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ABSTRACT

The thesis describes the extraction, isolation and
structural elucidation of the secondary metabolites of
Vedohoderms 1solates (7. longibesehistus Rifai and ¥

Sagpmiaraar Rifail) .

The ¥richordesms culture broths were extracted with n-—
hexane, diethyl ether and ethyl acetate successively. The
mycellium of 7. farizissis was extracted by the above
mentioned solvents and also with methanol. The crude hexane
and diethyl ether extracts of 7. lormgiteschistus showed
small but significant effects against the rhizomorphal
vegetative radial growth of #. meilies, a causal agent of
the disease Armiilaris root rot in tea plants. The crude
ether, hexane mycellium and methanol extracts of 7. hsrzianum
also showed small but significant biocactive effects against

the mycelial radial growth of #&. melles,

5ix purified substances were isolated from the various
solvent extracts of 7. longibwachiatus and T. barziamam.
Tﬁe first substance was positively identified as 1,2-
dinonyl phthalate whilst the second substance was partially
identified as a long chain saturated hydrocarbon which may
contain cyclic structures. The third substance was
positively.identified as butanedioic (succinic) acid. The

fourth and fifth substances were partially identified as




(xii)

by the spectral data analysis.  H-nmr and 13C—nmr chemical

shifts led to the formulation of the molecular structures
which were confirmed by the characteristic fragmentation

pattern shown in the mass spectral data. Functional groups

were inferred from the ir data.




There are a number of diseases affecting the

tea plant but the most prevalent in Kenya (as well as in

other tea growing countries) is the #Armiilaris root rot
2

caused by the fungus #frwiilsria seliss Vahl ex Fr.

; 15 a fungus which constrains tea
production as it is the cause of Arwifisris root rot, one
of the major diseases affecting many tea species and fruit
trees through out the world3. 4. s i dem, though a
destructive pathogen is known to have a lqw rate of spread4

and spreads mainly by means of rhizomorphs, mycellia and

root contact with indigenous host roots.

Rhizomorphs, which are also refered to as boot
laces and are either black or brown, are important in the
epidemology of #Armillasris root rot(5:6) 55 they are

responsible for the underground spread of the fungus(7'8).

As for the mycellia, its transfer by root contacts




fungus is usually yellow and shorter than the adjacent

healthy bushes. A. mellea causes the greatest problem when
new areas of land are prepared for tea planting. A lot of
effort has been made to minimise the spread of ﬁ%millaria
root rot such as avoidance of sites with high incidencell,
cultural practices, biological control, removal of all
substrates from the soil by uprooting and destroying all

root remnants,12

ring barking of forest trees (by

experienced personnel) for a period of 1 to 2 years prior
to tea planting and chemical application of soil fumigants
such as Armillatox, a phenolic emulsion containing 48% of

active ingredient13

and other fumigants such as sodium
pentachlorophenate, methyl bromide, Votex chloropicrin
carbon disulphide and Vapam14 have been extensively used

against Armillaria root rot. Although the above have been

extensively tried, very few have proved both highly

successful and convenient as a result of economic

constrains and the complexity of the soil environment15




toxin, which is a partially water soluble, thermo-labile
substance, inhibited the growth of &rwmillaris rhizormorphs
but the nature and origin of the inhibitor was not
determined due to the difficulties of characterisation at'

the timel®.

antagonistic effects against pathogenic fungi and microbial
organisms. The control could alsoc be due to the increase in
competition for soil nutrients as & result of the increase

in production of ricHoderss species which predominate over
Meomed les, Trichoderss species as biological control agents
may in future prove to be both environmentally sound and

economically sustainable in minimising the spread of the




majority of soils is one of the commonest and widespread
genera of fungi but their taxonomical classification is
difficult resulting in the development of a species
aggregate system of classification which groups together

several similar species.

Isolates belonging to a distinct species aggregate
may be morphologically similar but behave quite differently
under different growth conditions. It is thus notrsurprising
that there is no clear pattern among the wide variety of

secondary metabolites produced by ¥richoderma strainsl8.

isonitrile diepoxides, isonitrins, cyano, alkyl pyrones,

unsaturated moncbasic acids and polypeptides.




A number of the Trichoderma species (T. koningii
Oudem, T. viride Pers ex Fries, T. longibrachiatum Rifai,
T. barzianum Rifai, T. polysporum Link ex Pers, and 7.
hamatum (Ben) Bain, have been associated with mycoparasitism
of a wide range of soil borne plant pathogens (Bacillus
subtilis, Fommes annossus, Rhizoctonia solani, Fusarium
oxysporum, Mycena citricolor) as Trichoderma are able to
multiply on and colonize the plant surface and produce both
non-volatile as well as volatile metabolites some of which
can inhibit the growth of pathogenic fungila. The use of
the so0il fungus Trichoderma for biological control of
micro organism on pruning wounds has been reported to be
successful because the growth of Trichoderma is‘favoured by
the presence of readily available nutrients!?d and the
resultant increase in Trichoderma population competes
effectively with the small population of pathogenic
organisms. This is illustrated by the use of T. harzianum
and its mutants in the control of damping off induced by

Pythium aphanidermatum in peas, cucumber, tomatoes and

pepper20.

Considerable work has been done on some of the
isolates of Trichoderma and have shown that Trichoderma
species produce both non—-volatile and volatile antibiotics
which inhibit the growth of pathogenic fungi thus playing a

crucial role in microbial antagonism21.



Trichodermin, (1) Cq7Hp404, melting point (m.p)
45-46°C is a stable sesquiterpenoid metabolite of 7. wiriche

and V. ppod vepoerom,

Trichodermin 1 R = acetyl

Frichogeresnd (2) R = H

(1)

Trichodermin, has been shown to have antibiotic
activity against a variety of pathogenic fungi(zz' 23)
including fardicls sidicsnss which it inhibits in low
concentrations. The alcohol formed by the hydrolysis of (1)
produces a sesquiterpene alcohol Trichodermol (2) C15Hp903,

m.p 118°cC.

Trichodimerol (3), whose molecular formular is
C28H3208 is an unusual natural product possessing a proper
axis of symmetry and is produced by 7. Fowwdduraohiiatom,
It is reported to be antagonistic to the fungus Mvisea
witeicoder, a causal agent of the American leaf spot

disease of coffeelB.

Sorbicillin (4), bisvertinol (5), bisvertinolone
6) and the four polyketides trichodermolide, sorbiguonol,
bislongigquinolide and 5-hydroxyvertinolide are also produced
by the yellow 7. lfwngitwschiatus Rifai aggre together with

trichodimerol (3)18.



MR Nc

and 3’, (3-isocyanocyclopent—-2—enyllic diene) propionic
acid (8) which is also produced by all wild isolates and
inhibits the growth of #icrooooons funtews and has

antibiotic activity against rumen bacteria.

HQCCR CH vﬂ ¢
g

0

and lastly 3-(3-isocyano—6-oxabicyclo [3,1,0] hex-2-en-5-yl

acrylic acid (2)23.

noceH=CH NC
. o

q

B

Trichoviridin (10), CgHgNO4, m.p (95-96°C) is an

unstable isonitrile diepoxide antibiotic isolated from




the two metabolites are identical or not.

frichooderma species have been reported to produce
other antibiotics. These compounds also contain an
isonitrile group and various oxygen functions and are
refered to as isonitrin A (11), B (12), C (13)
and D (14). The isonitrinic acids E (15) and F (16) are
also described. Isonitrin A (11) which crystallises as
colourless needles has it's m.p at 91.0-91.5°C and it's
structure is similar to the previously reported structure
{(7) except that the stereochemistry has been defined.
Isonitrin A (11) has been also reported to have the highest
i owitro antimicrobial activies against gram positive and
negative bacteria, yeast and also plant pathogenic fungiZG.
Some of these compounds emit a charaqﬁéristigicocongtrodour

which is rarely found in species other than 7. wisri{de.




a e

strainszs. 6-n-Pentyl-2H-pyran—2-one (6-pentyl-pyrone) (17)
and the closely related analogue 6—-n-pentenyl-2H-pyran-2-one
(6—pentenyl-pyrone) (18) which are volatile oils, are also
produced as secondary metabolites of some other Trichodersa

species(27'28'29).

/’\«/N\/jiiij“ | _
o0 2
) 8

6—Pentenyl-pyrone, (18) principally a product of the spores

was found together with some of the Trichorzianines.

Trichorzianine are biologically active peptides reputed to

Y S

to be inhibitory to feratocylic wlmi, Rotrylis oinsred,

N
os]

FhvbophThors oilnmanosl 70

Arx and Olivier Var tritioi Walker29 and reduce the rate of




20HgN>0g5 (yellow plates, m.p 230 -

238°C) was obtained as a minor product from the mycelial

cake of Trichun wi (strain K—-472) and was also obtained

when trichorin A was dissolved in pyridine and




Gliotoxin ,a non—volatile saturated form of (19)

is reported to be one of the major metabolic products of
Y. #amstum Bainier and is known to be a highly antifungal

and antibacterial metabolite of several Fusmgi jmﬂﬁfﬁﬁaﬁj33.

Anthraquinones pachyiasin (20) (1-hydroxy—3-methyl
anthraquinone, m.p 117°C), Chrysophanol (21) (1,8-dihydroxy-
3-methyl anthraquinone, (m.p 195-196°C) and Emodin (22) (1,

6,8-trihydroxy—-3-methyl anthraquinone) are produced by

s Forgsts Forester. The

Tepodveposus, Ve o wiride and Fhoses
crystalline compounds together with their O-acetyl and
O-methyl derivatives have also been shown to suppress the
production of the crystalline material, (3-hydroxy-7,11
11-trimethyl cyclopenta-(g)—-benzopyran—-l-one) (23), which

is a sesquiterpene isocoumarin produced by the pathogenic

basidiomycete fungus Fowe annoeus at the line of mycelial

contact34.
R o on OH
/
ﬁ‘ ne

© 23
20 ' p*. L , B
Heptelidic acid (24),. 015H2005 also known as
Koningii acid, is a sesquiterpene antibiotic with an

epoxide structure is produced by several soil fungi such as

Sk besd o wvuawttﬁ35, Glicolacive wirens, Dhaeg

{2

— — S— — ol RPN
globesus and Trichoderma wiride P27 as well as

38

Teriohomderms bonlngid



1p1 >t ah animals as we as being
an inhibitor of cholesterol biosynthesis in an is witre
rat liver enzyme system. Heptelidic acid also inhibits NAD?t

oxidoreductase (phosphorylating) enzyme(37’38).

Fooperivepoeus 15 also reported to produce
isonitrinic acid E methyl ester (25) which has
immunosuppressive activity as it inhibits the proliferation

of mouse spleen lymphocytes induced by mitogens.

25
Carbon dioxide (C0O,) gas produced from one strain

of 7. #arzisrmis Rifal was considered to be a biologically

active volatile metabolite as it had inhibitory effects on

Feetalotia whodenord and Sspergillus nigee .




L

Haoiddus sudtilis and aerobic aerogens but also to prevent
odour in fish and fish crates and to treat bleeding places

of silkwormi0.

Harzianopyridone (26) an antifungal metabolite of
o harpisoas has been shown to be (E)—-4-hydroxy-5, 6—
dimethoxy-3-(2-methyl-1-oxohex—4—-enyl) pyridin—z—one(41'4z).
we ©

Meo S ‘\(\/,\MQ

~0Q
Meo “ ™ 26

More recent investigations have shown that the

alkyl pyrones together with the following compounds are

also produced by 7. fserziamm (42,43) 0O

oR oo
Z . “.;
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visige Pers ex S.F Gray isclates have been

reported to affect the growth of Shizhociocnis solani and

e i#a together with other plant pathogenic




amoeba fiiaod

Trichokindin i-x are other antibiotic peptides
which belong to a class of peptaibols and were isolated
from the spores of ¥. #Harziamim. The N-terminal is
protected by an acetyl group and the C-terminal is linked

with an isoleucinol. The peptides whose total structure

have not yet been elucidated contain a high proportion of

&-amino-isobutyric acid and isovaline.




C

molecular mass of about 1200, while Trichokindin 1iv—-1x have
masses in the range of 1800 daltons and have a similar
structure in which an amino alcohol is isoleucinol, in

Trichokindin X the isoleucinol is replaced by leucinol29.

Trichotoxin A, a new mycotoxin was found in a
solvent extract of mycellium of ¥. wirics NRRL 5242 isolated
from Southern Leaf Blight, infected corn. Trichotoxin A is a
cyclic peptide with the following amino acid composition
(gluN),, (glu)q (pro), (gly), (ala)g (leu)g (Alb) it
decomposes at 187°C and shows animal toxicity and some

antimicrobial activity51.

Paracelsin is another peptide antibiotic containing

X—-amino isobutyric acid and is isolated from 7. i
Simmions QM 944. It forms voltage dependent ion conducting
pores in lipid bilayer membrane in a similar way to
alamethicine and exhibits antibiotic activity mainly

against gram positive bacteria®?.

Trichosporins are a mixture of linear peptides
isolated from the culture filtrate of 7. polyvsporus and are
antagonistic to Leutinus sdodes. The peptides in which the
N-terminal 1s protected by an acetyl group and the

C-terminal by a phenylalaninol belongs to the class of

peptaibols and contain a high proportion of %-amino




Pers) Rifai. The cyclosporin A is a non-polar cyclic peptide

with a relative molecular mass of 1202.6 daltens. The
cyclosporins inhibits cell wall synthesis as well as blocking
chitin‘synthesis. They also exhibit a narrow spectrum of
antifungal activity and in addition have immunosuppressive

and antiphlogistic action55.

Trichopolyns A and B are other polypeptide
antibiotics isolated from the culture of V. podvespoer s,
They are inhibitory against fungi, gram positive bacteria
and acid-fast bacteria but ineffective against many other
bacteria. They have a relative molecular mass of about 2000,
similar infrared and amino acid components and can be
readily interconverted. They differ in their counter anions,

NO;~ for Trichopolyn A and C1~ for Trichopolyn B26.

Trichopolyns i and ii are also produced by 7.
pixd vapieiiss, The structures of Trichopolyns i and ii (i Alb =

NHMe,CO, X = ile and val respectively57 are shown below.

Me H H CO
v _-° v,
Me-(CH2>7-—0——00—-Pr:;;§$;:5—~A1a-—Alb——
MEQ T Me Me
[ )
[ ==RAlhe=X——A] A=A t——NH-—C——CHy——N-—CH, OH e -

]
H




18

mycelial and rhizomorphal growth and to hamper significantly

the biomass accumulation of &. meiles should be elucidated
as accurate knowledge of the structures could in future
lead to the possibility of producing, determining and
modifying the structure activity relationships of the
elucidated secondary metabolites for commercial uses as
this venture may provide useful treatment of emiiseia

root rot hence increase in tea production.

Table 1: A summary of the compounds produced by

frichnderas species

Fodohncder s specf s Compound Reference
Fo wivrice (a) Trichodermin 6

(b) Trichodermol ‘ 6

(c) 6-Pentyl-pyrone ; 9

(d) 6-Pentenyl-pyrone "

(e) Trichorin A & B 10

- (f) Anthraguinone

pachybasin 11




‘ (b) Anthraquinone
pachybasin




im

Ethanol
Harzianopyridone
Trichozianine
Trichokindin 1-10
Isonitrin D and

Isonitrinic acid E & F 8

S ——

>f the project

The literature reveales that 7 # species



In co-operation with the Tea Research

Foundation of Kericho, Kenya with the help of their

facilities.




plates. The loaded plates were developed at room temperature

The

developed spots were then visualized by exposing the

plates to ultra-violet light followed by either developing

in iodine tanks or spraying with the appropriate detecting




Multiplicities are indicated by the symbols s (singlet),
d (doublet), t (triplet), 4 (quartef); m (multiplet),

and dd (double of doubiet). Carbon-13 nuclear magnetic

resonance (130~nmr) spectra were recorded on AM 400 Bruker




wi

section of the Tea Research Foundation of Kericho, Kenya.

2.1.1 Malt extract agar medium (mea)

(a) Composition

(b) Preparation

: malt extract, 30.0g; glucose, 20g;

peptone, 5,0g: agar no.2. 20.0g:
distilled water, 1000ml.

All the ingredients, except the
agar were first dissolved in
distilled water with the help of a
magnetic stirrer. One hundred and
fifty millilitres of the solution
was dispensed into several 250ml
conical flask and 3.0g of agar no.2
added into each flask. The flasks
were then plugged with cotton wool

and sterilised at=121°9C at

1.01325 NM™2 for 15 minutes.




2.1.2 Preparation of 7richoresrsms extracts for incorporation

into the mea medium

Different 7richoderms extracts were d>i sgolved in
their respective solvents. The amount of solvent used were
such that quantities of the Trichodsrass extracts
incorporated in 150ml of mea medium gave the concentration

of the extract (w\v) of 100ppm.

2.1.3 Incorporation of the Trichoderss extracts into the

mea medium

The Trichocerms extract was added to the
autoclaved mea medium ( see 2.1.1) at an approximate medium
temperature of 550 ta give a concentration of 100ppm. The
medium was then stirred and dispensed into sterile petri-
dishes (150ml of medium into 6 petri—dishes) and left to

set.

The dry solid medium in petri-dishes was inoculated
with a 2mm diameter disc of . @ms=!iss taken from the

periphery of a young colony growing on mea medium.

The petri—dishes were then covered with aluminium
foil and incubated at 22°C in an incubator. The growth of
the <. awiliss was then determined at regular intervals of
time, measuring the colony diameters in millimeters less 2mm

(the size of inoculum) to give the net growth.




The broth cultures were then shaken at room temperature on

an orbital shaker for 3 weeks when they were ready for

extraction.




.1 DSeparation and purification of the n-hexane extract

Preparative tlc of the hexane extract using 25%




examination by tlc (25% CHClg in hexane).

Fraction 2

1 H—nmr (CDCl4. & ppm)

1.0 (8), 1.4(s), 1.65(s),

2.3.2 Diethyl ether extract

were exceedin§I§ éﬁ;Tit Eurthef éxaminatioﬁrof the ééotsi




material from the ethyl acetate extract (which gave the
blue fluorescence) and that from diethyl ether were
combined. This material was then further purified using

preparative tlc (1f15 CHCI’[Dgﬁane v/v) to gi

1H—nmr in ppm.




broth was sequentially extracted with 250ml of each of
hexane, diethyl ether and ethyl acetate for a total of 27
hours in each case. The extracts were concentrated by
removal of the solvent using a rotatory film evaporator
under reduced pressure. The residual culture broth was

stored at low temperature in a deep freezer for possible

consumed. The description and masses of the extracts are




Weights | 31« '
(mg)

2.5 Separation and purification of the extract

2.5.1 Hexane extract

A sample of the hexane extract was examined by tlc
using the solvent system 25% chloroform in hexane. This
showed four spots which were all uv active and which
developed well as distinct spots in i1odine tanks. The
extract was then separated on preparative TLC using the

same solvent system.

Band 3 eluted from the silica by chloroform as a
pale yellow o0il and was further purified by preparative tlc
using the same solvent system. Further examination of
fraction 3 by analytical tlc showed a distinct reddish
fluorescence spot with uv light which did not separate out
when examined under different solvent systems. It was

purified by repeated preparative tlc. The pale yellow oil

obtained (19.5mg) had an Rf value of 0.57 (100%

dichloromethane) and was assigned compound A.




~and the saolvent

(methanol) was evaporated to give a dark red oily residue

(TL4) which was examined by column chromatography.

2.6 Chromatographic separation

{25cm » 1.2cm) using chleraf@imiiech]orof orm was later

eluted by passing hexane down the column. TL; (0.33g) was

dissolwved I1n minimen of 30% chlovoform 1n methanal
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distinct spot when placed in an iodine tank. The same spot
was visualized by spraying with ceric sulphate reagent and
heating the plate at 110°C for seven minutes. The fractions

1-7 were then pooled together,the solvent removed by

evaporation and the fraction 1-7 was purified by

e — e —— ﬁ'l

solvent system, to give a clear, colourless, viscous oil

labelled compound B.

Compound B (15mg), clear, colourless viscous oil, Rf : 0.68
(CHClg\hexane 3:17 v\v)
(KBr liquid film. cm‘l) 2940, 2876, 1457, 1375,

ir Vmax

787.

'H-nmr (CDC1g, § ppm)

0.9(m), 1,3(s).

e cepcig, gpew

14({g), 19{s). 23(d}. 29(m), 38(g). 37(d).




Fraction No.

)

100

-

: 101
] 102
: 103
: 104
: 105
; 106
i 107

i 108

' 110

] 111

i 112

i Fraction No. Weights



The combined fractions when examined by analytical tlc showed

poor Separation and were not examined further.

2.7 T de bl e me Mg e § aeaam

2.7.1 Extraction of secondary metabolites from 7. S isram

The Twriehoosess fucedamm culture broth was

. a dessicator. e culture broth was subjected to liquid-

liguid extraction sequentially with hexane, diethyl et

Extract n-hexane diethyl ether ethyl acetate
Colour vellow brown o0il/ red oil

0il crystals
Weight 31.9 160 128

(mg)




Table 6: Fracticons obtained from preparative tlc

2 0.13
3 035
4 0.48
3 g.57
6 8.70
7 0.86
8 0.92

[\S]

S8

Blue
v Brown
v Black
v Blue
X Purple
v Light blue
v Purple

On further tlc examination, the fractions showed

two or more closely overlapping spots with different tlc

salvent systems except fraction 5 which had a single spot.




DieaB?, Diethyl ether extract

The dark brown extract showed evidence of crystals.
Acetone was added to the extract to aid crystallisation
and the mixture left in the deep freezer overnight. This
gave a brown solution and colourless clear crystals settied
out? The supernatant solution was removed and the crystals
recrystallised from acetone. The final crystals obtained
were washed with cold acetone (lml x 6) to give small
colourless crystals (42mg). More crystals came down in the
brown mother liguor solutioﬁ. The crystals were examined on
analytical tlc using 5% ethyl acetate in chlorocform. A
single spot of Rf value of 0.38 was obtained. This compound

‘was labelled compound C.

£ - S )
(AW MR AR S R AR N

Colourless crystals, sublimes, Rf :0.58 (Ethyl acetate\CHClj

1:19 v\v)

ir v, (KBr disc. cm™l) 3356-2386, 1684, 1390, 1291, 1180




Eims probe (70 ev. m\e rel.int)

118(<1), 116(<1), 100(58), 74(42), 55(100), 56(23) 45(57),
43(6) 43(7).

2.8.3 Ethyl acetate extract

The extract adhered strongly to the walls of the
glass container and resisted attempts to remove it by
adding various solvents. The extract was only partially

soluble in methanol and was not further examined.

2.9 Extraction of mycellium from 7. fegmesisses

The mycellium which had been stored in a dessicator
was sequentially extracted by shaking with 500ml of each of
hexane, diethyl ether, ethyl acetate and methanol 1in order

of increasing polarity. The solvents each remained in

contact with the mycellium for 4 days and the temperature

solvent removed by decantation. The solvent was then
evaporated under reduced pressure. The masses af the

extracts are recorded in table 7.




crystals (43.8mg) were deposited which were recrystallised

from chloroform. These were separated and washed severally

sample of compound D decolourised bromine water. : %

ir Vpay (EBr liquid film. em-1) 3300-2500, 2910, 2850, 2668, %
1702, 1632, 1951, 1460, 1410, 1290, 108, D3/ = wio.
'Henmr (CDCl3. § ppm)
5.3(8), 2.3(t, J=7.0 Hz).. .ot B 0 ORI et 923 Hz2),
1.2(d, J=14 Hz)}, 0.89(t, J=6.7 Hz).
13conmr (CbCl4. & ppm).
o 7 , !
179(s}.
Eims probe (70 ev. m\e rel. int)

285(2, [M+11%), 256(100, [M-281%), 239(10), 227(3). 213(8),
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2.9.2. Diethyl ether mycellium extract .

The o0il from the diethyl ether extract was
triturated with hexane and a colourless waxy substance
(30.1mg) was obtained. This was crystallised from hexane,
the crystals separated and washed with cold hexane. This
gave compound E as a waxy solid. A small sample of compound
E decolourised bromine water. The melting point range

of compound E was 51.6-52.4°C.

Compound E

ir Vyax (KBr, liquid film. em™l) 3500-2500, 2910, 2850,

1732, 1702, 1450, 1370, 1290, 1108, 927, 837, 716.

'H-nmr (CDC13, § ppm) 5.4(dd, J=2.7 Hz), 4.3(q, J=5.4 Hz),
4.1(q, J=6 Hz), 3.5(d, J=52 Hz), 2.3(q, J=8.6 Hz), 2.0(q, J=6
Hz), 1.6 (t, J=6.8 Hz)., 1.3(m), 0.9(d; JI=8-Hz) 0.80qg,

J=4.4 Hz)

13¢c—rmr (cDC15. & ppm)

14(s), 23(s), 24(d), 25(s), 29(m), 31(d), 33(s), 76.6(s),
128(s), 130(d), 179(s).

Eims probe (70 ev m\e rel. int)

412(1), 397(1), 367(38), 340(12), 312(12), 256(5), 185(6),
171(6), 129(20), 111(8), 97(21)., 81(30), 69(52), 55(82),

A yellow oil of low yield (<1mg) which was

insoluble in hexane was also obtained from the diethyl



hexane (v/v). This solution was placed in a deep freezer
overnight. Colourless crystals settled down and the

supernatant sclution was removed. The crystals (<{lmg) were

ethyl acetate in hexane.

Colourless crystals (<lmg)
1Y Ve AKBr disc, em— 1y 3537-3234, 2951, 2850, 1711, 1661,

1381 .1271. 1069,

2. 9.4 Methanol mycellium extract

The methancol mycellium extract was sIi1ght

soluble in methancl but very soluble in hot water (60°C)

and thus a mixture «f ethanol-water ar methanol—waler was



methanol : water mixture. The total amount of the clear
long threadlike crystals obtained was 190.6mg. A small
amount of the crystals was dissolved in the 40:60 -
methanol : water mixture using a hot water bath and a drop
of the solution placed on a filter paper which was sprayed
with ninhydrin/acetic acid. The dry sprayed filter paper
was placed in the oven at a temperature of 110°C for 7

minutes, a purple colouration was attained.

The melting point of the purified material was

determined and the follow1ng observation was made

“”““*V“"”1?§j590 ~turned pale brOWn ;:;;i“*‘ —
~ 138.8°C - brown
145.1°C - started to charr
20028 - charred completely

Compound F

Wh1te threadllke Crystals Rfi; 0 52u(CHC1 \MeoH 2 v/v)

H-nmr (D,0. 8 ppm)




Fims Probe (70 ev, m/e rel.int)

2.9.5 Synthesis of 1,2-Dinonyl phthalate

Phthalic anhydride (14.8g) was placed in a round
bottom flask. Toluene (100ml), l-nonanol (40ml) and
concentrated sulphuric acid (0.5ml) were then added. The
phthalic anhydride dissolved completely in the mixture. The
mixture was heated for eight hours and the water given off
by the above reaction was collected by Dean-Stark apparatus.

The reaction mixture was then refluxed for two days

to the cooled reaction mixture to remove the excess water.

The solution was filtered under vacuum.

The reaction product (10ml) was purified by
fractional distillation under vacuum to yield a colouriess
waxy solid, m.p 174-176°C.

Q
\u

C\\ » Toluene
Q + 1-Nonanol » > Ester
c/’

=l 1. excess K5,CO3

CH,Cl,) .




FEELEE LIS,

13¢c—nmr (cDC15. & ppm)
14(s), 23(s), 26(d), 29(m), 30(m), 32(s), 33(s), 65.6(s).
65.9(s), 136(m), 137(m), 168.3(s), 168.8(s).

ms (fab)
m\e 418(<1), 263(62). 167(9), 149(100), 3547 )




The ¥richoderms culture broths were filtered and
successively extracted with hexane, diethyl ether and ethyl
acetate solvents. Initially, a separating funnel was used
but finally a purpose built extractor was used in the
liquid - liquid extraction of the ¥richoderss culture broths

at the boiling points of the solvents.

The extracts obtained by the use of a separating

funnel were in low yield and this coupled with the slow and

tedious procedure involved with the technique, resulted in

the discarding of fthe method and a better method of liquid-




e ayaporatorRigure.l_shows.a flow diagram for .the

extraction of the Trichoderma species.

A R S ]

Fig. 1: Flow diagram for the extraction of the 7Trichaderag

3
3
i

i

species.

hexane
3. Evaporation

b

Residual Rl Hexane extract

1. Liquid-Liquid extraction
with diethyl ether
2. Evaporation

Residual Ry Diethyl ether
extract

1. Liquid-Liquid extraction
with ethyl acetate
Evaporation

[\S]

Residual Rj Ethyl acetate extract




of Science and Technology, Britain for spectroscopic

analysis (lH—nmr, 13C—nmr, ms) .

The hexane extract (see 2.3.1) of 7.
fengituacfiiatue on separation and purification by

breparative tlc produced fraction 2, a light yellow oil

(1.7mg) with an Rf value of 0.4 in 25% chloroform in hexane.

The 1H—nmr spectrum showed large singlet peaks at 81.0, 1.4
and 1.65 ppm suggesting that the compound is likely to be

a hydrocarbon.

The purified fraction obtained from the combined
high running fractions of diethyl ether and ethyl acetate
extracts (see 2.3.3) had an Rf value of 0.63 in 50%
chloroform in hexane. The fraction showed a blue

fluorescence under uv light. 1H—:nmr‘ showed peaks at 8§ 0.8,




acetate extracts suggested the possibility of aliphatic

hydrocarbon compounds.

Since the extracts were obtained by the use of a
separéting funnel and the yields obtained were extremely
small no further structural determination could be achieved
and also the purity of the samples may be less than 100% as

a result of the low quantities of the isolated samples.

3.3 Biocassay results of .  {owed dor e dnd gl

) Table 9: 8hows the effects of each extract of oo

at 100ppm after 37 days of inoculation of room temperature

on radial growth (measured as colony diameter in mm) of

o g § gy

Treatment Colony size (mm)
Control 39.60

Hexane extract 37.80

Diethyl ether extract 36.20

Ethyl acetate extract 39.00
Coefficient of variation (CV) % = 3

Least significant difference (L3D P=0.05) = 1.20



3.4 Frichoderss extracts by the improved liquid — liguid

extraction technigue

Hexane extract obtained from liquid - liquid
extraction using purpose built extractor was
chromatographically separated by preparative tlc using 25%
chloroform in hexane. Four distinct fractions were further

purified by preparative tlc to give compound A.

3.5 Spectral Analvsis of compound A

Compound A, a pale yellow o0il (see 2.5.1) with an
Rf value of 0.57 (100% dichloromethane) showed a large
reddish fluorescence which did not separate out when

examined under different solvent systems.

The compound showed a molecular ion at m\e 418 and

a base peak at 149 in its mass spectrum (fig 2). The mass
spectral computer library search suggested a number of
possible structures for the compound and the closest fit
suggested by the computer was for diisononyl phthalate
ester (see fig 3). Although not suggested by the computer
the ms of dinonyl phthalate ester was also examinedSB.

This spectrum proved to be an even better fit for the

unknown. The literature Rf value of dinonyl phthalate of

0.6059 and this compared well with that observed for




e I
compound A (0.37) under similar conditions. The base peak

of 149 is a characteristic peak for almost all 1,2 -

benzene dicarboxylic acid esters (Phthalate esters).

The ir spectrum (fig 4) gave a peak at 1721 cm™!
consistent with the presence of benzoate ester carbonyls
(C=0 str, 1724 Cm—l) as conjugation of an aryl group with
the carbonyl group causes the C=0 stretch to be at a lower
than normal frequency (e.g aliphatic esters absorb about
1750-1735 cm™1) %0, Peaks at 1267 cm™! and 1167 cm~! are due
to the C-0 stretch. The presence of a strong absorption at
739 cm™ ! (C-H def) further supported the presence of an

ortho substituted benzene ring59.

W

dinonyl phthalate was synthesised. Initially thionyl

chloride (2 moles) was reacted with phthalic anhydride (1

©

|

Ea

[::I: So + 28001, : , Ester
% 1. Hexane 1. ROH
(V) 2. Heat 2. Heat
3. Reflux 3. Reflux
e : — ' e LT s i e o o 0 o 0 B '

but the method did not work as

a dark mass of intractable material.



the ester.

1]
W ;
C\\ Toluene
‘,O + l-nonanol » p Ester
i\ 1. H2504 1. Excess K2C03
(o] 2. Heat 2. Filtration
3. Reflux 3. Distillation

The ester obtained had a m.p range 174-176°cC.

The ir spectrum (fig 5) as well as the mass
spectrum of the synthesised dinonyl phthalate compared
extremely well with those of compound A. Their Rf values
were close within experimental error as the Rf value of the
synthesised was 0.58. The slight difference in the Rf

Vvalues could be due to a range of factors such as quality
and activation grade of the stationary phase, humidity,
quality of the solvent, impurities, tank saturation,
technique used, development distance, temperature and

amounts of samples.

The 13C-—nmr spectra (fig 6) of the synthesised
compound was consistent with that given by 1H-—nmr spectra
(fig 7). The existance of two ester carbonyl peaks at

. an e ppm in e ““C-nmr spectra indicate
$168.835 and 168.348 in the 13¢ tra indicated

the presence of at least four oxygen atoms in the molecule.

ppm were assigned to the methylenes attached to the ether

oxygen of the ester group.

i



fragmentation of the compound A.

Scheme 1. Proposed mass spectral fragmentation of the

1t

compound A G
o \
i . & —ocH,
" ~
~dy CW“\%O 4 @c—eﬁ
Cd/ m\e \WU’) ' \\0
\\
o ‘7\ T \O\ - M‘\e 301 (8>
M\e \yq (o) c~ocn, W ;)10'\3
CmOCH CH,)1M,

. W
OW / s T oW

C—CM
\\ bl \
Q 9
Me 293 (26)

Therefore based on the evidence presented
structure (i) was proposed for the compound A.

Dinonyl phthalate is a very rare natural product

but has been found in the aerosol samples of forest sitessl.

—— B T BB EEa————
It is mainly used as a stationary phase in gas - liquid

chromatography as well as a major oil in the procedure for
e A S
———————

epididymal a3t cells 1In which fat cells which nad passed

D]

dinonyl phthalate exhibited normal lipogenesis from gluccse
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A second compound (compound B) was isclated from
fraction (1-7) obtained by column chromatography (see 2.8.1)
of all the remaining extracts obtained by the two extraction
technigues (separating funnel and liquid - liguid
extraction). Compound B, a clear colourless viscdus oil
{15mg) was purified Dby preparative tlc using 15% chloroform

in hexane.

Infrared spectrum (fig 8) showed peaks at 2940 o1
and 2876 em~ 1 consistent with C-H stretch, 1457 cm™ 1 and
1375 cm_1 due to C-H deformations.The lack of strong
absorption bands in the g00-650 cm'l region generaily
indicates a non—-aromatic structure. The ir spectrum had no
absorption bands in the assigned ranges expected fay ~thie
functional groups such as carbonyl and hydroxyl indicating
the absence of such groups in the molecule for example the

absence of absorption in the 1850-1540 cm 2 yegion excludes

a structure containing a carbony} group60




characteristic region confirms the absence of carbon

containing functiocnal groups.

1H-nmr spectrum (fig 11) showed unresolved
multiplets at 0.9 and a singlet at 81.3 ppm indicative of
methyls and methylene protons. Absence of peaks in the
downfield region (high 8 values) suggests the absence of

deshielded protons.

The mass spectra, both eims (fig 12) and cims
(fig 13) showed a similar fragmentaticn pattern
characterised by clusters of peaks and the corresponding
peaks of each cluster separated by 14 (CH;) mass units. The
most abundant fragments are at C5 and Cyq and the fragment
abundance decreasing in a smooth curve making it difficult
to get a clear value of the mclecular ion MY or M + 1 or

even M - 1. The presence of intense fragment peaks at M - 1

(CrHop—1) such as 419, 279, 111 suggests the possibility of




(aliphatic) hydrocarbon with the possibility of cyclic

stuctures present.

3.7 Metabolites extracted from liguid - liguid extraction (use

of a purpose built extractor) (see 2.4)

Table 10 shows the biocassay results of 7. harzianum

Table 10: Shows the effect of Trichodsros

g

harrisrmm on the radial growth (mycelial)

of A, msll

oy
3

£ .

]

i Treatment v Colony size (mm)
mean
H v Time of biocassay (days)

7th v qoth y 14th , 4gth 595t ogth

+ Control : 4,95 1 9.4 1 13.9  16.1 3 20,35 : 26.7 |

Hexane (4)-
extract i 5BV EL10.2 1 15:.2 W 1746 2202 15e28L9x

-w

Hexane (4)
mycellium 1 3.4 4V 7.4 13 P 5.2 20.6 § 27.2 i

-

-

Diethyl ether
(4) extract ' 4.4 82 13264 15 : 18.6 | 23.2°}

¢ Methanol (4)
extract {! 4.6 . B.6 -+i112.2 + 13.6 + 18.4 - 25.4 }




i Statistical

treatment

C.V % v el e el B ) e V7.1 P 6.8 1+ 7.6 |
1 LSD (P=0.05) .09 g 150d avsmgong 10.014- 0 1.4 - ) 2.07
Note:

The assay was done on Gth June, 1993.

The diethyl ether extract of the culture broth
together with the hexane, diethyl ether and the methanol
mycellia inhibited the radial growth of #A. wmeliss to
different extents. The radial growth of . @weilies in the
presence of the extracts showed a small but significant
reduction in the growth (P=0.05) when compared with the
control. The diethyl ether extract showed the highest
significant (P=0.05) difference in the reduction of the

mycelial growth.

The hexane extract had negative antibiotic
activity as it induced further growth of the #. @ssliss as

compared to the control.

The antibiotic activity decreased as the number of

days (from the inoculation day) increased for hexane

mycellium and methanol extracts. The ether extract

continued showing some significant differences.



A third compound was isolated from the dark brown

ether extract (see 2.8.2). Recrystallisation of the ether
extract from acetohe gave compound C which was a |
colourless crystalline solid. The compound had an Rf value
of 0.58 (EtoAc\CHClg4, 1:19 v\v) suggesting that the compound
1s fairly polar. The compound started to sublime above a

a temperature of 150°¢C indicating that the compound is a

volatile compound.

The infrared spectrum (fig 14) suggested the
presence of hydroxyl groups as it contained a broad band
at 3356-2386 cm (O-H str of dimers), a strongly‘hydrogen
bonded carboxylic acid or ester carbonyl (C=0 str) was
indicated by the absorption band at 1684 cm™ 1 and strong
absorption bands at 1390, 1290 and 1180 cm_1 are consistent

with C-0 str or O0-H def.

The 13c-nmr (fig 15) gave a singlet peak at 8§ 174
ppm corresponding to the carbon in carbonyl groups of
carboxylic acids (& 166-181 ppm)®2. A singlet peak
superimposed on the septet signal of the CD3 group of the
solvent acetone—dGiﬂ:529.1 ppm corresponding to the
methylene carbon atom attached to a carboxylic group and a

CH2(—CH2—CH2~COOH) as the calculated chemical shift for a

methylene carbon atom in a similar chemical environment is

8§28.7 ppm.



group coula e visualised as the “H-nmr spectrum
was not examined in the region of values higher than 9.0

ppm.

Both the 1H—-nrm‘ and 13C—nmr showed simple spectra
of two singlet peaks for the entire compound suggesting the

possibility of a high degree of symmetry present in the




a major pea e accounte . e supposedly
Mt of 148 as a fragment ion of mass 48 [C,4. CH40,., 03l
seems highly unlikely from the stated possible structures
of M{ (148) hence the m\e 148 peak was considered to be

contributed by an impurity. The peak at m\e 118 was thus

peak at m\e 100 (M-181% (58%) corresponding to the loss of

water molecule. A peak at 72(4%) as a result df (M-461"
could beé attributed to the loss of H,0 and CO groups. The
peak at m\e 56(23%) could be due to the ketene fragment
[C3H4O]+ and the base peak at m\e 55(100%) consistent with

g R N .

, ) , -
“\SQ i {6} ’ sl _loo (G‘\'WT "53)
i C. W " C. W\ © b
we S (2 e &3

" w\e S5 | \oo)



stretch of dimers. A strong absorption at 1702 em™1 could

be due to a carboxylic acid carbonyl group and a strong




Table 11:

Comparison of the melting points of saturated

straight chain carboxylic acids with compound 4

Aliphatic acid

Molecular Formular

Decanoic acid

Undecilic acid
Dodecancic acid
Tridecancic acid!

Compound 4

CHB (CHz ) 8COOH
CH3(CH2)9COOH
CH3(CH2)10COOH

CH3 (CHy ) 4 1 COOH

Tetradecanoic

Octadecanoic

CHz (CHy) 1 ,COOH

CHy (CHy) 4 COOH

It can thus be observed that tridecanocic and

dodecanoic acid have melting points similar to compound 4.

Comparison of the infrared spectra of compound 4
and some aliphatic acids revealed that compound 4 had

ignificantly more peaks in the fingerprint region than

octadecancic (stearic acids) indicating that other

structural features may be present in compound D. An

M.P (°C)

45-46°C
46-46.3°C!



compound D.was further confirmed by the decolourisation of

bromine water,

The mass spectrum of compound D was obtained under

both chemical ionisation (cims, fig 20) and electron impact

peak in the eims spectrum was observed at m\e 302 Daltons

prominent quasi-molecular ion peaks [M—1]+,60 the CI gave a




molecular ion correspond to a MP of a long monocarboxylic

could be fragments coming from the M? giving rise to the

274 fragment ion (base peak) as CeHq004. CrHq 405 and CgHo04

are eliminated




m\e 285 could be as a result of M-OH, peak at m\e 257 could

be due to M—C02H and a further lose of a hydrogen atom

in the eims. There is alse a characteristic peak at m\e 60




§ 10 and 31 ppm could correspond to a branched methyl and




carboxylic acid group. The triplet at 1.6 ppm could be due

to a methyl group coupled by the neighbouring ring alkenic




correct constitution of the mass i1on and the fragment ions

from the ms also made it difficult to interpret the ms

spectral data, High resolution mass spectrum would

have helped tremendously in confirming the partial




1

bending of dimers and a medium absorption at 927 cm™

could correspond to the O-H out of plane bend. A strong

abgorption at 716 em™! (out of plane C-H def) could be




either -CH,-CH=CHCOCH or —-CH,-CH=CHCOOCH5. R doublet peak

at £ 3.5 ppm may be due to a methyl group in CHBOOC—CH=C—.

A quartet peak at §2.3 ppm and a triplet peak at §1.6 ppm

may be due to a methyl group attached to alkenic carbon




As can be deduced from the above presented facts,

—R I I ang T AT oL cone e T h The e

spectrum as 1H—nmr, 1r and 13C—-nmr suggests the possibility

of the presence of both &, f-unsaturated conjugated

carboxylic acid and methyl ester being present in the




(Dept) and high resolution mass S

spectrum could have eased the interpretation of the 13c—nmr

spectrum as it distinguishes between CH5 and CH peaks

(inverted down) oOr CH, (appear up). Quaternary carbon atoms

give no signal in the Dept procedure thus Dept spectrum,

also gives the number of ly-atoms attached to each carbon
13¢—nmr épécéfu&tﬁiggfé;ﬁhiéﬁ resolution ms, it 2

would have confirmed the various partial structures

proposed by the different spectral techniques (ir, mS,

13c—nmr and l4-nmr) . Unfortunately 13C--dept and high

resolution ms were not available.

4.1 Isolation and structural analysis of compound F

The fraction from methanol mycellium extract gave
long pink threadlike needles which had an irritating smel]
similar to dried fish. The crystals were further

recrystallised from 60% water 1n methanol giving compound F

which was a colourless, crystalline solid. The compound F
had an RF of 0.52 (29% methanol 1n chloroform, and

developed 1in iodine tank) indicating that compound F was



had charred completely suggesting the presence of a higher

The compound gave a positive test with ninhydrin
as it gave a purple colouration. Normally it is only
proteins, peptides and amino acids which give positive

results (different calours) with nlnhydrm63

The infrared spectrum (fig 28) was run as a mull

of hexachloro-l,3--diene. The ir %pectrum showed a brﬁad

earbonyl group.




further chemical tests and structural activity studies in




Conclusion and comments

produces secondary metabolites that are bicactive against

5 as the bicassay results showed that the hexane
and diethyl ether extracts of 7. [ and
diethyl ether, hexane mycellium and methanol extracts of

had significant effects against the radial

4

rhizormorphs of

cyclic structures. It was quite unusual and at the same

interesting in obtaining dinonyl pthalate as one of the




studies are also required in order to establish the class
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Most reported studies of 7richodsrss species
resulted in high yields of extracts and ethyl acetate
extracts were reported in most cases to be the most
bicactive extracts as they showed significant inhibitory
effects against a number of soil - borne pathogens unlike in
this study where the yields of individual extracts obtained
from large quantities of ¥riciwoderss culture broths were
extremely low and the ethyl acetate extract proved through
bicassay to be the most inactive extract against the

mycellial and rhizomorphal growth of . weldfss.

There were difficulties encountered with the slow
and tedious liquid - liquid extraction technique which
-involved the use of a separating funnel a superior method
of liquid — liquid extraction was sought which involved the
use of a purpose built extractor. Even then, from large
quantities of 7richmuerss 1solates, small quantities of
pure samples were obtained which were just enough for thé
different spectroscopic analysis. Hence for further studies,
a better liquid - liquid extraction technique has to be
devised in order to ensure maximum exfraction of samples so

that further work can be done to establish the biocactivity

of the compounds as all the compounds isolated from this
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