of the
unavailability of the phases .«(hkl). This difficulty
has been called the phase problen and its solution or
evasion has been the object of many crystzllograrhers?yrori.
One of the more gener:l techniosues due to Robertson ves

emplored in this analysis. The key to the Heavy Atom

Yethod lies in the Fattercon swriation

Plxyz) == = & lF(hkl)I2 cos 2 M (hx + ky +1z).

The square of the vhzseless gtructure amplitudes derived

4

ate are included in the

f~t

from the observed diffrection
Patterson sunm=iion and the reculting function P(xyz) is
a description of the interatomic vectors within the
unif cell, The height of thece vectors is proportional
to the square of the atomic nuwrber of the atom involved

in the vector. Consecuently a heavy atom to heavy atom

vector would be expected to be ruch larger than
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eny other vector; this is indeed found in onraoctice.
From the pogition of esuch icentifisble vectores and &
knowledge o1 oshe space group of the crystzl lasttice
system, the co-ordinates qf tnhe heavy atoﬁ ray be
calculated. The contribution of the heavy aton,
Fn (hkl), to esch reflection can then be found. If
Fh (hk1l) constitutes a large percentage of the total
obgerved anplitude then the heavy atom phase angle may
be taken as a good apvroximation to the (unknown) phase
angle of the reflection. On the other hend, if Fh(hkl)
nakes but 2 erzll contribution to the obcerved structure
anplitude assignmnent of phase is uncertain. Employing
the phases derived in this manner in conjunction with the
appropriate observed structure amplitudes, Fourier
sumnation leads to an electron density distribution
revealing come, perhaps all, of the atoms of the structure.
Inclusion of the atomic co-ordinates thus found into
subsequent structure factor calculations and Fourier

sunmations eventually leads to comvlete determination

of the structure.

On elucidation of the stfuctureait is important to

know its degree of correctness. A neasure of correctness
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is found by eveluating R where
R = & |Pol - (el / &. ol .o (12)
and where ¥Fc 1is the structure amplitude czlculated fron

atomic co-orcdinates of the rolecule and ¥o is the

observed structure anplitude.

The last stage of an X-ray crystallogravhic enalysis
is the adjustment of atomic co-~ordinates such that
the calculated structure factors cgree as closely es
possible with those observed, that is, minimication of

R or some cimilar function.

There are 2 considerazble nuwnber of refinerment technicues
available based on fourier nethods. Unfortunately they
may be cubject to termination -of- series errors, end cén
be rather time consuming. Since high-csveed digital
conputers have come into common use, the reriinement of
structures by least-squares method is not a formidable
underteking. Frogrammes for thece least - square

calculations are now freely aveilable.

In the leastesquares method, new co-ordinates, ccele
factors and vivretional parameters are derived such

that zwzsg is minimised, 7o perform this task the

exransion of a Teylor seriecs is necessery and the

conconitant end-of-series errorsg require more than one



58
cycle of least scuveres calculstions to be performed
pefore final minirdieztion is achieved. In a refinenent
vvhere each aton is conesidered to hsve isotrppic
vibrational propertiec, the mnarzmeters X,ygz, 2nd U
as well as sccle factors must be included in the normel
equations. for & structure such s ours containing 35
étoms, a natrix of equations about 145 x 145 rmust be
éolved in the isotropic least-cquares refinenent. An
anistropic refinement requires x,y, z, six Uij's for
atoms as well as the sceale factor to be included in the
ﬁormal equation. Solution of the resulting matrix ves
a task too great for the comnuting facilities available,
and a block disgonal approximation was used. The function
minimised by the least-sguarec method is

2
¥ ( Fo - TFc )
where \/ i1s a weighiing function, and

P

1 - exp -Ii(sin Q&J 2

q

i I+ 2
1+ P, [Fol + Py 7ol

o = 0.001 and P3 = 0,0001. Introduction

of .2 weighting scheme is necessary in order to downweight the

with Pi = 100, P

less relisble reflexions. The least-ecquares nethod also
refines scale factore which are subcequently used to place
2]l the data uvron an approximately absolute scale

nececcary for the anisotroric refinement. I'easures of



correctness of the refined sitructure
vhere
R' =3 W ( |Fo| - |Pe} )°
= Vo) Pol 2

given by R' factor

are used rather than the R factors as defined earlier.
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Crystal Data.

>

The prepsration and physicel vroperties of the
bromozcetate of »ebrolide heve been decscribed in the

experimental section.

A single crystal was grown from an ethereal solution
and mounted so as to rotate about the a axis. Oscillation,
rotation and Weissenberg'phoﬁogranhs were recorded for the
crystal using Cu - Kg (K = 1.54183) radiation.

Precession photographs were recorded using Lo - Kq
(}~= 0.71072), raciation. Calculeation based on

these vhotogrephs yielded crystal date as follows :

Pebrolide Derivative 026H3108Br I = 552
monoclinic, a=9.08, b =9.41, c = 15.162.
= 98,2
V=1282 2z=2 Dec = 1.43
The only systenatic absence in the X-ray data was

0k0 if X is odd. Thus the space group rust be ¥24

since the derivative is optically active.
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Intensity Data.

A small cryzvael bethed in a2 uniformX -ray
bean vas emnloyed for the intensity measﬁrements. The
data were collected on a lonius canera using Robertsont
#ultiple — film technique, recivprocal lattice nets
a1l to Tkl being recorded. The intensities wvere
éstimated using a Joyce— Lobel flying spot integrating
nmicrodensitorneter, intensity values being corrected for
appropriate ILorentg polarisation and rotation factors.
The various nets of Fo‘s vere placed on an anrproxinstely
absolute scale at a later stage of the refinementy
some 879 indevendent reflexions were mecsured and used

in the structure golution and refinement.

Solution of the structure.

The x and y co-ordinates ¢ *the bromine atom were
determined from three dimensional Fatterson synthesisc.
Since the snace group is poliar the y co-ordinate was set
at zero. In the first electron-density distribution
calculated with the observed structure amplitude:and the
bromine phase angle: there was,as exrected,a false mirror

plane which made internretation of the map rather difficult.
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~

However, it proved —moscible to selecct a few peclis ac

genuine atons,

Successive cycles of structure T

electron

4]
Q
<t
[0}
H
n
M
3
(&)

density distribution calculations clloved more &nd more

¢V

atoms of the nmolecular franework to be distinguished

and eventually after ceven

cycles, the comnlete

structure vas revealed as(gg ) . The R factor was 16.97.

Refinement.

-

Employing the progremme devieed by Prof. D.V.d.

Cruickshank and J.G.F. tmith,structure factor leccst--squares

methods were uced for the

tempvercture factore Uiso’

refinerient vprocess. Isotronic

of 0.05 for brouine and carbon

or oxygen atorg,resrectively, vere used in the initial

states of the reiinement.
refinerent and the verious
in table 6 . The fins
are in tzble 7 L Thece

establich the ctructure as

The progrens of The

co-ordinates and thernal nzraneiers

are sufficient to unanmbiguously

(98 ). o grest accuracy

~is clained in this analysis. The bond length and the angles

are in tzble (8 ). Yo value differs significantly

from the expected value.

There appears to be sone

disorder of the acetate groun as reveasled by bond

length and atom density of

=0 CH,

iy o

the type 0 - C



-

Table

9

\VJ



but this in no wry affects the validity of the structurs

-

Absolute configuration., The absolute configsuration

of the bromoacetylpebrolide was deterrined by means of
Bijvoet's anomalous dispersion method88 e The intensities
of six Bijvoet pairs( 9) were estimated visuwelly and
structure factors were czalculeted teking into wccount

the anonzlous dispersion corrections for bromine given

in the International Tables., The results ol thwe
caleulatio are presented in table ( 9 ). It follows

that (S8 ) and figure correctly represent the

abzolute stereochemisvry of the compound.

Computing.

The cealculation for this X-rey crystallographic
analysis were performed using the English Flectric KDFO
conputer in conjunction with programnes devised and

wvritten by the following:

Fourier Synthesis J.G. Sine

Structure Factor Lezst

Squares D.VW.J.Cruickshank
and J.G.F, Smith

Bond lengths and Angles .K.W. Iudir

Funmerous other small »rogranes were used for the
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Br(1)eeeeaaC(8)
C(8)eoncan c(11)
C(11) e0e0e0(6)
C(11)esaeal(5)
O(5)eaenseeaC(3)
C(3)aeacesC(10)

C(10)aaeaaC(?2)

C(18)aaeeeC(22)

C(22) e enaeC(5)

C(5)eaeeeaC(3)

C(5)eeanaaC(1)
C(5)ecnaasC(l)
C(4)eaneaecaC(6)
CC(4)eaeeeal(19)
C(6)eeneneC(l)
- C(19)eeeeac(15)
0(5) eeeaeeC(6)
C(1)aaeaaeC(14)
C(15) eeeaaC(3)

meble 8

1.481C

1.275

1.274

1.531
1,565
1.593
1.519
1.585
1.648
1.428
1.349
1.775
1.537
1.537
1,430
1.518
3.054
3.1538
1.089

C(19)eeeeasC(9)
C(9)aeceeaasl(12)
C(22)avoesC(12)
C(12)eenaeal(1)
U(1)easesaeaC(27)

C(13)aeae0esC(23)
C(23) eaaesaal(20)
C(26)eecasaC(21)
C(17) eeveeaC(T7)

C(7)asaaasaC(13)
C(18)aoeensC(14)
C(18)eaaessC(20)
O(7)aeeeeasC(25)
C(25)eaeasaC(l)
C(25)eaeeaaC(16)
C(1)eeeeeaal(1)

O(7)eeanecasC(12)

1.623
1.642
1.466
1.450
1.581
0,984
1.420
1,447
1.361
1,449
1.437
1.355
1.657
1.433
1.270
1.4415
1.416

3.020

C3.17TH



c(1)..
c(1)...
Cc(1)...
c(14).

a(1)..

c(2)...
c(18)..
c(22)..
C(5)...
c(4)...
c(19)..

C(9)...

.c(18).

.C(12).

Table

«C(5)eee
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I'elting points were devermnined on a Kofler
hot-stage apraratus and are uncorrected.” Infre red
sypectra were measured with a Unicanm S.P. 200

instrunent and for high resolution (XBr disc and

‘solution spectra, in the solvent ag stated) with

a Unicanm S.P. 100 double beam infra red spectrometer
equivpped with an S.P. 130 sodium chloricde prism greting
double nmonochrozeter, operated under vacuun.
Ultraviolet svectra vere obtained, in ethanol solutions,
on a Unicam &.P. 800 recording spectrophotometer.
-Muclear magnetic resonance spectre were recorded with
a Perkin-ZFlmer R 10 60 Ilc/s spectroneter and with

a Varian HA - 100 100 lic/s svpectrometer. Unlecss
othervicse stated 21l values quoted are recorded at
100 Ic/s in deuterochloroform with tetramethylsilane

as internal standard. I'2ss spectra were obtained with
A.BE,I. IS99 and I'S12 nmass spectroreters. Anelytical
gaé'— liquid chronotogravhy wes perforred on a Pye

Argon chronatograph.

Thin lazyer chronatogravhy.

Rf values were determined fronm elution on
0.25 mm layer of Kieselgel G, the compounds being

located by spraying with ceric ammonium nitrate (1)
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in sulvhuric acid (10%) end boXking, 105 methanolic
ferric chloride, ond 10¢ ethonolic 2,4 -

dinitrophenylhydrazine.

General.
} Diazomethane was prerared by the method of

Iiore and Reed? from bis (N - methyl - I -nitroso) -
terephthelamide. All organic extracts‘%ere dried over
anhydrous megnesium sulvhate and solvents were

removed uvsing a rotatory film evaporation. "Iight

petroleum", unless otherwise stated, refers to

light vetroleum, b.mn. 40 - 60°¢.

Culture snd extrasction of the mould.

Spores of Penicillium brevicompactun (strsin F-1)
. ?

suspended in steriliced weter, were added to 100

Roux bottles each containing 200 ml of sterile rediunm
Czapek — Dox with the addition of 1 cornsteep liquof).
Cultures were allowed to grow at 25° for four weeks.

Thé filtered mediun was stirred with charcoal (10g/litre
of filtrate) for 1 - 2 hours and the charcoal was
extracted in a Soxhlet apparatus with acetone for

24 hours. The extrect was partitioned between

chloroform and water. The chloroform solution was then



-

extraected with & coturated zagueous colution of codiun
bicarvonate. Teutralieztion of the bvicsmrbonste

solution with cilute HCl rrecipiteted nycoshenolic acid
wvhich was purified by crystallisation frém methanol/water.
the chloroforin was then dried and the solvent renoved.

The residue was chromztographed on silice gel (30g).

¥ractions eluted with Llight netroleun - benzene

(L:4) gave mycoturanolide (4 ng).

Fractions eluted with benzene gave a mixture of
<

unicentitied compounds (100 ng).

Fractions eluted with benzenec - chloroform (Y:1)
gave deoxypebrolide (4 mg). 1so¢atioﬁ of
deoxypebrolide was hincdered by the presence of an oil
in the same fractions. However, the crystals of
deoxypebrolide were physically separated from this oil

and recrystallised from ether.

Fractions eluted by bengene — chloroforn (9:1 - 1:9)

gave ethyl nycophenolate (51 ) and the hydroxy - lactone

(55 ) didentified by comparison (T.L.C., IR) with en 2uthentic

sanmple. Other unidentified conpounds were also present.
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Prections eluted by bpenzene-chioroforir (1:9)

gave the dihydrofurcn lzctone (10mg) ( 65) .

Factions elut:d with chloroform gave nebrolide
(30 mg) ( 86) after trituration of the mixture with

light - petroleun.

Fractions eluted with chloroforrm - methanol (20:1).
contained desacetylpebrolide (45 ng) ( 88) .
Some difficulty was met in the isolation of this cozpound
due to the rresence in fhe earlier fractions of a
gelatinous compound which interfered in the
crystalligation of desacetylnebrolide. This gelatinous
substance which was slightly less polar than
desacetylpebrolide, could not be obtained in crystslline
form even though chronztogravhically pure has not been

characterised as yet.

Isolation of 2,4 dihydroxy - 6 uvyruvylbengoic acid (47 )-

The vreon extracts (6g) from two 15 day cultures of

P. brevicornactun were combined and nartitioned betveen

chloroform and water. The water was removed and the
resultant so0lid (4g) placed on a column of !allinckrodt

silicic acid which had been thofoughly washed with the
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solvent system benzene (S0) - dioxzne (45) - =acetic
acid (4). The fourth colw:in volue of solvent eluted

2,4 dihvdroxy - 6 pyruvylbenzoic ecid (90ng),

identic2l with authentic cemple (R? and I.R. spectrun. )

3,5 - Dihydroxy -« — (x' - hydroxyethyl) phthalide (48).

The broth extracts (6g) from two 15 days cultures

of P. brevicomnzctum were combined and v»ertitioned

between chloroforn and water. The water wes removed
and the resultant solid (4g) placed on z column of
I'mllinckrodt silicic acid which had been thoroughly
washed with the solvent system %YTenzene (S0) -

dioxane (45) - acetic acid (4). The tenth colurm volume of

solvent eluted 3,5 - dihydroxy —«~ («' - hydroxy ethy))
phthelide (335 ng) vhich was further purified by P.I.C.
(pre-wasned with methanol) using methanol 307 -
chloroform (70%) as developing solvent. The

product was removed fron the silica by elution with
methanol as a gurmy solid. 9 max (XCl) 1725, 1611, 1475,
1160 cm. A mex (CHyOH) (mp), ph7: 219 (0.D. 141),

258 (0.D. 0.81), 293(0.D. 0.25) A max (CH;OH) (mM), Th 10:
234 (0.D. 1.11), 285 (0.D. 0.89), 3160 (0.D. 0.51).

lass spectrun : Ions af D/e 210 (2050) 166 (100%)

165 (705) 137 (80%). m* corresponding to 210 - 166,

165 - 137. T c¥,0008 (60 1f°/s) 8.55 and 8.36 (0.7 and 0.3 H,
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d. J = 6 cps - CHOH - 053), 5.40 (1H, n, - CHOH) 4.4
and 4,31 (0.3 2nd 0.7 Hy, d&. J = 3 ¢ps, Ar. CH.0.CO - )
3.20, 3.27 (each IH, S, phenolic ring H).

Q(J
I._l
S’

Synthesis of 3,5 - dihydroxy = - (&' - hydroxy et

5’

phthalide (48).

2,4 Dihydroxy - 6 pyruvylbenzoic acid (90nmg) was
"dissolved in methanol and Ma BH4 (93 mg) =2dded and
stirred overnight. The solutiqn vas then scidified,
filtered and chrometographed in 2 methanol pre-washed
20 x 20 cm silicagel plete of 0,7 mm thickness, The
plate was eluted with methanol (30%) - chloroform (70%).
The major band was renoved and extracted with methanol. :

Removal of the solvent gave 3,5 dihydroxy — « {(«' —

hydroxy ethyl) phthalide (20ng) as a gummy solid.

T CF, COOH (60 M C/s) 8.55 and 8.36 (0.5 and 0.5H,
d. J = 6 cps ~ CHOH 033), 5.40 (IH, m, - CHOH), 4.4
and 4.31 (0.5 end 0.5H, d&. J = 3 cps, Ar. CH.0.CO-)

3.20, 3.27 (each 1H, =, phenolic ring H).

The IR srectrum and T.I.C. prone”tles were
identical with those of a szmple of tne pathelide

isolated as in the previous section.

Attempted synthesis of mycochromenic acid via

ethyl mycovhenolate enoxide.
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i. Ethyl nycophenolate (134 ng) vwas dissolved in
chloroforn (4ml) and m—-chloronerbznzoic scid (86mg)
added. The resction vas ellowed to proceed =t roon
temnerature for 7 hours. ATter this pefiod the solvent
was renoved, and 4 ¥ NaOH (5ml1) =dded. The resction

Tfied and

=

was left to stand overnight and then acid
|

extracted with chlorofora. Removzl of the solvent
gave a solid vhich crystzlliced from chloroform -

light petroleum as needles (79mg 64%) n.p. 218°¢.

v max (XK B’L") 34387 1763, 1739, 1620, 1199,

1160, 1136, 1075, 1032, 968 cn .

dmax (CH C1;) 3620, 3451, 1768, 1741 em™ L,
A max (mp) 215 ( 346), 250 ( 860), 304( 420).

T (60 11 ®/s) 8.50 (3H, s, ~0.C0.CHy ),
CDC1,

7.9 (3H,s, Ar - CHy), 6.2 (3H,s, - O CHy),
6.1 (2H’ m, AI‘ . CH2"‘) 4-85 (ZH, Sy MOCHQQO.CO—)O

This compound was identical (IR, UV, NIR, m.p.) with

an guthenic sample of hydroxylzctone (55 ) .

ii. The ethyl ester of mycovhenolic acid (56ng) wes
dissolved in chloroform (3 ml) and m~chloroperbenzoic
acid (33 mg) was added. The solution was left to

stand overnight. Renovel of the solvent then gave a



12

solid which was dissolved in benzene and sodiun
ethoxide added. The mixture was left to stand for
24 hours. Renoval of:the solvent now gave a solid
which was dissolved in waeter and neutrelized with
dilute HCl. The product was extracted with

ethy) acetate Evaporation of the solvent geve the
lactone ( 55) . This compound was identical

-(IR, UV, T.IL.C.) with an authentic sanmple of the

hydroxylactone ( 22) .

Ethyl mycorhenolate (51)

Iiycophenolic acid (506 ng) in ethanol and 3
drops of concentreted H2SO4 were refluxed for O hours,
the solvent rermoved and the remaining oil dissolved
in chloroform and weshed with sodium bicarbonete,
Removal of the chloroform gave ethyl mycorhenolate
(530 mg) which crystellised from chloroform - light
petroleum as needles m.p., 88 =~ 90°¢,

9 max (KC1) 3420, 1736, 1624, 1167 em~ L.

o max (CHO1y) 1737 (¢ 1349) em™ 1.

TCDCl3 (60 11 °/s) 8.81 (3H,%, J = Teps - CHy),

820 (3H, vinyl methyl) 7.88 (3H, s, Ar.CH3),

7067 (4H, S’ - CO.CI‘IzoCszc = )’ 6.61 (2H’d,
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Ar.CHZ—), 6.25 (31, , - CCHB), 5.¢1 (214, , 5 =17 coe. -

CH,.0.CO =), 4.80 (2H, ¢, - ir, CH,.0.030 - an¢ 1M,

5 i
diffuse t, = CH - ), 2.3 (1H, =, ir. OH);

This convound was identicel (IR, 1R ,mived m.v.).
I'ycophenolic acid (44 ) (69 ng) was refluxed
in xylene (25ml) with 105 Pd. charcoal (85xg) for
13 hours. A sr2ll amount of mycochromenic acid ( 10%)
vas detected then by 7.I..C. with an auvhentic sample

of ethyl mycovhenolate.

Ethyl nmvcochromenzte (u=thyl ester, oi 56).

Bthyl mycovhenolate (51 ) (350mg) wag discolived in
xylene and 2,3-dichloro - 5,6 - dicyano = 1,4 -
benzoquinone (319 mng) added and the nmixiure wes
refluxed for 24 hours. The solution wees filtered and the
0il recovered after removal of the solvent, was purified
by P.L.C. on two 20 x 20 cnm. Kieselgel plates with
chloroforn as eluting solvent. Bthyl nycochromenate
was obtained as an oil (138 ng: 405:) b.v. 140°¢ 2% 0.02 mr.

(Found; €, 65.79, H, 6.53, I7 at /e 346. CgH,,04

reouires C, 65.88, H, 6.40, I'.'/. 346).

dmax (film) 1765, 1733, 1635, 1604, 1596 cm =,
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Jmax (C Cl2) 1782, 1740 cu T,

Amex (in) 240 ( 496), 321 ( = 1045), 332 ( = 1045),
TEDQ%(6OK%) 8.80. (3H, t, J =17 cps’—CH3),
8.52 (3H, s, -CH3),7.9 (3H, s, Ar.CH3),
6.22 (3H, s, - CCHy), 5.9 (3H, 9, J = 7Tcps -
; CUZ-), 4.9 (2H, s, Ar.CH,.0.C0 -),
4,35 (1H, d, § = 10 cps = CH. C. O - ),
3.32 (1H, d, J = 10 cps Ar. CH = ).
lzss spectrum : Ions at Ve 346 (30%), 301 (209),
259 (80%), 257 (60¢), 245 (100s), 230 (60%). 221 (20%)
201 (40%t).

m* corresponding to 346 = 245, 245 - 230, 230 4 201.

Lycochromenic Acid (56)

To ethyl mycochromenate (5 mg) in methanol
a nethanolic solution of potassiuvm hydroxide was added
and left to stand for 30 minutes. Afver acidification
with dilute HCl,the solvent was removed and the
remaining solid dissolved in chloroform and extracted
witﬁ a saturated agueous solution of sodium bicarbonate.
The alkaline solution was acidified and extracted with
chloroforn. Removal of the solvent gave a solid
which crystallised from chloroform - light petroleum
as prisms m.p. 164 - 165°. Identity with an authentic

sanple of mycochromenic acid was established by T.L.C.,
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nixed melting poinv and conrarison of I.R. spectra.

Ethyl dihydromycochrusennse (Athyl es

lycochromenic ethyl ester (5mg) was dissolved in
ethanol (10ml) and hydrogenated at room tenmperature
end atmospheric pressure for three hours with 5% Pd.
charcosl as catalyst. Filtration of the solution
and renoval of the solvent yielded ethyl
dihydromycochromenate as an oil. This compound was
showvn to be identical with a sample obtained as
described below, by comparison of 7.L.C. znd I.R.

spectra.

Dihydromycochromenic acid (69 ) .

l'ycophenolic a2cid (149 mg) was dissolved in
acetic acid (10ml),5 drops of concentrated H2804 added
and the solution refluxed for one hour. The solvent
was renoved and the remaining 0il dissolved in chloroforn
and wached with water. Renoval of the chloroform gave the
acid (69 ) which crystallised from chloroform - light
petroleun as needles ( 132mg,88%) m.p. 172-175°¢C,

(Found: C, 63.77; H, 6.19; M’ at %/e 320,

017 Hyo 06 requires C, 63,74; H, 6.29;m.w 320).

0 max (mujol) 3250, 1725, 1705, 1600 cm T,



Amax (rp) 250 (£ = 3200 ), 308 (€ = 1920),

TE3013(6O 11 %/s) 864 (3H, s, CHy), 5.1 (4H, =,

-CHZOC.O -)’ 7089 (3H, S, Ar.,. UIIS), 7.40

(4‘H, m, AI'.CHQ. 8.1’1@. CH .C0.0 -), 6.19 (BH’ S, -

2
i OCH3), 4‘09 (ZH, S ’ J:‘xI‘ b CHQ.O'CO _')o

lzss spectrum: Ions at e 320 (50%), 302 (40%),
247 (70%), 207 (1005'), 159 (60%).

*
m corresponding to 320 - 302, = 302 - 207.

Bthyl dihydronycochromenste (Lthyl ester of 69).

Dihydromycochromenic acid (69 ) (1lomg)
was dissolved in ethanol (10ml) and three drops of conc.

H SO4 addeﬁ. The mixture wes refluxed for three

2
hours, the solvent removed and the remaining o0il diessolve

in ether =nd washed with sodiun bicarbonate. Removal

of the ether yielded an oil.

J mex (nujol)l760, 1720, 1605, 1320, 1130, 1105,

1040, 800 cmt.

b d .

tCDCl3(6O Iz °/s) 8.75 (3H, %, J = 8 cps - CHy),

8.64 (3H, 8, cH3.c,o - ), 8.1 (4H, m, CH,.C.0 -),



T

7.85 (3H, =, Air. u“3), T.4 (47, n, ‘r. CH3
and CH,.C0.0 -), 6.2 (31, s, - .cx3), 5.90
(21{, 9, J = 6 C"@S, - O.C}lr.2"’), +o_/ (2;'[, S, .{3.1‘.

CH2.O.CO -

ILiycofuranolide (71);

This substence vas precsent in the fractions
eluted with petroleum - benzene (4:1) as described
earlier and crystallised from chloroform - light
petroleun as needles m.n, 174 - 176°C.

Rp 0.75 in 105 nmethanol - chloroform,

(Found; C, 66.87, H, 4.63, L7 at /e 218),

012H1004 requires C, 66.05, H, 4.62, 1,7, 218),

Armax (mp) 277 (€ = 5450), 226 (€= 10,000),

dmex (¥Br) 1770, 1649, 1608, 1470, 1390, 1250 cm +

9 max (cc1,) 1780, ( ¥ lzctone¢ = 1000),
' CDCLB 7.34 (3H, =, Ar. CH3)’ 5.82 (3H, e, —VCH3),
4.76 (2H, s, 4r. = CH, - 0 = CO - ), 2.95 (CH
‘J = 2 ¢cps - H of furan ), 2.3 (IH, ¢, J = 2 cvs
- H of furan).
lass spectrum : Ions at Ve 218 (60?), 203 (30%),
189 (100%), 175 (30%).

an
w

m corresponding to 218 - 189,

k4



3
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t

O-Acetylnycovnenolic zcid.

To mycophenolic acid (657mz) in pyridine (10ml),
acetic anhydride (2ml) was 2odded and the’mixture Ve s
left to stand overnight et room temoverature. To the
%olution ice-water was added and removal of the solvent
then gave a white so0lid which crystallised from
chloroform - light petroleum as needles (647 ng, 90%)
m.p. 156 - 158°¢C,

vmax (XBr) 1768, 1727, 1624, 1612, 1196, 1188,

1210, 1133, 1070 cm™T,

A Tax (ma) (CH3OH) 2150 (2.900), 246 (1.040),

279 ( = 190), 280 ( = 190),

T0:0013 (60 ¥°/s) 8.17 (3H, s, ~C:C.CHy),

7.75 (3H, s, Ar.CHy), 7.58 (3H, s, =0.C0.CH,

4H’ S, - CH2.CH2.CO'O), 6059 (21{, d J - 6.6 CpS

AI‘. CH2"), 6016 (BH, S, - O.CHB)’ 4‘080 (lH’

The arylscetaldehyde (681 ).

it 24

O-Acetyl mycophenolic eacid (200mg)was dissolved
in chloroform and ozonised fa three hours at - 1500.
To the solution, a2 suspension of zinc in acetic acid was

added and the nixture stirred for one hour.
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The solution vas filtered ond the sclvent rencved.

The remeining o0il was dissolved in chloroform end
washed with a saturated;aqueous solution of sodiunm
bicarboneste. The chloroform solutiocn wes reduced toa
smell volume and the product isolated by nmeans of F.L.C.
in silicagel. The band with z positive reaction with
2,4 - dinitrophenylhydrazine wvas extracted with
chloroform, Removal of the solvent gave the

acetaldehvde ( 31) which crystallised from ether as

rods (47 mg, 26%) m.p. 112-115°C.
(Found: C, 60.44; H, 5043 i at ™/e 278
C,,Hy, Og requires C, 60.43; H, 5.07;17.2.278)
Jmex (mjol) 1750, 1705, 1610, 1605, 1180 cm %,
Amax (mp) 210 (0.D.I.6), 246 (0.D.0,5) 285 (0.D.0.2),
TED013(6O 1°/s) 7.75 (34, s, ar.Gly), 7.65 (34, S,
~0.C0.CH;), 6.3 (2H, m, Ar-Cl, . CO-) 6.24 (3H, ©,
- OCHy), 4.83 (2H, s, Ar.CH,.0.00-), 0.34 (IH,
t, J = lcps - CHO).
.lass spectrun : Ions at m/e 278 (5¢), 236 (10%);
218 (30%), 208 (100%), 207 (605'), 190(50%),
179 (10%), 159 (60%).
m* corresponding to 278 = 218, 236 -» 208, 208 - 190.



Synthegie of mvcofureonolics.

To the =zldehyde ( 81 ) (283nc) in benzene (5nl)
p - toluene suiphonic ‘acidé vwees edded (30mg) and the
nmixture refluxed for three hours. TMiltration of the
golution and removal of the soXkent gave a solid vwhich
i

was dissolved in ether and washed with vater. The

solution was then reduced to sm2ll volume and

)

chromatographed in a 10 z 20 cm silicagel plate using

0]

chloroform as eluent., - The band correspencing to the
desired rrocuct was removed and extracted with chlorofor:.
Removal of the solvent gave the furan ( 82 ) which
crystallised from chloroform - 1light netrolewa as

needles (15ng 68%) m.p. 174 - 176°¢C.
1

v max (KBr) 1770, 1649, 1608, 1470, 1390, 1250 cm -,
lCDCl3 7.84 (3H, s, Ar. CH3), 5.82 (3H, s, - OCH3O,

4,76 (2H, S, Ar.CH,.0.C0-), 2.95 (IH J = 2cps P - H

2
of furan), 2.3 (IH, d, J = 2 cps - H of furan).

This compound was identical (IR, NIR, n.p.

with an authentic sample of mycofuranolicde.,

Lactonication of mycovhenolic acid.

1. Lycophenolic acid (86 mg) was dissolved in



81

trifluorozcetic acid (10m1) end allove

[¢¥)
ja

jo]

to ¢tan

for two hours at room temrerature. ATter renoval of

(0]

AN
w

the solvent, the resuliing solid vwas dissolved in

ot

chloroformn and weshed with a saturated adueous solution
of sodiun bicérbonate. After drying and eveporating
the chloroform, the lactone (66 ) was obtzined.
Crystallisation from chloroform ~ light petroleun gave
‘colorless needles (66 ngy 685 ) m.p. 161 - 162°,
(Found; €, 63,79, H, 6.7, I+ at /e 320,
017 H20VO6 requireshC, 63.74, H, 6.29,I...7.320),
Amax (mp) 215 ( 14.400), 250 ( = 4.000), 304 ( =
9 max (KBr) 1770, 1735, 1630, 1465, 1292, 1140 cn =,
’TED013(6° 17 °/s), 8.5 (3H, s, ~0. G.CHy), 8(4%, n,
-CH,.C.0 =), 7.87 (3H, s, Ar.CH3), 7.3 (4H, n,
-Ar.CH,-, -CH,~C0.0), 6.2 (3H, s, - O.CH3),
4.8 (2H, s, Ar. CH,.0.C0~), 2.3 (IH, s, Ar. OH),
lzss spectrum: Ions at e 320 (3057), 302 (28%),
247 (505), 207 (100%), 159 (40%).
m* corresponding to 320 = 302, 302 = 207.
ii. .To mycophenolic acid (49mg) in benzene (20ml)

p-toluenesulphonic zcid (50ng) wes added and the

nixture was refluxedifor three hours. After filtering

2,400),

the solution, evaporation of the solvent gave a solid which

=
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wes dissolved in chloroforn cna wached vith a
saturated agueous =olutiocn of sodium bicarbenate and

then water. Renmoval of the eolvent gave tie lactone

m

(g6 ) which crystellised fron chloroforn - light
petroleum as colorless needles (30ng) m.p. 161 - 162°¢.
A mixed melting voint with the comround obtained by the
action of trifluoracetic acid on mycophsnolic acid

~showed no deprecssion.

Pebrolide (gg )

This substance was isolated as described earlier.
It crystallicsed from light wetroleun - chlorofoarm eas
colorless needles M.p. 167 - 170°¢,
(o()D = - 41°, R 0.65 in 109 methanol in chlorofornm,
(Found ; C, 66.63, H, 6.95, It at %/e 430,
024H3O O7 requires C, 66.97, H, 6.97,1.%., 430)
R.D: (®)244— 1340, ((D)258 (trough) - 3950, (@)284
~ 1220 (9)333-465, (9),00=60-
Amax 230 mp (€ = 9,729),
Jdmax (XC1) 3500, 1764, 1710, 1597, 1580, 1243, 711 cm T.
9 max (CHCl3) 3605, 1780 (lactone; £ = 1108),
1740 (acetate; € = 621), 1715 (Benzoate; € = 907) cm_l,

[ad

103013 9.04, 8.56ezch (3H, s, CH3), 7.96 (3H, s,
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-0.CO0. CHy )y 6.70 (IH, m, H.C.CGI), 6.21, 6.03 (24, A3
= 12 cps. - CLQO.AC), 5.74 (IH, éd, J, = 10 cps,
J, = 55cps ~ Cil,. .C0), 5.02 (IH, d, J =.10cps -
CH,.).C)=), 432 (IH,m, H.C.0B,), 2.50 2nd 1.96
(3H and 2H, m, Fh . C0.0 - ).
iﬁss spectrum: Ions at "Ye 430 (0.1%), 357 (5%),
325 (10%), 308 (30%), 266 (40%), 265 (70¢), 248 (20%),
247 (18%), 235 (40%), 230 (30%), 217 (505), 105 (100%).
n* corresponding to 325 - 265, 308 - 290, 266 - 248, 265 -
247, 248 - 230, 235 - 217.

Desacetylvebrolide ( 83)

This substance wae isolzated ag described eerlier.
- It crystallised from chloroform - light retroleun as
colourless needles m.v. 252 — 25500,
(04%:: - 250, Re 0.28 in 10¢' methanol in chloroforz.
(Found; G, 68, 41, H, 7.08, I at n/e 388,
Cy H2806 reocuires ¢, 68.02, H, T.27.010.%. 388).
RoDo: ((Q )pyug = 455, (B),5¢ (trough) - 3020, (3,45
=650, (O )y33 = 420, (D),4 - 260
Amax 230 oy (€= 11.860)
Jmex (K.Br) 3420, 1756, 1713, 1602, 1582, 711 cm T,
Jdmax (CH313) 1771 (¥ lactone; € = 539), 1711 (Benzoate;

= 472) cm .
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[CSHSN 9.0, 8.20 (ewch 31, s, CHy), 6.46 (TH,n,
H.C.OH), 6.74, 6.16 (25, 1B, J = 11 cpe, - Ci,.

CH.0.C0-), 4.70 (IH, 4, J = 10cvs - CH,.0.C0-),

2
3.7 (Id, m, H.C.02_),
lass spectrum: Ions at /e 388 (0.157), 358 (1%),
357 (1), 283 {(25%), 266 (15%), 248 (3%), 236 (20:),
218 (12%:), 192 (10%), 105 (100%),

*

m corresnonding t0. 388 - 209, 308 -» 266, 358 » 304,

266 = 235, 236 - 218,

Deoxypebrolide ( 87 )

This cozpound wag isolated ag described earlier.
It crystallised from ether as colourless needles ri.mv.
171 - 173°¢C.
(Found: C, 69.58, H, 7.28, 1t 2t /e 414,
024 H3O O6 recuires C, 69.56, H, 7.24, L.« 414),
R 0.87 in 10¥ methanol in chloroforn.
R.D.: (D)psy = 220, (B)yg, (trough) - 460, (9),g,
~1410, (8),00 -110.
smax (KBr) 1775, 1738,1710, 1605, 1588, 1249, 711 cm T,
ymax (CHCly) 1783 (Y- lactone, € = 764) 1735 (acetate;
§€ = 603) 1717 (Benzoate; £ = 733),



T 9 Of' ?_.56 =2&8.C 3?3 »-' ol 7.0F
D 13 ty O ( Dty 3)9 >0 ;

(3H, sy - 0.CO, I )y 6.23, 603 (2¥, 43¢ J = 12 cps -
CH .OAC), 5:82 (I:’l’ (.;Q, Jj = j;o, J2‘= 6, - C}izo

OoCO - ),

2

0.CO - ), 5.62 (IH, d, J = 10cps ~ CH,

Bpe
4.30 (IH, m, HC.0B,), 250 and 2.00 (3K end 2H, m,

i

Ph.C0.0 = ).

lass spectrum : Tone at Ve 414 (0,1¢), 292 (5%),
258 (30%:), 249 (30%), 232 (10%), 219 (10%),

167 (100%:), 105 (50%:),

*
m corresponding to 292 = 2i9.

Isodesacetylnebrolide ( 101 .

i. Desacetyl vebrolide ( 88 ) (19mg) wes sllowed

to stand with a methanolic solution of votassium hydroxide
for three hours and then neutralised with dilute
hydrochloric acid. The procuct was extracted with
chloroform, washed with water ané dried. Lvaporation

gave isodesacetylveebrolide (101 ) +which crystallised

from ether as plates (17 mg 89%) m.p. 192 = 19300.
- (Found: C, 68, 31, H, 7.36, It at ®/e 388,
C 2606 requires C, 68.02, H, 7.27,.V.388,
Jmex (KCL) 3460, 1760, 1718, 1607, 1590, 717 em™ L,
VY max (CHClB) 1778 ( lactone; € = 710) 1719 (Benzoate;

€ = 609)1
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TéDCl 9.06, 2.59% (each 3%, s, 333),<6.58
v(IH,3m, H.C.0H), 6.37, 6.83 (21, ABq J = 12 cps-—
CH,O0H), 5.6~ (Ii,.dd, Jy =8
-CHZ.O.CO-), 5.45 (IH, ad, J; = 8 cvs, J, = T cos,
—CH2.O.CO—), 4,18 (11, n, H.O.CEE), 2.43 and 1.90
(3H and 2H m, Fh.C0.0-).
lass gpectrun: Ions ot m/e 388 (0.155), 358 (1%),
357 (1), 283 (2557), 266 (155). 248 (3%:). 236 (205:),
218 (12¢), 192 (105:), 105 (100%),
m corresponding to 338 - 299. 388 - 266, 358 » 204,
266 - 235, 236 » 218.
ii Pebrolide was treated under the same conditions
"~ and gave a compound identical with the product obtained

in i. This was established by comvarison of Rf,HER and

IR spectra.

Desacetylnebrolide from pebrolice.

To a solution of pebrolide ( ggz) (18mg) in acetone ,
6N sulvhuric acid (2ml) was added and the mixture left to
stand overnight. The solution was extracted with
chlorofarn. The chloroforn solution was washed with weter,
dried and evaporated to give & s0lid which crystallised

from chloroform -~ light petroleum as needles (1l2ng.74%).



Identity with desccetylpebrolide was egtablished by

Rf mixed m.p., IR and TR srecira.

O—Acetyl npebrolide ( 92)

i. From vpebrolide.

To a solution of hebrolide ( 96) (61lng) in
pyridine (5ml) acetic anhydride (0.5ml) was added and
the mixturs left to stand at room temperatu;e for 12 hours.
The reaction mixbture wasgs noured into ice-water and fhe
product extracted with ether. The ethereal solution
was washed with water, dried and evaporzted to give
o-acetyl pebrolide ( 92) which crystallised fronm

ether as needles (44mg 66%) m.n. 178 = 16000.

m,

(Found: C,65.82, H, 6.92, I at /e 472, Cog

Hy, Og requires C, 66.10, H, 6.78,0L.7.472).

omax (¥C1) 1781, 1739, 1709, 1599, 1530, 1247, 711 cm .

TbD013 9.0, 8.44 each (3M, s, CHy), 7.92, 7.89
(each 3H,s,—O.CO.CH3), 5.99, 6.19 (2H, 43 q J =

2
| CH,.0.C0 - &nd IH, m, H.C.OAc), 4.28 (IH,m, H.C.0B, ),
2.44 and 1.96 (3H and 2H, m, Fh,C0.0-),
lass spectrum: Jons at m/e 472 ( 1%), 399 (8%),
367 (7%), 350 (30%), 308 (505'), 307 (48%), 290 (45%),

265 (127%), 247 (25%), 235 (257), 230 (70%), 227 (907),



38

n correcponding to 367 = 307, 307 = 247,

307 = 265, 235 -» 217, 265 = 247,

ii fron deczcetyl medbrolice. .

To a solution of desacetyl wvebrolide (88 ) (Tng)

Q]

~

in vyridine (10ml), acetic anhydride (0.5ml) was added and
the mixture left to stand overnignt. The rezction
nixture wag noured into ice-water end the nproduct
extrected with ether. The etherezl colution was weached
With‘water, dried and evanoratedrto give a solid which
cryetellised from etner as needles (5ng 595%)

m.p. 178 - 180°¢. This was shovn tobe identical with

- o—acetylpebrolide by couparison of Rf,,mixed N.D. and

IR srectra.

Desacetylvebrolide (3.6ng) in zcetic acid (5ml) was
refluxed for two hours. T.I..C. analysis of the reactions
products showed the presence of two comnounds
corresponding to vpebrelide and o-zcetyl nebrolide in

similar amountsc.

Pebrolice (3.2mg) in acetic acid (5m1) was
refluxed for two hours. T.L.C. analysis of the

reaction products shows the presence of starting material

)
L

‘and a compound corresponding to o-acetylwebrolide. Similerly

i



- cholecterol 2nd lenocverol vere only psriially
converted to their acewates,

Pebrolideketvone ( 1) .,

Pebrolide ( 86 ) (106mg) was dissolved in acetone
gnd treated with a slight excess of chronmium trioxide
ﬁn sulphuric acid (Jones reagent) &t room temverature for
one minute. After éddition of ice-water, the mixture was
extracted with chloroforn. The extract was washed with
brine, dried and evaporated to give the ketone which
crystalliced from ether as needles (94mg 89¢), m.o.
187 - 190°.
(Found ; c; 67.02, H, 6.62, 1" 2t ®/e 428,
24 Hyg O requires C, 67.29, H, 6.54,11,17428).
(D)y5g (trouven) = 404, ()yge 05 ()15
(peak) + 430, (9)3,7 0, (§),44-215.
Imax (XC1) 1787, 1732, 1711, 1598, 1582, 71l cm ~.
Imax (C 013) 1778 (¥ lactone; £ = 676), 1736 (acetate;
E= 517), 1710 (ketone, benzoate; €= 845),

TCDCIB’ 8085, 8-35 (each 3H, s, CH3)’ 7.91 (BH’ S,
CH;.C0.0-), 6.10, 5.92 (2, AB q J = 11 cps - CH,.04c),

5.62 (IH, dd, Jy = 10 cps, J, = 5 cpe - CH,.0.C0-),
5.40 (IH, d, J = 10 cps -~ C}IzoOoCO - ), 4035 (IH,E‘.,
H - C.0B,), 2.65 and 2.15 (3H and 2H, m, Fh, CO.0-).
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lass spectrum: Ione st /e 423 (0.177), 323 (109,
306 (204:), 263 (30%:), 246 (107:), 233 (83%),

223 (9%), 197 (15%%), 105 (100: ).

% corresponding to 428 - 323, 323 - 263.

Hydrogenation of Pebrolide Ketone - Hexzhydropebrolice.

Pebrolide ketone ( 91 ) (12 mg) was dissolved in
ethanol (10ml) and hydrogenated at room temperature and
atmospheric pressure for three houreg with 5 Pd-charcoal
as catalyst. Filtratidn of the solution through
glass paper and reumovel of the solvent gave unchanged
pebrolide ketone.

Pebrolide ketone ( 91 (30mg) was dissolved in
acetic acid (10ml) and hydrogenated at room temperature and
atmospheric pressure for three hours with Pt02 as
catalyst. After filtration of the solution, removal
of the solvent gave a so0lid which crystellised from ether
as plates (10mg) m.p. 165 - 167°¢,

This conpound proved to be identical with
hexahydropebrolide by conparison of Rf mixed m.p.

and IRspectra.

Hexzhydropebrolide.

Pebrolide (86 ) (80mg) was dissolved in glecial acetic



acid (10nl) end hicrosencted ot room temnrersture

and atnostheric rnressure for four hours with platinum
oxide (50ng) es catalyest. Mltration of the solution
through glecs pever znd renovel of the colvent gave

&En g pax &

hexahydronebrolide vnich crystallised from ether

as plafes (72mg, 89%) n.p. 165 - 167°¢.

(Pound; C,65 .87, H, 8.44, ¥ at ®/e 436).
Cpy Hyg 07'reouires C, 66.03, H, 8,31, I, = 436).

9 ax (XEr) 3500, 1760, 1730, 1260 cm T,

Y ax (CH013) 1730 (lzctoneje= 667), 1732 (Acetate,
cyclohexanecarboxylatesg= 7T64),

TED013 8.99, 8.67 (emch 3H, s, - CH), 6.7 (IH, m,
H.¢.04), 6.1, 6.22 (20, AB q J, AB = 12 eps,

- CH.0 4c), 5.76 (IH, dd, J; = 10, J, = 6 cps -

CH,.0.CO - ), 5.06 (IH, d, J =10 cps, - CH,.0.C0 - ),

4.65 (TH, m, H.C.0.C0. CgH4),

lzee svectrun : Ions at Ve 436 ( 1%), 325 (20<),

309 (40%), 308 (45%), 265 (100%:), 249 (45%). 235 (305),

m * corresponding to 309 - 249, 308 - 235.

Hexahydrodesacetylpebrolide,

Desacetylpebrolide (88 ) (160mg) was dissolved in
glacial acetic acid (14ml) and hydrogenated at roonm
témperature and. atmospheric prescure for 20 hours with

platirum oxide (1l44mg) as catalyst. Filtration of the solvent



through gless naner and reiovel of the golvent gove

hexahydrodecrcectylnevroliide valecn crystallicec Iron

ether zs plates (152 ng, 92%) m.n. 210 - 215",
(Found; C, 67.16, H, 3.82 1 at ®/e 394,

0, requires C, 66.985, H, 8.69,1,%.394).

| Co2t34%%

| Yumax (EBr) 1740, 1715, 1445 ca "%,
D max (CH313) 1772 ( lactone;é = 997), 1717 (cyclo-
hexeznecarboxylete & = 621) en™ T,
Tpey. 9-1 8.65 (each 3H, s, - CHy), 6.70 (IH, o,

—H.C%OH), 6.86, 6.42 (2H, AB, J = 11 cps - CH,O0H)

5.73 (IH, dd, J = 10 cps J, = 6 cps, - CHZ.O.CO—),

5.05 (IH, d’ J = 10 CDS - CP .ODCO-), 4’050 (I}I’ IZ’.,

2

H.C.OBZ).

Macc spectrum: Ions at m/e 394 ( 1<), 363 (39),

233 (100%.), 267 (80:), 266 (855"). 249 (30%),

248 (305:), 237 (50%), 236 (757), 235 (70:%), 218 (505),

217 (75%).

n* corresponding to 267 - 249, 266 - 248, 266 - 235,
Ketoacid ©3 )

' Desacetyl pebrolide | 88)(166m8)uaé dissolved in
acetone and treated with a slight excess of chromium
trioxide in sulvhuric scid at rcom temperature for five

rinutes. After addition of ice - weter, the nixture was
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extrzcted with chloroforn, e ergrsct vaes vaeshed with

brine, dried cnd evenorcted To give the keto zcid (83)

(4]
ot
[
£h]
]
e}
=
5]
6}

wnich cryetellicsed fromn scueous net . nzedles (166ng,

97%), m.o. 123 - 125°¢C,

dmex (¥3r) 1786, 1755, 1717, 1606, 1582, 723 cm T,

dmax (CH013) 1784 (¥ lactone £ = 800), 1718 (Ketone acid,
benzoate; € = 1150) en™L,

Keto ester (94)

The keto zcid (93) (33mg) was dissolved in nmethenocl

A

and trested with an ethereal solution of diazomethane. After
one hour tre solution was filtered. Removal of the solvent
gave the keto ester vhich cryetasllised from chloroform -
light petroleum es needles (20ng, 82%) m.p., 227- 23 °a,

| (Found; C, 66.66, H, 6.45, L' at ®/e, 414 Cp3Hp607

reguires ¢, 66.66, H, 6.28, L./. 414),

omax (KBr) 1779, 1731, 1712, 1604, 1585, 723 om %,

J mex (CHCl3) 1785, 1722 cm—l,

~ 1 , . i . ]
ICDC138.52’ 8'32 (eaCh 31’1, Sy CHB)’ 6.2_) (35; Sy CH3.

0.C0), 5.60 (1H, dd, Jy = 10 cps, J, = 5 cps ~ CH,.0.C0-),

5.32 (11, d, J = 10 cps, — CH,.0.C0-), 4.46 (1H, m,

2
H.C.0B,),2-44 2nd 1.96 (3H and 2H, m, Ph.0.CO-),

Izss svectrum: Ions at B/e 414 ( 19), 383 ( 1%),
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355( 1%)’ 309 (48?)’ 292 (507)5 277 (307), 260 (5?)’
259 (155), 249 (705%), 233 (40%:), 232 (45%), 231 (485:), 209
(60%)7

*
m corresponding to 414 - 309, 30G - 277, 277 = 249

Hgdrolysis of deoxypebrolide

1 — Deoxypebrolide ( 87) (34nmg) was dissolved
in methanol and 5N agueous soc¢iwi hydroxicde acdded (5ml).
The solution was refluxed for three hours and then
neutralised with dilute hydrochloric acid. Ixtraction

with chloroform gave the dehydroxytranslectone (95 )

which crystelligced fron chloroform - light petroleun
s needlec (16 mg, 73%), m.p. 149 - 154°C,
(Found; C, 66.94, H, 8.80, 1" at ®/e 268,

Cl5H24O4 requires ¢, 67.14, H, 9.01,17,7.268).
1

vmax (X®r) 3,500, 1745 cm —,

Fex (CHCL) 3610 (hydroxyl; € = 200), 1770 ( ¥ lactone

e=4m)cdd.

7éD0138.87, 8.75 (each 3H, s, CHS)’ 6.75, 6.53 (2H,

“AB q,J = 1lleps, - CH,.CH), 5.91 (1H, dd, J = 8 cps,
J2= 12 cps,-—CH2
Jy= T cps, CHQ.O.CO—), 5.56 (1H, m, H.C.CH).

lass spectrum; Ve at 268 ( 1%), 250 (25), 237 (30%),

232 (10%), 221 (15%). 220 (17%), 219 (100%), 191 (15%),

.0.00-), 5.89 (1H, 44, J, = 8erps,
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173 (2077),

L3

n corresnonding to 237 - 219, 219 - 201.

The sodiun bicarbonste solution wes neutrslised
with dilute hydrochloric =scid =nd extrecied with
chloroforn, The chloroform extract was washed with
ﬁater, dried and eveporated to give a so0lid which
érysfallised from sgueous methanol as needles (11 ng),

0 . . . . - -
m.p. 122°C. Identity with benzoic acid was establiched

by Rf, mixed m.p. and IR srpectrun.

Ketoaleconhol (126)

Pebrolide ketone (125) (69mg) in acetone (25m1)
was refluxed with 61T sulphuric scidé (5ml) for one hour,
cooled and extrazcted with chloroforn. he extract
vas washed with weater, dried and evaporated to give the

keto alcohol (126) vhich cryctallised from chlorofori -

light petroleum as needles (50 mg, 80%), n.p. 208 - 210%.

(Found; ¢, 68.22, H, 6.78, It at m/e386, Coollse0
recuires C, 68.39, H, 6.73, I.7. 386),
Y mex (KBr) 3500, 1704, 1596, 1580, 704 cm L,
.Omax (CHClB) 1775 ( lactone; € = 526), 1705 (Ketone,
benzoate; ¢ = 614),
763013(60 1¢%/s) 9.0, 8.4 (each 3H, =, CHy ),

6.78, 6.32 (2H, ABq J = 10 cps - CH,.OH),

2
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,+0.70 = )s 4.3 (1H, @, H.C.0B,),

2.5 and 2.07 (3H and 2H, m, Fnt0.0-).

5 6 (2;L’ J_, - C}{

liass spectrum: Ions at e 386 ( 1%), 281 (10),
264 (85), 263 (5%), 234 (115), 233 (5¢), 216 (5%),
| 192 (5¢), 105 (100%).

<
m corresponding to 386 - 264,

Ketohydroxy ester (130)

The keto acid (93) (63mg) wes refluzed with 61
aqueous sodiunm hydroxide (5ml) for four hours enc then
neutralised with dilute aqueous hydrochloric acid and
extracted with ether. The ethereal solution wes
washed, dried and evaporated to give a s=o0lid which
was washed with hot ether to remove the bengoic ecid
present. The rermeining soiid crystellised from

chloroform - light petrolewn tc give the ketohyvdroxyscid

(@29 ) as needles (30 mg, 63%) m.p. 251 - 254°¢.

The ketohydroxyacid (129) (30mg) was dissolved
in methanol and treated with an excess of an ethereal
solution of diazomethane and l=ft to stand for two hours.
After filtration, removal of fhe solvent gave the

>ketohydr0xyester (1359 vhich crystalliced fron ether-

light petroleum as plates (30ng, 95,) n.p. 175 - 179°C.



(Found; G, 62.04, H, 7.17, 1 =2t “/e 310

016 H22 O6 reauires C, 61.92, I, 7215,
I:. W'. 310 ) .
mex (XBr) 3550, 1768, 1712, 1692 cm T,
Ymex (CHClB) 1770, ( lactone), 1709 (ketone
‘gnd ester) en él,
[4 : .
(601 ©/s) 8.5, 8.28 (eecch 3H, s, - ey ),
6.25 (3H, s, - 0.CHy), 5.71 (IH, n, H.C.OH),
5.75 (IH, dd, J; = 8 cos, J, = 12 cpe - '

CH,.0.CO =~ ), 5,19 (IH, &d J; = 8 cps, J,

2'

= 7 cps = CH,.0.CO -).

lass spectrum: Ions at @/e 310 (1¢), 295 (19%),
292 (1%), 259 (20%:), 251 (100%), 233 (25%),
232 (25%), 205 (20%), 184 50%).

¥*

m corresponding to 251 - 233, 310 = 259,



98

The keto-hydroxyester (130) (24mg) was dissolved
in acetone (0.5 1) and treated with a slight excess
of chromium trioxide in sulphuric acid at roon
?emperature for two minutes. To the reasction nixture
ice~water was added (2ml) and the nixture was
extracted with chloroform; the extract was washed with
brine, dried and evaporated to give diketone (131)
which crystallised from chloroform - light petroleun
as needles (20 ng, 80%) m.p. 180 - 18500,
(Found; C, 61.91, H, 6.49, I at %/e 308
Cy6Hoo05 Teguires C, 62.33, H, 6.54, L., 308).
Y mex (Fujol) 1770, 1700, 1230, 1000 cm T, |
T53013(60Eﬁé)8.73, 8.28 (each 3H, &, CH;),
6.30 (31U, s, - O.CH3), 5.70 (IH, da, Jy = 8 cos,
J,= 12 cps, - CH,.0.C0-), 5.04 (IH, dd, J; = 8 cps,

2
Mass spectrum: Ions at “/e, 308 (10%), 276 (30%),
249 (100<), 248 (30%). 220 (90%), 208 (10%:), 203 (10%).

*

m  corresponding to 308 -> 276, 276 .- 248,



0 - Bromozcetylnebrolile (o0& )

-

Pebrolide (24mg) in bengene (10ml)/pyridine
(5 drops) was treated vith bromoacetylbromide (1mnl).
After an hour, a precipitate appeared which was renoved
by filtration. Renovel of the solvent gave an oil
which was dissolved in chloroform and wached with
aqueous sodiwm bicarbonate and then water. The

removal of the solvent gave 0 - bromoacetvlnebrolide (98 ),

which crystallised from ether as vrisms (10 ng, 30%)
n.p. 150 - 151°C.
Found: M' at m/e 5523 026H3108 Br recuires I7.'/. 552.
Y nax (X.Br) 178C, 1730, 1607, 1590, 1250, 720 cm —,
759013 8.98, 8.4 (3H, s, CHy), 7.92 (3H, ¢, - 0.CH),
6.14 (2H, s, Br.CHg.C0.0 -), 6.17, 6.0 (24, AB a Jd =

11 cps - CH,.0Ac), 5.72 (IH, dd, J) = 10 cps, J, =

2
5, HC.O.CO - ), 5.22 (IH’ d, J = 9 CpS - CH.O-CO ‘-)’
5.0(IH, m,HC.OCO.CHZBr) 4.3 (IH, n, H.C.O.BZ),

2.54, 1.95 (34 and 2H each m, Th - C0.0 - ).

lzes spectrum: Ions at Ve 552 ( 1%), 447 ( 1%),
445 ( 1%), 430 (5%), 428 (5%), 387 (25%),

385 (25%). 307 (155), 290 (12¢:), 230 (40¢),

277 (50%), 105 (100¢).
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"he dihvdrofuran lactone (85).

This compound was isolated g described earlier. It
crystallised from chloroform light petroleun zs needles

m.p. 187 - 190°C, Ry 0.7 in 10§ methenol chloroform.

nax (majol) 1750, 1620 cn -1

max (CHCly) 1795, 1780 e L.,

(cDc1) 8.6 (3H, s, - 033), 7.89 (3H, s, Ar.CH3),
6'65 (2}{, m, AI'.CHQ-), 6011 (3}1, S, —'OCH3)’
5.09 (1H, m, - CH.O0 -), 4.95 (2H, s, Ar.CH,.0.C0 -).
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Radioactive Substrates and their Introduction into Cultur
of P, brevicompactum.

Radioactive materialé used were 2-1uC mevalonic acid
(0.05 me) of specific activity 5.03 m¢/mM and 2.3g
mevalonic acid (2 me. ) of specific activity 90 mec /mM,
These radioactive precursors were dissolved in sterilised
water (11 ml.). 10ml. of these solutions were spread
evenly over 5 Roux bottles containing 4-day old cultures
of P, brevicompactum grown under the usual conditions.

These cultures were harvested after a further 48 hr.

35, ¢ pebrolide.

The broth extracts were dissolved in chloroform and

Isolation of

washed first with water and then with saturated aqueous

sodium bicarbonate. To the dried chloroform solution,

inactive pebrolide (187mg.) was added and this was re-isolated
by addition of light petroleum and purified by crystallisation.
After 3 crystallisations, pebrolide was chemically pure as
indicated by TLC. A further 3 crystallisations gave material
of constant activity.

n
3, “'c_ Pebrolide ketone.

Crystals and material from the mother liquors from the

last 3 crystallisations were combined (79 mg.) and
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oxidised to pebrolide ketone under the usual conditions,
Yield 68 mg. After crystallisation from ether the ketone
was chemically pure as indicated by TLC. A further 3
crystallisations gave material of constant 3H / 1)"”C ratio.

3H. 1l+C Keto-ester (94).

Pebrolide ketone (57 mg.) from the last 3 erystallisations
indicated above was hydrolysed to the corresponding alcohol
(43 mg.), which was oxidised and esterified under the usual
conditions to give the keto-ester (30 mg.). Crystallisation
from chloroform~ light petroleum gave pure material as
indicated by TLC and the 3H /1“0 ratio was unchanged by

further crystallisation from the same solvent.
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Assays for Radioactivity.

Radioactive assays were carried out with a Packard
Tri-Carb Liquid Secintillation Spectrometer (Series 3000 ).
Efficienecy for counting was 54% for 4¢ and 30% for 31,

All the samples were counted on the same day to avoid errors
due to decay of tritium. All were counted for 100 min.

The samples (ca. 2 mg.) were dissolved in 10 ml. of
scintillator solution in a vial. 5 ml. of solution were
transferred to a second vial by means of a pippette. Both

solutions were diluted to 10 ml. with scintillator solution.
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3H/lt"C ratio of material from the 1 i ’

based on 20 minute counts,

Pebrolide *
31.4  27.86 27.4

Pebrolide ketone 26.7 26.5 26.1

Keto—ester (94)
12.1 11.7

* A duplicate experiment has recently been carried out (R.Baxten
involving 8 crystallisations , longer counting times
and giving a similar value (28.5)



Count Sam

l. Pebrolide.

3u
79 4547
76 000
79, 047
76,902
76,745
Average 76 ,04:8
Less background 74 49
Cepele 44,5
D.p.m. 2,481.6
35 s ¢ ratio 29.86
2. Pebrolide ketone. 3
73,367
72700
73, 36h
73,119
Average 73,161
Less background 71,562
Cepome 715.6
Dopomo 2’385
38 7 ¢ ratio 25,2
3. Keto-ester (94) 3
34,033
33,944
33, 821
33, 233
33, 125
Average 33,641
Less background 32,042
Cepom. 320,42
Dopomo 11067
35 7 ¢ ratio 11.7

I+C
6,720
6 969
6 76h
7 996
6 889
6,887
5,101
51,01

9%.5
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