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~ ABSTRACT R

Studles of .the metabolttes produced by the sorl fungus Talaromyces ﬂavus

L (Klocker) Stolk and ‘Samson are presented in th1s thesis. This- fungus is an effectrve

- : (27) D Glucono 1, 4- lactone (8) has been 1solated from the organlc broth extract as |

- bxologrcal control agent for Vertrcrlhum wilt of eggplantﬁolanum melongena L. ),
- drseasc caused by the fungus Vertrcrllzum dahlzae Kleb The first part of thlS thesrs .

| descnbes the 1solatron and structure eluc1datlon of the orgamc soluble metabolttes
A

produced when the fungus is grown in liquid still culture. The mycehum extracts afford
only the ubrqurtous metabohtes D- mannltol 1), a fatty ac1d and its methyl ester (3 and-

4), a di- and trlglycertde (6 and 5), and ergosterol . The fungal broth however isa

“source of a number of metabohtes of polyketrde orlgm These mclude the prev1ously -

_' unreported tetraketldes, 4, 6 dlhydroxy 5 methylphthahde (10) .and 4 carboxy -5-

hydroxyphthalaldehydtc acid methyl ester (15) a hexaketlde 7-hydroxy- 2 ,5- dlmethyl-
chromone (13) and a metabolrte whose structure 1s consrstent w1th‘ that of 3-

hydroxymethyl 6 8- drmethoxycoumarm (17) S-Hydroxymethylfurfural (12) has also

been 1sOlated however 1t 1s thought to be an artlfact in the broth extract A number of = ‘

higher order polyketldes have been 1solated whxch arise from a heptaketrde precursor

Thesc mclude the known Nr/netabohtes altenusm (18) and its 8 -lactone der1vat1ve

dehydroaltenusm 19), and the prewously unreported desmethyldehydroaltenusm (21)

‘ A structurally and blosynthetlcally mterestmg sprro metabohte has been obtained, Wthh :

- we have named talaroflavonc (23), as well as the related compound deoxytalaroflavone -

‘ well as’ from the aqueous fungal broth. A clue as to the mechamsm of b1010g1ca1 control :

of V dahlzae by T ﬂavus rests with metabohte 8. It is one of two products produced in

’

',the oxrdauon of D-glucose by glucose oxrdase, an enzyme whose 1solat10n from T -

e ﬂavus is reported thts year The other product of the enzyme oxrdatlon rshydrogen SR



7 _ .
per/ xide, Wthh is found to 1nh1b1t the growth of V dahlzae Results of the study of thls |
annfungal act1V1ty and the 1solatlon of other compounds from the T. ﬂavu.s aqueous ;
fungal brotliare presented ‘

Blogenetlcally, metabohtes 10, lS and 23 are formed by a polyketlde pathway
- [1-13Q] Labelled sodxum acetate was utxltzed as a precursor for studymg thelr "

blosynthetxc pathways The results of these blosynthetlc studtes are dtscussed 2

*
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Table 17.  CalculatedS! versus observed 13C nmr chemical shifts for altenusin

(8(ppm)) -
~ found for metabolite 18 _ calculated for altenusin
CHs 185 PO
v(_)'QH3 | 550 | | |
coca 995 - 1003
c2 1059+ . 1002 ‘”
- ce o101 . 1058
3 Comsa . 162
C-6 115.9a S ‘1_1'8.21 '
Cc-2 126.6 | S L1309
cro. 1339 . 1364
Cc-5" Co1413b | 140.2
c4 143.0b | o S 1427
C-1- 146.2 : 1854
c3 .7 163.¢ 1883 -
Cs . aede - 1664
COH o 172.8 - ' S

a,b,c,- a351gnments may be mterchanged

expected for an aromatlc methyl group The favored conformation of this blphenyl
metabollte (18) is probably a twwd one. In thls cgse, the methyl group is shlelded

E resulting from the dl“magnetlc amsotropy67 of the other benzene ring.
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m/z 290 (56) | , m/z 290 (56) *

‘w.v‘ N, ° .
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OCH; m/z 244 (52)

~ Scheme 10. *i"ﬁé?;ﬁ“ﬁss_,épe,ctral fragmentation of altenusin (18) I
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Two metabolites elosely }relzited‘ to altenusin (18) have be‘en’obtained from the.
fungus These metabolites were isotated as their acetates sin:ce‘they were difficult to‘
punfy as the free alcohols. The 1H nmr spectrum of a reasonably pure sample of the |
first of these alcohols (compound 19) prov1ded a clue‘as to its 1dent1ty A strongly |
hydrogen bonded hydroxyl hydrogen resonates at 11.30 ppm Meta- coupled aromatic
hydrggens at 6. 73 and 6.63 ppm (each a doublet J=23 Hz) and a methoxy srgnal at
3. 91Qy?t)m suggest that an aromatic ring similar to that in altenusm (18) is present in

. metabolite 19. The remalmng 51gnals consist of downfleld smglets at 6.69 and 6 28 J

ppm and a methy] singlet at 1.73 ppm. These data agree well with those reported in an

‘article which describes the crystal structure of (+)-dehydroaltenusin.88 The structure e of

‘ 'dehyd_roaltenusin 19) i j
. ) - ’

dehydroaltenusm was 1mtlally m15assrgned and it was reported that the triacetate shown

'J«%
- below had been formed.%4

. .b" N '
0
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- In our hands, acetylation of dehydroaltenusin ( l‘9) affords a diacetate, the protferties of
vwhrch are consistent with the structure 20. The meltmg point agrees with thal
reported. 5 The molecular formula of dlacetate 20 isC 19H 1603 as determined from its.
hrms and conflrmed by chemical 1omzat10n (390, M+ + 18, 100) The ir spectrum

| shows no hydroxyl absorption but carbonyl bands for aromatic (1776 cm-h) and aliphatic

(1732 cm h acetates are seen. Absorptlons at: 1688 and 1664 cm-! are consistent wnth ‘

‘those expected for the unsaturated ketorg [n{nety 69 The TH. nmr spectrum shows mcra-f

coupled aromatic hydrogens*’at 637 and 6:60 ppm (each a doublet J=19 Hz) and a
methoxyl group at 3.86 ppm consrstent with the aromauc rmg found in
_ dehydroaltenusm (19) %nd altenusin (18). A one hydrogen smglet resonates at 6.36

ppm. The diacetate 20 reveals a couplmg of 1.4 Hz be‘tween the vmyhchydrogen al

6.30 ppm and the methyl group at 1.73 ppm. In the alcohol 19 no four bond coupling is
e seen. This vinylic hydrogen has also been shlfted upfleld 0.4 ppm on acetylatlon An

54

: aromatlc acetoxyl methyl at 2.42 ppm and an ahphatlc methyl at 2.29 ppm complete the s

spectrum ‘The mass spectral fragmentatlon pattern of 20 (Scheme 11) resembles that of
1ts biogenetic blphenyl precursor altenusm (18), in that it 'shows the loss of water

. carbon monoxrde and carbon dioxide, although in’ adlfferent fashron L@ss of the two

acetate m01et1es as ketene occurs ﬁrst to give the fragment ions at m/z’ 330 4nd 288 This :

latter ion corresponds to the molecular wexght (288) and molecular fprmula (C] 5H1206). -

_ of dehydroaltenusm (19) itself. Loss of water. and carbon monoxnde are posslble from _ .

-

one resonance form of the parent ion to glVC fragmgnt 4ons at m/z 270 and 260
- - respectively. Elrmmatlon of carbon monoxlde from the ion at m/z 260 glves the ion at

m/z 232 Loss of carbon dlomde from the other resonance form at m/z 288 affords the -

[

m/z 244 ion. NOe expenments show a 22% enhancement of the vmyhc hydrogen slgnal_ |

.,’

'at 6. 30 ppm when the methyl group at 1 73 ppm is presaturated A small enhancement '

of the methyl srgnal 1§ seen when the v1nyllc hydrogen i .presaturated Presaturauon of :

L
o .

-



mz288(63) .. m/z288(63)

- ]wo o |
HO0 - | o,

mz232d7)

~ Scheme 11. The mass spectral fragmentation of dehy’droaltenusin diacetate (20)

3
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the methoxy group. at 3.86 ppm results in a 24% enhancement of the sign‘al at 6.77 ppm '
and a 17% enhancement of the signal at 6.60 ppm. Presaturation ol; this latter'aromatic
hydrogen shovybs enhencement,.not only of the.methoxy signal, but also of the vinylic
B hydrogen@jo‘."%‘ppm.‘ These— data are summadrized in Figure 17. Dehydroaltenusin

(19); like altenusin (18), has been isolated from Alternarid tenuis and A. kikuchiana.66 -

227 5173

K B : .

| YO 5242
w O0630H Hyc O — OAc

86364\;/)8386 -
17%

' Fig_ureéalj. 'Nucle'ar'O.verhauser‘enl'rancement-reSUlts for dehydroaltenusin diacetate 20)

Due to the small amount of this metabolite isolated, no attempt was made to determine if

- compound 19 was optically active or racemic. Our requests for a comparison sample

e

sHave not been answered. . |

The second metabohte (21) 1solated as 1ts acetate (22) is structurally very closel ly
related to dehydroaltenusm (19). Itis a triacetate as evidenced by the sequentml loss of
three molecules of ketene from the parent 1on in the mass spectrum (m/z 400 (C20H1(,09
3), 358 (100, 316 (63) and 274 (89)) Thrs ]atter ion corresponds to a molecular
formula of Ci14H100g, differing from dehydroaltenusm (19) by a methylene (CHz) umt
| The 1H nmr spectrum’ of the triacetate 22 is very srmrlar to that of dehydroaltcnusm
dracetate (20).. Meta- coupled aromatic hydrogens are seen at 7. 10 and 6.97 ppm (each a

doublet J = 1.7 Hz) and a four bond: couplmg of 1 5 Hz 18 found between the vmyhc
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hydrogen at 6.31 ppm and the methyl srgnal at 1. 74 ppm. A one hydrogen smglet .
resonates at 6.37 ppm. Acetyl methyl signals are seen at 2. 43 2.31, and 2. 29 ppm..
The methoxy slgnal present in the 'H nmr spectrum of the dlacetate 20 is absent in the
tnacetate 22. Smce the molecular formula of the triacetate 22 is a methy]ene umt less
than. that of the diacetate 20, it is reasonable that this metabohte (21) is

| desmcthyldehydroaltenusin. "The molecular weight an‘d formula of the tnacetat_e 22 (400, '

A e ; o v s
SREETEE TR ST .
: e P

desmethyldehydroaltenusin (21)

| C20H1609) as determmed by hrms 1s conflrmed by chem1ca1 1omzat10n Wthh shows S
an ion at 418 (M+ + 18, lOO) The ir spectrum shows an mtense and ra&her broad - '

7 cm-! for the aromatic acetate carhonyls and much less 1ntenSe L

“absorption §
& x@ i ’.. . : '.

- absorption bands at 1680, 1660, and 1610 cm'l. The chermcal ShlftS of the/ 1H nmr

signals closely match wrth those found for the dlacetate 20. The only s1gn1f1cant :

dlfference is that the shifts of the aromatic hydrogens in the tnacetate 22vare ca. 0 35"

* . ppm further downfteld than in the dlacetate 20 as would be expected. for SUbStltuthl’l of

acetoxy for methoxy Desmethyldehydpoaltenusm trxacetate (22) fragments after loss of
' the three acetate units as ketene, in the_. same manner as dehy_droaltenusm diacetate (20).
The fragment ions are c0nsistently found fourteen:;mass units lovVer (Scheme'125' Asv for
dehydroaltenusm (19) no. attempt was made’ to measure the optical rotatxon of this |

metabolite (21).



Formation of the two known metabolites, altenusin (18) and dehydroaltenusin

(19), and the previously unreported desﬁlethyldehydroaltenusin (21) may be enVi%aged
.as proceeding by cycllzatlon of a heptake.tlde precursor to give th@henyl denvatwe
shown in Scheme 13. An oxidation and reducuon sequence, and methylation of the
phenol mdlcated, afford the biphenyl metabolite altenusnn (18). Its d-lactone derivative,
: dehydroaltenusin (19), forms by oxidative cyclization of 18 The chemical interconver-

sion of these two metabolltes 18 and 19, has Been achneved .64, 66 oxidation of 18 to

"19 with ferric chlorlde and reductlon of 19 t0 18 wnth sodlum dlthlondte Desmcthyl-

‘ | dehydroaltenusm (21) may be formed by the same oxidation-reduction sequence of the

- biphenyl mtermed1ate where the phenol is not methylated

58
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O+ - . { 'om
. miz274(89)

/z 274 (89)
@

H0 | -coz.

m/z 246 (31)

m/z 218 (16) -
@ o

_ Scheme_li.' Mass spectral 'fragmentatiop‘ ofdcérriéthyidehydroaltenusi_n triacqt;ite 22)
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altenusin

dehydr.dalt‘cnusir:\‘ ‘

} / Scheme 13. Biosynthetic pathway to-altenusin (18), dehydroaltenusin (19),

and desmethyldehydroaltenusin (21). .

/ OH © OH «
, \ i desmethyldehydroaltenusin

60



Another structurally and biosynthetically interesting metabolite %olated from T.

ﬂav&s seems to arise from the same heptaketide biphenyl intermediate. This white solid

(compound 23) dccomposes on melting at 230°C Its molecular formula is C14H1206

' '5(276), as determmed by hrms. Its cims’ shows ions at 277 (M+ + 1, 44) and 294 (M+ +
18, 76),,which confirm the molecular weight. The ir spectrum displays a broad .

hydroxyl absorption at 3240 cm-1, carbony! bands at 1748 and 1723 cm’l, and a double

bond absorption at 1617 cm'l. The uv spectrum shows absorptions at 217 257, and

296 nm, Wthh shxft bathochromically on addition of base (228, 256, and 325 nm).

Neutralxzatlon with acid gives back the original spectrum (216, 257, ang. 295 nm),

6L -

suggesting a phenolic 'chromophor'e 39 ‘The 1H nmr spectrum (methano/@R) shows

meta- related aromatic hydrogens at:6.44 and 6.05 ppm (each a doublet, J, =2.0 Hz),
both of which show a nuclear. Overhauser enhancement of 6% and 8%, respectlvely,
when the methayxy signal at 3.80 ppm is irradiated. This evidence of a meta- substituted

aromatic ring resembles the data for this partial structure in the three metabolites (18,19,

'and 21) previously dlscussed The carbmohc hydrogen of a secondary alcohol is seen at’ |

~4.74 ppm and an allyhc couplmg, as well as a 6% nOg, is observed between the methyl

s1gnal at 1.86 ppm and the vinylic hydrogen at 6.34 ppm Thése 1H nmr data are
summanzed in Table 18 The 1:"C nmr data are shown in Table 19. These data lead to

the three parual structures shown below. Thes€ structures account for eleven of the

OH

. -CHOH

H3C O

i

. fourteen carbons, all of the hydrogens, and three of the six oxygen atoms of metabolite

23, as well as five of the nine sites of unsaturation. Four more sites of unsaturation

b



&

Table 18. The 1H nmr data and nOe results for metabolite 23-

TH (ppm)

644(1HdJ 20Hz) «—— 6%f-——ﬁ
634(1H q,J—15Hz) —

~ 6% —

6.05 (1H, d, J = 2.0 Hz) ¢ 8% -
474 (1H, s)

3.80 (3H, s) ———— 10—

1.86 3H, d, J = 1.5 Hz) nOe

‘ need to be accountcd for Conmdemrg the number of downfield carbon signals (Tablc
19), one or more of them should be attnbutable to carbonyl groups and the remaining
51tes of unsaturation to the nngs formed by Jommg these partial structures. The longer
wavelength absorption bands (257 and 296 nm) in the uv spectrum suggest that thcre isa
carbonyl group attached to the aromatlc ring. The uv spcctrum of metabolite 23

corresponds to that reported for the methoxyphthalide shown below.70 A companson of

CH3

Xmax 247, 290 nry

- OCHy
, the 13C nmr data for the benzene ring of 4 6-dihydroxy-5-mcthylphthalide (10), its

reg101somer 5,7- dlhydroxy 6- methylphthallde 45 and metabolite 23 are shown in '[‘ablc

+20. The chem1cal shifts of the carbons at the rmg Junctlons (C-3a and C 74) chdngc '

considerably, dependmg on w&hether the carbonyl group is pen to the aromatic hydrogcn |

or pen to the hydroxyl group When the carbonyl is peri- to the hydrogcn the- chemlcal

6



Table 19. '1,3C nmr data for metabolite 23

3 (ppm, multiplicity)

202.0 (s)
"171‘.4_(5) .
1702 (s)
»168.5 (s)
159.9 (s)
150.8 (s)
131.4 (d)
106.5 (s)
| 103.5 (d)
101.0 (@)
94.2 (s)
79.7 (d)
565 ‘ R
134 (q)

shifts of these .tv_vo carbons are similar (125.2 and 126.1 pbm), as in metabolite 10;
however, when the cafbonyl moiefy is peri- to the hydroxyl substituent, the carbons shift -
* further apart (103.8 and 147 4 ppm), as in 5,7- dlhydroxy -6- methylphthahde The 13C
‘nmr data for the aromatlc poruon of metabolite 23 agrees wcll w1th the latter phthahde a
regioisomer of that isolated from T. ﬂavus (mctabohte 10). A flvc—membered ring o,f-

unsaturated ketone with a methy] substituent on the B-carbon of the double bond 1s

suggested by the uv. absorptlon at 217 nm.7! Slgnals in the 13C nmr speclrum at 202.0,

§7



TR

Table 20. The 13C nmr chemical shifts of the aromatic portion of 4,6-
dlhydroxy 5- methylphthallde (10), 5,7-dihydroxy-6- methyl-
phthalide; and metabolite 23

13C chemical shift (pp'm)’ 5
ok _
| : ~OH 0
6 > e
H3CO 5 3a ;—r(
* o ) 4 o

N .10 ~ 5.7-dihydroxy-6-methylphthalide 23

(acetonév-d6) . (acetone-dg) | (methaﬁol~d4)
C3a - 126.1 : . 1474 , .. 1508
C-4 1512 101.4 103.5

o o
Cs  «.1193 - 168.5
C6 1585 101.0
C-7 1026 159.9
C-7a, 1252

1065

: ' 3
171.4, and 131 4 ppm72 and 'H nmr signals at 1.86 ppm, for the methyl group, and

6.34 ppm for the vinylic hydrogen,52 are consistent with a B- mcthyl subsutuent on the

double bond. This partlal structure accounts for two of the three remammg umaturdtqon =

s1tes A carbon 51gnal at 170 2 ppm may be ascnbed to the carbonyl bonded to the

. aromatic rmg 1f this is an ester carbonyl This then accounts for all six oxygcn dtoms, of

met.abohte 23. All that remains to be accounted for is one quaternary carbon atom dli

94.2 ppm. A third ring Jommg the aromatic and enone pQrtlons of metabolite 23 and
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|, PART 1. METABOLITES OF THE ORGANIC EXTRACTS -



1. INTRODUCTION

Thc.soil’fun_gus' Talaromyces flavus (Klocker) S‘tolkvand' ‘Svamson is the most
comrhon species ofv its 'genu's‘ This species 1s an ascomyoefe ahd produces*'its a§ci in
.chams 1.2 Talaromyces flavus is frequently 1solated from 5011 although it may also
occur on orgamc materlals undergomg slow decomposmon The spec1es is w1dcspread'
in its dxstnbu}pn /&R it is most commonly rcported from the warmer regions of the
‘ world Talaromyces ﬂavus is the perfect state of the fungus and the lmperfect (comdul) A
: state is Pemcdlzum dangeardu P1tt Studles of the metabolites produced by other specres‘ :
\

of Talaromyces have been reported Table 1 summarlzes the metabohtes 1solated from

o thcse spec1es anﬁ thelr structures are 111ustratcd in Flgure 1

[

Table 1. Metabolites isolated from Talaromyces sp'ec‘ies

L

-

- . species -~ . S “ o rhetabolite-
: Tala'tl‘omy-ces'bacillo.sporus:‘ L | bac1l|ospor1ns A, B and C. .
_ | : | pmselm
T avellaneu:§4 o S : emodm |
' o | ' whydro;yemodin .
: emodic acid |
T. vermiculatusS ."talaron‘_ e
- T .stiéitavtus6 T ' . | catenéﬁ’n -
| | | ' effyihroglaucin
. ' y o ‘emodinwl
) ?T . stipitatus7,8,9 o | - _ .tal'aromycinsbA", B, C, D, E, ahd F
2 S



" As the metabohtes llstcd in Table 1 have a polykeude blogencsxs it was thought that the

‘ metabolltcs produced by T. ﬂavus may also be of polyketlde origin.

'~ R=OAc,bacillosporin A~
'R =@, bacillosporin B

pinselin

R = CHa, emodin
' R = CH,0H, w-hydroxyemodin
R = CO,H, emodic acid |

talaron - a water soluble acidic _po_lysaccharide antifungal antibiotic

whose_lmbleculaf weigh't is estimated to be 7,000-8,000



-0 OH
'R = H, catenarin

-R =CHjy, erythr.oglauéin

HO o HO

HO™

talaromycin A. . talaromycin B R talar'ofnyc,in"C '

télaiforﬁycinD : } -talaromyéinE o talaromycin F -

Figure 1.. Metabolites isolated from Talaromyces species -

The 1mperfect state of thc the fungus P. dangeardu (T. flavus), has also bcen
studled Three mctabohtcs have been isolated and they are all found to posscss antlblotlc
actmty 10-14 These natural products, vermlculmc, vermistatin, and vcrm1c111m are
illustrated in Flgure 2 | : » | ‘

Our interest in studying the metabohtes‘ Jproduced by T. flavus was 1nst|gatcd

. w1th the rcport of the effcctxvcness of T. ﬂavus asa bxologrcal control agent for VCTUC!]- |



4.CH3'

ve‘r_fniculine _ ‘ R vermistatin §

vermicillin' (suudﬁirj not elucidated)

. Figure2. Metabolite‘s'isolated from Penicilliun dangeardii

o hum w1lt of eggplant (Solanum melongena L), a chsease caused by the fungus
Vemczllzum dahl:ae Kleb 15 The Vert1c1111um wilt orgamsm is a w1despread soil

1nhab1tant whlch 1nfects a wrde range of herbaceous and woody plants Further detalls »

¥

regardmg th1s blologxcal control and the nature of the wilting: dxsease will be dlscussed in.

. <«

Part 2 of this thesrs ‘
Talaromyces ﬂavus has been reported to show blologlcal act1v1ty not only

tow ds V. dahltae but also towards the plant pathogens Sclerotmza sclerotlorum (Lib.) "
de Bary, 16 hazoctoma solam Kuhn,17 and V. albo atrum Reinke and Berth..18 In this N
F regard T. ﬂavus may act as an antagomst or an hyperparasne In the former, a plug to |
plug bxoassay d1Sp1ays a zone of mhlbrtlon and a chemical toxin is 1rnphcated but with the_ o
"latter, such a compound is not necessartly involved as the destructmn may result byb
direct dxsruptlon through-parasmsm 19 Talaromyces ﬂavus is known to bea destructwe' ‘
hyperparasne {of S. scleronorum, the cause of the serious disease Sclerot1ma wilt of "

| sunflower Talaromyces ﬂavus is destructlve to the hyphae of S. sclerotlorum Tlus

" mode of action is sumlar fo that of T. ﬂavus ? R. solam 17 1t has been suggested that



) the mode of parasitism of V. olbo-atrunr‘ by 7. flavus in eontrolling Verticillium wilt of
‘tomato mvolves antxbrosrs and compet:tlon 18 S
Cltis often assumed that for a brologrcal control agent to suppress root dtsea:es it -
_ must be able to compete effectlvcly wrth the natural soil biota in order to’ becomc
estabhshed in the rhrzosphere of the host. It is only then that the organism can mteract
with the pathogen to reduce drsease One method by which this may occur 1s for the.
' control agent to reduce the act1v1ty of the pathogen. It is known that T. ﬂavus reduces |
the’ ab111ty of mrcrosclerotra of V dahlzae to germmate Although there is no clear
' correlation between mxcrosclerotla survival and the proportlon of the mncrosclerotla-:
colomzed by T ﬂavus the fact that colonization did occur 1nd1cates that parasltrsm or
ant1b10s1s may have taken place 20 Talaromyces flavus is also able to occupy. the
' rhlzosphere of potato and of cotton suggestmg that 1t may suppress Verticillium wﬂt of
_‘these two plants. 20,21 The wrdespread adoption of a blologlcal control agent fora
~ soilborne dlsease will depend on the ability of the orgamsm to establrsh 1tself in different
- soils. Studles of the edaph1c parameters associated w1th the estabhshment of f?lavu.s as
.a blologrcal control suggest that it may be sultable for wndespread use.22:23
Studles in our laboratones mdrcated that T ﬂavus grows best on a malt extract '
medium (compared toa potato dextrose broth and Czapek medrum) Thus thls medium
'was used throughout the study. It is found that the mycelrum possesses no blologtcal '
act1v1ty The fungal broth exhibits antrbactenal activity against Pseudomonas

. aerugmosa, Staphylococcus aureus, and Streptococcus pyogenes and antlfungal activity

°

towards V. dahliae. Extractxon of the broth with. ethyl acetate removes the antlbaz‘tena] o

activity; however the antlfungal actwlty remams in the aqueous broth In 1solatmg and
: determmmg the structures of organic and water soluble metabohtes from T. ﬂavus we

: had hoped that some would dlsplay the b10]og1ca1 acti v1t1es noted above.



‘II. RESULTS AND DISCUSSION.
‘Metabolites of the Talaromyges flavus Mycel_ium Extracts

7Talaromyces ﬂauus'was grown on a sterilemalt extract medium for four weeks

The. mycehum was sub]ected to extraction w1th ethyl acetate and” methanol Methanol -

was. added to the two extracts and an insoluble whlte sohd was flltered off e

Recrystalllzatlon from methanol afforded a whlte granular compound (1) Compound -
1, melting pomt 170- 172°C shows a ratio of 1:1:1; 4. hydrogens in the 1H nuclear
' magnet:c resonance (nmr) spectrum (DMS_O-d6). “Although a good high resolution mass
‘ spectrum (hrﬁts) of this compound could not be obtained, the chemical ionization mass
spectrum (cims)l shows’ ions at 183 (M+* + 1, 63) and 200 (M+ + 18 ~~100) A molecular :
’ formula conmstent W1th a molecu]ar welght of 182 is. C6H1406 As the 1H nmr spectrum .
shows that the nelatnve number of hydrogens is 1 1: 1 4, the’ actual ratto of hydrogens |
o must be 2: 12 2: 8to account for the fourteen hydrogens in the molecule The element of |
symmetry in metabohte 1i is reflected i m the 13C nmrfpectrum as only three 51gnals are
observed rather than six, at 71 3 (d), 69 7 (d), and 63. 8 ® ppm The infrared (1r) --
spectrum shows a broad hydroxyl absorptlon a:} 3318 cm'1 and C-O stretches at 1081
‘and 1019 cmel, ' The hydroxyl hydrogens are seen in the lH nmr spectrum at 4. 40 (2H,
- d, J._ 6.0 Hz), 431 (2H t,J= 60Hz), and 4.12 (2H,d;J = 75Hz) ppm. Addltlon

' of D20 greatly reduces the 1ntens1ty of thcse 51gnals The remammg erght carbmohc L

= -hydrogens are seen as a’ mulnplet between 3 63 and 3 35 ppm.. A polyhydroxy _
metabolite consistent with these data is D-mannitol (1). Each of the four chxral centers is
‘of S-"cdnfigurati‘on D-mannitol (1).-possesses a Czaxis of symmetry,res'ulting. in three

. patrs of equrvalent carbons.” An authentlc sample of D mannitol (1) was. obtamed24 »

-~ whose physxcal and spectral data compape well w1th that of the metabohte 1solated



lCHZOH
HO-— c—
3
HO=--C—H

BEVH

H'—;C—‘OH
H— C—OH

CH,0H

D-mangitol 1

-

Reactron of D-manmtol (1) with. acetlc anhydrlde and pyndmc at room

' temperature ovemrght affords the hexaacetate of compound 1, meltmg point 123-1250C,

1 CHzOAc
Aoo— Cf‘-—'
o A= (l:—H -
- . H—'c-oAc
- sl
H— 1:— OAc
6CH20Ac

~ D-mannitol hexaacetatc 2

"~ The c1ms shows a peak at 452 (M+ + 18, IOO) whlch glves 434 as the molecular welght : |
for the hexaacetate 2, consrstent w1th the molecular formula C13H25012 The ir

‘ spectrum shows no hydroxyl absorption but does possess a carbonyl absorpuon at 1743

L cm‘1 and G-O bands at 1226 and 1033 cm-l. The 1I-l nmr’ spcctrum shows acetate

o methyl groups at 2.03, 2.05, and 2.07 ppm (6H each, s), consrstent thh the symrm":try~ .‘ |

of this metabohte The 1H nmr data for D- manmtol hexaacctate (2) are consnstent wrth . |
N :

- those expected and are summanzed in Table 2



" Table 2. 'H nmr data for mannitol hexaacetate (2)

'clremical shift (ppm)

H-3, H-4 . 543 (2H, 4 1=90H2) .
 H2,H5 - 505 (2H, ddd, J = 2.5, 5.0, 90Hz)
HLH6 420 (2H, dde‘_ 2.5,12.5 Hz)
CHl, H6 405 (2H,dd,J = 5.0, 12.5 Hz)
' OCOCH3; o 2.07 (6H, s) "
OCOCH3 - 2.05 (6H, ) |

OCOCHj3 o T 2036Hs)

Further confirmaficn ‘ofﬂthe identity of D-mannitol (1) is the optical rotation of the - °
hexaacetate 2 whrch found to be +22.49 (c 6 2, CHC13), closely agrees w1th that v
- reported in the lrterature (+25. 00 (CHC]3)) 25 ' |
‘ Thc "manmtol cyclc (Scheme 1) funcu;ns as an 1mportant NADPH regeneratmg‘
o system 26 . The enzymes involved in this process have been found in several genera of

Fungr Imperfecn In view of the wrdespread occurrence of D manmtol (1) in fungr the

possrbrlrty‘msts that the cycle operates ina large number of spec1es

ATP © 7 SNADPH -

fructose

ADP

{ructose-6-phosphate

‘mannito!

NADH

o

© .mannitol-1- 7

© NAD’ S )
phorphale ) [

Scheme 1. The manmtol cycle



" The methanol 'soluble port'ion'of the methanol Soxhlet extract was subjected to

flash chromatography, elutmg with benzene followed by benzene ether (9:1). The least

-

‘ polar metabohte (3) was obtained as a clear colorless oil, havmg a molecular formula of.

C19H3407 (294), as determined by’ hrms and confirmed by cims (312 M+ + 18, 100).

The ir spectrum shows an ester carbonyl at 1745 cm-l, The molecule possesses three

srtes-of unsaturation, one of whlch is the carbonyl Infrared absorptlons at.3000 and 720 .

m'1 and a four-hydrogen multlplet from 5.43 to 5 28 ppm in the IH nmr spectrum

suggest that the other two sites of unsaturatron are cis double bonds. A three-hydrogen
singlet at 3.66 ppm, two-hydrogen tnplets at 2.77 and 2.30 ppm, and a four-hydrogen

" multiplet from 2.08 to 1.77 ppm suggest the partial structures shown below.

5.43-5.28 | 9 36
s

>€_’><—\/°qu e

208 197

Together wrth the remammg srgnals in the 1H nmr spectrum these data are conmstent .

with that of methyl linoleate (3). ’ ' ‘ _
_, 2 N==- . CO,CHj

 methyl linoleate 3
oJ .

©

The base peak in the hrms at m/z 74 arises from the McLafferty 'rearrangement of the

‘ methyl ester (Scheme 2). Although the p0551b111ty exists that thlS methyl ester (3) forms

durmg the Soxhlet extract:lon of the mycelium with methanol it has also been detected by

thm layer chromatography (tlc) in the ethyl acetate mycchum extract where no methanol

was utilized. -

230 ™~

10
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H H

D SR 0 o
NS N \=/\/\)<&\" : : v
. : ~ N : k/ C-OCH3 v ' SR
R * - ,
- L =Ll V2 VTS W P T N
~ "OCH;, * == T~

- m/z74
. : SCheme 2. Base peak formation in the mass spectrum of 3.
‘ \\__ ) . | ._ ,

l_,inoleic acid'(4) was isolated from the methanol mycelium extract by flash
chromatography, eluting with dicthromethane-ethyl acetate (9:1). This clcar colorless
oil shows a broad hydroxyl absorptron in its ir spectrum from 3460 to 2400 cm'1 The

molecular formula of C18HA”’ (280) as determmed by hrms, is consrstent w1th that of

 the acid 4 and is conftrmed by cims (298 M+ + 18, 71). “The 'H nmr spectrum is very |
similar to that of 1ts met°hy1 ester (3), although the ac1d 4 lacks the three hydrogen ‘

methoxyl smglet of the ester 3

W /\/\/\/\CO;zH .

lmolelc ac1d 4

From three dlfferént sources, the ethyl acetate and methanol mycelium ext:racts
as well as the Skellysolve B portron of the ethyl acetate broth extract a clear colorless
~oil (metabolrte 5) was rsolated whose it Spectrum shows an ester carbonyl at 1746 cml, )
| The appearance in the 1H nmr spectrum of doublet of doublets at 4.29 (2H, J = 5.0, -

» 12 0 Hz) and 4 14 (2H, ] = 6.0, 12.0 Hz) ppm is indicative of the hydrogens at C 1 and .

: C-3 of a tnglycende. ‘A one hydrogen multiplet at 5.25 ppm was shown to be that -



Ahydrogen attached to C-2 of the ﬁiglyceride backbone by a spin dec'oupiing experiment

(Table. 3) Irradiation of the signal at 5 25 ppm caused the collapsc of the s:gnal dt 4 79
.ppm to a doublet (J = 12.0 Hz) and that at 4. 14 ppm to a doublct (J =120 Hz).

' Hydrogen signals at 5.35, 2.77, 2.31, and 2._04 ppm suggested that at least one of the

fatty acid residues of the triglyceride (5) was’ia linoley! one, as vthcs'e resonances were

seen in the spectra of metabollitcs"3 and 4. That the resonances at 5.'35,'2.217, and 2.04
, PP?“ arf coupled to one @o&er was shoWn by spin deéOuplin'g exp.c:rimcnts.‘ Irradiation
:" of one o}‘ﬂe signals cau'sed a change in the appeafance of the other two in all three cases.

These results are summarized in Table 3. |

Table 3. Spin decoupling 'H nmr data for the triglyceride (5)

signal irradiated (ppm) - - observed change
535 | 277 (brs)
Y 2.04 (bry)
525 © 4.29(dd —»d (J = 12.0 Hz)

.  4.14(dd —d. (J = 12.0Hz)
277 Cs35(m)

5 22,04 (br )
2.04 0 535(m)
' 2.77 (br d)

y

Idennﬁcatlon of the fatty acid residues comprlsmg the tnglyccrlde (5) was done by ( ‘

- 'analysm of its hlgh and low resolution mass spectra 27 The low’ rcsolutlon mass -
. spectrum (lrms) shows a peak at m/z 856, consistent wnth the ‘molecular formula

~ Cs5H10006. Three fragment 'ions arising :‘fro‘m loss of one of the fatty acid residues in -

Y
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~ the high resolutlon mass spectrum are seen at m/z 601 (14) 577 (36), and 575 (26) ',

(anure 3)
9 ‘am o) - v
3l H>\,P T
Ry—C-0— — Ry—C-0— \ -_
. — O~ C~ R3 - , | —O—C—R;
o o0

I "+ -0=C-R
: ‘Figure 3. Acyloxy fragmentation of triglyceride §

- Analysis of this type of fragmentation reveals the identity of the different at_:yl residues

: present in the triglyceride. Usually, the least abundant fragment correSponds to the loss

‘, of the acyloxy residue at C;2. In this case, that pea.k’occursv at m/z 601 which

corresponds to the fragment containing linoleic and linolenic acid residues. The other

~ two ions at m/z 577 and 575 correspond to those of linoleic and palmitic acids and

linolenic and palmitic acids, _respec'tivel)y.‘ Fragments formed by cleavage of the ester -

bond give rise to the acylium ions at m/z 264 (19), 262 (69), and 239 (14). There are

tv»o p )ssible fragmentatioumechan'isms for this cleavage as illustrated in Figure 4. The

- first fragmentatlon is favored for thé acyl residues at C-1 and C-3 of the tngylcende since

two carbmohc hydrogens are avarlable for the fragmentatron Steric hlndrance is not a
major problem The second fragmentatlon illustrated is favored at C-2. Thrs supports
the proposal that the_palmx_toyl residue is at C-2. Further sugport for the occu_rrence of

the palrrtitoyl residue'at C-2 is see’rt in the ion at m/z 313, which itis suggested, arises

from loss of the acyl re51dues at C 1 and C 3 (Flgure 5). If Rj is palmitoyl, this four

| membered nng fragment ion 1s observed at m/z 313.- These data are consrstent wrth a.

mglycende S) composed of the three fatty acrd re31dues hnolexc, linolenic, and palmrtlc N
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- H/’\+ h
S H 0 ,
N ﬁ ' I | : + .
R-C—0—C—R  ———= R—C—H + HO=C—R
[ . .
L
q A+ A
IO - |
‘R—(IZ—.-O— C—R RCH,O' + OmC—R
| (
myz264 HO= C— (CH,);(CH= CH— CH2)2(CH2)3CH; o
22 HO=C- (CHp)7(CH= CH— CH2)3CH1 | '
" 239 bﬁc‘ (CH)14CH;

Figure 4. Acyliurﬁ‘-typc fragmentation‘s and fragment ions of the triglyceride §

| o
R,—C— —
5, o— ﬁ-—R3
| B :‘ ’ O : . .
S e |

o . o

m/z313 if Ry <palmitoyl

)

. Figure 5. Further ffagmehtatiqh of the triglyceride §
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—O—C~— (CH,);(CH= CH- CH,);CHjy - linolenic =~

—O=—0Cr (CH,)4CH;3 - ©t 0 palmitic
- O-C_(CH2)7(CH=CH-— CHz)z(CH2)3CH3 linoleic
triglyccri_doS |

In additiori to-the triglyceride (5),a digiycoride (6)_Was isolated from the ethyl
aootatc niycelium extract. The ir soectrum of this cleﬁr, colorless. oil is similar to that of
a the tiriglyc‘erido S however, it shows an additional broad liydroxyl absorption st 3460 -
cm-1. The 51gnals in the 1H n; spcctrum are also 51m11ar The low resolution mass’ -
spectrum shows an ion at m/z 577, whlch 1s a551gned to the fragment 111ustrated (Flgure
6. T |

+ ' SN

1 ' o , ' ' '
O— C— (CH,);(CH= CH~ CH,);(CH,);CH; linoléic

s | L
— O— C~ (CHy);4CH; o - palmitic

~m/z 577 (10%) -

- .

HO= C— (CHp)y(CH=CH— CH,),(CH,);CH; w8 C= (CHyp),,CHs

‘miz264(14%) C m/z239 (20%)

' Figure 6. Mass spectral fragmentation patiéi'n of the diglyceride 6

~ This jon then fragments to give the jons at m/z 264 and 239. An addmonal ion is seen at

mz 313 (28), as for the mglyceride (S, suggestmg that the palrmtoyl resxdue is agam at



S

C-2. The acyﬁum ion of thi's, residue is found at m/z 239 and the ion at m/z 264

~ corresponds to thar of linoleic acid. Thus',., the fatty acids of this diglyceride (6), also -

found in the triglyceride’(S), are linoleic and palmitic.

’

N
—0—C- (CH2)-,(CH—CH—CHZ)Z(CH2)3CH3 linoleic

N | 4 .
—O - C— (CH2)14CH3 o ~pa1mmc

L—oH .
‘ diglyceride 6

The final metabollte 1solated from the methanol and ethyl acetate mycelium

extracts was obtamed as a cream colored sohd Recrystalhzatron from 95% ethanol gave '-

white plates havmg a meltmg pomt 163-165°C. The molecular formula of metdbohte 7
is C23H440 (396) as determined from its high resolution mass spectmm and confirmed
- by chemical 1omzat’10n _(-379, M* + 1 - H20, 100). It drsplays a broad, hydroxy!

" absorption m the ir spectrum at 3390 cm-1. The ultraviolet (uv) spectrum shows maxrma
at 262, 271, 281, and 293 nm. The band at 271 nm is consistent'with that of an

homoannular dierie.28 The 1H nmr spectrum shows vinylic hydrogens at 5. 57 5.38,

16

and 5.20 ppm and a- carbinolic hydrogen at 3. 65 ppm The remammg signals are -

representauve of ahphatrc hydrogens mcludmg Six methyl groups (4x d 2x5s). These -

1

data are consrstent w1th that of" ergosterol (7) A comparrson of these data with those of )

an authentrc sample of ergosterol (7) confirms 1ts 1dent1ry

ra

Ir‘r summary, the mycehum of T ﬂavus contams pnmanly ubrqurtous non-polar

| metabolrtes In the part1t10n extractlon of the ethyl acetate Soxhlet extract 85% of the_

t
matenal is found in the hexane extract

between the dlchloromethane and ethyl acetate extracts The hexane extract comamsi

vith the: remammg 15% drstnbuted evenly
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ergosterol 7

| mostly triglyceride (5 65%), ergosterol (7 8%), and dxglycende (6, 1%), together thh
. linoleic ac1d @) and methyl lmoleate (3)

. . ’:/ ) » N :
Metabolites of the Talaromyces flavus Broth Extract ’ .

~ The lxquxd culture of T. ﬂavus was extracted with ethyl acetate The concentrated

extract was dtssolved in a water-methanol solutlon and extracted with Skellysolve B,

dichloromethane, and ethyl acetate. A blank malt extract medlum was extracted in the
same way in order to compare the metabolites produced. by the fungus with the

‘_ 'compounds from the 'medium ttsel'f The. three crude'extracts were examin'ed by thin

layer chromatography The d1chloromethane extract appeared to contain mére

components than the other extracts. The metabohtes of each crude extract were separated

'by chromatography The pure compounds 1solated from each of thesle'/ three broth -

: e,,extracts are 11sted n Table 4

A metabohte isolated from the polar ethyl acetate extract, Wthh accounts for 50% S
of the welght of thxs fraction, was obtamed as a white sohd Recrystalhzatlon from
acet1c-ac1d gave a whxte powder, meltmg point 127- 129°C The parent ion in the high
“resolution mass spectrum was not detected The ehermcal 1omzatlon mass speqtrum

shows an ion at 196 (M+ + 18, 100) Wthh indicates amolecular weight of 178 and
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Table 4. Metabolites from the three brot__hextracfs of‘ Talaromyces flavus

extract - : " metabolite
SkelysolveB- . .5 |
Dichloromethane 10,12, 13,15, 17, 18, 19, 21, 23, 27, 28
. Ethylacetate T 8

-suggests a molecular formula of CgH0Og for metabolite 8. The highesf mass peak.in

the hrms is seen at m/i- 160, ‘corresponding to the 1oss of water from the parent ion-. 'Tho _
ir spectrum displays a broad hydroxyl absorptxon at 3300 cme land a carbonyl band at:
1776 cm-1, consistent thh that of a y—lactone 29 The 1H nmr spcctrum (mcthanol da)
'shows six carblnohc hydrogens Smcc there are ten hydrogens 1in the mctabohtc (8) |

four of them must be exchangeab]e ‘The coupllng pattem among the six hydrogens is’ |

| illustrated in Flgure 7 and was determined by spin dccouplmg and ‘H IH correlatcd
_ spectroscopy (COSY) experiments.30:31 In the 1H- lH COSY spectrum (Figure 8), onc
. observes, in addition to the couplings observed in the one dxmens1onal spectrum a weak

"correlatlon in the Cross peak between H- 2 and H-4. Thc y—lactone carbony] carbon is

‘secn at 177.5 ppm in the ’>3C nmr spectrum. - Doublet carbons, at 81.0, 74.4, 74.2, and

714 ppm, and a triplet carbon at 63 8 ppm, comprise the remamder of the spcctrum

, "I'hese data suggest that metabolite 8 is D- glucono—l 4-lactone

D-g‘luc':ono-,l,4-lacto‘ne 8’

18



454 L 65 _ 435 4T _ 424 7
- (HA) T -3) " (H-2)

. . ‘ 3

3.9 _ 37

97 39 _ 37 .
O I O
sx Tt
T N6
- (H-6)

Figure 7. The 'H-'H coupling pattern of me'tabol'itc 8

_ Although this is the first report of the isolation of this metabolite from a fungus, it is well

known in carbohydrate chemisuy. A comparison of the 1H and 13C nmr data reported

32,33 for D_-glucono-i ,4-lactone (8) ‘with those dbt ined forvthc metabolite agree well

(T ab‘le 5). To confirm the identiiy of D-glucono-1,4-lactone (8), a synthetic sample was
pfcpé.rcd by refluxing a.solution of D- glucoﬁo—}f-lactoﬁc“ in acelic acid for one hour33

(Figure 9). After é‘ooling to room temperature, the solution was dpded with the y-lactone

<

-

HOAc/reflux -

1h

0]

D—’glucono;l,S-lactohc - ' - D-glucon?l,_4_—lactone 8

Figure 9. Preparation of D-glucono-1,4-lactone 8

(8). This afforded cofnpound 8 in 30% yield. The equilibrium ratic of - to &-lactone is . -

 2:1, favoring the five-membered ring lactone.36 The half-life for the hydrolysis of the 8-

“lactone is tw; hburs. it is reaso'nable; then, that the tlactone be produced in less than



400 MHz, COSY 45, contour plot)
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Table 5. 'H and -13C nmr data for D-glucono—l,4-lactonc 8)

TH (ppm) - BCppm)
~. | found - htcrature32 found literature33
H2 424 427 C-1 1775 1719
H3 = 435 4.37 c2 . 42 T34
H4 . 454 4.56 C3 7448 7380
HS 397 400 C4 T80 805
H-6 3.77 378 CS 748 7L
H6 369 370  C6 638 632
_ a,b-ass:gmnenta may be mterchanged i S\‘

v
- 50% yleld as the reaction was. run for only one. hour

Attempted base catalyzed

(CD3OD/CDS Na) isomerization of the Y- to 8-lactone in an nmr tube falled to produce

the 8-lactone

eanly ThlS is not surpmsmg as the y—lactone is the more stable of the

two. The spectral data for the synthetic sample of compound 8.agree well with that of

the natural product. A mixed meltmg point of synthetic and natural lactones showed no

o deptessxon The fact that the parent jon is not observed in the hrms of metabohte 8 may

21

" be accounted for by the faciie B- ehmmauon of water from the y-lactone, affordmg thc -

~ ion atm/z 160.

“H,0
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Reaction of D~glulcono-l'4-‘lactonc (8) with acet'ic‘an};y'dride and pyridine affords
the tetraacetate 9 as white needles, melting point 101-102°C. Although the hrrm docs
lnot show the parcnt ion, cims reveals an ion at 364 (M+ + 18,-100). ThlS corresponds to

'a molecular wenght of 346 and a,,molecular formula of C14H18010 for the tetraacetate 9.

OAc

.- D-glucono-1,4-lactone tetraacetate 9

The ir spectrum shows Lhe y—lactone carbonyl at 1806 cm'1 and thc acetate carbonyl at

1751 cm'1 Acetate methyl groups are seen 1n the lH nmr spectrum (Tablc 6) at 2. 19 - -

L2 12 2.10, and 2.05 ppm ylc hydrogens of the secondary alcohols (H-2, H 3, and H- "

' '_5) Shlft downfleld ‘more than 1.0 ppmon acetylatxon consmcnt with that expcctcd n

Table 6. 1H nmf data for D- glucono—l 4- lactone (8) ‘ns tetraacetate (9) (8

(ﬁpm» o
‘alcohol @) (CD30D/D20) acetate (9) (CDCl3)  ~ Boac -,SQH_
Ha4 454 (dd, 1= 48, 65 sz 4964, J=5580H) 042
H3 435 dd, Jv—>‘47'65 Hy 562 (&d,"_J,; 30,55Hz) 127
B2 424 @, J=47Hs) .‘ 523(d, 1= 30Hz) C 099
H-5. 3.97 (ddd, J = 3.9, 4. 8, 5 7 Hz) 5.35 (ddd, J =30,50,80Hz) 138
H6 377, T =309, i{7Hz) - 458(dd, J=30,120Hz) 081

H-6' 3.60(dd,J=57 11.7Hz)  415(dd,J =50,120Hz) 046
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" The hydrogens of the primary alcohol (H-6, H-6') shift downfield anaverage- of 0.5
ppm on acetylation, also in'agreement with'that expected- for a primary alcoho-l 37
Conﬁrmatron of the hydrogen assrgnments for the acetate 9 was achreved by spin

'decouplmg expenments (Table 7) The 13C Anmr spectrum shows carbonyl srgnals

Ta_bﬁe 7.. Spin decoupling 1H nmr data for D-glucono-1,4-lactone ,tetraacetate (9)

“signal irradiated (ppm) - observed change
L o . :

. '5_,.‘6u2: o | 523 (d—s) |
,' 496 (dd;ad‘(J'—s'o Hz))
535 496(dd—»d(I=55Ha)
R - o 458(dd——>d(J—12OHz))
B T, 415(dd—>d(J—120Hz))
| 496 .- "ﬂ‘,"562(dd——>d) _
0 s350@dd—dd . -

(lactone plus four acetates) at 170.3, 169.3, 1691, 169:0, and 168.7 ppm and acetate - -
._ methyl groups at 20. 6 (2 x C), 20 4, and 20.2 ppm The optical rotat:ron of the acetate 9

was found to be +59° (c 1.0, acetone), in good agreement with that reported (+60. 30 »

o lt-;'f(acetone)) 38 The tetraacetate 9 of synthetlc D- glucono-l 4- lactone (8) was prepared in

the same manner as described for the natural product The phy31ca1 and spectral data‘
compare well between the synthetrc and natural samples

. D Glucono-l 4-1a<:tone (8) is one of the three most abundant metabohtes pro-
duced by T ﬂavus in st111 cuIture, other than D-manmtol (l) and the triglyceride (5). It

is at. least twenty-ftve times more abundant thaft any other 2 bohte isolated from th1s

‘ ’.fungus. D- Glucono—l 4 lactone (8) is also found i, the agueous broth of* T flavus.

~ ' "@ﬁ S
o ﬁf : A



Details of its biological activity and role in the biological control of V. dahliae by T.

flavus are discussed in the second part of this thesis.»
| One of the first .metabolites isolated from T. jiavus precipitated from the

' chromatography_ s‘olvent‘ as: long, S‘lender colorless ncedlcs, having'a melting point 240-
241°C. From hrms, the molccular formula of tcomponnd ‘-10 i8 IC§H394 (180). Y‘This'»is

confirmed by'cims which shows an ion at 198 (M+ + 18, 100). The ir spectrum displays

~ abroad hydroxyl absorption at 3360 cm'! and a carbonyl band at 1730 cm'l. The uv -

spectrum dlsplays absorptions at 213, 259 and 306 nm, whxch shlft bathochromlcally

ca. 20 nm each on addition of base (232 278, 328 nm) Neutrahzahon wuh ac:d gives

‘ back the orlgmal spectrum (212, 259, 307 nm), suggestmg a phcnohc chromophorc 39 .

. Tha 1H nmr spectrum of metabohte 10 consists of five singlets. - Broad downflcld

smglets at 8 92 and 8.64 ppm are exchangcable on addition of DzO and, thus may be

ascnbe_d to the phcnohc ‘hydrogens. Aone hydrogen_ar_omanc smg}lct.at 6. 84 ppm, a two’

hydrogen singlet at 5.19 ppm, and a three hydrogen aromatic methyl singlet at 2.18 ppm

. comprise the r’emaindcr of the spectrum. The 13C nrnr-'spcctrum consists of a carbonyl .

carbon at 171.6 ppm phenolic carbons at 158:5 and 151 2 ppm' aromatic carbonq at

126. 1 125.2, and 119. 3 ppm a41 aromatlc mcthme carbon at 102.6 ppm an oxygcnated
mcthylene carbon at 68 5 ppm, and an aromatxc mcthyl quartet carbon at9. 2 ppm. 'I’hcse
data, along w1th the six sites of unsaturatxon present in this mctabohtc suggcst a.

phthahdc rmg systcm havmg two hydroxyl and one mcthyl subsmucnts -




There are twelve possible structures for this system. In an attempt to detertnine the
relative orientation'of the subStituents on the ring, a nuclear Overhauser enhancement
(nOke) expenment was performed Presaturation of the methyl methylene, or methme
smglets showed no nuclear Overhauser enhanccments 'In spin decouplmg experiments
" the half w1dths (w1 /2‘}40 of each of the smglets failed to show any narrowmg These data

-are ‘most consistent w1th the two structures shown below

| . 'HO @
4,6-dihydroxy-S-methylphthalide T 'v4,6-dihydroxy-7-methylphthalide '

. Th‘e carbons bearing hydrOg'en atoms b'are of significant dis‘fz’i'nCe apart that no nuclear

Overh.auser enhancements nor 'H-1H couplmgs are expected In addition, the meta-

: arrangement of hydroxy! groups favors a polyketlde b10genes1s, as expected for this

metabohte (10) Distmgmshmg between the two isomers is possible by observation of
the long range 1H-13C couplmg constants in the 13C nmr spectrum. Table 8 shows these
.data and how the multiplicmes change with 1rrad1ation of the different hydrogens. Most

wort_hy of note is the change in the multiplicity-of the carbonyl carbon at 171.6 ppm

(Figure _IYO).' In the Vfull'y‘ coupled Specti'um, acquired with gated -,decOupling, this .f'signal :

~ consists of four lines with 2 and 3 Hz coupling constants. Irradiation of the aromatic

h_ydro'gen (6.84 ppm) ';simpli‘fjes-'the signal to a triplet 'wi_th'a 2 Hz coupling constant. _

~This represerits the-th'reevbond coupling Glcn) of thecarbonyl:carb‘on with'the ’two

methylene hydrogens 6. 19 ppm) With long range 1H-13C coupling: constants itis . - |

found that 3JCH > ZJCH > CH rom the standpomt of stereochemical effects itis

e



Table 8. Coupled 'H-13C 13C.nmr data with selective 'H- m'adxatlon for the

phthalide mctabohtc (10) (8 (ppm))

1H-mad1atcd (ppm)

i Figure 10 Mulnphcnty changcs m the carbonyl carbon (171 .6 ppm) of mctabohtc

‘10 w1th sclccnvc 1H-irradiation

- 26

8c +gateddecoupling  6.84 519 218 5194218
9.2 q (J = 130 Hz) N |
68.5  t.(J=155Hz) o e
1026 d(J=165Hz) - |
1193  t(J=57Hz) qU=6Hz) m  d(J=55Hz) qU=6Hz)
125.2 s . $ © s s s |
1261 " q@=56H)t(=3555H) d(U=6H) m t(J = 3,4 Hz)
151.2 .m m_ q(J-34 Hz) s q(J'4Hz)_'
158.5 m qU=4Hz) . m brd(J—ISHz)q(J-4Hz) :
1716  qU=23Hz) t(U=2Hz)  d(=3Hp) q(J-23Hz) s
1H-irradiated (ppm) | _' o
'Tnycouplcd © 684 519 - 218 509 +2.18
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found that spin-spin interactions between '13C and 'H nuclei separated by three bonds

show much of the character of H- lH couplmgs 41 When the methylene hydrogens at

- 5.19 ppm are 1rrad1ated the signal for the carbonyl carbon becomes a doublet. ThlS )

‘must arise from the three bond couplmg (IcH) of this carbon with the aromatic

hydrogen. ‘Thrs observatron confirms the structure of metabohte 10 as 4,6-d1hydroxy-5-

methylphthalide, in which the aromatic hydrogen is peri- to the c'arbonyl' This three

- bond couplmg would ‘not be observed m 46 d1hydroxy -7- methylphthallde '

, Furthermore, 1rrad1at10n of the methyl sxgnal has no effect on the signal mult1plrc1ty of

‘the carbonyl carbon and irradiation of the methylene and ‘aromatic hydrogens

sim.u'ltaneous'ly removes all coupling with this carbon, giving‘a’singlet A further look at

the multrphcrty changes of the other carbons provrdes the complete carbon ass1gnment of
thls metabolrte (10). Irradiation of the aromatlc hydrogen {6.84 ppm) s1mp11f1es the
: -phenollc carbon at 158 S ppm to a quartet (J = 4 Hz) SO that this carbon must be the C- 6

’

~ phenol. The. carbon at 119 3 ppm is also slmpllﬁed toa quartet and is assrgned as C 5.

.vSaturatlon of the methylene hydrogens (5.19 ppm) elunmates thelr couplmg with' the C 4; '

~ phenolic carbon (151.2 ppm) The s1gnal at 126. 1 ppm becomes 3 doublet (J 6 Hz),

, tndrcanve of a three bond couplmg (3JCH) with the aromatlc hydrogen (H-7) and, thus, "

s assrgned as C- 3a The srgnal at 125.2 ppm shows no couplmg and is ass1gned as C-

Ta. ThlS lack of long range couplmg is also found for thlS carbon in 3-O- ethyl-

cyclopolic acid 43

3-Q-6t11y1-cyclopolic acid



The 13C nmr assignment for 4,6-dihydroxy-5-methylphthalide (10) is shown in Table 9.

Table 9. The !3C nmr assignment of 4,6-dihydroxy-5-methylphthalide (10)

' - 8¢ (ppm, acetone-dg)

ol 176

c3 68.5
CHha 1260
c4 1512

. cs 1193
¥ oce 1585
c7 - 1026
C7a 1252
csan o2

In the hlgh r;esolutlon mass spectrum (Scheme 3), compound 10 loses an hydrogcn atom

to grvc a stable radical ion at m/z 179 and. then carbon monox1de to afford the base peak :
at m/z 151. This i is followed by loss of another molecule of carbon monoxrde (m/z 123)‘ |
from one of the phenohc carbons 44 ThlS is 111ustrated in Scheme 3. One of the.

. noteworthy features in the ir spectrum of metabolite 10 is the carbonyl absorpt:on at’

- 1,73'0.cm1 Thrs absorptron is at low frequency for a y-lactone " This is the same

'HO

HsC

-

S (o)
e R O\H'

5 7-dlhydroxy 6- mcthylphthahde



" m/z 180 (55) ﬂ o miz179(13)

mz123Q2) mz 151 (100)

Scheme 3. The mass spectral fragrnen‘t,ation of _4,6-dihydroxy-5-rnethylphthalide (10)‘ |

frequency reported4> for its regioisomer, 5,7adihydroxy-_6'-rnethylphtha1ide, where

intram'olecular hydrogen bonding is presumably responsible for the lower frequency

29

' absorptlon ‘The cause of the Shift to lower frequency in metabolite 10 may result from - |

mtermo]ecular hydrogen bondmg as the ir spectrum was recorded as an acetone cast.

. 4,6- Dthydro»y -5- methylphthallde (10) is a new natural product It has been '

prepared synthettcally45 and our phys1cal and spectral data agree weIl thh\ﬁynthetlc
_sample of this phthalide. 46 A number of phthahde metabolites have been isolated from

‘nature, mcludmg many rsomenc ones, and the1r b10synthes1s is mterestmg The second

‘ part of the thesrs dlSCUSSCS somé of these metabolttes in relatlon to thelr blosyntheses - 3

.along with the results of sodlum [1 13C] acetate labellmg studies pertammg to the

| 'btosynthesrs of 4 6-dthydroxy 5 methylphthahde (10)



Reaction of 4,6-'dihyd'roxy-S-methylphthalide (10) with potassium carbonate and

30

- methyl iodide in'reﬂuxing acetone for 2.5 hours affords white flakes of compound 11, .

melting pomt 162-162.5°C. This compound lacks an hydroxyl absorptlon in the ir
spectrum, however it docs show a Iactont*, carbonyl at 1765 cm-1, The uv spectrum |

displays absorptlons at 214, 255, and 304 nm, which show no bathochromlc shift on

addxtlon of base A molecular ion is seen m the hrms at m/z 208 consxstent wnth the
‘formula C11H1204 Peaks in the cims at 209 (M+ + 1, 100) and 226 (M+ + 18, 68)

conflrm this. The base peak in the hrms at m/z 179 corresponds to the loss of an

’hydrogen atom and carbon monoxlde as for the dlhydroxy metabohte 10. "The IH nmr
spectrum shows methoxy singlets at 3.93 and 3.96 ppm '/I‘he carbons of these methyl

groups are seen in the 13C nmr spectrum at 56.6 and 59 4 ppm. These data correspond

‘well w1th those obtamed from an authentlc sample of 4,6- dlmethoxy -5- methylphthdhde, S

(11)%6 as well as with those reported47 for the natural product 11. It has been 1soldted

-from Aspergzllus silvaticus and is _given the name O- methylsﬂvatlcol The long range

TH-13C coupling constants in the 13C nmr spectrum of the dimethoxy derivative 11 were

studied in the same manner as outlmed for the dlh){droxy, meta_bohte 10 (Table 10).

Table 10 Coupled 1H-13C 13C nmr data with selective 1H-1rrad1<1tion for 4 6
dlmethoxy 5- methylphthahde (11)

3¢ (ppm) | ' 13C-lH fully:éoupled ~ - irtadiate 5.51 (CHz) ppm
1248 s | o o s
1261 m  qU=6Hy
1289 " m . dQ-6Hy

Although most of the carbons are readily a551gned for the dlmethoxy derivative- ll

(Table ll), the long range 1H-13C couplmg of three carbons ( 124.8, 126.1, and 128. 9



ppm) was examined to conﬁrrh their assignments. The carbon at 124.8 ppm is a singlet
and is assign_cd as C-7a by analogy with .'C-7a of the dihydroxy metabolite 10. The

| ~ carbons at 126.1 and 128 9 ppm are multiplcts in the ful]y couplcd spectrum; however,

'madxanon of the methylene hydrogens (5 51 ppm) 51mp11ﬁes the former to a quartet J=

6 Hz) and thc latter to a doublet Jd=6 Hz) Thls doublet is characteristic of the

mumphck;y of C-3a in thc dlhydroxy mctabolltc 10 and, thus, the 51gnal at 128 9 ppm is

Table 11, 1H and 13C nmr data for 4,6- dlrncthoxy -5- mcthylphthahdc (ll)

' IH'(ppmw | | 13C (ppm)
HT 702 (1H,5) C1 1711
H3  5SI@Hs)  C3 . 689
OCH3 396 (3H, s) C3a_ 1289
OCHs  393GH,s) = C4 1540
‘C5CH; 214 (GH, ) s 1261
oGS c6 1608
| | - C7 - 1009
C7a 12438

C5CHs ~ 9.6
4 og;u3 59.4
C-60CH;  56.6

- that of C-3a. The signal at 1"2.6,1 ppm (C-5) shows couplihg with thc C-5 methyl .'
‘hydrogens. This 13C nmr assigmhént differs from that proposed b'y.Aéhcnbach45 and‘
- from that rcportcd47 for the natural product but. It s consxstcnt with the change in’

| _chermcal shxfts cxpccted on Q xrxe:thylanon47 (Table 12) Ttis found that mcthylanon ofa
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\/\j: Table 12. 13C nmr shift differences observed on methylanon for compounds lO

and 11.
~ 50H (ppm) 10 SOCH3 (ppm) 11 SOCH; - SOH (ppm)

C-3a 126.1 1289 | +2.8 (ortho-para)
c4. - 1512 1540 | +2.8 (ipso)

Cc5 1193 | 126.1 +6.8 (ortho)

C-6 158.5 . 1608 . ' +2.3 (ipso)

C-7 102.6 - B .b o 100.9 . -1.7 (orth()-para)
C-7a 1252 1248 . 0.4 (meta)

- phenolic hydroxyl group gives rise to downﬁcldﬂshif‘ts (from +0.4 to +3.4 ppm; mean

+1.8 ppm) for ipso-' carbons, downfield shifts (from +4.5 to +6.1 ppm; mean +5. 2

.ppm) for ortho- carbons and, also, downfleld shifts (from +3.5 to +5.5 ppm; mean

. +4.6 ppm) for the para- carbons The meta— carbons are not greatly affected by Q

methylatlon The shlft ranges from -0.6 to +0.4 ppm (mean -0.2 ppm) The data jn

Table 12 agree well w1th these fmdmgs lcndlng support to the 13C nmyr assignments

reported.

“Anothér of the lower molecular Weight .compounds from T. flavus is isolated asa

| yellow oil The hrms of compound 12 provides the formula CeHgO3 (126), which is

- confirmed by chcmlcal ionization (144, M+ + 18 100) Thc loss of an hydrogen atom

~.and carbon monoxlde in the mass spectrum to give the base peak at m/z 97, absorpnon S

'bands at 2840 and 2700 (w) cm:! in the ir spectrum, and a singlet in the 1H nmr

| spectrum at 9 58 ppm that does not exchange on addmon of DzO suggcst that
compound 12'is an’ aldehyde In addmon to the aldehyde.hydrogen the 'H nmr

- spectrum contains doublets at.7. 19 and 6. 50 ppm, each thh a couplmg constant of 35

Hz. A two. hydrogen smglet is seen at 4.70 ppm and a DzO exchangcable broad smgl& :
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is found at 1.62 ppm. The uv spectmm .display‘s absorptions at 221 and 281 nm, -

consistent with that of a furfural. 4‘8‘ Thc 13C nmr spectrum consists of a methylene

‘carbon at 57.6 ppm, methme carbons at 110 2, 123 3, and 178 1 ppm and quatemary'
carbons at 153. 7 and 163.0° ppm. These data suggest the compound 5- hydroxymethyl-b

furfural (12), whose reported49:50 nmr assrgnments shown in Figure 11, agree well

i with those found for.thls aldehyde.

IB,C
1249 1104
152.1 161.6
- o° ‘ R
970 1 - 470 s - 370

) “F_ig"ure' 11. Hand 13C nmr literature data for 5-hydroxyme'thylfurfural (12)

5- Hydroxymcthylfurfural (12) is probably an arnfact in the broth extract. It is thought to

arise from D-glucose as 111ust:ated in Scheme 4 51 Dehydrauon of D-glucose leads to the

' 'enol shown, Wthh from its tautomerrc 3- deoxyosone form, loses another molecule of

water. Cyclxzatlon of the alcohol on to the carhonyl carbon generates the five-membered
ring, followed by dehydratron to afford the furfural 12; This process is accelerated with

. heating. When D—glucose Was added to the fungal medium'after autoclaving, the amount
| “of 5- hydroxymcthylfurfural (12) found in the broth extract is reduced by ca. 90%.

Another metabohte found in the dJchloromethane portion of the ethyl acétate broth

extract is isolated as whrte ﬂakes This sohd sublrmes at 200°C From hrms 1ts '

3 molecular formula is Cy 1H1003 (190), which is conﬁrmed by chemlcal 1omzatlon (191

M+ + 1, 100). This metabolite (13) is phenolrc as its uv spectrum (241, 249, and 288

¢
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H C/O. .‘ | : v vH\ C/O"

CHGe ,,o
N R é
H—C—OH = | C—OH - -0
T I 1

" HO—C—H -H,0 - CH CHz
H—C OH ' H—C—OH  H—C—OH
H—C—OH H— C—OH Co H‘—4l;—0H

5 ¥ L N
- CHOH _ CH,OH o CH,0H
D-glucose 3fdcoxy_osone
- | P |
o f=0
“HO_ [\ CHaoH CH
u@ i) |
oHC O g (l:H

CIH,0 O\, | |
| ‘- | CH,OH

Scheme 4 Formation of 5-hydroxymefhylfurfural-( 1‘2)’from [l)-glucosc -
hm) dlsplays a bathochrormc Shlft on. addltlon of base (254 325 nm), Wthh reverts to o
the orlgmal spectrum on neutra]izanon with ac1d (241, 249 288 nm). Thc ir spcctrum_ _
dlsplays a broad hydroxyl absomtxon at 3400-3000 cm'1 consistent with the phenohc'

nature of compound 13. It also shows absorptlons at 1649, 1618, and 1557 cm-l,



consistent with that of a Y-pyrone.32 The 1H nmr speCtrum (methanolrd4) _consists of | _
meta- related aromatic hydrogens at 6.64 (d, J = 2.5 Hz) and 6.62 (dq, J 2.5,1.0 Hz)' Mo
ppm This latter hydrogen has been shown by spin decouphng experrmcnts to be
coupled to a methyl group at 2.70 (3H, bs) ppm. Irrad1at10n of the aromat1c hydrogen
causes a sharpenmg of the methyl s1gna1 ThlS methy] group is shifted downﬁcld ca. 0 5
“ppm from where an aromatic methyl is expected to resonate, suggestmg that it may be
peri- to a carbonyl group In addition, a vinylic hydrogen at 6. 00 ppm (q, I=1 0 Hz)
has been: shown to be coupled toa mcthyl group at 2.31- ppm (d, J'= 1.0 Hz). Further- '

v more, nuclear Overhauser enhancement studres reveal the enhancements, 1nd1cate3 in

Table 13.

Table 13. NOe results for metabolite '13 |

1H presaturated (ppm) S nOe enhanccment ppm (%)
662 .. - 2.70 (4)
600 231
270 - o T 6.62:(32)
231 L “600(12)

Two partial structures for thls metabohtc include a meta- substrtuted aromatic nng and a.

methyl subsntuted double bond S
Q,

e yol

CH; |



- ; \
The 13C nmr spectrum shows a signal at 182.0 ppm, consistent with that of a chromone

" carbonyl. Downfleld carbons at 166.6 (s), 163 1(s), and 161.5 (s) ppm, together wuh |
the remaining 51gnals at 143.7 (5)018 0 (d), 115 7 (s), 111 4 (d), 101 T (d),23.0 (q)‘- '

~and 19.8 (q) ppm suggest the structure 7- hydroxy -2,5- dlmethylchromone (13)

8 i
9 O 2 CH,

Metabohté 13 is known in na@ has been 1solated from the roots of Polygonum

B cusptdatum a plant used n Chmese and Japanese tradmonal medlcmc 53 1t has also

been 1solated from a rhubarb Rhei rhzzoma 34 The physical and spectral data-for
metabollte 13 are in fzood agreement with those reported in the hterature 53,54 The ‘H
and 13C nmy assignments are shown in Figure 12 B

6.64 g
H

‘- .y

and 13¢C nmr assrgnments for 7- hydroxy 2,5- dlmethylchromghe(ﬁ)

"assignments may be.intcrchanged o

36
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a & 4 . '

"By : ) .

- The mass Spectral fraémcntation is outlined in Scheme 5. The base peak in the mass
spcc/trum of 13 is also the parent jon at m/z 190.- This is a common occurrence for
chromones as thcy do not possess sites of facile bond rupture, and this is reflected in the
o .+ l , '

HO. ' oL . CH;
B CHj (0]
' m/z 190 (100) S wz150(11) &

CHs , ‘_ CH;
L miz94(3) o : - m/z 122 (8)

*

Scheme 5. The mass spectral fragmentation of 7-hydrbxy-2,SLdime'my.lc,h_rOrr'lone 13) -

great abundance of the molecular ion. Loss of propyne in a reverse Diel§=A1der manner

and expulsion of carbon monoxide are common fragmentations of chromones.35 The
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‘ biésynthesis of metabolite 13 is interesting as it does not seem to foljow the pattern of

* most chromones, such as eugenin, which arise from a pentaketide precursor (Scheme 6).

eugenin

Scheme 6. Biosynthgsis of eugenin.

The most probable blosynthesxs (Schemc 7) of 7- hydroxy-\2 5- dlmcthylchromonc ( 13) -
appears to ongmate with a hexaketlde precursor which cyclizes to form the aromatic nng,
followed by hydrolysxs of the thxoester, and decarboxylatlon. ng clospre dnd |
\\ﬁcﬁ?draﬁon afford the natural product 13. Although the b‘i.osynthcsis of rr‘letat;blitcﬁm
has not bee'n‘studied, it is known to be a degradation product of aloenin, a‘mctabé)litc
found in Aloe arboré‘;céns var. natalensis (Figurc 13). The plant is kequently used in

- folk remedies. Aloenm was found to be blosynthcsxzed via the acetate-malonate pathway

: "\-,.«.n

Gegt e



-

" by feeding 14C and 3H labelled acetate and _hxcasuring the specific activity of the
X . , . o . .

degradation products, one of which is the chromone 13.56

1 cyclizc

: ’2’)'_1;;20' oo

ACH3

: , iy &
. v ) » ‘:{". I»:):; ) ::: . . ", )
~+ .Scheme 7. Proposed biosynthég_i‘s of 7-hydroxy-2,5-dimethylchromone (13)
.' o . "Mﬁ ' 3 : - S RN
) . 7 _{{: : . ‘ .
,‘/ . v“" ‘,?7"4'
= F}ty -
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’ l 3
' FI&UI‘C 13 Acid catalyz:edadegraddnon of aloenin;
. ) P i .
Treatment of 7- hydroxy 2,5- dlmethylchromone (13) wnth dlazomethane df fords
‘a monomethyl ether (14) (Flgure 14) The ether 14 melts at 115 -1 17°C It'; molcculdr
HO ». ) H3CO, < .
‘ CH2N2/Et20

formula of C12H1203 (204) obtam d from hmns is con51stent with [hdt of the

monomethyl ether of 13. The c:ms conf' irms the molecular welght w1th an ion dt 205

(M+ + 1, 100) The ir spectrum shows no hydrofyl absorpuon and the uv’ spectrum ‘

40

'(248 280 nm) dlsplays no bathochromlc shift on addition of base The- ’H nmr -

spectrum of 14 shows a methoxy smglet at 3.86 ppm (3H s) and the carbon dtom :

resonates at 55.6 ppm The two aromatlc hydrogens appear as a broadened smglet at



6 66 ppm As observed for the hydroxyl compound 13, in the mass spectmm of 14 thc

- base peak is also the parent jon at m/z 204. Loss of propyne (m/z 164, 5) and carbon

Coe

.compound 15, which decomposes on ‘melting at 1900C Its molecular formula, as' ‘

&>

3 spectrzll data for compound 14 agree with those reported. 57,58

The most colorful metabolitc isolated from T. ﬂavus is a granular yellow solid,

Ve

. determmed by hrms is C10H806 (224). This is. confirmed by chemical ionization (225,
M+ + 1, 100; 242, M* + 18 32) ‘The ir spectrum shows a broad hydroxyl absorption .

from 3560 to 2400 cm-!, a medium 1n;ens1ty band at 1757 cm'l, and strong absorptions

at 1655 and 1635 cm-l. The uv spectrum of compound 15 consists of maxima at 225,
293, and a long wavelength absorption at 428 nm. On addition of base, only the 293 nm
band shifts bathochromically (229, 305, 426 nm). Neutralization with acid gives back .

the original spectrum. (226, 293, 427 nm). The hi‘ms'shoyys'major fragmentaition ions at

' mJz 193 (M* - OCHj, 95), 192 (193 - H, 86), 164 (192 - CO, 100), 136 (164 - CO,

' _‘H nmr absorption at 3 53 ppm and 13C nmr sxgnals at 160.1 (s) and 56.4 ppm. (q),‘ '

22), and 108 (136 - CO, 13). The !'H nmr spectrum (acetone-ds)_consist_s of four
singlets (Table14): a one”hydrogen singlet at 1_O>.46‘ ppm, which does not exchange on
addition of DzO, one hydrogen resonances dt 6.79 and 6.45 ppm, and a three hydrogen
methoxy gronp at 3.53 .ppm.’ A 13C nmr signal 'nt 196.6 ppm (d), and the an_ nmr

“resonance at 10.46 ppm, together with the loss of an hydrogen atom an;l carbon

monoxide from the ion at m/z 193 in the mass spectrum“ (m/z 192'snd 1 64), suggest that

41

, monoxide (m/z 176, 6) are again thc major fragmentatlons observed. The physical and -

metabolite 15 pOSsesses an aldehyde functionality A broad hydroXyl absorption in the o

ir spectrum and a 13C nmr signal at 169 4 ppm (s) suggest a carboxyhc acid moxety A

: toge_ther w:th the loss of a methoxy group (m/z 193).1n the high reﬁ)lutlon mass -

spectrum, are consistent with that of a methyl ester.v These three functional groups .

account for three . of the. seven sites of unsaturation in compound 15. The other four



Lo

Table 14. 'H and 13C nmr data for metabolite 15

.

IH (ppm) | e (ppm) |

1046 (1H,s) - | © 196.6 (d)

6.79 (1H,s) - 1694 (s)

645 SlH; S 1663

»* &%3 GH,s), 1601 (5)

R S 1368 (9)
- T 127
‘ | | 1146 (s)

1039 (d)

1024 @)

56.4 (q)

-

 sites may be accounted for by a benzene ring. One hydrogen smglets in the 1H nmr

' spectmm at6.79 and 6.45 ppm may be hydrogens in a para- relatlonshlp on the aromatic

rmg These account for C10H7O5 of a molecular formula of C19HgOg. There remqu' )

-only an hyd:oxyl group not accounted for and the 13C nmr sxgnal at 166 3 ppm (s) is

reasonable for that of a phenohc carbon. The part1a1 structures shown below may be »

“w

drawn for metabolite 185.




A clue as to the relative orientation of the four substituents on the aromatic ring is found

in the reduction of metabolite 15 with sodium‘"borohydride After the reaction proceeds

for. f' ﬂc‘en seconds the bnght yellow colot of the solutlon fades and after ten mmutes

?
L YN

¢ the starting materlal is converted to a more poﬁ'r compound as seen by tlc. The ir

spectrum of the reduction product 16 possesses a broad hydroxyl absorpnon;“ 3240 cm”

1 and a carbonyl band at 1755 cml, The aldehyde signal has disappeared’ ﬂ"om the IH
nmr spectrum, as ‘well as the ester methoxyl grou,p “These are replaced by a two

hydrogen smglet at 5.01 ppm Since estera aroarqguced much more slowly than

“¥

aldehydes ina sodium borohydrlde reductlon 59 there must be a secondary reaction 1n"

which the alkoxxde ion formed in the reduction attacks the ester carbonyl and dlsplaces |

the methoxy group (thure 15)

It ,
.

o _

| Figure 15. Rednction of metabolite 15
" This hae been observed in'the”sodiurn'borohydride reduction of 3,5;dihydroxy-4-
'methylphthalatldehydicv acid_,rnethyl es'ter6_° ‘(Figure 16). This compound is the methyl

v

, OH
HsC L - |
3N CHO NaBH,
. HO” COOCH;
3,5- dlhyd!'OXy-4 methylphthalaldehydlc acxd methyl ester -‘ 10

Flgure 16. Reducuon of 3 5—thydroxy-4 methylphthalaldehydlc ac1d methyl ester

43
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> b

. ester denvatlve of 3,5- dxhydroxy 4-methy1phthalaldehyd1c acid, a natural product,
isolated from’ a Pemczllzum species. Reduction of the ester is reported to afford
metabohte 10, 4,6- dlhydroxy -5-methylphthalide. This suggests that metabohte 15 mdy
bea derivative of a precursor to the natural product 10. The presence of ay- lactone ring
‘m compound 16 i 18 supported’ by the carbortyl band at,@S cml in the ir spectrum and
by the two hydrogen siriglet at 5,01 ppm in'the 1H nmr spectrtim/&ith this result from
the reductlon reaction, the aldehyde and ester groups must be ortho- to one dnother on
~ the aromatlc ring, narrowmg the proposed structures of metabohte 15 to two. Both

structurevs are consrstent w1th the nOe results. Presaturatxon of the methoxy smglet at

3 53 ppm results i in an enhancement of 7% i in the sngnal at 6 45 ppm The methyl signal’

~ s enhanced 2% when this aromatrc hydrogen is irfadiated. The mass_spectral

fragmentatlon pattem is also cons_lstent with both structures (S;heme 8). Lo% of the .

methoxy group from "'t_he methy] ester affords the acylium ion at m/z 193. Loss of an
‘hydrogen atom from the aldehyde gives the peak at m/z 192 and expulsion of the ester

HO.

HO»

4~carb0xy~5-hydroxyphthalaldehydic acid methyl ester (15)

44

carbonyl as carl)on monoxide provides the base peak at m/z 164. Further loss of the - !

aldehyde carbonyl as carbon monoxide (m/z 136) and expulsion of the phenolic carbon
" as carbon morioxide givesthe'fragrrlent ion at m/z 108. Table 15 shows the calculated®!
and observed 13C nmr shifts for metabolite 15. The dnfferences in obs.erved versus

M
calculated sh1fts for three carbons (C-2, C-3, and C- 6) are sngmﬁcant however |t has
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| I
HO :
i y) CHO . C\H
CHOT A ceHs . H T ¢
- i . mm
i - AT - -
T miz22430) : m/z 193 (95)
Sy .HOZC" : %
L . :
CO
o .
HO,C Co 3 HO,C
m/z 136 (22) -  m/z108 (13)

Scheme 8. The mass spectral fragmentation of metabolite 15

been difficult to obtain more data for metabolite 15 as it is somewhat unstable. It seems
to oxidize réag}ily to the acid as the 1H nmr Spcctrum of compound 15 a few wei:ks after

" its isolation shows that the three singicts are doubled and the intensity of the aldehyde -



Table 15. Calculated and observed 13C nmr shifts for 4-'carboxy-5-
hydroxyphthalaldehydic acid methyl ester (15)

observed ‘(ppm) ~ calculatedS! (ppm)
ci 1368 138.4
c2 ’ a6 130.9°
Cc3 08 © 1328
Ccd 1227 1230
C-5 1663 162.5
| C-6 o 102.4 o 117.5

. signal is greafty reduced. In addition,'met‘abo.liteIS appears to decompose readily as

polar baseline material is observed in tlc shortly after its isolation. Attempts to make,the
<

acetate or to methylate compound 15 have falled These difficulties, together with the -

} paucrty in which metabolite 15 is produced, have made the structure elucidation of thls

metabolite troublesome. From results of feeding [1-13C] labelled sodlum acetatc to the A

fungus, the most probable sn‘ucture% metabolite 15 is 4-carooxy-5-hydroxyphthqialde-’ '

hydic acid methyl ester. The results of this 'labelling study, along w{th a proposed
biosynthesis of metabolite 15, dre discussed in the second part"of this rhesis. ) |
| Another of the .metabolites isolated ‘from VT. flavus in small arnount has a
‘molecular formula of C1QH1205 (236), as determined by hrms. Chemical ionization
confirms the molecular weight With jons dt 23.7 (M+ + 1, 100) ’and 254 (Mr +18, 84).
The ir spectrum shows an hydroxyl absorptlon at 3360 cm-! carbonyl bands at 1760
.(sh) and 1711 cm-1, and double bond absorptions at. 1657 and 1592 cm'l. The uv
spectrum dlspl_ays maxima at 256 and 286 nm, which do not shift on addition of base,
' suggesting that the hydroxyl group in this metabolite (1';7)‘is‘not pheno]io. The 'H nmr

/
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spectrum (CDCI13-CD30D 1:1) shows meta- related aromatic hydrogens at 6.65 d,J=

2.6 Hz) and 6.48 (d, J = 2.6 Hz) ppm. A triplet (1H, J'= 1.4 Hz) at 7.70 ppm is
. coub]cd 'io a doublet at 4.55 ppm (2H, J = 1.4 Hz). Methoxy groups resonate at 3.90 ..

and 3.81 ppm (each 3'H? s). These data sugbgcst two partial structures, one aromatic ring

having meta- related méthoxy grb%%é, and the other an hydroxymethy1 substituted double

H,CO.

and

OCHy ¢ | ;_,

- . . N . ‘ .
‘bond. The downfield hydrogen at 7.70 ppm is consistent with that of a coumarin

hydrogen on the B-carbon of the double bond.62 The ir absorptions at 1711, 1657, and

1592-cm! also support the coumarin skeleton.>2 Two possible structures for metabolite -

17 are 3-hydroxymethyl_—5,7-dimcthoxycoumaﬁn and 3-hydr0xymethyl-6,8ldimethoxy-'

coumarin. Although 13Cknmrl would allow the two metabolites to be easily distinguished,

' OCH;,

' 3—hydroxymethyl-6‘;‘8-dimcthoxygpumarin L 3-hydroi;jrmethy1-5,7-dime'th&ycdumarin

compound 17 was never isolated in quantities large enough to acquire the twelve carbon

signals. The signals that are observed are consistent with both ‘structures: *(55.8 and

56.3 ppm (2 x OCH3), 61.3 ppm (CH,0H), 101.2 and 103.0 ppm (aromatic meu;ines)_,‘r'-l |

286 ppm (s), 138.7 ppm (vinylic methine), and 14‘8.1, ppm’ (s))- The mass spectrum

of_ coumarin 17 shows few ffagment_ ion-s (Scheme 9). ’i‘his metabolite, like the

-
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Cmz236(100) m/z 235 (1)

m/z 207 (20)

Scheme 9 The mass \spectral fragmentation of metabolrte l7

£ : EER
v . |

chromone 13, lacks sites of facile bond rupture ‘The parent ion of coumarin l7 at m/z

236 is also the base peak. Loss of 0 one of the methylene hydrogens of the pnmdryv

alcohol affords the stable radical ion at m/z 235 Loss of the lactone carbonyl as carbon

monoxide, a ‘common extrus1on fragmént of coumarins,63 provrdes the substrtuted :
N

48

benzofuran fragment at m/z 207. NOe experrmental results are summanzed in Table 16 .

of greatest srgmﬁcance is the nOe to the aromatrc hydrogen at 6.48 “ppm when the vinylic |

hﬁgirogen at 7 70 ppm’ 1s presaturated and vice versa, suggestmg that thesg two

_ hydrogens are pqu- tgﬁaganother The unusual observauon is that the methoxy group

at 3 81 ppm shows anOe to only one aromatlc hydrogen at 6. 48 ppm and not to the one

at 6 65 ppm, although the meta- onentatron of hydrogens is strongly supported by [hCll'

A J' ¢
."-gl : ’ . s !
A ' . St

.



Table 16. Nuclear Overhauser enhancement results for metabolite 17
presaturate (ppm) . _ nO_e enhancement (ppm, %)

770 - '  6.48
665 S 390 .
6.48 e 7.70, 3.81.
4.55 o | | 7.70 |
3.90 - 6.65(35%)
'3.81 - D 648 (18%). -

coupling constant of 2.6 Hz. On the basis of the data available, the most reasonable

% B

structure for metabolite 17 is 3-hyd’roxymethy1-6,87dimethoxycoumarin. It has not been

reported in the literature, either synthetically or from nature. T g Do

7N nOe enhancements |

13- hydroxymethyl 6 8- dlmethoxycoumarm amn

‘ & % ber of hlgher order polykeudes ansmg from cychzanon of a heptaketlde

. precursor have been ;solated from T. ﬂavus The first of these metabohtes crystallizes.

from thegolvent as ‘white ﬂakeS‘;ehavmg a meltmg pomt 194—196°C Its hrms gives the
molgculhr formula Ci1sHi1406 (290) The peak of hlghest m/z in the ‘cims is at 247
4Wh1Ch may be accounted for by the. facxle }oss of carbon ledeC M+ - COz +1, 93)
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This metabolite (1'8):'shows a broad hydroxyl absorption in the i.r spectrum from 3600 to '

2800 cml, characteristic, of a carboxylic acid. A weak band is seen at 1645 cm-! and a

" more intense one at 1610 cm‘1 ' The lH Amr spectrum (CDCl3-CD30D 1:1) shows

50

aromatic smglet hydrogens at 6 47 and 6.40 ppm and meta- related aromatic hydrogens o

at 6.27 and 6. 04 ppm (each a doublet J =2.6 Hz). A methoxy signal is seen at 3.65
ppm (3H, s) and an aromatic methyl group at 1. 77 ppm (3H $). These account for ten
of the fourteen hydrogens in the molecule thus, there’ are four exchangeable hydrogens
Having two para- and two meta- related aromatrc hydrogens suggests that there are two
‘~ benzene rings in the molecule The meltmg pornt 1H nmr, and ir data reported64 for a

8
known metabohte altenusin, whose structure is shown below are srmrlar to these data.

. altenusin

Table 1»7 shows thar the 13C nrnr‘ data fo'r metabolite 18 compare well with the values
calculated for altenusm usmgthe empirical parameters Tor the calculation of chemlcal
shifts in substituted benzenes. 61 Altenusin (18) was first reported from Alternana tenuis
in 1957;65 however, a structure for the metabollte was not proposed unul 1970 64 1t has
since been 1solated from A. kikuchiana and is used as a herbrcrde 6 The mass spectral
' fragmentatlon is explamed in Scheme 10 Loss of water from the parent ion (m/z 290)
via the six membered transmon state shown with whalf arrows affords the resonance
' stablhzed ion at in/z 272 which loses carbon monoxide to give the peak at m/z 244. The

base peak m the mass spectrum at m/z 246 2 arises from the loss of . the carboxylrc acid

functionality asvcarbon dioxide.  The methyl groupat 1.77 ppm is at higher field than



&

. Talaroflavone 23)i i optxcally actlve [a]D +1810 (0. 74, .methanol).» Attemptmg to.

are s'mnmanzed'.in Table 21,

' _discern. the stereochemrstry at the prro center (C- 3) and of the C- 5' hydroxyl of :

4

‘ mcorporatmg this quatemary carbon fulﬁlls the final site of unsaturatron requrred These

data lead to the structurally mterestmg splro metabollte 23, Wthh we have named

tdlaroﬂavone This structure is consrstent w1th the ir absorptions at 1748 (y- lactone),29

. [ . : .
A (O
. i .
2. . : s

s
- g

' .s; © . talaroflavone 23)

1723, and 1_6“17 (o, B-unsaturated eyclopentenone) cm'l, 73 The 13C nmr assignments

} parent 1,on (m/z 276 (100)) in the mass spectrum of

ERRG

talaroflavone (23) is also the base peak suggestmg that the molecule does not contam :

sites of facile bond rupturev Fragment ions. arlse from the loss of -water and three _

:molecules of carbon monox1de (from the phenol, the ester carbonyl and the ketone)

h talaroﬂavone (23) has proved troublesome, however, data obtamed fmm the dtacetate

)



' Table 21. 13C nmr assignment of talaroflavone (23)

chemical shift (ppm, multiplicity) -

ci T 17023¢s)
c3@1) 942 "
C3a . 1508(s) A
ca . 103.5 (d)
. C-5 : i68.5? is)
c6& - 10L0b()
c1 o 1599
. CTa 10655
L Cc2 o 171.48()

c-3 1314 (d) " -
1 ¢_4v C 2020 (s)
cs 79.7»(&) ]
o Ba@

- ¥

OCH; - . ' . %565()

ab- assignments may be interchadgcd ’ S

/
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| upfield from its expected posmon by «a. 0.3 ppm.75 The hy_d.rogen at 4.74 ppm m_’the

. _+5 9 ppm, respectwely, whxle the para- carbon C 4 is found downﬁeld +3 2 ppm
3 'LThe meta- carbon mgnalsare only Shlfth shghtly on acetylanon (+0.9 ppm to 4 3 pprq),f

(24) of thls sptro metabohte 23 have provxded answers for the latter. ‘The dlacetate 24

has a molecular formula of C18H1603 (360), as determmed by hrms. Loss of each

acetate as ketene affords the ions at m/z 318 (100) and 276 (97) The ir spectrum shows

no hydroxyl absorptlon however, there is a carbonyl absorption at 1777 em-l (aromatic
_acetoxyl) and 1732 cm-! (acetoxyl and cyclopentenone), together with a double bond

absorption at 1621 cm-l. The 1H nmr spectrum shows aromatic hydrogens at 6.93 and

6.61 ppm, downfield. ca O 5 pprn from: their resonances in the dihydroxy form"’ This is _
. consxstent with the acetylatlon of an ortho- or para- phenolic hyd:oxyl 74 One aromtic

- acetate mt:thyl group is seen at 2. 35 ppm and one ahphatlc acetate methyl at l 82 ppm,

alcohol 23 is shifted do&nfi'eld 1.07 ppm on acetylation to 5.81 ppm, consistent with-

that expected for acetylation of a secondary alcohol.37 The 13C nmr spectrum of 24

shows two new signals for acetatecarbonyl cai'bons in the region 165-170 ppm and

methyl carbons at 20 4 and 19.8 ppm The ketone carbonyl is sh1fted upfield from '
2020 to 197.1 ppw, suggestmg the loss of hydrogen bondmg The 13C nmr .
a331gnments for the alcohol 23 and the acetate 24 are summanzed in Table 22 The _

changes in. chem1ca1 sh1ft of the aromatic carbons of 23 on acetylatlon are shown in

67

-Table 22 and are consistent w1th those expected 76 It is found that the’ 31gna1 due- to the =

,carbon beanng the hydroxyl group shifts upfleld -6. 6 to 15 6 ppm on acetylatlon In :
talaroflavone (23), C- 7 ShlftS upfleld 10 4 ppm The sxgnals for the ortho- and para-

- carbon atoms are found to shlft downfleld +4 1 to +12 1 ppm and +2.0 to +7 9 ppm

'respectlvely The ortho carbons of 23 C- 6 and C 7a shift to lower f1eld +11 1 and

. asC- 3a shlfts downfleld +0 7 ppm and C 5 shlfts upﬁeld -1.3 ppm in the acetate 24

\.g . ver "._ N tz‘_’l
. - G- : L .

- R R

mer KRR L. p S am
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. Téble 22, B3¢ nmyr. chemlcal shifts of talaroflavonc (23) and talaroﬂavonc

V.«

- dlwmte 4 (ppm) | . 4
talaroflavone (23) vtalam.flvavoné diacetate (24) ,"SOAC-SQH :
'C-1 e i7o.2_a(s) SR 16’8.10‘(5) |
C3(C—1) 942s) Y IR v
C-3a -, 150.8 (s) . 151.5(¢s) - ' ‘+Q.i,(me;a) '
ca  1ssb@ 106.74 (d) 432 (para)
C-5, C16858(s) o+ 167.2°(s) " -1.3 (meta)
c6  10100@ . n218@ sl | ortho)
C-7 - 159.9 (s) O 1495(s) -104(lps0)
CTa 10656) 0 124() - +5.9 (ortho)
C-2' o 171.42 (s) : ' '172.0'6 (s) | |
R CoBlad) 1332
C-4 20200 S L1971 ()
L C-5 e | ;\5'81 )
c-2 ¢ 133G
ocH; 512
C-70Ac RS > 17O8C(s),204(q)
.C-S',OAc S L S 170.00 (5),19.8 (@)

a'; B, c,d- zfs§igﬁments may be interchanged

[} P " . e v .o . ’ -
. 2 LN . » D
. : .o 2 :

The upﬁeld shlft of the: ahphat1c methyl acetate in thc 1H nmr spectrum of 24 provxdcs a
clue as to the ster hcrmstry at C 5'. If the conﬁguratlon at this center :s as shown on

the left,. thcn in the acetate 24, the ahphatlc mcthyl group lies. ms:de thc shlcldmg cone

-




ay

- of litﬁe'benzene ring. In the diastereoisomer having the opposite configuration, the acetate
meth’yl' lies Well away from the aromatic rihg and sho’uld exhibit a rnore charact'el‘tic _ ’
chemical shift (ca. 2 1 ppm) This notable upﬁeld shift of the C-5' acetate methyl group, '

ascnbed to the dxamagnetw amsotropy of the benzene rmg,67 leads to the proposal that.'

the conﬁguratxon at C-5'of talaroﬂavone (23) is as shown on the left. The opncal rotary

vdlspersmn (ord) spectrum of the acetate 24 is a posmve plam cirve and the cxrcular

dlchroxc (cd) spectrum s}lows a posmve Cotton effect. Attempts to crystalhze'

talaroﬂavone dlacetate (24) failed to give crystals sultable for X-ray analy31s The mono- |
.and dz-p mtrobenzoates (25 and 26, respectxvely) of talaroflavone (23) were prepared
s (see Expenmental secnon), however, very poor ylelds were obtamed in both cases,
presumably due to the bulkiness of the subsmuents Only 0.8 g (13%) of talaroﬂavone

2 3'mono-p mtrobenzoate (25) and O 5 mg. (5%) of talaroﬂavone dt-p-mtrobenzoate (26)

| were obtamed from Wthh sultable crysta]s could not be obtamed Talaro.ﬂavone '(23) 1s‘

._structurally smular‘to gnseofulvm a commerc1ally unporta.nt annfungal antibiotic 1solated

TR "gliseofnl\?i_n»,

R
¢

- 69



~'V
from Penicillium griseofulvum. 7,78 1t would be interesting to test talarbﬂavonc (23) to
see if it displays biological activity in this regard. .

The biosynthesis of the spiro metabolite (23) is interesting. Rcsults’pof labelling

studies on talaroﬂav()ne (‘23):, "feeding [1-13C] labelled sddium acevt'ate to.T. ﬂavusb anda

| dlscuss1on of the brosynthetrc pathway leadmgtto this metabohtc (23), are prescntcd in’

the second part of this thesis.

A metabolite beheved to bc closely related to talaroflavone (23), whose mcltmg

pomt is 178- 1800°C, has a molecular formula of C14H1205 (260) as determined from its - ,
) h ThlS is confxrmed by chem:cal ionization (261 (M* + 1, 17 278 (M+ + 18,

100)). ‘The ir spectrum shows an hydroxyl absorp»tron from -3400 to 2800 cm-! togcthcr_

e

hydroxy] Bydrogen at 11 35 ppm, meta! rclated aromatic hydrogcm at 6. 70

addmonal saturatcd spm system outlmed in Fxgure 18 Ar» hydrogcn resonatmg at 3 43

N ppm :noupled to. a methyr’ group at'1 46 ppm (d J 6.9 Hz) and to two mcthylcrtc .

g "hydrogens (2 95 ppm (dd J = 6.6, 190 Hz) and 2.31 ppm (dd, =1 3)'19._O‘sz)).

; These methylepe hydrogens show a -19._0 Hz couplmg ¢onstant between one.another.

9 ppm (each P ddublet J 2. 3 Hz) and a mcthoxy group at 3. 94 ppm (3H s) '

2

- 70

‘nds at 1713, 1679, 1610; and 1565 cm“l, The lH nmr spcctrum shows a. -
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146 = 343

13|

231

\

" Figure 18., The 1H-1H couplings obf‘ metabolite 27

) The two partial structures shown' below vmay be drawn from these data. These-‘ac-c_d"lmt :

for C12H1204 of the molccular formula of C14H1205 and six @f the nine snes of
) unsaturatlon in metabolxte 27 The saturated chain of metabohte 27 may arise by |

reduction of thc, cyo]opentcnonc -rmg of talaroflavone (23) Only elght 2f the fourteen

[H].

‘ | carbons of mctabohtc 27 arc vmblc in the 13C nmr spcctrum due to the small amount of :
matcnal avallable Thcse carbons resonate at 21 1 (q), 28 4 (d) 42 9 (t), 56.1 (q) )
103 I (d), 103 3 (d), 115'3 (s), and 134 6 (s) ppm The protonated carbon as51gnments ;o

“are: shown bclow ~A structure consnstent with thcse data is one wﬁpave named deoxy-

P 454
e f i



_' CH3—(IZH CH2~C-
‘ Hscf', 21’1_ 284_429

talaroflavone (27) The ir bands at 17,13 1679 1610 and 1565 Cm 1 are conststent

- wrth those expected for the a—pyrone and a B uhsaturatcd ketorie moretres 79 ' j

g

o M ~ deoxytalaroflavorie 27

" 'The-‘ma‘s's.spec&al“ 'fragmentation pattern is outlined in Scheme 14 Metabo'lite 27 loses:

two molecules of carbon monoxide and one methy] group by three dlfferent pathways to

| give the fragment 1on at nm/z 189 Further loss of carbon monoxide affords the ion at m/z-

161. Loss of the methyl group may ocgpr;fr the methoxy ether, followed by loss of
3* R o

carbon monoxrde 80 or from the med@l group at C- 9 Expulsron of the o:- pyrone

. carbonyl and the ketone carbonyl as carbon monoxlde account for the other two

molecules of carbon monoxlde lost If the methyl group at -C-9 is lost (rathcr than that' '

from the metho group), loss. of the other molecule of carbon monoxtde may bc

| accounted for 1n the expulsion of the C 3 phenol One of the“aromatic hydrogens is

srgmﬁcantly furthcr downﬁeld in metaboltte 27, compared to its chemrcal shtft in 2’3 .

t |
 (6.69 versus 6.05 ppm) Other than the small solvcnt effect, thc proxmuty of H 6 to the *

ketone carbonyl in 27 may account for this nottceable dcshtcldmg Thc hydrogcn at C-9 .

. , R [

L



L rcspcct to the conjugated aromatic system Metabohte 27 hav

JEhi e

K o 260 (M, 100) ST &
Co245@8) o 232(16)
e 217(45) 204(8)
| I g e C ~CH SN
R , \\’ >-?V & B
' o o m/zl89(13) ‘
i a_‘ ANy . _

\

: is found at 3. E3'ppm : Th'is downﬁeld shift may be due toits vin%_(-logOus locagion with

.C14H1205, differs from that of talaroﬂavonc (23), C14H12

. atom Its formanon from talaroﬂavone (23) may be env1sagcd : teps eis shown in

P/ o
Scheme 15.. Reductxon of thc double bond may occur m talaroﬂ oﬁe (23), or poss1b1y o

earlier aIOng the pathway, as thlS reductxon is dlfflcult chemlcally RcducUon from the -

- lcast hmdercd side of taJaKgiavone (23) should favor formatxon of the isomer shown at

©C9i in 27 ng opemng at the spiro center may occur as shown to form thc Six-six-

five- mcmbered nng systcm followcd by loss of an hydrogen atom a- to the ketone

E carbonyl Overall addmon of hydrogcn to the double bond, loss of water, and bond '

‘mi gtatxon in mctabohtc 23 afford thc relatcd natural product 27, dcoxytalar?)'lavone

‘molecular formula

,only one oxygen -

73

Thc iast of thc polykcude metabohtes 1solated ansmg from a heptakeude o

;“prccursor has amolec_' arfonnula of C15H1207 (304),as determmed by hrms ThlS o

O



[H]

=4

' »Sc‘herne-- 15. Forma'tion'of deoxytalaroflavone (27)/from talaroflavone (23)

'metabohte (28) has one more oxygen atom than four of those prev:ously ducussed (18

-
19 21, and 23), suggestlng that it has been ox1drzed The ir spectrum shows a broad

' hydroxyl absorptlon from 3600 to 2800 cm“, a weak band at 1710 cm- 1 'and stronger'

- absorptions at 1648 and 1612 cm 1. A notxceable dlfference in the lH nmr spectrum

prev1ously dlscussed is the absence of the meta- couplmg between the aromatic -

74

, ‘(methanol d4) of this metabohte (28) compared wnth those heptakeude metdbohtes . ._

: hydrogens There are one hydrogen signals at 7. 04 6.66, and 6 38 ppm all of whxchv‘ L |

‘are smglets A methoxy srgnal resonates at 3 85 ppm and an aromatxc methyl group is '

 seenat 2.36 ppm. ese.accoum fornine of the twelve hydrogens,.thus. thcre are three’

I ' L . PN
R . . " " . [N

e
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" exchangeable ones. The 13C nmr dat; are summarized in Table 23. The mass spetgg%al |
" fragmentation is outlined in Scheme 16. R
|
‘Table 23. 1:3C nmr data for metabolite 28
chemical shift (ppm) mﬁlﬁplicity

1737 s

169.1. s

.1 65.6 s
162.4 | s

’ 1363 s
1330 s
128.7 s
125.3 d
1240 s
1132 s
| 97.2 d
- 943 d

1925 -
| 55.7 voq
17.5 q

' .', - ' | ) ‘ L B

SR Y

75
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1.304(1'1) -OH “,287'(6)7 'CO; 259 (9)
_C02 / ,
260 (40) ' 200 (49)
. -CH3C02H v : :
CV \
216 (17) 232 (56),
\ /C b
188 (22)
~CH;
| 173 (13)
. -CO

S 145 16 '»
2 1 (.) '

S@heme 16. The mass spectral fr‘agrnentation of metabolite 28
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b
|
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II. EXPERIMENTAL

»

~ Unless. otherw1se stated the following partrculars apply All solvents except

drethyl ether and n -hexane were distilled prior to use. Skellysolve B refers to Skelly O1l w,
Company light petroleum bp 62 70°C Pyndme was d1st111ed from CaHj and storeééz
over KOH. Analytlcal thin layer chromatography (tlc) was carried out on alurﬁunurﬂ
sheets precoated (0.2 mm) with silica gei 60 F-254 (E._Merck, Darmstadt). Materials .
’were de'tected'by visualization under an ult:raviolet (uv) lamp\"(254'0r 350 nm), or by

’ spraymg w1th a solutlon of phosphomolybdrc ac1d (5%) contammg a trace of ceric sulfate

“in aqueous sulfurxc ac1d (5%, vlv), or a solutxon of amsaldehyde (2%) in aqueous
sulfunc acrd (10%, v/v) followed by charrmg on a hot ‘plate. Flash column
chromatography81 was performed with Merck Silica Gel 60 (40 - 63 pm). Hrgh

’ resolutron mass spectra (hrms) were recorded on an A E.L MS 50 mass: spectrometer

L ‘coupled to a Data_ General Nova 4 computer Low resolutron mass spectra (lrms) were.

T

recorded on an Al EI MS 12 mass spectrometer Chemical 1omzatlon mass spectra

' (crms) were recorded on an AE.L MS 12 mass spectrometer wé'\ sed as “

w;w | : | '_JJae reagent gas Data are. repo:‘fted as m/z (relatrve mtensrty) Unl ::fsucally i‘
| srgmﬁcant peaks w1th mtensrtles less than 10% of the base peak are omitted. Fourrer
transform infrared (ftir) spectra were recorded as CHCl3, CH2C12, CH3COCH3, or
CH30H casts on a Nrcolet 7199 FT mterferometer Ultravrolet (uv) spectra were
obtamed ona Hewlett Packard 8450A Diode Array spectrophotometer Optrcal rotatrons .

were measured on a.Perkm Elmer 241 polanmeter Crrcular d1chrorc (cd) optrcal rotary E

: dxspersnon (ord) spectra were measured on‘a Jasco Model SSZO cd-ord spectrometer ll-l

uclear magnetic resonance (1H nmr) spcctra were measured ona Bruker WH-200, WH-"

360; w

-400, AM- 300 ‘or. AM 400 spectrometer -with an Aspect 2000 or 3000
computer s stem Resrdual CHC13 in CDCl3, CHDZOD in CD3OD CBD2COCD3 in



CD3COCD3, or CHDstCD3 in CD3SOCD3 was employed as the mtemal standard’
(assrgned as 7.26, 3.30, 2.04, and 2.49 ppm respectrvely. downfreld from
: tetramethylsrlane (TMS)). Measurements are reported in. ppm&downfreld from TMS (3).
13C nuclear magnetic resonance (13C nmr) spectra were measured on a Bruker AM- 300,
WH—400, or AM-400 spectrometer. CDCl3, QD3OD, or CD3COCD3 was employed as
" the internal standard (assigned as 77.0, 49 "O ‘or 29.8 ppm, respectively, dowhfleld from_

» TMS ®)). Meltmg pomts were recordgd on a Frsher Johns or Leitz-Wetzlar meltmg

pomt apparatus and are uncorrected.

Growth of Talaromyces ﬂav_us and Extraction of the Metabolites

The stram (ATCC 52201; UAMH 4890) of T. flavu.s used in this. study was
_obtained from the Amencan Type Cmure Collect1on Rockville, Maryland It was
1solated from sclerotra of Sclerotma minor buned in sorl at Beltsville, Maryland The :

strams (UAMH 5%0 5366) of V. dahllae used in this study were obtamed from D R

Fravel, Soilborne Drseases Laboratory, Beltss'rlle Maryland Stock cultures of T. ﬂavus

- were rnamtamed at 4°C in slant: tubes contammg Drfco potato dextrose agar. To initiate
'hqund strll cultures of the fungus an aqueous spore suspensron of T. ﬂavus was used to
' late two agar plates (10% ﬂltered V- 8 juice (Campbell Soup Company Ltd ) 1% |
' C se 2% agar) After mcubatron for two weeks the plate cultures were bjended ina |

h @nng blender with ca. 200 mL of sterile water and 20 mL aquuots were moculated into

- ach of: 10 2.8L Fembach flasks charged wuh 1L of sterile malt extract medlum Q%

(w/v) glucose 2% (w/v) malt extract, and 0. 1% (w/v) peptone) The culture was kcpt at
room temperhtu for four weeks. The culture broth was decanted from the mycelium by “
ﬁltratlon through cheesecloth ooncentrated in vacuo 1o ca. one litre, and continuously

~

extracted with ethyl acetate for 48 hours: The orgamoextmc,twas_dncd and concentrated
. ’ A 3 . o e 2 e



'v f to g1ve an 011 (ca 1 g) which was then dtssolve'd in a water-methanol solutlon (85: 15
100 mL) and extracted wrth n- hexane B x 100 mL) drchloromethane @3 X 100 mL) and

.ethyl acetate (3 X 100 mL) (Spheme 17) The orgamc extracts were, dr,red and

concentrated to glve orls Wthh were separated as descnbed below (Scheme 22) The _

. mycehum was washed w1th methanol arr dned and then: subjected to contmuous

.39

A

.

uextractron ina Soxhlet extractor wtth ethyl a‘cetate for 6 hours or wrth’methanol- for24. ‘

B '}hours (Scheme 18). The organic extract was dried, concentrated, and separated as" :

described below (Schemes 19, 20, and 21), - e
..'Isolati'or_i‘_x"),f ’thve.Metabol,ites '

Methanol was added to the crude mycelrum extract The msoluble matenal wast

oo
B30 a

-~

subjected to ﬂash chromatographyt elutmg w1th benzene followed by benzene ether
N

(9 1). ThlS afforded methyl lmoleate (3-) a tnglycende (5) ergosterol (7 ), and lmolelc

flltered off and 1dent1f1ed as D manmtol (1,9.2 g) The methanol soluble portron was ;

\

- acid (4) (Scheme 19). Methanol was added to the crude ethyl. acetate mycelrum extract

-D- manmtol 1, 1.5 g) was filtered off and tje methanol soluble portron evaporated to.

dryness (200 mg) It was drssolved ina water methanol solutron (90 10 lOO mL) and _

e T (3x 100 mL) Each of the extracfs was drled over anhydrous sodxum sulfate frltered

and the solvents were removed under reduced pressure to grve the hexane extract ( 170

mg), drchloromethane extract (12 mg), and the ethyl acetate extract (l8 mg). (Scheme :

| ‘ w1th Skellysolve B acetone (93: 7) ThlS afforded the trrglycende (S)—ergosterol (7), as

extracteg wrth n- hexane (3 X. 100 mL) drchloromethane (3 x 100 mL) and ethyl acetate"‘

20) The most abundant hexane extract was subjected to flash chromatography, elutmg, .

well as a drglycerlde 6) (Scheme 21) As shown ip Scheme 22 the hexanc portlon of S

the ethyl acetate broth extract was subjected to flash chromatography, elutmg wrth Skell 'y
. . . ‘\

. . . ¥
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‘ co Talaromyces flavus culture (4 weeks)
IR | filter
P . _

o broth fconcentrate’ IOL-ffé; 1IL) S mycclium. o
L ) < ‘(see Schemes 18-21)

extract with EtOAC/48h

- EtOAc ex.l';rac‘t" (ca. Ig)\ '
dissolve in HyO/CH;OH 85:15
o | extract with n-hexane

-

hexane extract . S - oA
(50 mg) aqueous R

| extract with CH,Cl,

)

. .CHCl erxtr'act " aqueous
(700 mg) | o |
B extract with EtOAc-

EtOAc extract ‘aqueous
(250 mg) B :

,Sghcmé 17. Extraction of Talaromyces flavus broth

|

A



4% -

- Talaromycesﬂavus mycehum ‘\

« || extract with CHOH
| | Soxhlev2an -
extract with EtOAc « o DA _ L

‘Soxhlet/6h - |

‘ (725mg)  ~ © (9238)

-

EtOAcextract .~~~  cream colored solid ra
. (200_mg) S ‘ (15 ‘ :

Vo

~ Scheme 18, Extraction of Talaromyces ﬂayu& myc@%ﬂur‘h :

A

CH3OH"e‘xtract . cream colored solid-

; -

-

el
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- . methanol mycelium extract . - .
methanol
soluble S inSqubie'\ -
150 mg" - — D-mannitol (1,9.28)
SR | flash chromatography | ﬂas'h'chrornatog'ravphy |
1) benzene S | 1)dichlbrométhahé’—ethy1 acetate 95:5 .
2)'_bcnzene-'ether_ 9:1. i 2) dichloromethane-ethyl acetate 9:1
ergoStefO} 1, 3.0 mg) N © linoleic a'cli“d:.(4,' 1.3 mg)
" methyl linoleate (3, 3.1 mg) . triglyceride (5,: 2.6mg)
* Scheme 19. Isolation of metabolités from the _methanol rhyc;eliufn extract
-



. ethyl acetate mycelium extract’

" methanol .

soluble~ | oo . ) ) - .‘irjl_.SOIublc

RO 200mg- - D-mannitol (1, 1.5 g)
| dissolve in H,0-CH;0H 90:10

© | extract with n-hexane . -

. hexane extract R o aquéo'ﬁs
o (tomg) . -

extract with C'HﬁClz i

" CH,Cl, extract .' ~ aqueous
(12 mg)

e —— _ extract with EtOAc

IR " EtOAcextract ¥ - aqueous
' (18 mg) o

Scheme 20. Partition extraction of the ethyl acetate mycelium extract
. . L N : . " "? ) .

-
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. /
hexane éxtract_

| flash chromatography -~
Skéllysolve B-acetone 93:7

triglyccfide (5,111mg) - diglyceride (6, 1.0 mg) ~  ergosterol (7, 13.0 mg)

 Scheme 21. Metabolites isolated by chromatography of the hexane portion of the

~ ethyl acetate mycelium extract £



hexane extract . -

| flash chromatogfaphy

’Skélily.sol_v‘é-l':"’iéthéx‘ 71

' ethyl -acétate ex“‘t

-flash chrorﬁatogm'phy

. toluene-acetone-acetic acid

.,\77‘\

broth extract

85, .

. 3516511
tnglycendc (5) 'D- glucono-l 4 lactone 8)
(53mg) - (124mg)
»
b _ v dichloréfnethane extract
B flash éhromatography
o dichloromethane-methanol 97:3
27 17 21,22 13 | 10 28
(3.0 mg) (12mg) - (1omg) | G4mp | @8mp |(B8mg
19,20 15 12 23 18"
 (O6my  (28my  (ISmg  (GOmy)  (S0mg)

Schcme 22 Isolanon of mctabohtes from thc partmon extracts of thc cthyl acctate '



'.that reported from the mycellum extracts The major metabollte isolated from. flash

chromatography of the ethyl acetate extract was D-glucono-1, 4 lactone (8). The

86

B _.;solve B-ether (7: l) The major metabollte 1solated was the mglycende (5), 1dent1cal w1th‘ L L

= '_remammg metabohtes were 1solated from the dlch]gomethane portron of the ethyl acetate B ‘

drchloromethane—methanol (97 3). Subsequent punflcanons of md1v1dual metabohtes are |

~broth extract Imtxal separauon was achieved by ﬂash chromatography, elugng w1th

e de_s_cnbed under thelr approprlate headlngs.

o (KBr) vmaxcml 3318 (br), 2939, 1081, 1019; 'H nmr (DMSO-dé, 200 MHz): 5440

| D-Mannitol o

D Manmtol (l) precipitated from the ethyl acetate and methanol extracts of the

mycelrum on coolmg After rcmoval of the solvent under reduced pressure methanol B

was added to the extract and the sohd was fﬂtered off Recrystall1zat10n from methanol )

afforded a white, granular sohd (15¢ and 9 2'g), mp = 170- 172°C (1680C, lit. 25),

(2H d, J 60 Hz, CHOH),431 (2H, t, J= 60Hz, CHZOﬂ),412 (2H, 4, J 1.5 Hz

CHOH), 3 63-3. 35 (8H, m, CHOH), 13C nmr (DMSO-dg, 50 MHz): 3 71. 3 d, C-3,

C-4), 69.7 (4, C-2, CS), 638(t C-1, C6) cims (NH3) 183 (M++1 63),200(M+A ’

+ 18, 100).

o '}A(:etylation of D-mannitol a _

Acetlc anhydnde (l O mL lO 6 mmol) was added to a solutlon of D~manmtol (1 ;o

L 'll 5 mg, 0 063 mmol) m pyndme (l 0 mL 12 4 mmol) The reactron mlxture was.' S

S allowed to stand at room. tcmperature overmght Toluene (5 0 mL) was added to the""' L

"mrxture and the solution- was evaporated in v_acuo'.- The crudeé acetylauon product (28.7



: mg) was dlssolved in dlchloromethAne and passed through a small column of smca gel m
| a pipette to afford whtte flakes of D- manmto] hexaacetate (2 18 5 xhg, 0. 043 mmol
' ,68% yield), mp = 123- 125°C (126°C, 11t 25) [a]D +22 40 (¢ 6‘CHC13) w(+25 0o

87

| (CHCl3), 1it.25); 1r(CHCl3 cast) Vs ol 2950, 1743, 1370 1226, 1033; 1H nmr.

‘~(CDC13,4OONH'IZ) 5543 (2H d J= 90Hz H3 H4) 505 (2H, ddd, J 25—50 '

'90Hz,H-2 H5),420 (2H dd, J=2.5, 125Hz Hl H6) 405 (2H, dd J 50-

' 125 Hz, H- 1' H-6"), 207 (6H s, OCOCH3) 205 (6H S, OCOCH3) 203 (6H S,
OCOCH3), cims (NH3) 452 (M+ + 18 100).

Methyl _1inoleate'(3)

Methyl lmoleatc (3) was isolated by ﬂash chromatography of. the mcthanol,

- mycehum extract eluting w1th benzene (Scheme 19) Tt was obtamed as a clear, :

“colorless 011 (3.1 mg), tlc Rf 0 56 (benzene) 1r (CHC13 cast) vmax cm 1. 3000 2925,
' 2584 1745 1460 1430 1375 1360 1195 1170 720 1H nmr (CDC13, 400 MHZ) o

5.43-5.28 (4H m, I:LC CH_), 366 (3H S, COOCI:L3) 277 (2H t, J= 60 Hz, -
C= CHCH_2CH-C) 230 (2H, t, J= 8.0 Hz -CH,zCOO), 208 197 (4H m,

- -C= CH CH2), 162 (2H brt I= 8 OHz -CH2CH2COO), 140 123 (14H m, Cﬁz),
"._O 89 (3H m, CH3) hrms m/z (relatwe 1ntcn51ty %) calc for C19H3402 (M+)

294. 2560 found 294, 2553 (10) 263 (3), 220 (3), 143 (12), 97 (22), 87 (61) 74

B (100) cims (NH3) 312 (M++ 18 100)
Linoleicacid (4)

- Linoleic acid (4) was isolated by flash chromatogmphy of .the'm’cthanol mycelium

extract, elnti’ng thh diChloromethane-etltyl aceta_te (9:'1) (Scheme 19). It "was obtainedas

St
S



Lo 208 (M++ 18, 71)

)

88

a clear, colorless orl (1. 3 mg), tlc Rf =0. 24 (drchloromethane ethyl acetate 9 1) ir

‘ (CHC13 cast) Vmax cm1 3460 2400 (br), 3000 2954, 2925, 2854 1710 1460 1410
1280 720; 1H nmr (CDC13, 400 MHz) ‘8 5. 42,5 29 (4H, m, HC CH), 2.77 (2H t
J= 60 Hz, C CH CHz CH—C ), 236 (2H brt J— 60Hz CH2COO), 2.08- 1 97 (4H

-C CH Cﬂz), 1 .63 (2H brt J 70Hz C_HzCHzCOO), 1 40-1 18 (14H m, C_I;Iz),

v 0 88 (3H m, CH3) hrms m/z (relatlve 1nten$1ty %) calc. for C18H3202 (M+)

”280 2403; found 280 2400 (2), ,256 (23), 129 (17), 69 (74), 55 (100), cims (NH3)

' '-'."T'ﬁ:giy"c_e'r'-i‘de ®.

. }'

The tnglycende (5) was 1solated by flash chromatography of the methanol and ‘

: "ethyl acetate myeehum extracts elutmg wrth benzene and Skellysolve B acetone (93 7)
-rcspectlvely (Schemes 18 19 20 and 21) It was also obtamed by flash

k f'chromatography of the hexane portron»of the: ethyl acetate broth extract elutmg *wrth

E 'Skellysplve B ether (7: 1) (Schemes 17 and 22) The tnglycende (5) was obtamed as a = U

| clear, colorless orl (2. 6 mg, 111 mg, and 5 3 mg, respectxvely) tlc - Rf. =033

" ‘(benzene), 0. 48 (Skellysolve B acetone 93 7), 0. 29 (Skellysolve B ether 7. l) ir (CHC13 .,

cast) Vmax crnl 3000 2925 2854 1746 1460 1160 720 1H nmr (CDC13, 400 *

MHz): 8 5.43-5. 29 (lOH m), 5. 25 (H, m),,4 29 (2H, dd; 1=5.0, 12 0 Hz), 4.14 (2H,

- dd, )= 60 120Hz),277 (6H; dt, - 1.0, 60Hz),231 (6H, dt, 1-20, 60Hz) 204

‘ (8H m), 1.60 (6H m) 1 38 l 22 (SOH m) 0 88" (9H m); h'ms m/z (relatlve intensity -
%): 856 (12), 601 (15), 577 (53), 575 (93), 313 1), 264 31), 263 (35); 262 (100),

; ‘239(16) hrms m/z (relative intensity %): 601 (14) 577 (36), 575 (26) 313 0), 264
_(19) 263 (24), 262 (69), 239 (14) IR

S e

o Ty ) : - T L
« ’



o 89

- Diglyceride (6) ;
= The d1g1ycer1de was 1solated‘2 flash chromatog aphy of the ethyl acetate -

g mycellugl extract, elutmg w1th Skellysolve B- acetone 93: 7) (Schemes 18 20, and 21) .
It was obtamed asa clear colorless oil. (l 0 mg), tlc Rf =0.30 (Skellysolve B- acetone
93:7); ir. (CHC13 cast) vmx cm-l: 3460 (br), 3000 2925; 2854 1745 1465, 1177

- 1165, 7205 1H nmr (CDC13, 400 MHz) 8 5. 32 (4H m), 5 23 (IH m), 4. 27 (2H, dd,

. J=40, 12,0 Hz),412 (2H dd, J=6.0, 120Hz) 275 (2H, ¢, )= 6.0 Hz),229 (4H

- m), 200 (4H, m), 1. 4—0 1 12 (43H, m), 0.86 (6H m) lrms m/z (relatwe mtenslty %) .
,M+ not detected 577 (10) 313 (28) 264 (14) 239 (20)

By "Ei‘gbst:erOI T

o 'as a cream colored solid (3.0 mg and 13 0 mg, respec vely) Recrystalhzatxon from 95% : |
| .ethanol gave ergosterol (7) as whlte plates mp = 163 1650C (168°C, Iit. 82) tbc Rf= *’1
0. 32 (dlchloromethane-ethyl acetate 95: 5) 0.10 (Skellysolve B-acetone 93: 7), uv (ether

4.0 mg/lOOmL) ?tmax nm. (log e) 262 (3 81), 271 @A. 91), 281 (3. 92) 293 (3 70) ir
.T(ch13 cast) vmax cml; 3390 (br) 2954 2870 1459,:1382, 1369, 1060 1026, 968, e

‘ "-832 801 1H nmr- (CDC'l3,4OOMHz) 8 557 (lH dd, J=3.0, 6.0 Hz, HC C), 5. 38

| (1H, m, H—C C),520(2H m H-C C) 365 (lH m, HCO), 246(1H dq, J= 140 |

25 Hz),233 (1H, ¢, I 80Hz) 209133 @bH, m), 1.04 (3H, d, J=7.0 Ha), 094

- (3H, s), 091 (3H d J 7.0 Hz), 085 {3H, 4, J= =7.0. Hz), 083 (3H d J 60 Hz),
FO.63 (3H, s), hrms m/z (relative’ mtens1ty_%) calc. for C28H440.. (M*). _396.3394, found:



C 90

396.3398 (100), 363 (71, 337 (31), 271 (15), 253 (29; cims (NHa): 379 (M* -HoO + |

1, 100).

D-Glucono-.l ,4-lactone (8)

_D;Glucono-l,4~lactone (8) was isolated from the ethyl_'acetate portion of the broth |

I'4

~ extract (Schemes 17 and 22) by flash chromatography, eluting with-toluene-acetone_-v

acetic acid (35:65:1). It crystallized after evaporation of the solvents. ‘Recrystallizvation

from acetlc acrd gave D- glucono—l 4-lactone (8) asa whrte powder (lﬂl mg) mp = 127-

‘ 129°C (132-1359C, 11t 38y, tle: Rf = 0. 29 (toluene acetone acetic’ acid 35:65: 1) ir

o (acetone cast) Vmax cm-1: 3300 (br), 1776 1182, 1100, 985; IH nmr (methanol dg, 400

MHz) 54.54 (lH dd, J=4.8, 65 Hz H-4),-4.35 (1H,. dd] 47 6.5 Hz H3),424._ -

(1H, d, J—4.7 Hz, H-2), 3.97 (IH, ddd, J-,3.9,v 4.8, 5.7 Hz, H-S), 3.77 (14, dd,

1=3.9, 117 Hz, H-6), 3.69 (IH, dd, J=5.7, 11.7 Hz, H:6); 13C nmr (C'DgoD-Dzo-
111, 100 MHz): 81775(s Cl),810(d C-4), 744,742, 714 (3 x d, C-2, C-3, C-

5), 63. 8 (t, C-6); hrms m/z (relative 1nten51ty %) calc. for C6H1006 (M+) 178. 0477
-~ found: M+ not detected 160 (21), 142 (4) 103 (24), 73 (100); cims (NH3) 196 (M* +
18, 100).

= Acetylation ofDAglucono-1',‘4‘.;lact:one' @)

. _ Pyndme (1 0 mL 12 4 mmol) was added to a solutlon of D glucono 1 4 lactone
(8 9 O mg, 0051 mmol) in acetxc anhydnde (1 O mL 10.6 mmol) The reactron was

- allowed to stand at room temperature for six hours Toluene (5 0 mL) was added to the'

. *mrxture and the solunon was evaporated under reduced pressure. Flash chromatography

- 'Iof the crude neactlon product elutmg wrth Skellysolve ’B acetone (2 5:1), afforded D- -



‘ glucono-l 4- lactone tctraacetate (9) as Whth nccdles (15 6 mg, O 045 mmol; 88% ylcld)
_’mp - 10i- 1020c (103oc Tit. 38) tle: Ry'= 0 29 (SkcllySOIV° B- acetonc 2 5:0); [a]D

or

' f+59° (c 1 O acctone) (+60 30 (acetonc) ht 33), 1ir (acetone cast) vmex cm 1 1806 L,

1751 1373 1224 1194 1067 1046 1l—I nmr (CDC13,4OO MHz) 5562 (1H dd o

&J =3.0, 55Hz H3),535(1H dde30 50 80Hz HS) 523(1H d, J= §0Hz o

,""H2),496 (lH dd, J 55 80Hz,H4),458 (lH dd J 30 120 Hz H6) 4l‘3'; ;
,(lH dd J 50 120Hz H6),2 19 (3H s, OCOCH3) 212 (3H s, OCOCL3) 2 IO'»' 5

| | J(3H s, OCQ(ng,) 205 (3H s OCOCH3) 13C nmr (CDCl3, 100 MHz) 8 170 3 (9),. . '._‘ .
. 169 3 (s), 169 l (s), 169 0 (s), 16847 (s) 769 (d), 720 (d) 71 0 (d) 67 6 (d) 62. 1 ‘5":
> ;~"' ,i"(t) 206 (2C q), 20 4 (q), 20 2 (q) hrms m/z (relatwe mtensxty %) calc. for c 14H13®1o :
(M+) 346 0899 found M+ not detected 226(15), 184 (100) 142 (90) 100(76) c:ms,~. )

- '(NH3) 364 (M+ +18, 100) B THR
4 6 Dlhydroxy-S methylphthahde (10) (4 6- Dlhydroxy 5 methyl 1(3H)

1sobenzofuranonc)

T

4 6 Dlhydroxy -5- methylphthahde (10) Was 1solated by ﬂash chromatography of _‘1 ’

Lo \ e
g -the dlchloromethane portlon of the cthyl dcetate broth» extract elutmg thh?v

dlchloromethane methanol (97 3) (Schcmes 17 and 22) It crysta]hzed from the solvcnta o ~\ :
e coloress “cedles (48 mg), mp = 24p- 241°C gezy 2429C, 1it45); dle: Re=019

. Vf:;(dlchloromethane~methanol 97 3) uv (methaﬂol 1 0 mg/lOO mL) 7~ma, nm. (IOg &) 213;: A

L (4 50), 259 (3 92), 306 (3 58) 1 drop o lN NaOH 232 @ 35) 278 . 75), 328

: (358) ldropOIN NaOHldrop OIN HCl 212 (448), 259 (3. 91), 307 (358), ir

o ‘-(acetone cast) Vmax cm~1 3360 (br), 1730 1610 1470 1450 1342 1092 1024 770
o _.‘IH nmr (acetone-d(,, 400 MHz) 8 8 92 (IH br s, OH) 8. 64 (IH br s, OH), 6 84 (1[—{ -
;..,'vr..s, H- 7), 5 19 (2H S H 3), 2 18 (3H S C~5 CHs), (mcthanol d4, 400 MHz) 5 6 77. .



»

5
"

crude extract solut1on (5 & mg/mL in methanol) or the pure metabohtes 2.0 mg/mL in

methanol) were placed on the surface of an agar medium (Mueller—Hmton) conta.mmg a.
&l

standardlzed suspensnon of bactcna After 24 hours of incubation at 37°C the surface of -

¥

the agar acqulred a turbid appearance (a posmve result was recorded when transparent

haloes (mhxbmon zone) remamed around the filter paper dlSCS) A solvent blank and

147

standard concentratlons of an ant1blot1c (Pemclllm G 10 umts and Cephalothm 30 ug,

-

Sensitivity DISCS leco Laboratorles) were used to compare the relatlve ant1bacter1al
act1v1ty of the crude extracts. The results are shown in' Table 27. The 1nh1b1t10n zone

diameters obtamed with the crude extracts were somewhat smaller compared with those -

E produced by Penicillin G (>22 mm) and Cephalothin (>18 mm). ﬁ-glucono-l 4-lactone

(8) and 4,6-dihydroxy-5- methylphthahde (10) show inhibition zones half the size of
those produced by the standard antibiotics. '

”w

LN



. |List of Cultures

Table 27. Bioactivity of crude extracts and meta

©

o

-4 . p
) ‘.b: y s

zone diameter (%’1) o

boﬁt_esIB and 10 of Talaromyces ‘{J‘Iq\'gu\'. '

148 -

- ; g
. ,‘"' . . 3
’ . O:;' . Y . $ s vy
o . - . S

broth extract

|List of Cultures

®
12

Psehdomonas aeruginosa | 16 0 - o
Staphylococcus aureus 18 - ¢ .
Strepto,¢occus pyogenes 20 - i
Zone diametep {(mm)
D-glucono-1,4 lactone '4,'6-'dihydroxy-5-methyiph;halide
' ‘ o (10) A

Pseudomonas aeruginosa -
Staphy]acdccus aureus 10 12
Streptococcus pngeﬁés 10 -
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Rcsul'ts‘of the ultraviolet study for the detection of a peroxide in the fungal broth of

Talaromyces flavus - final absorbance at t = 20 minutes

| ~ I .
8 < g |
X '_-‘.t?"’ " o ' : 1 0S€
P gy E o |
3 7828.8& :
o szl LT i
bR Bk | L
[ R e ) S | - d 2

B
'AVELEPCTHv('m)
{

~ STANDARD+HRP+1ULBROTH

"[MZ
[ 1 082
(=]
b w T ove
' ™
o
o
<C 4
(1774
il
111¢1L14'14La2 \/"’
© 8§ 8 B 8 R 9 8 8’/ 2 9 ™
" 4 4 ¢ d8 d d d d d



7a) 119 3 (s, C 5) 102 6 (d c 7, 68.5 (t; c 3), 9.2 (q, C-5 CHy); (methanol- 44,100
MHz) & 1742 G, c 1), 1591 (s, c 6), 1515 (s, C- 4),1263 6, C- 3a), 1247 (s, C- °

7a), 120 5 (s, C 5), 102 1 (d, C 7), 69 7 (t C- 3) 9.2 (q, C 5 CH3); hrms m/z (.relatlve

5 lntensny %) calc for C9H304 (M+) 180 0422 found 180 0421 (55), 179 (13), 151

&

(100), 123 (22), c1ms (NH3) 198 (M+ + 18 100)

el ;Memy]ation of‘4,6-dih’-'y:drox§..'5:methylphth'a‘lide(10) |

A solutron of 4,6- dlhydroxy 5 methylphthahde (10 4.2 mg, 0.023 mmol),

potasslum carbonate (30 0 mg, 0.22 mmol) and methyl rodrde (0 1 mL, 0.16 mmol) in.

' _ dry acetone 5. 0 mL) was heated under reflux for 25 hours The reaction mlxture was

| b DT 2 %
(IH S, H-7), 5 19 (ZH s, H 3), 2 14 (3H s, C 5 CH3); 13C nmr (acetone d6, 100 | ;
MHz) 8 171 6 (s, C-l), 158 5 (s C-6), 151 2 (s C 4), 126 1 (s, C 3a), 125. 2 (s C-'

frltered and .the. solvent'was‘ ‘remove‘d‘ under reduced pressure, yleldmg a white solid

f{yhich was taken up m dichloromet_hane (10.0 va).A The solution was stirr'ed at room

temperature for 0.5 hour. ‘It was then filtered and the solvent was removed under

" reduced pressure y1eldmg a pale yellow sohd (6 3 mg) Wthh was punﬁed by flash

chromatography, elutmg wrth Skellysolve B- ethyl acetate (4 1): Th1s afforded white

. ﬂakes of 4 6-dnmethoxy -5- methylphthahde (11 3.5 mg, O 017 mmol 74% y1e1d) mp =

162 162 5°C (162°C 11t45), tlc Rf = 0. 27 (Skellysolve B-ethyl acetate 4:1); uv

(methanol 1.0 mg/lOOmL) )‘vmax nm (log E) 214 (3.75), 255 @3. 08) 304 (2 78); ir
‘ ._(CHCI.3_"cast) Vmax. cm-1: 3QQO, 2970, 2950, 1765,-1740, 16.],6, 1466, 1417, 1152,

1127, 1045, -767- H ninr (acetone-ds»; 400 MHz): & 702 (1H, s, H:7)'5-51 (2H, s, H-
3). 396 (H, s, ocu3) 3.93 (M, s, 'OCH), 2.14 (3H, 5, C-S cu3) 13C nmr
(acetone dgs 100 MHz): 8 171.1 (& C-1), 160.8 (s, C-6), 154.0 (s c 4,1289 G, C-

3a), 126.1 (s, C 5), 124.8 (s, C- 7a) lOO 9 (d, C-7), 68 9 (t, C- 3) 59.4 (q, OCH3),



- afforded 5- hydroxymethy

56.6 (q, OCH;;), 9.6 (q, C- }§H3), hrms m/z (relauve 1ntcns1ty %) calc for Ci1H 1204

- (M*):208. 0736; found: 208. 0738 (61), 207 (7), 179 (100) 151 (9) cims, (NH';) 209

.(M+ + 1, 100), 226 (M+ + 18, 68)

5-Hydquymc_thyifurfura1 (12) |

-

S-Hydroxymethylfurfural (12) was 1solatcd by flash. chromatography of thc,

dlchloromethane portlon of the ethyl acetate broth extract, elutmg with dlchloromcthanc-

methanol (97 3) (Schemes 17 and 22) Furthcr punf:catlon was dCthVCd by flash

chromatography, clutmg %th Skellysolve B-ethyl acetatc-accuc acid (60:40:1). This
1

urfural (12) as a clcar pale yellow oil (7.5 mg), t]c Rf=

| 0.33 (dlchloromethane methanol 97:3), 0.28 (Skellysolvc B -ethyl acctatc acetic acid o

“60.40.1) uv (methanol 1.0 mg/lOOmL) Kmax nm (log £): 221 (3.43), 281 (3 49) ir
; (CH3Cl3- CH3OH cast) Vmax cm1 3370 (br) 2920 2840, 2700 ‘1674, 1522, 1396
1191, 1022 1q nmr (CDC13, 200 MHz) 8958 (lH S, CHO) 7.19 (1H, d, J= 35 Hz,

H-3), 6.50 (1H, d, J=3.5 Hz, H-4), 4.70 (2H, s, CHzOH),. 1.62 (1H, br's, OH);

(acetone-ds, 40QMHz): § 9.57 (1H, s, CHO), 7.36 (1H, d, J=3.5 Hz, H-3), 6.56 (IH,

d, J=3.5 Hz, H-4), 4.62 '(2H, s, CHon); 13C nmr (acetone;d6, 100 MHz): & 178.1 (d,
~ CHO), 163.0 (s, C-5), 153.7 (s, C-2), 1233 (@ C-3),110.2 (d, C-4), 57.6 (t, C-6);
hrms m/z (relatnvc mtensny_ %) calc. for C6H6O3 (M+); 126.031»7, found: 126 0321
- (70), 125 (16), 97 (100);_' cims (NHa): 144 (M* 18,100).
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7;Hydroxy¥2;5-dir_neth_ylcvhromone. (13) (7-Hydrox'y-2',5-dimethy1-4H- 1- -
benzopyran-4—one) _ 'Q_ ‘

v

7- Hydroxy -2,5- drmethylchromone (13.) was 1solated by flash chromatography of e
the d:chloromethane portion of thé ethyl acetate broth extract elutmg wrth'

dlchloromethane-methanol (97:3) (Schemes 17 and 22) It crystalhzed from the solvents ‘

as whnte flakes (3.4 mg), mp = 200°C ﬁsubl ), (257 -2600C, subhmes at 200°C 1it. 58) -

tlc: Rp=0.25 (drchloromethane methanol 97:3); uv (methanol 1 0 mg/lOOmL) lmax nm

(log 8) 241 4. 12), 249 (4. 13), 288 (3 92); 1 drdp O IN NaOH 254 (4.19), 325

(3.95); 1 drop 0. lN NaOH-1' drop 0.IN HCl 241 (4 12), 249 (4-13), 288 (3 92); ir -

(methanol cast) vmax cm-l: . 3400- 3000 (br), 1649 1618, 1557 1162 1H nmr

.(methanol-d4, 400 MHz): 8 6.64 (lH d, J= 25 Hz, H- 8), _6 62 (lH dq, J=2.5, 1 O

in H-6), 6.00 (IH, g, J= 1.0 Hz, H-3), 2.70 (3H, bs, C-5 CH), 2.31 (3H 4,1 10 -

C Hz C 2 Cﬁ3) 13C nmr (methanol- d4, 100 MHz) 5 182. O (s C- 4) ‘1666 (s, C- 2), T

163.1 (s, c-7 or c-9) 161. 5, C-7 or c-9)- 1437 (s, C-5)=1180 d, C-3), 1157 s,
C-10), 111.4.(d, C- 6), 101.7 (d, C- -8), 23.0 (g, C-5 CHz), 19.8 (q, C2QH3) hrms

. m/z (relatrve mtensrty %) calc for C11H1003 (M+) 190 0630, found 190. 0632 (lOO) '

162 (14), 150 (11), 122 (8) 94 (3) cims (NH3) 191 (M+ + 1, 100).

.

Methyla_tion of 7-hydrox¥;2,5-dj‘methylchromone (13) -

An excess of dxazomethane 1in ether was added to a solutron of 13 (1 3;mg, .'

0. 0068 mmol) in methanol (3 drops) and the reactron m1xture was allowed to stand at

' 0°C for five hours. The solutlon was then warmed to room temper ature and ﬁltered to

afford a cream colored solid whlch was taken up in chloroform (5.0 mL). nvaporatlon to

| » dryness and recrystalhzanon of the solid from ether gave white ﬂakes_ of 7-methoxy-2_,5-.

~
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dimethylchromone (14; i.z_mg, 0.0059 mmol, 87% yield), mp =1 15:1170C, (115-
117°C, 1it.57); tlc: Re= 0.54 (d‘ichloromethane-methano’l 97'3)' 'uv (methanol, | v. 1.0
mg/lOOmL) Amax DM (log €): 248 @3. 71), 280 (3.57); ir (CHCly cast) Vmax cm-bs
1663, 1612, 1574, 1179, 1157; 1H nmr (CDCl3, 400 MHz) $.6.66 (2. bs, H-6, H-
© 8),6.01 (1H, q, J=0.6 Hz, H-3), 3.86 (3H, s, OCH3), 2.80 (3H, bs, C-5 CH3), 2.29
\(3H, d, J=0.6 Hz, C-2 CHs); 13C nmr (CDCly, 100 MHz): 8 163.6, 1623, 159.2,
142, 6, 116.2; 1160 11'1 8, 98.5, 55.6, 230 20.0; hrms. m/z ‘(rclz’uive‘intémity %5
. calc. for C12H1203 (M+) 204 0787; found: 204. 0783 (100), 176 (6) 164 (5), 161

T "‘"(19) 136 (5), cims (NH3) 205 (M++1 100).

- 4-Carboxy-5-hydroxyphthalaldehydic acid mcthyi ester (15)

‘ 4-Carb0xy‘-"5hydro'x-y}.)hthélaldehydic;acid methyl ester (15) Was obtained. by
flash chromatography of the dlchloromethane portlon of‘the ethyl acetate broth cxtract ,
elunng with dlchloromethane methanol 97: 3) (Schemes 17 and 22). It crysta]hzed f:om '
: the solvents as yellow granules (2 8 mg), mp = 190°C (dcc) tlc: Rf = 035.‘
: (dlchloromethane-methanol 97:3); uv (methanol 1.2 mg/lOOmL) Amax nm (Iog e) 225 . )
4. 15), 293 (3.90), 428 (2.65); 1 drop O. lN NaOH: 229 (4. 19), 305 (3. 95) 426
(2 90); 1 drop 0.IN NaOH-1 drop 0 IN HCI 226 (4.14),293 3. 90), 427 (2. 64) ir
(methanol cast) vm;,x cm-1: 3560 2400 (br), 1757 (m), 1655, 1635 1440, 1351 1281 |
, 1243 1102, 1080 1H nmr (methanol d4 300 MHz) 5 10. 42 (lH S, CHO), 6. 70 (1H,
s, ArH), 638 (lH S, ArI:{) 3.52 (3H, s, COOCH3) (acetone-d(,, 400 MHz) 3 10 46 -
(1H, s, CHO) 679 (lH s ArH), 645 (lH S, ArH), 3.53 (3H s, COOCHs) 13C nmr
v-(methanol -da, 100 MHz): 8196.6 «d, CHO), 169.4 (s), 1663 (s), 160.1 (s), 136.8 ()
122.7° (s), 114.6 (s), 103.9 (d) 102.4 (d), 564 (q, COOCH3) hrms m/z (rcldtlvc~
intensxty %) calc for C10H306 (M+) 224, 0320 found 224.0317 (30), 193 (95), 192



| (86),1164 (100), 136 (22), 108 (13); cims (NH3): 225 (M +1,100), 242 (M +' 18,

32

 Reduction of 4-carboxy-5-hydroxyphthalaldehydic acid methyl ester (15)

96

' To a sblution of 4-carboxy-'5-hydroxyphthalaldehydic‘ acid methyl ester’(lS, 20

mg, 0. 0089 mmol) in methanol (1.0 mL) was added sodlum borohydnde 0.5 mg, 0.013

mmol) After 15 seconds the yellow color of the solutxon faded After 10 minutes acetic

' acxd (lN 2 drops) was added and the solvent was removed in vacuo to afford a clear _v v

~ pale yellow oil. Purification of the reductlon product by elutlon with dtchloromethane- ’

methanol (96 4) through a small silica gel pipette column afforded the reduction product

asa clear, pale yellow oxl (16 1. 3 mg), tle: Rf= O 26 (dlchloromethane methanol 96:4);

| lr (methanol cast) Vmax cm-1: 3240 (br), 2920 2840, 1755, 11618, 1466, 1368 1347
1242, 1098, 1032 1H nmr (acctone d6, 400 MHZ) 5 6.74 (lH s, AtH),’6.35 (lH S,

Ax:l:i), 5.01 (2H s, OCHz)

3- Hydroxymethyl -6, 8- dxmethoxycoumann (17) (3 Hydroxymethyl 6 8-
g dxmethoxy -2H-1- benzopyran -2- one)

The coumarin (17) was obtamed by ﬂash chromatography of the dlchloromethane

' poruon of the ethyl acetate broth extract elutmg with drchloromethane methanol (97:3) v

: (Schemes 17 and 22). The crude metabollte was further punﬁed by passage through a’ -

o small srhca gélmpette column elutlng w1th dlchloromethane methanol (98 2), and then | '

through another column which was eluted with Skellysolve B- ethyl acetate -acetic ac1d ‘

'(45.55;1) It was obtamed as an amorphous sohd (1 2 mg); tlc:- Rf = 0.36
‘(dichloromethane-methanol 97:3), 0.2-3 (dichloromethane-methanol 98:2), 0.26



(Skcﬂysolvc B—e_thyi acetato-acctic acio 45:55_:1);' uv (methanol, 1.2 m’g/l.OOrﬁL) ?»max nm
(log e): 256 (4.11), 286 (4'.17);' 1 drop 0.IN NaOH: 255 (4.09), v284'(¢.‘1.1.9);-.ir
' '('CH2C1‘2_>oastv) Vmax.cm-1: .3360 (br), 1760 (sh),‘171 1', 1657, 1'5_'9_2. 1205‘, 1 5162; 1H _nmf
| -.'(C:})'(Ilg-CngOD%:'l,.400 MHz): 5‘7;"70 (1H, t, J=1.4 Hz, H-4), 6.65 (1H; d, J=2.6
Hz, HT), 6.48 (’1H" d, 1=2.6 Hz, H-5), 4.5’5' (2H, d, J=1.4 Hz, CHa0H), 3.90 (’3H N

‘ocn;,) 3.81 (3H, 5, OCHs); 13C nmr (CDCl3, 100 MHz): 8 148.1 (s, C- 4a), 138.7 (d ;
C-4), 128.6 (s, C-1a), 103.0 (d; C50rC 7), 1012 (4, C50rC7) 613 (t, CH,OH), '

56.3 (q, OC_H3) 55.8 (q, OCH3) hrms m/z (relatwc mtensxty %) calc. for C12H1205

(M*): 236.0685; found 236.0691 (100), 235 (11), 207. (20) 191 (14); cims (NH}) -

237 (M++1 100), 254 (M++ 18, 84).

Altenusm (18) G, 4' 5'- Trlhydroxy 5 methoxy -2'- methyl[l 1 blphcnyll -2-

: carboxyhc acid)

~ Altenusin (18) was obtained by flash chromatography of the dichloromethane

portion of the ethyl acetate broth extract, cluting with dichloromcthane methariol (97:3)

(Sohemes 17' and 22). The crude metabolltc was. furthcr punﬁed by dry ﬂash o
hromatography, eluting w1th toluene acetone- acet1c acnd (50:50:1) and then passcd

' through a mall 51hca gel plpettc column clutmg with Skellysolve B- cthyl acetate-acetic

acid (45 5/5 19— Altenusm (18) crystallfzed from thc solvent as whnc flakes (5. 0 mg) mp

- 194-19poc (195-1980C, lit,643x-¢i ' Re=0, 30 (tolucnc-acctone-aceuc acid 50:50:1), |
‘0. 29 (Sk ‘ llysolve B- cthyl acetate- acetxc acid 45 55 l), ir. (CH2C12-CH3OH cast) vmx cm- s

0-2800 (br), 1645 (w), 1610, 1582 1518 1270 1204 1158 IH nmr (CDCl3-

CD3OD11 4OOMHz) 8647(1H s,H3'or'H 6),640(1H S, H3'orH6) 627“
(lH d J= 26Hz H-4 orH6),604 (lH d, J 26Hz H4orH6) 3.65 (3H =

97

ocu3), 177 GH, 5, C-2 c1;13) 15 nmr (CDC-CD30D 1:1, 100 MH2): & 1728(9,'_.

IS
/

!/’

/
o
/o
/



- CO,H), 164.1 (s, C-3 or C-S);-163 1(s,C-3 br C’5), 146.2 (s, c-, 143.0 (s, C-4 or

C5), 1413(s C4'0rC5), 1339(s,Cl), 1266(s C-2, 1159(d C3'orC-'__

98

‘6) 1152(d C3‘ orC6), 1101 (d C6), 105.9 (s, C-2), 995 (d C4), SSO(q,

OCH3), 18 5 (q, C-2' C_H3), hrms m/z (relatlve 1ntens1ty %) calc for C1 5H14O6 (M+) '
: 290 0790 fOllnd 290 0788 (56), 272 (26), 246 (100) 245 (32), 244 (52), 216 (13), :

: '215(26) cims (NH3) 247 (M+ C02+1 93)
B Dehydroaltenusvin 19).

Dehydroaltenusm (19) was- obtamed by flash chromatography of the

'-dlchloromethane portlon of the ethyl acetate broth extract, elutmg w1th drchloromethane- :
B _' methanol (97:3) (Schemes 17 and 22) The crude metabohte was further purified by

'flash chromatography, elutmg w1th dichloromethane- methanol (99 1) and then passed "

: through a small_srllca gel pipette ‘column, elutmg w1th Skellysolve B-ethyl acetate-acetlc

acid (50:50: l) ‘It was further chromatographed in the. same manner wrth,‘

dlchloromethane methanol (98 2). This afforded dehydroaltenusm (19) whxch stlll :

N 'contamed some 1mpur1t1es 1H nmr (CDCl3, 400 MHz) 8 11.30 (1H, s, C-3" OH) 6.73

(lH d, J—23 Hz, H-4 'or-H-6'), 6. 69 (lH s, H-5),°6. 63 (1H, d J=2 3 Hz, H-4 or
H-6'), 6.28 (lH S, H-2), 3. 91 (3H,s, OCH3), 1 73 (3H s, C-6 CH3) It was allowed’

v_to stand at room temgerature for 24 hours w1th acetlc anhydnde (0.3 mL 3.5 mmol) and

: pyndme (0 3 mL 4.1 mmol) Ethyl acetate 5.0 mL) and toluene (1 0 mL) were added

_to the reaction mlxture and the solvents were removed under reduced pressure Thls o
afforded the crude dracetate (20) which was punfled by passage through a small silica gel o
plpette column elutmg w1th Skellysolve B acetone (2:1). Dehydroaltenusm diacetate

(20) crystalhzed from-the.solvents as wh_rte ﬂal_ces 0.6 mg), mp = 1.90-193_°C (185°C, :

©1it.64); tle: Re= 0.39 (Skellysolve B-acetone 2:1), ir (CHaCly cast) Vmax cml: 1776,



f ‘1732 1688 1664 1617 1370, 1192, 1144 800; 1H nmr (CDC13, 400 MHz) 8677

(lH d, J 19Hz H4') 6.60 (1H, d, J 19Hz,H6') 636(1H s, H2) 630(1H

q, J=1.4 Hz, H-5), 3.86 (3H, S, OCHa), 2.42 (3H, S, ArOCOCkb), 2.29 (3H, s, C-4
OCOCH3), 1.73 (3H, d J=1 4.Hz, C-6 C&;) hrms m/.z (rclative intensity %) calc. for
* C19H16Og (M+) 372 0845 found 372. 0848 (10), 330 (59), 288 (63), 270 (10), 260

(24), 244 (38), 232 (17) 194 (73), 193 (10), 165 (100) cims (NH3) 390 (M* + 18, )

100).

| Desmethyldehydroaltenusin @y

»

_ Desmethyldehydroaltenusm (21) was obtamed by ﬂash chromatography of the o

‘ drchloromethane poruon of the ethyl acetate broth extract elutmg wrth drchloromethane-
methanol (97:3) (Schemes 17 and 22). The crude metabohte was further purrﬁed by dry '

flash chromatography, eluting w1th Skellysolve B-ethyl acetate- acetlc acid (50 50 . It

was then passed through a small s111ca gel plpette column elutmg ‘with drchloromethane-
methanol (98:2). Thxs afforded desmethyldehydroaltenusm 21 which was still
somewhat impure. It was allowed to stand at room temperature for 24 hours with acetic
anhydnde (0 3 mL 35 mmol) and pyridine (O 3mL, 4 l mmol). Ethyl acetate (5 0 mL)
- and toluene (1 .0 mL) were added to the reactlon mlxture and the solvents were removed
in vacuo. ThlS afforded the crude tnacetate (22) whtch was punﬁed by passage through

a small silica gel plpette column elutmg w1th Skellysolve B-acetone (2 1)

Desmethyldehydroaltenusm tnacetatc (22) was obtamcd as an amorphous solld (1 0 mg) :

mp = 88-90°C ‘tle: Rf 1033 (Skellysolve B- acetone 2:1); ir (CH2C12 cast) Vmax cm’ 1

‘1777 1680 1660 1610, 1365, 1190 1150, 1122, 1015; TH nmr (CDC13, 400 MHz) -
8710(1H d, J=1.7 Hz, H-4' orH6),697(lH d, J= 17Hz,H4'orH6) 6.37

(lH S, H—2), 631 (lH q, J=1.5 Hz, H 5), 2.43 (3H S, ArOCOCH3), 2.31 (3H, 8



 OCOCH3), 229 (GH, s, OCOCHs), 1.74 (3H, d, J=1.5 Hz, C-6 CHy); hrms m/z
.(relative intensity %) cafe. for Ca0H1609 (M*): 400.0794; found: 400.0784 (3), 358

(100), \316‘,(63), 274 (89), 256 (29), 246 (31), 230 (62), 218 (16); cims (NH3): 418
(M+ +-18, 100). 7 | |

100

Talaroflavone (23) (Sp1r0[5'-hydroxy 2'-methyl~cyclopent~2 -ene 4-one 1,3-7- ‘,

hydroxy -5- methoxy 1(3H) 1sobenzofuranone])

Talaroﬂavone (23) was obtamed by ﬂash chromatography of the. dxchloromethane_"" :

portlon of the ethyl acetate broth extract elutmg w1th dxchloromethane methanol (97:3)

. (Schemes 17 and 22) The crude metabollte was further punfled by passing it through a

- small sﬂlca gcl plpette column “eluting with Skellysolve B ethyl acetate- acetic a01d _

(45:55:1). It crystalhzed from the solvents as white flakes (3 0 mg), mp = 230°C (dec.);

tlc Rf 0.25 (dmhloromethane methanol 97 3), 0 28 (Skcllysolve B- ethyl acetate- acetlc
acid 45 55 1); [(x]D +181° (c 0.74, methanol), uv (methanol 1. 8 mg/ 100 mL) Amax nm
(log €): 217 (4.19), 257 (3.66), 296 (3.28); 1 drop O.lN NaOH: 228 (4.19), 256
‘(3'58),“325' (3.41); 1 drop 0.IN NaOH-l» drop 0. IN HCL: 216 (4. 20), 257 (3. 71),' 295
' (3.34); ir (methanol cast) vmax cml; 3240 (br), 1748, 1723 1617, 1204 1162 1152,

1004 1H nmr (methanol- d4, 400 MHz): & 6 44 (1H, d, J= 2.0 Hz, H—4 or H-6), 6.34

(1H, q, J= 15 Hz,H3),605 (1H, d, J= 20Hz H4orH6) 474(1H s, H-5),

3. 80 (3H s, OCH3), 1.86 (3H, d, J=1.5 Hz C 2' CHjy); 13C nmr (methanol d4 100
MHz) 8 2020 (s, C-4", 171. 4 170.2, 168.5, (3 x S, C- 1, C- 2!, C-5), 159.9 (s, C- 7),."

1508(S,C3a), 1314(d C3), 106.5 (s, C-7a), 1035(d C40rC6) lOlO(d C4.‘» -

or C-6), 94.2 (s, C-1%, 9.7 (d, C-5, 56.5 (q, OCH3), 13.4 (, C-2' CH3); hrms miz

5 (relative intensity%) calc. for C_14H120‘6 M+); ‘.276.06'3,4; found: 276.0633 (100), 258

e
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(64), 248 (30), 247 (21), 230 (17), 220 (39), 219.(64), 191 (24) cims (NH3): 277 (M+ - '

+ l 44) 294 (M++ 18 76)

" Acetylation of talaroflavone (23)

Pyridine (0.5 mL, 6.2 mmol) was added to a solution of talaroﬂavone 23, 4.0
'_-mg, 0 014 mmol) 1n acetic anhydrlde (0.5 mL, 5.3 mmol) The reactlon mixture was

allowed to stand at room temperature for 22 hours Ethyl acetate (5 0 mL) and toluene

- (1 0 mL) were added to the mixture and the solutlon ‘was evaporated under reduced o

. pressure The crude acetylatmn product was passed through a small silica gel pipette

._-'column elutmg with. Skellysolve B- acetone (2:5:1) to afford talaroﬂavone dxacctate (24). ‘

asa clear colorless 011 (3 0 mg, 0 0083 mmol; 60% yxeld) tlc Rf =0.2¢ (SRC“YSor\,@ —

.v B- acetone 2.5: 1), ord (methanol 3. 0 mg/4. 0 mL) [a]265 = +33° cd (methanol 3.0

. mg/4 0 mL): AZp3s = 6 3 Lmol- lcm'1 AZ325 0.27 Lmol lemd; ir (CHxCly cast) Vimax

,‘cm'1 3080 2920, 2840 1777, 1732, 1621, 1491 1371 1256, 1221, 1189 1143 IH
nmr (CDCl3, 400 MHz). ) 6.76 (1H, d, J=2.0 Hz, H-4 or H-6), 6.42 (lH;_ d, 1=2.0

Hz, H-4 or H-6), 6.35 (1H, q, J=1.5 Hz, H-3'), 5.84 (lH‘ s, H-S'), 3.85 (3H, s,

‘OC_3), 2.39 (3H S, ArOCOCH3), 1.87 (6H, br s, C 5' OCOCH_3, c-2 CH_3)

i _(methanol dg, 400 MHz) ) 693 (1H, 4, J—2 0 Hz H-4 or. - H- 6), 6.61 (1H, d, J=2.0

Hz, H4 orH6)-,649'(lH q, J=1.5 Hz H-3"), 5.81 (lH s, H-5'), 3.89 (3H S,

‘ OCI:%g),235 (3H, s, ArOCOC_3),186(3H d, J=1.5 Hz, C-2' CHy), 182(3H s, C-

5' OCOCH3); 13C nmr (CDCl3, 100 MHz): §195. 3 (s), 170. 8 (s), 169.0 (s), 168.4 (s),

- '-1661 (s), 165.3 (s), 150.1 (s), 147.9 (s), 131 5., 1113 (s), 1109 (d), 104.9 (d), -
90.7 (s), 76.9. (d), 564 @, 207 @, 20.1 (q) 13.7 (q); (methanol da, 100 MHz): & -

1971 (s) 1720 (s), 1708 (s) 1700 (s),. 1681 (s), 167.2 (s), 151 5 (s), 1495 (s),

= '133,2\_(d), 1124 (s), 112.1 (d)_, 106.7 (d), 92.7 (s), 78.1 (d), 57.2, (q), 20.4 @), 19.8 L
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(q), 13.3 (q); hrms Wz (relati\{e in'te\lsity %) c_afc.‘ for C.13H1603‘ (M*): 36(5.’0845; 'found: |
3600850 '(1‘2")', 318 (’100), 276 (97), 258 (99), 248 (6), 247 (25), 230 (6), 220 (10),
219 24), 191 4). | | R

, ,‘ Talaroflavone mono-p-nitro benzoate (25)'

A solutron of talaroflavone (23 3.8 mg, 0 014 mmol), p- mtrobenzoyl chlonde ;
| (3 O mg, 0.016 mmol) and pyridine (0. 5 mL, 6. 2 mmol) was allowed to stand at room, -
: temperature for 60 hours. The reactxon mrxture was taken up in ethyl acetate (2 0 mL)
'..and toluene (0. 5 mL) was added The solvents were removed under reduced pressure to -
afford a cream colored sohd Wthh was punfred by chromatography through a small ‘j
‘_ silica gel prpette column, elutmg thh Skellysolve B- acetone (2 1) This procedure was
' repeated and the mono-p mtrobenzoate of talaroflavone (25) crystallrzed from
E Skellysolve B-acetone (0 8 mg), tlc Rf=0.21 (Skellysolve B acetone 2:1); ir (CH2C12 -
. cast) vmax cm-1: 3430 (br), 1751, 1727 1620, 1530, 1350, 1261; 1H nmr (CDC13, 400
MHz) 8 8.45 (2H d J=9.0 Hz, ArH), 839 (2H, d, J=9.0 Hz, ArH), 7.04 (1H, d,
J= 19Hz H-4orH6),642(1H d, J-19Hz H4orH6),638 (lH q,J 1.5 Hz,
- H-3", 4.84'(1>H, s, H-5", 3.89 (3H, s, OCH_3), 1.94 (3H, d, J=l.5 Hz, C-2' CH_3),_.
hrms m/z (relative intensity %) calc. for C21H15NOg (M‘r): 425.0_747; found: | 425.0735
6), 276 (62), 258 (66), 248 (17), 247 (15), 230 (23), 220 (29),°219 (43), 191 (13). |

Talaroﬂa\?one di-p-nitrobenzoate (26)

A solutiOn of talaroflavone (23- 4.5 mg, 0.016 mmOl);, p-nitrobenzoyl chloride
- (6.7 mg, 0.036 mmol), and pyndrne (0. 5 mL 6 2 mmol) was ‘allowed to stand at room

'temperatum for 72 hours The reaction mixture was taken up in ethyl acetate (2 0 mL) )



and toluene (O 5 mL) was added. The solvents were removed under reduced pressure to -

afford a cream colored solid whrch was punfred by chromatography through a small
pipette column of silica gel, eluting with Skellysolve B-acetone (2.1). This punflc__atlon
~ ‘'was repeated and afforded talaro'flavoge di-'p-nitrobenzoate (26) as a white solid (0.5

- mg), tle:: Rg=0.45 (Skellysol\‘/e B-acétone 2' l); ir (CH,Clp cast) vmax'cm'l' 1776 .(sh-)

1750, 1619 1609 1530, 1370 1349 1262, 1226; 718; 'H nmr (CDC13, 400 MHz) kR

8.42 (2H d, J 9.0 Hz, ArH), 8.37 (2H, d, J= 90 Hz, ArH),822 (2H d, J= 9.0 Hz,
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B ArH), 7.93 (2H d, 1=9.0 Hz, ArH),704(1H d, 1=2.0 Hz, H4orH6),660(lH 4,

J= 20Hz,H4orH6) 6.49 (1H, g = 1.5 Hz, H-3), 6.11 (1H, s, H-5), 3.89 (3H,
s, OCHz), 200 (3H, d, J= 1.5 Hg, c 2' CH3); hrms m/z (relative intensity %) calc for.
CogHigN2Op2 (M*): 574.0859; found: 574.0844 (8), 425 (4), 258 (45), 230 27). 7

. 'Deoxytalaroﬂavone, Q@7 .

Deoxytalaroflavone (27) was obtained by flash chromatography of the

' dlchloromethane portion of thc ethyl acetate broth extract clutmg thh dnchloromethane- '

methanol (97:3) (Schemes 17 and 22). 1t was further purified by flash chromatography,

eluting with dichloromethane-methanol (99:1). This afforded white flakes of

: deoxytalaroﬂavone (27, 3, 0 mg), mp ="178- 180°C; tlc: Rf = 0. 35 (Skellysolvc B-
acetone 2:1); ir (CHZClz cast) Vmax cm-1: 3400- 2800 (br), 1713, 1679 1610 1565

1390, 1239, 1226, 1200, 1109, 797, 733, 691; 1H nmr (CDCl3, 400 MHz): & 1135 *

(1H, s, C-3 OH), 6.70 (1H, d, J=2.3 Hz, H-4 or H-6), 6.69 (IH, d, J=2.3 Hz, H-4 or

| H-6), 3.94 (3H, s, OCH3), 3.43 (1H, ddd, J=13, 6.6, 6.9 Hz, H-9), 2.95 (1H, dd,

' J=6.6, 19.0 Hz, H-8), 2.31 (1H, dd, J=1.3, 19.0 Hzf*H 8), 1.46 (3H, d, J=6.9 Hz,

C- 9 CH3) 13C nmr (CDC13, 100 MHz) 3 134, 6 (s), 115 3 (s), 103.3 (d), 103.1 (d), S

56 1 (g, 42. 9 (t), 28.4 (d), 21. 1 (q) hrms m/z (relahve intensity %) calc.dor C14H1205
-/ .



. a. . . \ »
B ,(M*) 260 0685 found 260 0688 (100), 245 (8), 232 (16) 217 (45), 204 (8) 189
o : (132, 161 (19) cims (NH}) 261 (M* +1, 17), 278 (M+ + 18 100).

' Compound 45 sv_ (2_8)

Compound 455 (28) was obtamed by flash chromatography of thev

: v_ "dlchloromethane portlon of thc ethyl acetate broth extract, ‘eluting w1th dlchloromethane-

. methanol (97 3) (Schemes 17 and 22) It was further punﬁed by ﬂash chromatography, v

_ elutmg w1th toluene- acetone acetlc acid. (50 50: l), and thcn passed through a small s1lica S

gel plpette column elutmg with. Skellysolve B- ethyl acetate acetlc acrd (45 55: l) '

- Compound 455 (28) crystalhzed from the solvent as white flakes (3. 8 mg) mp 233°C "

acetate- acettc ac1d 45 55 1);ir (CH2C12-CH3OH cast) Vmax cml; 3600 2800 (br), 1710°
 (w), 1648, 1612 1413 1377 1246 1223 1172, 1026; *H nmr (CDC13 CD3OD 1:1,.

. ‘400 MHz): § 7.04 (1H, s, ArH), 666 (1H, s, AtH), 6.38 (1H, . Arﬂ), 285 (3H )
OCHs), 2:36 (3H, 3, ArCH); 13C nmr (CDCI3-GRA0D 1:1, 100 MHz): 8 173.7 (s),
169.1 (5), 165.6 (5), 1624 (5), 1363 (s), 13'3'02} N '

132 (s), 97.2 (d), 94.3 (@, 92.5 (5), 55.7 (q, QQH3) 175 (g Arg;H3) S

(relattve mtensxty %) calc. for C15H1207 (M+) 304 0583 found 304. 0589 (1 1), 287

(6), 260 (40), 259 (9), 258 (17), 232 (56), 216 (17), 200 (49), 188 @), 173 (13), 145
©(16), 115 (35), 57 (100) |

),.128.7 (s), 1253 (\d), 1240 (5),

- b_(dec ), tle: Re= 0 21 (toluene- acetone acetlc ac1d 50 50 1) 0 11 (Skellysolve B-ethyl :



PART2. BIOLOGICAL ACTIVITY OF AND BIOSYNTHETIC S’I‘UD[ES OF -

TALAROMYCES FLAVUS METABOLITES
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IV. INTRODUCTION -
v As discussed _in. Part 1. of the thesis, one of the notable feature's of T._ flavus rests

in its effectiveness as a biolog‘ical-con'trol for \‘/‘e‘rticilliumvw-ilt of ’eggplant,.a disease

- caused by the fungus V. dahliae. 15 This disease moves slowly thro‘ugh the plant
stuntmg its growth and- reducmg frult sxze, rather than k1111ng Ne1ther Crop rotatlon nor_
soil fumrgants have been found to be effectlve in reducmg losses from the disease. Crop ‘
rotauon is not effecnve in reducmg losses because the pathogen may persist as
mlcrosclerotla in the soil in the absence ofa known host for many years Soil fum1gants"
.delay the onset of symptoms and are used to. reduce dlsease seventy, however thelr_

posslble adverse effects on the envuonment and high cost dlsfavor their use.

The Vert1c1111um w11t orgamsm isa w1despread 5011 1nhab1tant whlch 1nfects a

widg range of herbaceous and woody plants Contact between host and pathogen is
‘ largely a random process, although phys1ca1 and chemrcal stimuli may aid attractron f

' especrally w1th sorl borne pathogens Penetration, ‘and thereby 1nfect10n starts as soon
as the two orgamsms are sufﬁcrently intimate for their metabollc act1v1t1es to affect each
other. The penetratron process may occur mechamcally, enzymically, or passively. .

, With Verticillium wilt, penetration occurs through th-e'root‘ system and progress 1s |
.pnmanly in the xylem elements The diﬂs‘e‘ase develops slowly, -beginni'ng with a -
yellowmg of the lower leaves causing a stuntmg of growth and vascular dlscoloratlon
Fol]owmg invasion, the pathogen estabhshes erther a compatlble or a noncompauble
.assocratron wrth the host. In the compatlble situation the diseased state ensues with the

v development of metabohc changes and symptom express1on One such change occurs in
water relanons The main effect of vascular pathogens is to d1srupt the passage of water
'through the stem. This may be attnbuted to the phys1ca1 presence “of the pathogen'

myclrum, development of tyloses which block the xylem, and -gummos1s within the

.,



vessels. It is’suggested .that these mechanisrris lead to failure on the part of the xylem

' ‘vessels to transport an adequate supply of water to the other aenal organs. On the other

hand, it is suggested that tyloses and gums are res15tance mechanisms whereby the host

~limits the spread of the pathogen and that wilting is a result of dysfunction in cell‘

permeability'Caused by toxins. The presence of parasites like Verticillium in-vessels
cause a 4 to 60 fold increase in the resistance of the stem to water flow. Further )rylem

occlusion comes from high molecular wei_ght polysaccharides_produced by the pathogen

~ orcleaved from the xyiem walls-by hydrolytic enfzymes. These block the.pit membranes,

reducing lateral water flow, and occluding the small vessels in peiioles and leaves.

On the. other hand, the incompatible state occurs when host defence mechanisms

are successful and further development'o_f the pathogen is prevented. Such defence

-mec’hénisms may by physical 'or_chemical.-. Physi‘eal defence may occur with the -

,form’é'tion, of liignitubers‘and/or tyloses. The former is a corky or gum-like subj

deposited in or between cortical cells preventing further 'invasion by the fupgus. The

‘term llgmtuber describes the thlckemngs formed on these cell walls opposnc the
(o
penetratmg hyphae of the invading fungus The chemical composmon of llgmtubers

consists of an inner region of cellulose,_dep051ted around the advancmg hyphae, encased
_ , ; .

in an outer layer of lignin. This defence mechanism has been found to occur in some. "

hosts of >Vektieillium species, including V. dahliae. The other defence mechanism found
in hosts invaded by Ve%rn'cilﬁum species is the formation 'of tyloses. These are swellings
of xylem parenchymzi or medullary ray cells which protrude 'irito the .xylem v\_/essels.
Some think:of them as resistance mechanisms for s'achlar wilt diseases; however, it
seems more likely that they result frOm weakening of the xylem vessel walls due to
enzymic a'ct,ion‘b‘y the pathogen and, hence, indicate host susceotibility'.83v84' .

Verticillium dahliae is the cause of a wilting disease in a wide variety of host

organisms, most severely in €éggplant, tomato, potato, and cotton and to a lesser-extent in -
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olive, rose Ameri-can elm, maplc sugar maple peanut, sesame pistachio, almond,
-grape, apricot, watcrmelon spearrmnt sumac pea mum, strawberry, sweet pepper,
canta]oupe, sugar,beet horseradrsh mint, soybean, and flax. Among 1solates of thlS
v spec:es there is consrderable vanatxon in morphology and pathogemc1ty Generally, the

pathogemcxty of 1solates of V. dahlzae is nonspecrflc although some isolates have
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restricted or umque host ranges. 85,86 Some species have been classrfred into races, race .

one and race two, dependmg on their pathogemclty 87 A much broader class1ﬁcat10n of

1solates of V dahlzae is based on heterokaryon lncompaublhty Vertzczllzum dahliae is an -

1mpcrfect fungus Strams of V dahliae may exchange genetic. information through ‘

heterokaryosm and parasexuallty As the fungus has no known sexual cycle these

processes r'x‘y be its only means of gene exchange If two 1solates can not form
'heterokaryons they are, in effect genetxcally isolated. Such isolates are vrewed as
belongmg to distinct 'populatlons termed vegetative compatlblhty groups, within the
specres Recently, 96 strains of V. dahllae isolated from\8 different host-plant specxes

(
in 15 countries were tested for the ab111ty to form heterokaryon with each other. 86 The

strams were classified mto vegetative compatlble groups. - Straing_within a vegetan .

.compatible group formed hgterokaryons with each other but not \yith'strains froma

different group. It is‘suggested that this species may be viewed in two waysﬁ as a-single-

populat_ion of strains that can readily alter their virulence patterns so that they may attack
 any host plant or‘ as a collection of morphologically similar strains that are p'artlt_loned into
‘a finite number of genetically' isolated groups each with specific virulence capabilities.
The data favor the latter view in that not every strain of V. dahlzae has the same potent1a1

| for virulence and host range. We were mmally working wrth aV. dahlzae strain 1solated
from tomato. This strain gave us problems in developing a reliable bloassay to follow

| . the antifungal activity of T. flavus against V. dahlide. After discovering O

ere is such

a diversity in the pathogenicity of strains of V. dahliae, we ob,tained‘a strain of V. dahliae
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isolated from eggplant with Which we were able t'o_'dcve_llop a reliable bioassay. to folléW

- the aﬁﬁfuhgal‘ activity; |
Five polyketidg mefabolitcs are rcportéd to haye been' isolated from V
dahliaé.88v89 These are (-) vermelone, (+) scytalone, cis-4-hydfo‘xyscytalonc,v juglone,

and flaviolin (Fig_uh: 19).

-

OH (o}

- (-) vermelone " o (+) scytalone

" juglone . ~ cis-4-hydroxyscytalone

OH O

flaviolin
Figure 19. Metabolites isolated from Verticillium dahliae

-
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In attempting to determine the mode of action of T. ﬂavds against V. dahlide a

plug to plug bioassay was pcrformed The two fungl are inoculated parallel to one

- another on the same platc ca. 5 cm apart. After ca. two weeks growth there i isa deflmte
area betwecn the fungi wh1ch shows no growth, howeyer, there are no obv_lous }mgns of
interhiingling or broken ﬁyohae Thus, there seems to be no antagonism of V. dahliae
by T. ﬂavus as such 19 Although the mechamsm of biological control of V. dahltae by
T. flavus is not clearly understood we engagcd in an mvestlgatmn of thc water soluble
‘metdbohtes of the T. ﬂavus fungal broth with the hope that one or more of thcm would

. possess the antxfungal act1v1ty displayed by T flavus.



V. RESULTS AND DISCUSSION - - 3
- Biological Activity and the Talaromyce's ﬂdv_us Broth

Talarompces ﬂauus proves to be a source of a number of organic secondary
metabolites as discussed in the first part of this thesis. lnterest in inves'tigating. the
: aqueous broth of T. ﬂavus arises from the report15 of utilizmg T. flavus as a biOlOgiCdl
control agent for Verticﬂlium wilt of eggplant a disease caused by the fungus V. dahlxae
Initially, a bioass-ay was developed to observe the antifungal activity of T. flavus against |

V. dahliae (Plate 1). This involves seeding an"agar plate with V. dahliae and then
-'injecting lQO},tL of the T. ﬂavus broth into a small stainless steel vessel pliced in the -
center of the plate This sample diffuses into the medium and after 7-10 days the
b1oassay results are noted. Ah mterestmg effect in the growth of V. dahllae is observed.
This fungus produces two types of spores; white conidial spores and black
chlamydospores. These black chlamydospores are par‘t‘of the_ microsclerotia and are the
| . means by which V. dahliae survivesin the soil. 'Ilie microsclerotia store‘man)i nutrients
" and, thus germmate easily. On the other hand, the white comdial spores do not survive
- as long as they store fewer nutrients. In this bioassay, a large zone of 1nh1bmon by the ~

T. flavus aqueous broth is observed toward the production of microsclerotia by V.
dahlzae (Plate 1). It seems that by controllmg V. dahliae mlcrosclerotia production T
ﬂavus controls Vert1c1111um wilt of eggplant |
‘A number of aqueous separation techniques were utilized in an atternpt to isolate
the metabolite(s) responsrble for this antlfungal activity. In all expenments this bioassay
proccdure described above was used to follow the biological actrv:ty One of the more
notable characteristxcs of the T flavus broth i is 1ts pH After four weeks growth the pH
of the broth 1s ca.2.5-3.0. Itis also found that this pH is obtamed after ca. five days :

" growth The initial pH is 5.8 at t = 0 days and after just five days, the pH has fallen L
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ﬂT.E QUALITY OF THIS MICROFICHE‘-

HEAVILY DEPENDENT UPON THE
QUALITY OF THE THESIS SUBMITTED
xFOR MICROFILMING.

UNFORTUNATELY, THE  COLOURED
ILLUSTRATIONS.. OF .THIS - THESIS
'CAN ONLY YIELD DIFFERENT TONES
OF GREY.

LA QUALITE DE CETTE MICROFICHE

DEPEND GRANDEMENT DE LA QUALITE DE LA

THESE SOUMISE AU HICROFILMAGE.
3 ' o

' MALHEUREUSEMENT, LES DIFFERENTES

ILLUSTRATIONS EN COULEURS DE CETTE

THESE NE PEUVENT  DONNER QUE DES
TEINTES DE GRIS..



- Plate 1. The antifungal bioassay. 'Talqromyces flavus versus Verticillium dahliae -

»
\
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ca.2.8. A pH study, in which the antifungal bioassay was pefforrhed atpH's 3,4, and

5, revealed that the clear zone in the center of the plate (Plate 1) decreased in size with
increasing pH; however at all three pH's the mlcrosclerotla did not form. Thinking that
~an acid may be responsible for this act1v1ty, a 5% calcium chlorrde solution was added to
a portion of the broth in an attempt to precrpltate oxalic acid. Th1s attempt failed. Ion
exchange chromatography was then performed usmg cation and anion exchange
columns. Attemptmg to trap the active component on the column and then wash it off or
have it pass straight through failed to. result in any punflcanon The act1v1ty}was lost as

the bloassay results were negatxve In an attempt to methylate the acid and, perhaps,

 render it water msoluble, a portion of the broth was treated with diazomethane. Again, -
this failed to produce positive results. Steam distillation was attempted in an effort to:

remove the active component if it were volatile.- This did not succeed as the fungal broth |

gave a poSitive bioassay 'result after ‘the‘dist'illation while the distillate showed no -

- inthibition of rmcrosclerotla productron A small sample -of the broth 'was passed through
small Sep-Pak cartndges (C18 and amino) to see if any separatlon could be achieved;
howeve_r,vthe activity was lost. Iron (II) sulfate and iron (III) nitrate were added

. =

. individually to see if there existed an active metabolite capable of chelation withhiron. No

- -chelate _eXtractedinto organic solvent and the fungal broth retained its activity. The' IH -

nmr spe‘ctrum (methanol’-d4-D20)--of~ the fungal brothv_consists of resonancesibet\ween 3

~and 5 ppm. Thls suggests that all of the components in the aqueous broth are sugar's' or

) ‘ related oxygenated co’mpounds Attempts to rernove the sugars by chromatOgraphy over

charcoal and Celite resulted in the. loss of blologrcal actlvrty Reverse phase .

chromatography showed some promrse initially; however no solvent system could be

found. whrch would glve both good chromatographlc separation and be miscible w1th the - |

~ aqueous broth. With this difficulty in contlnually losing the antifungal act1v1ty, a portion

of the broth was autoclaved to determine if a heat sensitive compound - an enzyme or a
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protein, for example - was responsible for this biological activity. Only aslight loss in |

" activity was observed. In addition a dialysis was performed with tubing'of molecular

werght cut off (MWCO) 1,000. After 24 hours the contents of the dlalysrs bag (thei

fungal broth) had lost its actrvrty, 1mply1ng that the molecular wetght of the actwe

compound(s) was less than 1 OOO Only chromatography over Sephadex G-50, elutmg :

14

with water, or B10-Ge1 P-2, elutmg with water-ethanol (90: 10) gave posmve broassay R

results. The latter active fractrons from the . column were pooled. Further

chromatography over Sephadex LH-20 resulted in loss of actrvrty. The active fractions,

~ from Sephadex G-50 (or Bio-Gel P-2) chromatographies were subjected to acetylation

: (acetlc anhydrrde/pyndme) This afforded two spots by tlc, whrch were ‘separated by |

flash chromatography The major fractron (ca 66%) appears to be from its ll-l nmr

spectrum a mixture of acetylated sugars; however the spectrum of the minor portion (ca.

33%) suggests that this fraction contams more than one compound Itis shown by gas

chromatographlc analysrs to be a mlxture of three compounds Gas chromatographlc

mass spectral separatlon shows: that these acetates’ have molecular weights of 226, 286, |

‘and 346 Desplte the fact that hydrolys1s of these acetates with potassium carbonate in

methanol or methylamme in methanol, reveals that none shows antlfungal actrvrty, their

1dentrﬁcatron was pursucd These three acetates appcar as one spot by tic; however with

repeated chromatography they are lsolated in pure form, The acetate 30 of the flrst .

B metabohte (29), has a molecular werght of 226 and a molecular formula of CloH]oO6, as

determmed by hrms This compound (30) isa dracetate, as evrdenced by 1ts loss of two

molecules of ketene (m/z 184 (66), 142 (lOO)) in'the mass spectrum The base peak at

-m/z 142 corresponds to the molecular formula of the alcohol 29, C¢HgOg4. The ir

‘spectrum of 30 shows acetate absorptions at 1780 and 1741 cm- ) Bands at 1656 and .

1585 cm'l are consistent wrth those of a y-pyrone.52 - ’I‘he uv spectrum of 30 (lmax 292

nm) is consistent with a y-pyrone chromophore.90 This absorptron band shows no
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nathochroxnia shift nn addi.tion of bas:‘..'_ The 1H nmr spectrum shows vinylic hydrogens
at 7.-06‘ and 6.24 ppm (each a doublet,‘ J=7.0Hz), an acetylated_ rnetnylcne group at 4.83

npm 'an'd acctatc methyl signals at 2. 30 and 2 12 ppm. The carbons 6f these acetates are -
~seen at 170 0 (s), 167.9 (s), 20.6 (q), and 20 4 (q) ppm in the 13C nmr spectrum, .
togcthcr with singlet carbons at 157.1, 155.6, and 137.0 ppm,. doublet carbons at 130.5
~and 103.8 ppm, and a m'cthylcnc carbon at 61. 3 ppm. These data are conmstent with the -
dlacctate of the y-pyrone, hydroxymethylmaltol (29). Compound 29 i is an 1somer of |

kopc acid, aknown antlblotlc produced by a varlety of mlcroorgamsms 9 Thc 1H and

29 " | igic acid

13C nmr assignments are shown in Figure 20. The'carbonyl carbon at 157.1 ppm shows
~along range three bond coupling (3Jcy) of 8 Hz thh the C-6 hydrogen at 7. 06 ppm.

ThlS agrccs w:th the size’ of the coupling constant expected for this system.92

4.83 . 155.6

Figure 20. The 1H and 13C \nmrassivg'nments for hydroxymethylmaltol diacetate (30)‘ .

. .
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The 1solauon of hydroxymcthylmaltol (29) (as 1ts acctate 30) is not surpmmg as thc :

medium on which the fungus grows'is a malt extract one.
The second of the three acetates 1solated isa triacetate (32) as acetate methyl
signals are seen in the 1H nmr spectrum at 2.25, 2.11, and 2.08 ppm, together with 13C

nmr signals at 170. 3 (s), 169. 6 (s), 168.0 (s) 20.6 (q) 20 5 (q), and 20.2 () ppm.

. One»acetate is lost as.acetic acid and the other two acetates as ketene to afford the base

peak at m/z 142.. The mass spectral fragmentatiOn is summarized in Scheme 23. The
» . . L

S 28600
-H,C: *C-0 / \3H3C02H
244.9) - w603y
mcc 0/ \H3C02H
202 (13) . i84(68)

H,CC=0

1420100 | 156 115)

Scheme 23. The mass spectral fragmentation of acetate 32

parent ion at m/z 286 corresponds to a moleculdr formula of C QHMOS. This is‘

confirmed by cims (304, M+ + 18, 100). The ir spectrum shows acetatc'éarbon'yl bands .

~at'1778 and 1750 qrp'}_,’togcther-with double bond absorptions at 1665, 1 655, and 1580

cml. The 'H nmr spectrum shews, in addition to the three acetate. r‘ncthzyl groups, the |

spin system illustrated in Figure 21. The 13C nmr spectlfum consists of six carbons, in
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6.43 +—— 5.61 =———= 4.75

Figure 21. The !H-TH couplings of acetate 32
addition to those of the acetates, at 157.1 (s), 139.8 (s), 125.9 (d), 77.9 (d), 64.3 (d),
and 62.0 (t) ppm. These data are conéistent_ with the five- and six-membercd ring enol, "

acetates shown below.

ascorbic acid

The.goupling Cbnétant_between"H-4 and H-5 is 55Hz In ascorbic acid and derivatives
_ of it, the coupling constant /bévtween H-4 and H-5 is 1.5 Hz.93 Thus, it seems that the
Six-mémbered fing structure is.more probable The proposed stfuéture for 32 is the
triacetate of 3- deoxy -threo-1,5- lact 2-ene-1-one (31). Although the stcreochsmlstry of
| compoun% 31 was not determined, 1t seems probable that it is denved from D-glucose as
: this sugar is a component of the medlum The 1H and 13C nmr. a351gnmcnts are shown

in Figure 2. . _ s



"' 13C

H L (13980
4.75° ‘ 125.9

Figure 22. The 'H and 13C nmr assignments for acetate 32

This unsaturated lactone (31) may form'by'dehydration:' of D-glucono-1,5-lactone

(Scheme 24).

-$lucono-1 ,5-lactone " . 31

Scheme 24. Possible pathway for the formation of c‘ompound K) B
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The origin of D-glucbnof},S-l'actoﬁc in the fuﬁ'gai broth is related to the isolation of the -

acetate 9 of metabolite 8. The spectral data of acetate 9 was familiar as thjc'lymydroxy'

'compound_ 8 was isolated from the fungal broth extract (.Part 1 ‘Qf this thesis).

Compound 9is 'thé tetraacctate of D;glucon071 ,4}1actope 8). As mentioned in the first

part of the thesis, D-g«lucono-l,4-1actohe (8) is one of the three most abundant

metabolites produced by the fungus. A clﬁe as to the mechanism of biological control of .

V. dahliaeAby T. flavus rests with metabolite ’8. Although 'thiS metabolite shows some

antibacterial activity (Table 27), it possesses no antifungal activity against V. dahliae. Tt
' . [
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D’-glucono-l ,451actone ‘(8)“‘

- . is one of two products produced in'the oxidation of D-glucose hy glucose oxidase The -
isolation ‘of this enzyme from T. flavus is reported94 this year ;IhlS enzyme 1s an
ox1doreductase oxrdrzmg D- glucose to D- glucomc acid.93 (Fxgure 23) Glucose omdase:
s hrghly specxfrc for B-D- glucose 96 Its anomer, o-D- _glucosé; is oxidized 150 tlmes
more slowly Although the kmetrcs and mechamsm of the action of glucose ox1dase have
been stu,d_red,97 no, report dlSCUSSCS the structure of the oxrdlzed product, other than to
‘mention th'at- it is the acid or one .o_fithe lacton.es.. The prirnary‘productsv of the oxidation of
an aldose could be the aldonic,acid, the Y- or the 8-lactone.36; These are intkrconuerted _
fairly-,.readi_l_y in-aqueous sOlution and the proportionsof e‘ach depend on th;e‘ pH. The &-
lafctone:has b"een"shown by means of optical rotationstudies to be the pr’edominate. -
kmetrcally controlled product of the ox1dat10n of both forms of glucose Hydrolysxs of -
the 5-lactone followed by relactomzatxon affords the thermodynarnlcally more stable y— _
lactone (8) The greater rate of hydrolysrs of the 8- lactone compared to the 'y-lactone 1s
usually ascribed to relief of the unfavorable echpsmg mteractron between the carbonyl o

', 'gmup:and the equatonal substxtuent. atC-2 &n goinggo the transition st_ate. -

‘ib n




CHO CO.H
—OH o - —OH
HO— ~ glucose oxidase - © HO— - : :
+ H20 + 02 — ‘k + H202
——OH g o —OH .
—OH ' b—oH
L—OH L OH
D-glucose - ' " | ' D glucomc acrd

N

D¥glucono- 1 ',S-J@ctone : ‘ D-glucono- 1 ,4-1aetone ®

Figure 23. Oxidation of D-glucose by glueose oxidase
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* D-Glucono-1,5-lactone was not itself isolated from the broth; however, it may have been

the major product of the oxidation reaction which then undergoes either dehydratiori to

‘ .compound 31 pr hydroly51s to the thermodynamically more stab]e‘)8 9 y—lactone (8).

The other product of thrs enzyme oxrdatron 1s hydrogen pcrox1de Thrs pcroxlde

inhibits rrucrosclerotla productlon by V. .dahliae as 111ustrated in Plate 2. This photogrdph R

shows three dlfferent concentrations of hydrogen peroxide, 2.7, 3.6, and 7.5 pL./mL.

ﬁps the concentratron of peroxide is increaséd, mrcrosclerotra productlon_ by V. dahliae is

reduced. The plate in the top left hand corner shows that microsclerotia production is. -



Plate 2. Thcréffcct of-hydrogéri peroxide on Verticillium dahliae chlamydjospOre
| tion: [HOp] a) 2.7 pL/mL, b) 3.6 uL/mL, ¢) 7.5 pL/mL; d)

P

pr

Talaromyces flavus broth + catalase
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restored after catalase100 has been added to the broth ThlS enzyme breaks down

: hydrogen peroxide accordmg to the equat]on illustrated i in Figure 24.

»

2‘H202 Catalasc ' - 2 Hzo + -'02

Figure 24.. Action of catalase -

"Paper chromatography was utrhzed in an attempt to detect hydrogen. peroxide i in the broth
by spraying with a ferrous cyanate reagent 101,102 “however, no colorauon was observed

As it has been reported that the concentratlon of peroxrde in the T ﬂavu.s broth is low
(12ug/mL),94 a more sensrtrve test for detecting hydrogen peroxide was employed.103
,This tes't determines th.e concentration of a peroxide solution and is ‘based upon't,he
 reaction illustrated in Fi"gure 25. The first reaction qY) 1s <atalyzed by ho'rseradish

peroxrdase (HRP) 100 In the presence of excess 1od1de the iodine formed i m (l) reacts

H,0;, + 2H' + 2T - horseradish s j2 H,0 ('1,)
peroxidase (HRP) '
' - in‘excess iodide -
L+T —= L' (2 ,,
trifodide fon €353 = 2.55 x 10° M e’
Figure 25. The triiodide ion peroxide assay.

Y

with iodide and exists in equilibrium with the triiodide ion (2). This ion has.an extinction

_ coefficient (e) at 353 nm 6f 2.55 x 104 M-leril. The change in absorbance at 353 nm.'is

| measured after completlon of the reﬁnon and from this, the concentrat:on of peroxlde
,may be obtamed This expenment was performed using a | pL sample of the fungal . _
broth,-however_}, a very small change i m the absorbance at._‘3_53 nm was seen. A 100 mL

~ Co T e
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aquuot of the broth ([lL] concentrated from the 10L batch géwn) was ooncentrated to 10
mL The enzyme assay resulted in a AA3s3 = 0. 0357 (see Appendix). Iti is known for -
this procedure that 0.1 M hydrogen peroxrde gives AA3s3 = 0.255.104 From this, it is
determined that the 'concentration of hydrogen peroxide in' the broth per litre is ca‘ 50 mg
or 50 pg/mL. The concentratrons of hydrogen peroxide utilized in the bioassay to see -
inhibition of the growth of microsclerotia (Plate 1) are in the range of 100-120 ug/mL\
Thisis a. hlgher coneentratrqp than that determmed from the ultravrolet study; however
-th_e la_tter, was performed a few months after_ the former. Perhaps some. of the hydrogen '
peroxide had decomposed Although 'this“ultraviolet experiment for determining the .
‘concentration of a peroxtde is not specrﬁc for hydrogen peroxlde the fact that addmon of
catalase to the fungal broth destroys the mhxbltory effect T flavus has on the producuon
~of mrcrosclerotra by V. dahlzae strongly supports the proposal that hydrogen peroxrde is
. the. causauve agent of the antlfungal actmty Tert-butylhydroperoxrde was also tested for
antrfungal actwnty, however it displayed little mhlbrtlon of rmcrosclerotra productlon by _‘ '
V. dahltae | » _
If the concentratron of hydrogen peroxrde in the broth is as low as 50 pg/mL |
' there could be more than 2.5 g of OdeIZCd glucose products (acid and lactone) produced 'f'
Only.ca 200 mg of the lactone (8) was 1solated however thrs does not represent the
maximum amount of 8 that may have been produced Although the proportion of acrd d- |
lactone y—lactone in the fungal broth i is not known, there may be a significant proportron
- of acid (pKa 3. 81) present whrch contnbutes to the acrdrc pH of the broth.
K _ Talaromyces flavus and V dahlzae are sorl fung1 and the antrfungal act1v1ty '

A

_ between them occurs in the sorl -Our studies, Wthh mvolve growmg T. ﬂavus in st111~
..

ulture and utilmng the broassay developed for use on an agar plate, would appear to . ,‘

imic nature well,
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‘Biosynthetic Studies of Talaromyces flavus Metabolites

As discussed. in Part 1 of this thesis, a few of the metabolites isolated'fro'ml,T.

. flavus, previously unreported from nature, ‘were thought to -be biosjnthetically

interesting The metabolites from the broth extract whose biosyntheses we were most

interested in studymg are 4,6- dihydroxy -5- methylphthahde (10). 4 carboxy -5-
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hydroxyphthalaldehydxc acid methyl ester (15) and the spiro metabolite, talaroflavdnc ’

23). These three metabohtes along with the remainder of those rsolated from T. ﬂavu\ g

have a polyketrde brogenesrs and, thus, [1-13C] labelled sodium acetate was chosen as

 the precursor for the biosynthetic studies. This precursor was fed to the fungus after 9,

16, and 23 days growth and the.fungus‘was harvested after 30 days. [1-13C] Labelled

sodium acetate was fed in 3-10.0 mmol batches (1 .0 mmol/L fungus). The advantage of -

multiple over single-dose feeding lies in the opportunity it affords to maintain a steady

precursor concentration whlle avordmg the toxic effects due to excesswely hlgh.

‘concentrations.105

In order to follow the labelling pattern of 13C enriched metabolites, it is first

necessary to assign the chemical shifts of the carbons in the 13C nmr spectrum to the

4

- 4,6- dihydroxy 5 methylphthahde (10) was discussed in Part 1 of the thesrs Table 24

: deplcts the 13C nmr assrgnment for this metabohte ( 10)

"The b105ynthesrs of phthalide r'netabohtes is 1nteresting as two phthalide

: carbons of the metabolite The assignment of the chemical shifts of the carbon atoms of .

» backbones are known in nature one m which the hydroxyl group is peri- to the carbonyl : -

and the other in which the aromatic hydrogen is peri- to the carbonyl Representatlve ‘

- examples of the two regroisomenc groups are 111ustrated in Frgure 26. The brogenems of
both regioisomers may be envrsaged by cychzation of a tetrakctlde precursor and

) methylatron by S-adenosylmethionine (SAM) to,_afford the known metabolite, 3-methyl-



Table 24. The 13C nmr assignment of 4,6-di'hydroxy-5-methylphthalide'(.10_)

dc (ppm, methanol-d4)

C o 1742
3 67
CCac - 1263°
c4 o 151.5
Cc-s 1205
c6 159.1
c1 1021
CTa 1247
C-5 CH:; o 92

' orselhmc ac1d106 107 (Scheme 25). Oxrdatwn of the methyl group (left path) affords the
: hydroxy acid, Wthh may then cychze to 5,7- dlhydroxy -6- methylphthahde a known
' natural product 4s, 103 and other métabolites ‘with this phthalide backbone like nidulol

- (Frgure 26). 5 7- thydroxy—4 -methylphthalide (Figure 26) possesses. the same backbone

the other hand formatxon of the phthahde 10 1solated from T ﬂavus and 1ts Q

e methylated dcrrvatlves (Figure 26), is more 1nterestmg as it seems to- mvolve a reductlon

of the acxd moxety, in addmon to the oxrdatlon of the methy!l group This reduction of the

1mphcated asa precursor in the formation of metabohte 15. Reductmn of the aldehyde to

the alcohol and lactonization affords the regtolsomer 4,6-drhydroxy-S-methylphthahde

. 125 .

as its 1somer the 6—methyl metabohte however, it is methylated ata dlfferent carbon. On ‘

' acrd is a transformatron not commonly encountered in the brosynthe51s of polyketldes o
Possrble mtermedlates of drffermg oxrdatron states -along the pathway include 3,5- -

‘drhydroxy 4-methylphthalaldehydlc acid, a known natural product 60 whxch has been 1



| HsC HaC

HO HO |
o o ‘ o o) |
5,7-dihydroxy-6-methylphthalide  46-dihvdroxv-SmethyIohthalid 1) -
' ! 4,6-dihydroxy-5-me alide :
Alectosta nigr’icanslos . y y y'p »

. - l N . . X . -
Aspergillus duricaulis® Té aromy ’ce':‘s‘ﬂ»avus

4—hydroxy -6- methoxy -5- methylphthahdc
o - : ' , Aspergzllus duncaulzs
5-hydroxy-7-methoxy-6-methylphthalide

, (nidulol) |
Aspergzllus s11vatlcus47
Aspergtllus durzcaulzs

O
6 hydroxy 4-methoxy-5- mcthylphthdhdc

) < - .. (silvaticol) -

Aspergillus silvaticus®’ "

CH;

' 5,7-dihydroxy-4-methylphthalide - ,
Aspergillus ﬂaw_tslo9 ' ' 7 0
' o ' “ 4 6-d1mcthoxy -5- met.hylphthahde

(Q methylsﬂvatlco])

Aspergillus s:lvattcu.s*“7

Flgure 26. Examples of the two reglolsomenc phthalide backboncs
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T ‘5c1 CH.CONa
H;COxNa

i OH
HyCl Co.H
———————- | '
- HO” CH;
‘tctraketideb, o ) * 3-methylorsellinic acid -
| 1
OH OH
“HiC cHO HsC CHO

HO” COH H

3,5-dihydroxy-4-methyl-
phthalaldehydic acid

- 5,7-dih -6-methylphthalide SR o
3,7-dihydroxy-6-methylp e o 4:6-dihydroxy-5-methylphthalide (10)

Alectoria nigricans
: Talaromyces flavus -

Aspergillus duricaulis® -

.- Scheme 25. Propbséd biosynthetic pathway to the regioiSOme;iq phthalide skeletons



(10). Another possible intermediate is the dialdehyde sbown' which by means of a

b1010g1ca1 Canmzzaro reactlon would result in the regioselective formation of the ndtural

product 10. This reaction is known for thc mono-Q- methyl denvatwe quadrrlmeatm a

' natural product from Aspergillus quadrilineatus!10 (Figure 27).

 OCH;

* ,CHO
dilute NaOH
CHO
quadrilineatin o _ 6—hydroxy—4—methoxy-5-me_thylphthalide
z‘lspergt"llu.'s'quad‘rili'neatus_l.10 - - (silvaticol) -

Aspergillus silvaticus®’

Figure 27. Cannizzaro reaction of quadrilineatin

Treatment of quadrilineatin with dilute sodlum hydroxide affords, exclusively, 6-

- hydrox’y-4-methoxy-5-rnethylphthalide, a metabolite isolated from A. silvati?us47 and

. given the name silVaticol
Feedmg [1- 13C] labelled sodium acetate labels the tetraketide as shown in Scheme
25. Its mcorporat1on mto 3- methylorselhmc ac1d is at the four centers depicted. If the
: ox1dat10n-reductlon sequence of the methy.l and acid groups, respectwely, is occurring,
' then the methylene 'carbon of 10 "whi'c'h arises frorn C-1 'of' acetate, shoul ‘e'labelled,
wh1le the carbonyl carbon, ongmatlng from C 2, should not show enrich nt Figure
28 shows the results of this labellmg study The 13C nmr spectrurpof the vl.abelled

phthallde compared to that at natural abundance shows label has bgen incorporated at four

carbons. These enhanced 31gnals include the phenolrc carbons at 159.1 and 151. 5 ppm,

. the quatemary ring junction carbon at 124. 7 ppm, and an intense signal for the methylene

carbon at 69.7 ppm. These are the four carbons that are expected to have incorporated



129

,[1'-,13C]_ |

“natural abundance

ol | BT [N | I NN [ S
200 175 150 125 100 75 S0 25 0
pPPpMm

™

.Fxgun: 28 [1 13C] CH3COzNa labclhng study of 4 6-d1hydroxy-5 methylphthahdc (10)
| (broadband decoupled, rncthanol d4)
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[l 13C] labelled sodlum acetate if this brosynthetxc pathway is correct. The mcorpordtlon
of labelled acetate into lO is ca. 6%. In addmon to the intense methylene slgnal the
carbonyl carbon at 174.2 ppm shows no enhancement 1‘: the labelled spectrum, thus
confirming both its ongm from C-2 of acetate as well as this unusual oxtdatton-reduction‘

sequence along the pathway to 4 6-dihydroxy-5-methylphthalide ("l 0).

Not only have metabolites constructed from the two phthahde backbones been

I

isolated from nature but compounds havmg the two different backbones have been .

- 1solated from the same source. Nidulol (5-h_ydroxy-7-methoxy-6-methylphtha]1de).
‘silvaticol (6-hydroxy-4-methoxy-5-rnethylphthalide), and Q—methyleilv‘aticol .(4 6-
dlmethoxy 5 methylphthahde) (Figure 26) are reported from A. szlvatzcus 47 9uggestmg

that some orgamsms have the capabrllty to produce metabohteq constructed from etther

phthalide backbone :' g o °.

- As discussed i in the brosynthesrs of 4 6- dlhydroxy 5- methy]phthahde (10), one.

of the possxble mtermedrates along the pathway is 3 5-dihydroxy-4- methy]phthal-
aldehydic acid. This natural product may form by oxrdatlon of the methyl group and’
reducuon of the acid moiety of 3- methylorselhmc acid. {1- 3¢ Labelled sodium acetate

would be mcorporated at four centers as shown in Scheme 26. The pathway from the

acid to the proposed structure of metabolite 15 mvolves an-oxidation of the -methyl-

- group, methylation of the acid to afford the e‘sterv, and a reduction of the hydroxyl bearing”

carbon, C-3. This reduction may oécur before aromatization as this reaction would bé-

chemically easier. The 13C nmr.assignrnents for ,metabolite 15 are shown in Table 25.

-~

The 13C nmr spectrum of the labelled metabolite compared to that at natural abundance

shows label has been incorporated at four carbons (Figure 29). These enhanced Silgnals .

include the ‘aldehyde carbon at 196.6 ppm, a downfield carbon at 166.3 ppm, a

quaternary carbon at136.8 ppm, and an aromatic methme at 103:9 ppm. The enrichment

' level is ca. 6%. The enriched carbons are consistent with those expected to be labelled if

2



[1-'3C] CH;CO,Na  *

. . : »
~ tetraketide - a . 3-methylorsellinic acid

- ~COH

.
CHO =

| | cocH,
4-carboxy-5-hydroxyphthalaldehydic acid metﬁyl ester (15)

~ Scheme 26. Proposed biosynthetic pe_lthWay to metabolite 15

€
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Table 25 Qhe 3¢ nmr assignment of 4—carboxy -5- hydroxyphthdlaldehydlc

~ acid methyl ester (15)

¢ (ppm, methanol-dyg)

. C1 136.8 |

c2 - 1146
s 3 1039
C4-. 1227 y
o cos 1663
o6 1024 s
CO.CH;3 160.1
CONCH; 564
CHO 1966'
COH . 1694
]\‘ .

' metabolite_ 15 alrises .from-the‘prec‘urspr acid as illustrated in Scherpe 26. The hydroxyl
carbdﬁ has been assigned as the signal at 166.3 ppm on the basis of it being enriched ts
calculated shift is 162 5ppm.: Asa result the ester carbonyl unlabel]ed cmd ansmg from

| ‘C-2 of acetate, is ass1gned as 160 1 ppm The C- 3 methme carbon shows mcorpordtlon '

@f [1 13C] labelled acetate It must arise from a carbon ‘which, along the pathWay, bore

%%,yé me type of oxygen, functlonahty. This supports the proposal that there has .been a
uctlon along the route. Although it is not p0351b1e to be completely confident of the .
sﬁ‘ucture and blosynthesm of metabollte 15, it seems to be related to 3 5 dlhydroxy -4-
methylphthalaldehy;c acid, a me;abolxte tied in to the blos»ynthesxs pf 4,6—d1hydroxy-5¢
methylphthalide klO). Itis interesting to note thaltt;fhe fnetllyl ‘est'er of 'tln: acid, as we‘ll as

metabolite 10, are reported to promote the root growth of Chinese cabbage seedlings at |
. , ‘ . . '
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~ Figure 29.. [1-137 CH3CO;Na labelling study of metabolite (15)

_ (broadband decoupled, methanol-dy)



concentranons of 50 ppm however, the acid 1tself shows no acnvny in this regard 60

" The ongm of the structurally and blosynthetlcally mterestmg spiro metabohtc

talaroflavone (23), arises from a hlgher order polyketxde, a heptaketide. As dxscussed in

~the first part' of the thesis, talaroflavone (23) is fhought to originate from 'ihe'éame

134.

heptaketlde blphenyl derlvatlve as that Wthh gwes rise to altenusm (18),

dehydroaltenusm (19), and desmethyldehydroaltenusm (21) Feedmg [1- 1:“Cl labelled .

. sodium acetate to T. ﬂavus results in the mcorporauon of label at six carbon centers of

23. Companson of the 1nten51ty of the s1gnals in the 1abelled spectrum w1th those at

natural abundance (Figure 30) 1nd1cates that the six labelled carbons are the ones furthe.stv '

_downf1e1d at 202.0, 171. 4,170.2, 168. 5 159.9, and 150. 8 ppm. " The enrichment level
is ca 2.5%. The 13C nmr a351gnment for talaroﬂavone (23) is shown in the flgure
Although Table 26 1nd1catesvthat some carbon assignments may be interchanged (C-l

(170.2) with'C-5 (168.5) and C-2' (171.4)) and (C-4-(103.5) with C-6 (101.0)), this is

of no consequence as the former three eaiﬁbons- arg-all labelled and the latter two carbons

are not labelled. A biosynthetic ’pathway‘ which 'acco_unts for the six most downfield

carbons being labelled, as well as tbe bond joining the two unlabelled centers, C-3 and C-

5, ongmatmg from the heptaketlde b1phenyl derlvatwe seen before is illustrated in

Scheme 27. Oxidation of this b1pheny1 1ntermed1ate affords the dlhydroarene oxlde
shown, whose mtermed1acy in the enzymeacatalyzed hydroxylation of arenes is
known.111 Hydrolysis of the ketone, tautomerization of the enol, and oxidation of the

benzylic alcohol provides the keto acid. Cyclization of an anion generated - to the acid,

followed by decarboxylation, provides the\Q)'clopentadiene den'vative Lactonization and

: oxldatlon at the carbon - to the ketone, probably via the enol affords talaroﬂavone
‘hrt.a
%

@». R
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Table 26. 13C nmr assignment of talaroflavone (23)

o

5

tcHemical shift (ppm, multiplicity)

C-1-
3 (C-1Y,
Ca
ca
o C6

cT.

.CTa
c-2'
C-3' -
C-4"
c-§'
CHj3 “
OCH3

1

L

17'9.2a (s)
94".2 (s)

1508 (s).
103.5 (d)
168.53 (s)v‘
- 101,00 (d)
. 159.9 (s)
106.5 (s)

171.43 (s)

131.4@d)
‘_202'.()‘(5) |

79.7 (d)
13.4 () -

a,b - assignments may be 4interchange3'a
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7

1. cyclize s

[}
2. -CO,

.
HsC COzH OH

,1. cyciize

- 2.0}

HO

OCH3 .

talaroflavone (23)

Scheme 27. Proposed biosj‘mthetic pathway to talaroflavone (23)



VI. EXPERIMENTAL

Unless otherwrse stated the followmg partrculars apply All solvents were
?

’ 7& %istilled prior to use. Pyrldme was dlStllled from CaHz and stored over KOH

An“alytical thin layer chromatography‘(tlc) was carried out on alummum,sheets precoated.

0.2 rnrn) m silica gel 60 F-254 (E Merck Darmstadt) Materials were detected by

visualization under an ultravxolet (uv) lamp (254 or 350 nm), or by spraying Wlth a
solution of phosphomolybdrc acid (5%) contammg a trace of ceric sulfate in aqueous

sulfurrc ac1d (5%, vIv), or a solution of anisaldehyde (2%) in aqueous sulfuric acnd

(10%, v/v), followed by chamng on a hot plate. ‘Flash coliumn chromatography8! was.

performed w1th Merck Srhca Gel 60 (40 63 um). High resolution mass spectra (hrms) |

were recorded on an A E.L MS- 50 mass spectrometer coupled to a Nova 4 computer ‘

, 'Chemlcal ionization mass spectra (mms) were recorded on an A.E.l. MS 12 mass

)

spectrometer Ammonla was used as the reagent gas Data are reported as m/z (relatrve

1ntens1ty) Unless dragnostrcally srgmﬁcant peaks with mtensmes less than 10% of the

-base peak are om1tted Fourier transform infrared (ftir) spectra were recordcd as CH,Clp

or CH3COCH3 casts-on a Nicolet 7199 FI‘ interferometer. Ul-trawolet (uv) spectra were

obtamed ona Hewlett Packard 8450A Diode Array spectrophotometer 1H nuclear

% &

’ miggggfc resonance (1H nmr) spectra were measured on a Bruker WH 400 or AM-400
© spectrometer with an Aspect 2000 or 3000 computer system Residual CHC13 in CDC13 -
or CHD20D in CD3OD ‘was employed as the 1nternal standard (assi gnedas 7.26 and- .

3.30 ppm, re‘spectively', downfield from tetramethylsilane (TMS)). Measurements are
reported in pprn'downfield from TMS (). 13C nuclear magnetic resonance (13C nmr)
spectra were measured on a Bruker WH-400 or AM-400 spcctrometer CDCl3 was

employed as the mtemal standard (assigned as 77.0 ppm, downfield from TMS (&)

" Gas chromatograms (gc) were obtamed from a Hewlett Packard 5750 gas chromatograph

138
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equrpped with an OV- 17 Chrdfnssorb W/80-100 mesh column (6' x 3/ 16") The 1nJector
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and detector temperatures were 250°C and the column was *ated to150°C. Hehum was

used as the carrier gas Gas chromatography mass spetw'ometry (gc-ms) data were

obtamed from a Varian 1400, gas chromatogram linked with an A.E.L MS 12 mass’

‘spectrometer Detection was ddone by chemical ionization using ammonia as the carrier
a r.l. ¥ J @,

_gas The gas chromatogram was equrpped with a 30m Supelco SPB 5 column. The

- column temperature was 50°C initially and then raised 10°C/mm to 250°C Melting

points were recorded ona Flsher-Johns or Lertz-Wetzlar meltmg point apparatus and are
uncorrected ) |

Sephadex G 50 and LH 20 gels were obtained from Pharmac1a Fine Chermcals
Uppsala, Sweden.: Bro Gel P-2 (100- 200 mesh’ (wet), exclusron hmrt 1800 daltons) was

obtamed from Bio-Rad Laboratorres chhmond California. Sep- Paks Cisg and ammo)' o

were obtained fromv_‘Waters Associates, Mllford, Massachusetts. Reverse phase thin
layer chromatography'-’(*tl'e) plates were obtained frot#hatman Ltd. (MKCgF Reversed
Phase TLC Plates, 200 p thickness). _C-”1‘8 reverse phase flash silica gel was obtained

from Toronto Research Chemicals Inc., Downsview, Ontario. The cation- exchange resin

used’ was AGC 244 (Iomc Form H, Baker strong ac1d sulfonated polystyrene 10% ,

’crosslmkmg, 30-80 mesh) and the amon exchange resin was Dowex-3 (weak base

pnmary and secondary amine, 20-50 mesh) Dlalyses were performed w1th Spectrapor 6 .-: |

dralysrs tubmg (MWCO 1 OOO flat width 18 mm, diameter 11 5 mm) Sodium acetate
11- 13C] (91 8 atom % 13C) was obtamed from MSD Isotopes

Growth of Talaromyces flavus and Isolation of the Aqueous Y

‘Metabolites

Th!aromyCes Sflavus (ATCC 52201; UAMH 4890) was grOWn in liquid still



4 ~ Talaromyces flavus aqueous broth .
'Sephafcx G-50/H,0 ™
/o or .
- . . A ‘
i Bio-Gel P-2 / H;O-EtOH 90:10
. -pogl active fracn@'
v | DAORY
- 2) flash chromatography
i} . - dichloromethane-methanol 99:1
ge-ms b
(33%)
Y acetylated sugars.(66%)
29,30 31,32 8,9
mol wt. 226 286 346

B

Scheme 28. Tsolation of metabolites from Talaromyces flavus agueous broth

>
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culture in 10 L batchcs at room temperature as reported in, the Experlmental section of

Part 1 of this series. After four weeks the mycelium was separated from the culture

« ,broth by filtration through cheesecloth The broth wt concentrated in vacuo to ca. one

:z

o htre and conti sly extracted with ethyl acetate fox 48 hours. The fungal broth was

' concentrated to & sy@p and, pa d

ora c&mmn of Bio-Gel P- 2 el'ut g A ' eri9.§'ethanol (90 10) "The active

fractions were pookd and freeze dm.ed The freez

. acetylation (acetlc anhydnde pyndme) and then purlﬁed.byaﬂash chromatography, elutmg

d gyrup bjected to

141

eolum . ephadex G-50, eluting with water,

w1th drchloromethane methanol (99 1) A clear colorless oil (150 mg, 33%) appeared to .

‘be one spot by tlc; however, g&ﬁts ana1y51s showed that there were three‘ compounds

: _present whose separation was possrble with repeated chromatography (Scheme 28).

, : o K )
Hydroxymethylmaitol 29)

A portion of the active aqueous broth was freeze-dried and then allowed to stand

with acetic anhydnde (1.0 mL, 10. 6 mmol) and pyndme (1.0 mL, 12.4 mmol) at room

temperature for 24 hours The reaction mixture was taken up in ethyl acetate (10.0 mL)

and toluene (5.0 mL) and the solvents were removed under reduced pressure to afforda '

dark brown oil. This oil was purified by flash chromatography, .eluting with

* dichloromethane-methanol (99 1).  This procedure was repeated and afforded the

dlacetate of hydroxymethylmaltol (29) as a clear, colarless oil (30 0. 6 mg) tlc: Rf=

0.21 (dichloromethane- methanol 99:1); uv (methanol, i 0 mg/ 100mL) Kmax nm (log £):

292 (3.92); ir (CH2Cl2 cast) Vmax cm-l: 1780 (m), 1741, 165_6, 1585, 1370, 1222,

1195, 1175, 1101, 1065, 882, 759; 'H nmr (CDCl3, 400 MHz): $7.06 (1H, d, J=7.0 .-

~ Hz, H-6), 624 (1H, d, J=7.0 Hz, H-5), 4.83 (2H S, CI:LzOCOCH;;), 2 30 (3H, s, C-3
OCOCH3), 2.12 (3H s, C-2 OCOCH;;) 13C nmr (CDCl3, 100 MHz): & 1700 G, |

g
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OCOCH3), 167.9 (s, OQOC_H3), 157.i (s, C-4), 155;6 (s, C-2), 137.0 (s, C-3), 130.5 .

(d, C-6), 103.8 (d, C-5), 61.3 (t,’CHz), 20.6 (q, OCOCH3), ‘20.4 (q, QCOQH3); hrms |

m/z (reiétive inténsity %) calc. for Cy1oH1006 (M*): 526.0477; fouha:‘ ‘226.(‘5 (1’4).
184 (66), 142 (100), 114 (4); 96 (26). |

3-Deoxy-ihreo- 1,5-lact-2-ene-1-one (31)

A porﬁ:)n of thé acf{ve aqueoué broth was freeze-‘dlri‘ed and then allov;/ed to stand
with acetic anhydride (1.0 mL, 10.6 mmol) and pyridine (1.0 mL, 12.4 mmol) at foom
o temperature far 24 hours. 'fhc reaction mixture was taken u'p‘in ethyl acetate (10.0 mL)

- and toluene (5.0 mL) and the solvents were rembved pnder reduced pressure to afford a |
~ dark brown oil. This oil was purified by ﬂagh- chromatography,vclut;ng with
dichloromethané-methanol (99:14). This procedure was repeated an'd"affordcd the ¢
triacetate of 3-d_§o \ -thfeo-l,S-lact-.Z-enef l1-one (31) :is a clear, cOlor’lcﬁgs oil (32, 0.6
" mg), tle: Rf= 0.21 (%ibhloromethané-méthanol 99:1);'ir (CH,Cly cast) vma;{_cm'lz‘ 1778, .
1750, 1665, 1655, 1580, 1425, 1372, 1227, 1198, 1136, 1047; 'H nmr (CDCl3, 400
. MHz): 8643 (1H, d, 1=4.0 Hz, H-3), 5.6 (1H, dd, J=4.0, 5.5 Hz, H-4), 475 (1H,
dt, J= 5.5, 4.5 Hz, H-5), 4.38 (1H, dd; J=4.5, 12.5 Hz, H-6), 4.29 (1H, dd, J=4.5,
12.5 Hz, H-6), 225 (3H, s, OCOCHs3), 2.1 (3H, 5, OCOCH3), 2.08 GH, s,
OCOCHS3); 13C nmr (CDCl3, 100 MHz)ﬁ 8:170.3 (s, OCOCH3), 169.6 (s, OCOCH3),
| 168.0 (s, ..OQOCH3), 157.1 (s, C-1), 139.8 (s, C-2), 125.9 (d, C~3), ;17.9 (d, C;S),
64.3 (d, C-4), 62.6 (t, C-6), 20.6 (q, OCOQH3)?; 20.5 (q, O(;OQH;), 20.2 (q, '
OCOCH3); hrms m/z (relative iﬁtensity %) calc. for C12H1408 (M*): 286.0688; found:
286.0694 (0.1), 244 (9), 226 (13), 202 (13), 184 (68), i56\(15), 142 (100); cirs
(NHz): 304 M+ + 18, 100). / -

3
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D-Glucono-1 ,4-1actone (8)
. "3&-
A pomOn of the actlve aqueous broth was ‘freeze dried and then allowed to stand o
wrth acetic anhydnde (1. 0 mL 10.6 mmol) and pyridine (1.0 mL, 12.4 mmol) at room
temperature for 24 hours. The re‘actlon mixture was taken up in ethyl acetate (10.0 mL)
~ and toluene (5.0 mL) and the solvents were removed under reduced pressure to afford a
dark brown &il. This oil was puzified by flash chromatography, eluting with
dicltloromethane-rneth/anol (99:1). This pracedure was .ﬁre'peat_ed and afforded the
tetraacetate of D-glucono--l ,_4—1actone 8) as a clear, coloriess oil (9, 25.7 rxtg), tle: Rg= 7 &
| 0.21 (dichloromcthane-methanoll 99:1); [a]lp ;590 (c 1 0, acetorre)' (+60.3° (acetone), ' |
1it.38); ir (acetonc cast) Vimax CM° 1. 1806 1751 1373 1224 1194, 1067, 1046 1H nmr
- -(CDCl3, 400 MHz): § 5.62 (1H, dd J 3.0,55 Hz H3) 5.35 (lH ddd J=3.0, 5.0,

8.0 Hz, H—S), 5.23 (1H, d, J=3.0 Hz, H-2), 4. 96»(1H dd, J—5 5 8.0 Hz, H-4), 4.58

\(IH dd, J=3.0, 12.0 Hz, H-6), 415 (1H, dd, J=5.0, 120Hz H6), 219 (3H, s‘
OCOCHy), 2. 12 (3H, s, OCOCH3), 2.10 (3H, s, OCOCH3), 2.05 (3H, s, OCOC_3),\ |
13C nmr (CDC13, 100 MHz). S 170.3 (s), 169.3 (s), 169.1 (s), 169.0 (s), 168.7 (s),
76.9 (d), 72.0 (d), 71.0 (@), 67.6 (@), 62.1 ), 20 6 (2C q), 20.4 (q), 20.2 (q); hrms
m/z. (rclatlve 1ntens1ty %) calc. for C14H18010 M+): 346 9899 found: M* not detected
226 (15), 184 (100), 142 (90) 100 (76) cims (NH3) 364 M+ + 18 100)

Biosynthetic Studies of Metabolites Produced by Talaromyces

flavus
Incorporation of [1-13C] labélled acetate ' o )

Talaromyces flavus was groWn- in liquid still culture on sterile malt extract

"madium in ten 2 L Fernbach flasks (1' L of me?dium' per flask) as deécribed in the



N

Experixﬁental section of Part 1 of this series. After nine Qays growth, a sterile solution of

‘sodlum [1- 13C] acetate (0.082 g, 1.0 mmol) in dlStﬂlCd water (5 0 mL) was mjectcd into

each ﬂask Aftera further 7 and then 14 days an additional 1 O mmol of labelled acetate

was injected into each ﬂask After a total of four weeks growth ‘the. mycelium was

, 5,
removed by filtration through cheesecloth, washed 'w1th methanol, and air dried. The

fungal broth was concentratéd in vacuo to ca. 1 L and subjected to c"o"ntinuous extraction

with ethyl acetate for-48 hours. The crude extract was evaporated to dryness in vacuo

~ and then dissolved in a water-methanol 'soluti_on (85:15, 100 mL). This solution was
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extrac‘ied with n-hexéme (3 x 100 mL) and then dichloromethane (3 x 100 mL). The

organic extracts were dried pver anhydrous sodium sulfate,’ flltered and the sok/\nts -

were removed under reduced pressure The crude dlchloromethane extract (ca. 1 g) was

separated by flash c'hrornatpgraphy over 's111ca gel, eluting. with dichloromethane-

metharioi (97:3). The fractions were further purified as indicated for the individual

components, 4,6—dihydroxy-5-methylphthalide (10), 4-carboxy-5-hydroxyphthalalde-
- hydic acid methyl ester (15}, and talaroflavone (23).

K

[1-13C] Acetate Labelled Metabolites

. 4,6- Dlhydroxy -5- methylphthalxde (10) (4 6 Dlhydroxy -5- methyl 1- (3H)-

M;sobenzofuranone) o : o

«5*% 5 | | |
4,6-Dihydroxy- 5 mexhylphthahde (10, 4.2 mg, ca. 6% mcorpordtlon), 13C nmr

(methanol -dg4, 100 .MHz) ennched signals: & 159.1 (C 6), 151 5 (C- 4), 124.7 (C 7a),

69.7 (C 3),matura1 abundance signals: 8 174 2 (C-1), 126.3 (C 3a) 120.5 (C-5), 102.1

(C~7) 9 2 (C-5 CH3).



4-Carboxy-5-hydroxyphthalaldehydic acid methyl ester (15)

4-Carboxy-5-hydroxyphthalaldchydic acid methyl csterQ(IS, 4.0 mg, ca. 6%

incdrj)orationj; 13C nmr (methanol-d4, 100 MHz) enriched signals: K 196’..6”((.3-2 CHO),
166.3 (C-5), 136.8 (C-1), 103.9 (C-3); natural abundance signals: 5 169.4 (C-4 CO-H,
160.1 (C-1 COéCHg.), 122.7 (C-4), 114.6 (C-2), 102.4 (C-6), 56.4 (C-1 COCH3).
a
Taldroﬂavonc (23) (Sp1ro[5 hydroxy -2' -methyl cyclopent -2'-ene-4'- “one- 1 3 7-

hydroxy -5- methoxy 1(3H) isobenzofuranone]) .-

LI

Talaroﬂavone (23, 5.0 mg, ca. 2.5% mcorporatlon), .13C nmr (methanol- d4, 100
MHz) enriched sxgnals 8 202.0 (C-4), 171.4, 170.2, 168. 5 (C-2', C-1, C-5), 159.9
(C-7), 150.8 (C-3a)' natural"abuadance signals o 131. 4 (C- 3 ), 106. 5 (C-7a), 103.5,
101 .0 (C:4, C-6), 94.2 (C-3), 79.7 (C- 5) 56.5 (OQH3) 13.4 (C Z'QHg)

Biological Studies of the Aqueous j}'roth,- Organic Extracts,. and

:,'tabolitbes of Talaromyce"s flavus . .~

" Inhibition of Verticillium dahliae by Talaromyces flavus

~ The mh1b1t10n of growth of Vertxcxllzum dahliae by Talaromyces ﬂavus was

RS T

determmcd by agar dlfoSlOl’l using an aqueous test solution. Presterilized vessels (5/16"

OD xS/ 16" lqn_g cylmder cut from 304'stainless steel tubes) were placed onto Mueller

Hmton agar platcs Wthh had been swabbcd with V. dahlzae The T. flavus aqueous test‘
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_solution (100 |.1L) was plaqed into the stamless steel vessel The plates were 1ncubatcd at .

24°C The. solunon dlffuscd into the medium and after 10-14 days the growth of the

o rrucrosclerona of V. dahlxae was noted
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- The bioassay was carried out in the same manne,r as described'above when testing
hydrogen perox1de (Fxsher 30% by welght) and tert—butylhydroperoxrde (Aldrich, 70%

} by weight). Test results were noted after 7-10 days.

‘; .

e

Hydrogen pcrox_ide detection ‘ s

The catalase*enzyme was obtamed from bovme liver (Sigma, twice recrystalhzcd)
containing ca. 0.01 mg thymol/mL The solutlon comxsts of 22 mg protein/mL
(1, 199 000 umts/mL) The molecular welght of the enzyme is 250,000 g/me( SO that the
-solution concentratlon is 88 HM. A 2 M solution was utilized in which 2. 0 uL (contams
50-55 units of enzyme) was added to the fungal broth (100 UL, ca. 0.3 umol of H202)

The bioassay was performed as dCSCI‘led above

In the ultraviolet study for the detectlon of peroxi'de, sodium iodide (0.75 g),

~ citric acidv‘(2 42 mi of a 0 5M solu'iion), and sodium hydroxide (1.0 mL of a 1 O M "

solution) were combmed to make up a 100 mL test solutlon of pH 3 8, in ‘which the

concentratlon of iodide ion is 0. 05 M To 10.0 mL of thlS solution was added 5.0 UL of
horseradish peroxldase (ca. 1.0 uM). The absorbance of thls solutxon at 353 nm was
measured. The fungal erth (1.0 uL) was then added and the reaction was allowed to
-. proceed for 20 mmutes The absorbance of the solutron at 353 nm was measured once

. again and the change in absorbance was noted.
- Antibacterial Studies )

The blologrcal activity of crude cxtracts of T. ﬂavus (ethyl acetate and mcthanol
mycelium extracts and ethyl acetate broth extract) was tcsted agamst several bacteria usmg

the Klrby Bauer agar diffusion assay. In this bioassay, fllter paper discs soaked with the



