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The metabolites produced when two strains of Vcrticicladicl'la species: NFRC
C728 (Northern Forest Rescardh Center, Cdnadidn_ Forestry Service strain) and PFRC
C5Q (Péci_ﬁc Forest Research Center, Canadian Forestry Service strain), the capsative
agents of the black stain root discase- of many conifers, were grown on solid media
(rye) as well as strain C50 was grown in liquid medium (V-8 juice) have been
1nvcmgated Thc mctabolnes produccd by thesc?wo strains are quite sumlar. )

S]XICCD compounds have been isolated. Two new xanthone-type metabolites,
vertixanthone (11) ahd hydroxyvertixanthone (16), as well as two new Q-pyrone-type ‘,
components, vertipyronol (35) and yvertipyronediol (39) have been identified. 1-
Hydroxy-8- mcthoxyamhraqumone (24) \has not been reported previously from natura]
sources-"The previously known compounds: 1,3,6,8-tctrahyd:oxyanthraqumone (3),
1,8-dimc1hdxynapl;t~}1a'lbne (6), B-sitosterol (8), B-sitosteryl palmitate (9), pa'lmidc
acid (10), .5 ndnadccylresorcinol (28), 2(3H)—benzoxazolone (29), isoevernin
) aldehyde (30) 3,4- dlhydro 3,4,8-trihydroxy- 1(2H) naphthalenone (31),
1,8- dlhydroxyanthraqumonc (41), and mycoxamhone (42), as well as other fatty
acids and mg]ycendes have also been 1solatcd ‘

The structures of the “metabolites were detcmnned by spcctroscopxc ana1y51s of
the parent compounds and thcxr derivatives. *Comparxson of spectral data w1th that of.
authcmlc samples and with htcraturc values has confumed the ldcnnty of 1hc known

.f,.
et

compounds B S

Y

Blogcnctlcally, thc naphthaicne the amhraqumonc th;;xéﬁth.onc and the o-
pyrone componcnts are prcsumcd to be -formed’ by a po Leudc‘pathway The
xanthones may be dcnvcd biosynthetically from anthraqumoncs via oxxdanve ring
fission schcmc already established for othr funga] xanthones. Blosynthcnc studxes

which confirm thls hypothcsxs are reponcd

v



S
" The crude extracts and the anthraquinone as well as the xanthone metabolites

appear to inhibit water conduction in one month old pine seedlings. The sodium salts

of 1-hydroxy-8-methoxyanthraquinone (24) and 1,3,6.8-tetrahydroxyanthraquinone.

' (3) show antbacterial activity. o £
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I. INTRODUCTION

Vcﬁicicladiclla is the oau'sati'vc agent, of, black stain root disease of conifc'rs.
i Black stain root dlscasc characlcnzed by a lon git 1dinal dark brown to black stain in
.thc rool.,a.nd lower’ bolc of comfers s caused by the fungus, Ceratocystis wagéneri ‘
* Goheen and Cobb (anamorph chc:clacbcl]a wagcncn Kendnck)1 Vcrtx.czc]adzc]]a is
the 1mpcrfcct state of the fungus Some species of thc same fungus which have
' fonncd the perfcct State have been 1denuﬁed as Ccratocystzs spcc1es According to the
.-'studles by ngfle]d the genus Vertxc}cladwlla is synonymouns with genus
chtogmphmm 2 |

" The black stain root disease was ﬁrst 1dcnuﬁed n 1938 when it was found to
have killed pondcrosa pin: (Pinus, pondcrosa Laws) in Cahfomxa3 Subsequently, it
was reponcd on eastern white pine (Pmus strobus Laws) and lodgepo]e pine (Pinus
contorta Doug]) in Montana4, and on scvcral pine species in Colorado and
‘ Ca]ifornia5. Sincc 1971, when the disease was fxrs_t reported in Washington and
Orcgon it has been found wnh increasing frequency in Douglas fir (Pscudotsuga
menziesii (erb ) Frarco) plantauonsm the United State56 and in Brnitish Columbxa in
Canada . |

The disease, Wthh n Canada occurs mamly in Douglas fir, lodgepole pine -

and western hemlock, is dcblhtanng to the tree and fn:qucmly results in mortality. The
b:ology of the disease is not well known The means by which the fungal disease Jllls 4‘
host trees and the manner in which thc dlSC&SC sprcads are poorly‘ wnderstood. Long
distance spread of Vcrnczcladzcua wagcncn probably involves root fcedmg scolytid
beetles or weevils8: 9. Once established in a tree, the fungus sprcads, through root
contacts or grafts, from infected to hcahhy'tmcs thus pfoducing a disease center in ihc
ntand. The fungus grows in the tracheids of infected roots, passin'g from cell to cell at‘

bordered pit-pairs. On reaching the root collar, it may‘cxtcnld a short distance up the



A

-bole and into uninfected roots. Extensive.fungal growth ‘i.n the xylem hinders water
'conduction, causing a vascular wilt!10. In addition, the fungus is capable of growth
through soil for a few centimeters and has been isolated from feédeh 'rootsl 1

Black stain root disease damage occurs predominantly in puire, well-stockc_d to
err-stocked lodgepole pine stands more than 50 years old (ayerage age, 80 years
old)!2. Diagnostic of infection by Verticicladiella is a dark brown stain in the

sapwoo.dvof root and lower stems. The symptoms of an infected tree (for example, the

- Douglas fir) are leader and tip growth reduction followed by foliage discoloration and’

crown ‘t}linn'irig

In Western North Amenca black stain root dxsease is generally atmbuted to V.
wagenen although in Western Canada two spec1es or forms of V.-wageneri
I\endnck and V. serpens (Gmd ) Kendrick may cause this disease!3. 14,

Our laboratories have been interested in the problem of the black stain root
dlsease for some years. Several virulent 1solates of Verticicladiella sp. have been
studJed some of whlch are responsible for damage to conifers in our National Parks.
We have on hand four strains of .Verticicladiella : two from the Northem Forest
Research-Center, Edmonton (NFRC Canadlan Forestry Serv1ce strain C728 C7]3.
C728= ATCC 58162. ATCC: Amencan Type Culture Col]ecnon) and two from the
Pacific Forest Research Center, Vlctona (PFRC, Canadian Forestry Service strain

C50, C5; C5=ATCC 42954). Isolate‘J 'C50 has been identified as Verticicladiella

wagcnen (private coQOmatxon R Hunt, PFRC), while C728 has not been fully

- characterized. The metabolites of strain C728, when grown in liquid medium have

.prevxously been mvestlgated in dcta1]15 )

- Inthe prev:ous study, Vcrﬂc:cladzcl)@ sp C728 was grown in liquid still
culture on 10% filtered V § juice containing 1% glucose After six weeks the culture
was harvested The crude broth extract was scparatcd by chromatography -Orcinol

(1), orcmol r_nono}methyl ether.(2), 1,3,6,8-tetrahydroxyanthraquinone (3) and the a-



L ~hamropyranosides of orcinol (4) as well as orcinol methyl ether (5) were isolated ~
ard identified. Both orcinol methyl ether and its rhamnoside show antibacterial

activity, and the former also inhibits the growth of pine germlipgs!S.
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};rcliminary studies in our labératorics indica-ed that Verticicladiella spccics
produce larger Quamities of mct/abolitcs when g}fpw_n ¢ solid medium and that these
4mctabo-1:itcs’diffcred from those produced in liquid still culture. Thus the chemical
investigation of the,metaboliies of Verticigladiella grown oni both solid and liquid
media was undcrtaiccni Each of the four'stf/ains of Verticicladiella >was grownv on soli
medium (ryc) ahd liquid medium (V-8 juice). Both the ﬁycclium and the broth from

. s kS
the liquid still cu

lture, and 'th_e solid culture, \;vcrc extracted successively with
Skellysolve "% ether, methykne chloride, ar\1d eth'yl acetate. Comparison' of the
extracts by thin layer chromatogra}l)hyi indicated that strains C728 and C50 produce
similar components in their rcspc.ctive extracts as do C713 and C5. Howe'vcr. for each
~ single strain, there was a difference between components of solid and liquid medial6.
;I“_h‘e obje.c.tivc of‘ the ‘work unglgrtakén in this thesis was the isolation,
_ separation, and structure el'ucidatic?h o:f the metabolites produced by two strains of
_Vcrticic]adic]]a : sfrain C728 gro?vn on ‘Solid.médium (rye) and gtrajn C50 grown on
both solid medium (rye) and liquid medium (V-8 juice). The objective was the
comparison of the metabolil;s of FSOar;dC728 wiién_grown on the same medium and
~when grown on different media, thc_iéiéntification of any biologicall/gfyé\csti?c

components, and a study of the biogergié origin.of mci;frhctabolitcs. S



o IL. RESULi‘S AND DISCUSSION
1. Mctaboliu:s of ch'cicladiclla_ sp. C50 Grown on Solid Medium
1.1 Isolation of the crude extracts
Verticicladiella species C50 waé grown on solid medium cqnsist'mg of moist,

sterile winter rye for six weeks. The solid culture was extracted successively with

Skcllysd]vc B (SKB), ether, methylene chlonde, and cthyi' acetate to give four crude

- extracts. A blank , which was uninoculated rye, was extracted in the same way in

o:der to cofnpam thc‘ mg&bolites produced by the fungus'.with the compounds from the
rye itself. ‘ | |

The four crude t.:);tracts were examined by ihin layer chromatography (tlc).
Tho)cth,er extract and the,cthyi acetate extract app;:ared to contain more .componcms
than other extracts. The metabolitcé of each crude extract wcré separa{cd by

chromatoétaphy. The pure compbﬂnds isolated from each of these four extracts are

_listed in Table 1. _VSQmé fatty acids and trigly;érides isolated from the crude extracts

were also isolated from the blank.

_ Table 1. Metabolites from four extracts of C50 grown on solid medium .

~

Eitract | ‘Compound -
SKB 6. 8 , |
EnO - 3, 6, 9, 11, 16, 24, 28, 29
CHxCl, 6, 8,09, 10, 24,30, 31

3 |

EGAC .6, 8,9, 11, 24, 29, 35, 39




1.2 Metabolites from the Skellysolve B extract

o The tlc of the crude Skellysolve B extract revealed the presence of one r‘xj\ajo'r
o :

and one minor component (Figure 1).

— | '
OO0 ; w

Si102 p_léte, Skellysolve B--ethyl a(./c/tate 3:2

Figure 1. The tlc of Skellysolve B extract

The crude extract was separated by flash chromatography over silica gel utilizing .

gradient elution with Skellysolve B-ethyl acetate. The major comporicm,'which was
eluted with 2-4% of ethyl acetate in Skellysolve B, precipitated from the mother liqui.d
upc 1,Acon_ccntration. Crystallization from Skellysolve B, followed by recrystallization
from 95% ethanol, gave a white crystalline compound 6.

Compound 6; melting point 154-155°C, has a rholccu]ar formula C12H1202

as shown by high resolution mass spettrometry (hrms). The ultraviolet specfrum (uv)

of compound 6 (','Xmax : 298, 310, 315, and 330 nm) shows a charéter.cstic:

naphthalene chror_hophore”'w. The 1H nuclear magnetic resonance spectrum (1H

nmr) displays methoxyl (5 3.98, 6H, s) and three aromatic hydrogen signals (Figure
2). The couf)ling pattern of each aromatic hydrogen sig.nal was deduced fron. spin
decoupling experiments (T able 3). This suggests that compound 6 is a symmetrically
subsyZJtéd dimcthoxynaphthalcnc.v Nuclear Overhauser enhancement (nOe)
experiments indicate that the methoxyl groups .art; cach adjacent to one hydrogen
(Table 2). The spectral evidence to this point suggests that cofnbound 6 is either 1,8-
dimethoxynaphthaienc (6) or ‘.1,5-dimethoxynaphtha1¢nvc (7). The 13C nuclear

~

3"



magnetic resonance spectrum (13C nmr) allowed us to distinguish between the two
possible structures, since 1,8-dimethoxynaphthalene is expected to show seven carbon

signal.s while six signals would be observed for 1,5-dimcthoxynaphthafcnc. The 13C

nmr spectrum of compound 6. displays seven carbon signals nnd})&ﬁr\-éﬁ 1,8-
dimethoxynaphthalene. - - / |

{

CH30 OCH,
: : CHO
~ 6 : 7
1,8-dimethoxynaphthalche ‘ 1,5-dimethoxynaphthalene
7 signals in BCnmr 6 signals in 13C nmr

In order to further canfirm the structure of compound 6 as 1,8-
dimethoxynaphthalene, a synthetic sample was prepared by methylation of 1,8-

dihydroxynaphthalene. All the spectral data for the synthetic 1,8-dimethoxy-

- naphthalene and comRound 6 are idcntical. 1,8-Diméthoxynéﬁhthalene has been

N nan

isolated previously from the fungus Daldinia cocentrica 20, The reported spectral data

(uv, ir, 1H nmr, ms) compare well with that of our metabolite21-23,

L4

Table 2. The nOe data for 1,8-dimethoxynaphthalene 7

Signal Irradiated : nOc¢ (%)
CH30 398 6.86 (14.2) .

H-2,H-7 - 686 : 398 (2.4)




H4 & H-5 H-3 & H-6 H-2&H

lﬁ[ﬁllTTIjv17‘l11j_l7l77j]1'17

8.0 5.5 - - 3.0
ppm

-~

Figure 2. The !H nmr spcctmm of 1,8-dimethoxynaphthalene
/A .
(CDCl5, 400 MHz)
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Table 3. The spin decoupling !H nmr data for 1,8-dimethoxynaphthalene |

Signal Irradiated Observed Change

H-2, H-7 . H3,H6  738t—--d (7. Hz)
6.86 ’ H-4,H-5 . 7.41dd---d (7.1 He)
H3,H6 H-2,H7  6.86dd--d (1.4 Hz)
7.38 . HA4HS  741dd-d (14 H)
Ha, HS H-2,H7  6.86dd--—d (7.1 Hz)

7.41 H-3, H-6 7.38 t--—---d (7.1, Hz)

L

The minor,componenf of the Skellysolve B extract, obtained by elﬁfi/c)n with 5-
' 10_% ethyl acetate in Skellysolve B, was crystallized frorﬁ '95% ethanol as white
_ needles, mp _127-128°C. .Compound 8 is optically active ([aJD -22.5°) and has a
molcéular formular C29H500 (hms). The fragmentation pattern in the mass spectrum
of compound 8 S_hO)VS loss of side ghain (xrx/z 273, C19H290, M+ -141) and other
major fragments ( m/z 399 (M+ - 6H3), 396 (M* - H70), 381 M* - Hy0 - CHj3), 329
(M* - Hy0 - CsHy), 303 (M* - H;0 - C7Hg), 255 (M* - side chain - Hy0), 231 (M* -
side chain - C3Hg), 213 (M* - side chain —sz - C3Hg)) suggesting thvat compound 8
is a steroid?4-26, Its ir spectrum indicates the presence of a hydroxyl group (3360 cm-

, br), while its IH nmr spectrum exhibits the hydroxyl hydrogen siénal (6 3.54, D20

exchangeable), an olefinic hydrogen (6 5.36, m) a carbmyl hydrogen (6 3.51, m) and
six methyl hydrogen resonances. Compound 8 was identified as B-sitosterol bascd on
its spectral characteristics and @ncllting poin;27'31. The spcctral data of compound 8

and authentic f-sitosterol are identical. - .

-
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1.3 Metabolites from the ether extract

The crude ether extract Was composed Qf a'mixture of several compounds as
indicated by tlc. Flash chrdmatography over silica g‘cyl using: gradient elution with
Skellysolve B-ethyl acetate provided a g;tisfactory method of separating moét- of the.
compound_s from the mixture. When necessary, some fractions were funhcr_ sc_p“a_m_tcd
by fractional extraction with different solvént ‘sy'ste‘m:s,. iﬁcn 'p'»ur-i_fiéd b.y
c(hromatography. Chrométbgraphic'sepafation of the crude ether extract led to. the
. isolation of‘ 1,8-dimethoxynaphthalene (6) along with seven other metabolites.

A non:polar crystalline compound 9 was isolated by elution with Skéllysolvc ‘
B. This compound, which is optically active ([d]D -12.8°y and givcs white Cr,ystall'ihc
plates, rrvlp}92-93°C'upon crystallization from acetone, has -a molecular formula
C45H360,2 (hrms). Its ir spectrum reveals the, p;;tscncc of an ester carbonyl group
(1740 cm-1), ;nd this‘ isfurther supported by an ester carbonyl carbon-ré'sonéncc (5, .
173.4, s) in the 13C nmr spectrum. The ‘mass spccfr.u“:f a»nd"Mc:lcarhagneticv.
resc‘mance, spectra suggest that “c.on?;l)oun.d 9 is chm ester of B-sitosterol. In its mass
spcct?um, the fragmcmatic_)n pattcfﬁ due to McLafferty rearrangment (Sch‘c»mc} 1) (m/z
396 (h/;+ - 256, lOO)).is coqsis‘fent with the ester structure and the further loss of Sidc
chain (m/z 255 (M* - side chain - 256)) and other fragments (m/z 381 (M*- CH3 -
256), 213 (M* - éidc chain - C3Hs - 256)) are similar to that of'B-ﬁitéstcfoI (8)24-26,  ~

-
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M* m/z 652 (10) sz 396 (100) - m/z 256 (8)

Scheme 1. The fragmentation of compound 9

In the 13C nmr spectrum of compound 9, six methyl and seven methine resonances
Jend further support for the B- suostcrol moiety. In the 1H nmr spcctrum the signal of
the vﬁhydrogcn adjacent to the ester group (® 4.64, m) is further downficld than the
carbinyl hydrogen signal (& 3.52, m) of B-sitosterol (8) because of the ester
sﬁbsu’tution, while the chemical shift of the olefinic hydrogens of both compound 9
' andLB-sitochrol are the same ( 5.36, m).

Alkaline hydrolysis of compound 9 (Scheme 2) gave two products: an
alcohol and a fatty acid. The alcohol was identified as B-sitosterol (8) by comparison
(t]c ir, YH nmr, hrms) with an a hentic sample. The fatty acid, C1¢H3202,was

identified as palmitic acid (10) from its mass spectral fragmentation pattern. The high

11

resolution mass spectrum:of 10 shows the fragment corresponding to a8 McLafferty

rcarrangcrhcm»/(m/z 60, C2H4032), as well as the fragments corrcspondihg to
succcssxvc loss of 14 units characteristic of straight chain hydrocarbons Comparison
of the physical and spoctra] properties of the fatty acid 10 with an authcnuc sample of
palmitic acid confirmed this idcnnry.



12

1. 10% KOH/MeOH
* CH,Cl, “ 2.5hr

-
9 -
Q
+ C15H3y—— C— OH
HO
>
8 10

Scheme 2. Hydrolysis of compound 9

Compound 9 is thus identified as B-sitosteryl palmitate (9). The spectral data

agree well with that reported in the literature for B-sitosteryl palmitate32.33. (3

Sitosteryl palmitate (9) has been isolated previously from wheats, rycs; and several

other plants34-36. It is iriteresting .o note that compound 9 was obtained only from
inoculatcd rye and was not detected in the blank extract.

A yellow compound was concentrated in the chromatographic fractions eluted

with 10% ethy! .acet’atc in Skellysolve B. Further purification by rcpcatéd flash

chromatography over silica gel ( 10% ethyl acetate in Skellysolve B) and crystallization

from ethyl acetate and Skellysolve B gave a ﬁalc yellow crystallinc compound 11

The structure of this compound , which is a new xanthone type metabolite and for

which we propose the name vertixanthone, was determined in the folowing way.
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The high resolution mass spectum of vertixanthone gives the molecular
fgrmula Cy5H100s. The infrared spectrum shows hydroxyl (3100-2800 cm-!, br) and |
two carbonyl (1730 and 1640 cﬁr’) absorptions. The uv spcctrﬁm of vertixanthone
(Amax 232, 254, 290, and 384 nrh) is suggestive of a xanthone nucleus3”. In order w07
further investigate the oxygen funcu'onélity of vertixanthone and to verify the preséncc
of a xanthone skclclton, verti..anthone was acetylated (acetic anhydride, pyridine, 12
hours}. .Thc‘ readily fon;lcd acetylvertixanthone, compound 15 (C17H120¢), shows a
new /mcthyl resonance (0 2.38, 3H, s) and no D;0 cxchangcable signal’in its 1H nmr
spectrum. The ir spectrum of compound 15 does r show hydroxyl ‘abso\rption but
displays three carbonyl absorptions: an acetyl carbony! (1764 cml), an ester caibbnyl
(1730 cm-1), and a ncrmeal xanthone carbony! (1659 cm1)38. The sbpccu.'al analysis of
acetylvertixanthone (15) compared with vgﬁixanthone ;suggests that vertixanthong
possesses an ester gfoup and one hydroxyl group which is hydrogen-bonded to the

‘ xanthone carbonyl.

The 1H nmr SpectrumA of-vertixanthone (Figure 3) exhibits a lowfield, DO
exchangeable signal (d 12.24, s) attributed to a hyd:ogen—bonded‘hydroxy‘l‘ hydrogen,
mcthox.yl hydrogens (0 4.05, 3H, s), and six aromatic hydrogen resonances as two
separate AMX systems as shown by spin decoupling experiments (Téblc 4). Each

_ AMX system consists of two double doublets and one apparent triplet and shows
orthu and meta coupling constants (J = 8.0, 1.0 Hz). Thus, 1t appears that the
substituents are a methoxycarbonyl group and a hydroxyl group and t* :' the ester and
the hydroxy! group are located on different 1,2,3-trisubstituted aromatic rings. There

are four possible disubstituted xanthone compounds, 11-14, which must be

considered.
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Compou’nd; 12 and 14 are lch favored since there is no intramolecular hydrogén-‘
bonded xanthone carbonyl in the structures. The 1H nmr spectrum of vertixanthone
“allows us to distinguish between the four possible structures. Generally, the chemical
shift bf a hydrogen peri to the carbonyl of a xanthone is observed downfield at a
chemical shift greater than 8 8.003940. In the IH nmr spectrum of verﬁxanmé)ne, the
lowest field aromatic hydrogen resonance is observed at 0 7.65. This indicates that
both the: methyl ester group and the hydroxyl group are adjacent to ihc xanthone
carbohy], and that vertixanthone has structure 11. Its mcntiohed below, structure 11

is also favored over 43 on biogepetic grounds. Therefore, the structure of

vertixanthone is assigned as methyl*8-hydroxy-xanthone-1-carboxylate (11). The

15

base peak in the high resolution mass spectrum of vertixanthone (11) corresponds to

the loss of methanol (m/z 238) from the molecular ion. A tentative fragmentation
scheme which accounts for the major peaks in the mass spectrum is shown in Scheme
3. |

Biosynthetically, Lhé carbon skeleton of vertixanthone may be derived from an
amhraquirio‘ﬁe via the de'gradation scheme established for other fungal xanfhones*“
(SCQ’SCCliOI 6. iosynthetic studies). These biosynthetic studies support methyl ester
substitution at C-1. Biological studies show vertixanthone (11) inhibits water

conduction in one month old pine seedlings (see Section 5. Biological studies).’

)



Table 4. The spin decoupling 1H nmr data for vertixanthone

X

_:ignél Irradi(atcd : Observed Change
H-3  1.77 H-2  7.56 dd---d (1.0 Hz)
H-4  7.33dd---d (1.0 Hz)
H-2  7.56 | H-3 777 t—-d (80Hz) -
H-4 733dd--d 80Hz)
H-4  7.33 ] 'H-3 777 t--—-d (8.0 Hz) -
: - H-2  7.56 dd---d (8.0 Hz)
H-6 7.61 | H-5 694 dd-—-d (1.0 Hz)
H-7  6.28 dd---d (1.0 Hz)
H-5  6.94 4.6 7.61 t-----d (8.0 Hz)
H-7 628 dd--d (8.0 Hz)

H-7 628 " H-6 7.61 t—---d (8.0 Hz)
| H-5 694 dd---d (8.0 Hz)

16



m/z 239 (33) m/z 238 (100)

=T

by ‘
m/z 155 (18) m/z 210 (46)

(l?_]*.‘

|

g m/z 182 (8)

Scheme 3. Thc:ﬁngrmnmt_ion of vertixanthone

17
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H-3 . H-6 H.-2

,11711T‘|1T‘l11ﬁ11111ﬁ1i!1"‘
11.0‘ ppm 7.0 30
Figure 3. The 1H nmr spectrum of vertixanthone (CDCl3, 400 MHz)



The chromatographic fraction obtained with 40% ethyl acetate in Skellysolve B
was composed of two components as indicated by tic. An orangc\-md and a yellow
pigmém co-&:ryst'al]iicd when the fraction was concentrated. Separation of these two
) components was'achicvcd by fractional crystallization: the yellow component,
compound A16." fwgs;»c_rysta]lizcd frcm acetone, while the orange-red pigment,
compound 3, réri)éinéd in‘the mother liquors., |

The yellow crystalline COW6 (C15Hi006) is another new xanth’oné
type mgtabolitc, for Wﬁich we propé)sc‘&thc name hydroxyvertixanthone. Its molecular
formula differs from that-of vertixanthone (11) by one oxygen atom. The ultraviolet
spectrum of_compound 16 (Table 6) \suggcsts that hydroxyvertixanthone is a
substituted xanthone37 and is similar to that of other isolated xanthone type of
metabolites produced by Verticicladiella. The infrared spectrum of compound 16
indicates the presence of hydroxy! (3300-3100 cm'1) and two carbonyl groups (1706
and 1640 cm-1). In order to verify the xanthone skeleton and the oxygen funcn'onali)té)s
of compound 16, its diacetyl dén’vativc, compound 20, was prepared by treatment of
hydroxyvcnixan'thc‘).nc with acetic anhydride in pyridine for 12 hours. In the ir
spectrum of compound 20, }hcre are a typical xanthone carbonyl (1658 cm1) and

normal ester carbonyl absorption (1734 cm-!)38, in addition to two acetyl ester
- carbonyl absorptions (1771 cmrl, doublet). Two acetyl methyl signals (8 2.37, 3H, s
and 2.25, 3H, s) in its 'H nmr sbectrum (Table 7) and twb acetyl carbonyl'signals 6
169.62, s and 168.77, s) in the 13C nmr spectrum (Table 8) indicate that compound
20 is the diacetyl derivative of hydroxyvertixanthone. Therefore, hydroxyverti-

xanthone must have two hydroxyl gmupé.

19

The 1H nmr spectrum of hydroxyvertixanthone (Figure 4) djsplays two

downficld hydroxy! hydrogen resonances ) 13.82, s and 10.05, s, D20
cxchangcablé), methoxyl hydrogens (& 3.84, 3H, ‘s) and five aromatic hydrogen

signals (Tab'lc 7). The 13C nmr spectrum of hydroxyvertixanthone possesses a



xanthone carbonyl {8 180.63, s), an ester carbonyl (8170.16, s), and a mctl;oxyl
resonance (6 51.58, q@) (Table 8). Hence, hydroxyvertixanthone is a methyl c;tcr
substtuted xanthone. Spin decoupling experiments reveal that the dromatic hydrogens
comprise an AB and an AMX spin systems. The AB spin system shows ortho
.'coupling constants (J’ = 8.5, Hz) while the AMX spin system shows ortho and meta
coupling constants (J = 8.0, 0.8 Hz) suggcsting the presence of one 1,2,3-
trisubstituted and one 1,2,3,4-tetrasubstituted aromatic ring (Table 5). The fact that
"the hydrogen chemical shifts of thé AB system (6 7.65, d and 7.49, d) are doWnﬁcld
from the hydrdgcn chemical shifts of both H-m and H-x in the AMX system (0 7.07,

dd and 6.80, dd) indicates that the 1,2,3,4-tetrasubsituted aromatic ring,posscsscé the

methyl ester group. Therefore, one hydroxyl and the methyl ester must be located on

the tetrasubstituted ring while the other }gyd:oxyl is on the trisubstituted ning.
Comparison of the ir spectra of hydroxyvertixanthone and its diacetyl derivative
reveals that the xanthone carbonyl absorption shifts“ from 1640 cm*!'to 1658 cm-!
showing h_ydrogen-bonding between a hydroxyl and the xanthone carbonyl in
hyd:okyyertixamhone. Comparison of spectral properties of hydroxyvcrtixkthonc
with those of vertixanthone (11) shows similar hydrogen chcmicaltshifts for the
AMX system in the 1H nmr spectra and similar absorption maxima of the xanthone
carbony! (‘1640 ém"l) in the ir spectra. Thus an hydroxyl substituent is present at C-8.
Four possible structures for‘hydroxyvcrtixamhonc, structures 16-_19, aré consistent

with information available to this point.
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Table 5. The spin decoupling 'H nmr data for hydroxyvertixanthone

}Signal Irradiated Observed Changc

H-6 7.73 H-7  6.80 dd---d (0.8 Hz)
H-5 7.07 dd-—--d (0.8 Hz)
‘ws 707 H7 680 dd-d (8.0 H)
H6 773 t-d (8.0 Ha) \

H-7 6.30 | H-6 773 t-—d (8.0 Hz)
A H-5  7.07 dd-d (8.0 Ha)
Ha 765 H3 749 des
"H3 749 B4 765d-s
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In the ir spectrum of acetylhydroxyvertixanthone (20), the absorption of the ester

carbonyl group is observed at 1734 cm-! compared wi.m%;l-:m cm-!in the ir spectrum
of hydroxyvertixanthone (16). This shift of the ester ; bonyl absorption may be

22

attributed to hydrogen-bonding and this suggests that an hydroxyl group is ortho to

the ester group. Thcrcforé, structures 18 and 19 may be excluded from
R .

consideration.

In order to distinguish between structures 16 and 17, diacctylhydyéx»
vertixanthone (20) was hydrolyzed (K2C.O3, r.t.) then decarboxylated (quinoline,
240°C) (Scheme 4). The spectral properties (4v, ir; hrms, 1H nmr ) of the reaction

product compare well with that reported for/the known compound, euxanthone

‘(21)42,43_ ' : /f

1. 10%K,C0; / H,0

CHCl; R. T.
. P
2. H* . \
Ho - O
L OH
Quinoline
A
240°C 25min
(o}

21

Scheme 4. Dccarboxyladon of hydroxyvertixanthone

o
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The reaction product, compound 21, has a molecular formula C13HgO4. Its /

1H nmr spectrum is similar to that of hydroxyvertixanthone, except that in compound
21 there is no mcthoxyl. hydrogen but another hydrogen (8 7.62, d) which is part of a
second AMX spin system. This AMX system consists of two doublets and ohc :
double of doublct with meta and ortho coupling constants (J = 3. O 9.0 Hz) ‘:
suggcsung the presence of a 1,2,4-trisubsttuted aromatlc ring.- Thus coumpound 21
is 1,7-dihydroxyxanthone. The chemical shift of H-8 in thc TH nmr spcct\rum of
compound 21 is at higher field than usual for a pcn‘ hydrogen duc to the effect of an
.ortho hydroxyl substitution.  Thus, co'mpound 20 mus; "be methyl 2,8-
diacct-oxyxanth'onc—l—carboxylate a_ﬁd it follows that hyd'roxyvcnixanthone@‘is methyl
2 8-dihydroxyxamﬁone-1-carboxylate (16). .Compoun_c/i 16 may be derived By a
blosymhcnc pathway 51m11ar to that proposed for vertixanthone (11), and this fact
lends further support to the subsmunon of a carboxymethyl groupat C-1.

Hydroxyvcnixa_mhone (16) inhibits water uptake in one month old pine seedlings in

our biological studies (see Section 5. Biological studies).

. —~——
/I/lh ~_
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H-6 H-4 H-3 HS H7

“Figure 4. The H nmr sp-octrum_'of bydroxyvertixanthone
| (CD30D, 360 MHz)
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Table 6. The uv data for xanthone compounds

- R1 .

COOCH;
COOCH;
COOCH3

- COOCHj3
OH -
COOCH3

OH
OAc

OCH3 .

R4

OH
OAc
OH
OAc

OH
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compound - Amax nm (log'e) (95% EtOH) :
232(4.61)  264(4.60)  290(4.50)  384(3.72)
. 7 . .
16 238(4.14)  264(4.25)  290(3.71)  390(3.50)
21 235(4.03)  260(4.12) 287(3.43) - 388(3.41)
42 - 261(5.16) 385(4.52)

235(5.13)

290(4.66) .

(Y




Table 7. The 1H nmr data for xanthone compounds .

Chemical Shift (mult. J in Hz)

(CDCl3, 360 MHz)

11 15% 16%* 20 21 42

3 1770 7.660) 749(d)  748(s) 7.59(1) 7.42(d)
80) (8.5 8.5) (8.0) (9.2)

4 733dd) 725(dd).  7.65(d) 7.48(s) 6.93(dd)  7.54(d)
(8.0,10) (851.0)  (8.5) (8:0,0.8)  (9.2)

5 694(dd) 7.35dd)  7.07(dd) 735(dd)  7.42(d) 6.90(dd)
'(8.0,11.0) (8510) (8008 (8515  (9.0) (8.0,1.2)

6 7.61()  7.64) 7.73(1) 7.65(1) 7.34dd)  7.58()
®0) (8.5 (8.0) (8.5) (9.03.0)  (8.0)

R1 4.05(s) 3.93(s)  3.84(s) 3.94 5) 1261(s)  4.05(s)

R2 756(dd) 7.48(dd)  10.50(br)  2.25(s)  6.79(dd)  B.92(s)
(8.0,1.0) (8.5,1.0) | (8.0,0.8)

R3 6.82(dd) 6.95dd)  6.80(dd)  695(dd)  882(br) *  6.78(dd)
(8.0,1.0) (851.0) (8008  (8.5.1.5 (8.015?2)-

R4 12.24(s) 2.38(s) 13.82(s) ~ 2.37(s) 7.62(d) 12.25(s)

\ (3.0) |

»

o Multplicities by the decoupling experiments. ** In DMSO-dg.
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Table 8. The 13C nmr data for xanthone cc.npounds

Chemical Shift ppm (mult.)

re

(CDCl3, 75 MHz)

" Oa

21.21 (@)

r .

.11 15 16* 20 42
L 13373 13408  11617(s)  12575(s)  120.50(s)
2 12272(d)  123.00()  14800(s)  14450(s)  150.21(s)
3 13508(d)  13428(d)  12594(d)  12974(d)  120.07(d)
4 11953@)  11938(d)  11904(d)  11875(d) 120.00«1)
5 11100 11857(d)  109.04d)  119.87(d)  110.56(d)
6 13720(d)  18476(d)  13583(d)  13495(d)  137.42(d)
7. 10694(d)  11601(d)  10683(d)  11602(d)  106.84(d)
15594(s)  150.11(s)  152.25(s)  150.12(s)  152.51(s)
0 181.07(s)  17451(s)  180.65(s)  174.02(s)  181.24(s)
42 156.11(s)  155.27(s)  152.58(s)  152.75(s)  156.09(s)
g2 109.04(s)  11523(s)  107.78s)  11350(s)  108.66(s)
117586) © 11971() ~ 11721(s)  11551¢)  118.26(s)
10a 16186()  156.88()  16076(s)  15690(s)  161.81(s)
R1  169.60(s)  169.69(s)  170.16(s)  166.85(s)  167.60(s)
53.18(q) 5259(q)  51.58() 5200@  53.12(q)
R2 | 168.77(s)  57.05(q)
20.71(q) |
R4 169.91(s) 169.62(s)
' 21.16 (q)

* In CDCI3/ DMSO-d¢.
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The orange-red pigment 3, which was separated from compound 16 by

fracdonal crystallization, has a molecular formula C]4H30@ (hrms). The ultraviolet-

vmble spectrum (Table 9) shows absorpnon typical of. an anthraquinone#4-46, Ag
well, the color of an acidic solution of comp(_)_und 3 changes from yellow to red when
the solution is made basic (Scheme 5). This color change is commonly observed with

peri -hydroxyanthraquinone derivatives47-49.

—

O H .. 0 O o o -
OH N
0] : 0O 0]
N

Yellow Red

Scheme 5. Chfomophorcs of peri -hydroxyanthraquinone derivatives in acidic
or basic solution
-

| 'fhe infrared spectrum of compound 3 shov;/sﬁthc presence of hydrox; (3240
icnl'\l), one free carbonyl (1660 cm-1), and one hydroxgen-bonded car_bonyl (1628
)/cm—l;\Cf)'_.mp'ound 3 was acetylated with acetic anhydride in pyridine for 12 hours.
//Thc acetyl dcrivativc,vc):iompound 23, Has molecular formula Cy92H 16010, which
» differs from that of corﬁpdund 3 by four acetyl qnils. The ir spectrum of compound
2.3 shows acetoxyl carbonyl absorptions (1771, 1678 cm-!) and ketonic carbony!
absorptioﬁs (1660 crm1). Its 1H nmr spcctrurﬁ displays four aromatic hydi‘ogcndand

four acetyi methyl signals (0 2.43, 6H, s and 2.35, 6H, s) but no D20 exchangeable



signal. Compound 23 is a tetraacetyl anthraquinone and hence compound 3 must
possess four hydroxyl g;(;ups.

- The simplicity of the 1H nMmr spectrum Suggests that compound 3 has a
symmetrical structur-t. The 1H nmr spectrum (Table 10) hés two D20 cxc‘hangieable
signals for four hydroxyl hydrogens (6 12.24, 2H, s and 5.25, 2H, br) and two
doublet signals for four aromatic\hydrogcnsv(S 6.52, 2H, d and 7.14, 2H, d). The
‘meta coupling constants for c§1ch doublet (J = 2.0 Hz) reveal the existence of two

1,2.3,5-tetrasubstituted aromatic rings. Thus, either structure 3 or structure 22 may

be considered as the structure of the pigment:

O  OH
ROSE
OH
HO )
3 2

“The hydroxy! substitution pattern in pigment 3 was determined from the 13C

nmr spcctrum (Tablé 11). Two carbonyl. fesonances are expected for structure 3

29 ..

-whcrcas one carbonyl resonance is cxpcctcd for structure 22. The 13C nmr spectrum

of pigment 3 shows two carbonyl resonances (0 188.50 and 182 3. Therefore this
pigment is 1dcnuﬁcd as 1,3,6,8-lctrahydroxyamhraqumone (3). Comparison of the
physical and spectral charateristics of an authentic sample of 1,3,6,8-

tetrahydroxyanthraquinone with that of pigment 3 revealed its identity. 1,3,6,8-
k

Tctrahydroxydnthraquinonc has been isolated previously from Verticicladiella sp.



strain C728 when grown in liqui:i still culture!> and also from the fungus Aspergillus
versicolor 30.

Another anthraquinone pigment, compound 24, was present n
chromatographic fractions eluted with ‘20% ethyl acetate in Skellysolve B. Compound
24 was crystallized from Skellysolve B cqntaining a few drops of ethyl acetate to give
orange-yellow needles. Its structure was determined on the basis of the following

observations. Compound 24 has molecular formula CysH004 as shown by high

30

resolution mass spectrometry. Its ultraviolet-visible spectrum (Table 9) suggests an

anthraquinone chrompphore44-46. The yellow color changes to red when it is
dissolved in basic solution suggééiing the presence of a peri-hydroxyl substituted
anthraquinone nucleus. In the ir spectrum of compound 24, thlcre afc one free
carbonyl abso;pdon (1668 cm-!) and one hydrogen-bonded carbonyl absorption (1628
cm-1) indicative of the peri hydroxyl substitution. Both the 13C nmr spectrum (O
56.69, q) and the 'H nmr spectrum (0 4.04, 3H, s) indicate the presence of a ﬁmhoxyl
substituent. The 1H nmr spectrum of compound 24 (Fxgurc 6) exhibits a DzO

exchangcable hydroxyl hydrogen (d 12.96, s) and six aromatic hydrogcn resonances.

A combination of spin decouphng experiments and difference nOe experiments allows

'assignmcm of the hydrogen coupling patterns (Table 10). There are two AMX
systems with ortho and meta coupling constants (J = 7.8, 1.3 Hz) suggesting that the
hydroxyl and the methoxy! group are located on different 1,2,3-trisubstituted aromatic
rings. This is vcrified by the observation of nuclear Overhauser enchancement
between the methoxyl (6 4.04, s) and one hydrogen (87.35, dd). Therefore we may

* consider two possible structures for thispigmcm: 1-hydroxy-8-methoxyanthraquinone

(24) and 1-hydroxy-5-methoxyanthraquinone (25).

“ )
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24 25
13C nmr multplicity multiplicity
C-9 ~ singlet  doublet
C-10 - triplet - . doublet

-
Figure 5. The fully coupled 13¢C hmr spectral splitting patterns expected for

compounds 24 and 25

The correct structure was derived by analysis of the fully coupled 13C nmr
spectrum. Generally, two and three bond carbon-hydrogen couplings ‘are obéerved in
the fully coupled 13C nmr spectrum. Therefore, the splitting pattern of carbonyl
carbons expected in structure 24 would be one triplet (C-10) and one singlgt (C-9),
while in structure 25 we would expect two doublets (C-9 and C-lO) (Figure 5). The
observed 13C nmr spectrum of the pigment shows a triplct‘(B 182.74_, t,J =4.0 Hz,
C-10) and a singlet (8 188.93, s, C9) TRus the p‘igmcnt' is "1-hydroxy-8-
methoxyanthraquinone (24). ‘ ‘ ‘1 ({

In order to fﬁrlhcr confirm the structuge, 1,8-dimcthoxyamhraciuinonc (26)

was prepared by methylation of compound 24 (CH3l, K7CO3, Scheme 6).



3

CH;O O OH . , CHiO O  OCHs
K2C03/Me0Hﬁ

S e

CH; 1/ Acetone 12hr

O O

24 | 26

\..;.V

Schem 6. Methylation of ]-hydroxy-g-mcthoxyanthraquinonf:

> N )

High resolutiog mass spectrum of th; product gives a molecular formula
C16H1204. Its infrared spectrum shows absorptions for ketone carbonyls (1664 cm‘"
). Its 1H nmr spectrum displays one signal for two methoxyl groups (8 3.94, 6H, s)
and three signals for six aromatic hydrogens (Table 10) indicating a symmetric
structure. The 13C nmr spectrum (Table 11) shows a total of nine carbon signals
including two carbony! carbon resonances (6_ 184.11, C-9 and 182,93, C-lO).This
further confirms a 1,8-disubstituted structure, compound 26, since there would be
eight carbon signals for a 1,5-disubstituted structure, such as compound 27.

Compound 26 is 1,8-dimethoxyanthraquinone, thus the pigment is 1-hydroxy-8-

methoxyanthraquinone (24).



™
13C nmr 26 27
Carbonyl signals two ' one
Total signals - nine eight

To the best of our knowledge, this is the first time that pigment 24 has been

33

isolated from natural sources. Previously it was known as a synthetic compound. The

physical and spectral data of compound 24 agree well with literature values for 1-
hydroxy-8-methoxyanthraquinone3! 4. 1-Hyd:ox'y-8-mcthox§anthraquinone has

antibiotic activity as shown by Matsueda’>. Its sodium salt is antibacterial to

Staphylococcus epidermidis in our bioassay studies (see Section 5. Biological

studies).
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Figure 6. Thé 1H nmr spectrum l-hy&roxy-B-mcthoxyamhnquinonc
(CDCl3, 400 MH2) '
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24
26

41

R1]
OH
OAc
OH
OCH3
OH

'R2

OH
OAc

R3
OH
OAc

35

R4
- OH
OAc
OCH3
OCH3
v()H

Table 9. The ultraviolet-visible data for anthraquinone compounds

<

Compound max nm (log € ) (95% EtOH)

3 252 (4.13) 264 (4.16) 204 (4.32)
316 (3.92) 456 (3.18) .

24 253 (3.92) 277 (3.72) 412 (3.59)

41 252 (4.12) 283 (3.85) 430 (3.76)
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Table 10. The IH nmr data for anthraguinone compounds ' »
Chemical Shift (mult. J in Hz) (CDCl3, 360 MHz)
H 3 23 24 26 41
L3
2 6.52(d) 7.27(d) 7.29(dd) 7.24(dd) 7.30(dd)
(2.0) (2.2) (7.8,1.3) (8.0,1.5) (7.5,1.8)
4 7.41(d) 7.96(d) 7.77(dd) 7.68(dd) 7.84(dd)
(2.0) (2.2) (7.8,1.3) (8.0,1.5) - (7.5,1.8).
5 7.41(d) 7.96(d) 796(dd) - 7.68(dd)  7.84(dd)
(2.0) (2.2) (7.8,1.3) (8.0,1.5) (7.5,1.8)
7 6.52(d) 7.27(d)y - 7.35(dd) 7.24(dd) 7.30(dd)
(2.0) (2.2) (7.8,1.3) (8.0,1.5) (7.5,1.8)
Ri 12.24(5) 2.43(s) 12.96(s) _3.94 (s) 12.08(%)
R 5.25 (br) 2.35(s) - 7.69(v) 7.57(1) o T7.69()
| (7.8) (8.0) (7.5)
Ry 5.25 (br) 2.35(s) 7.74(1) 7570 7.69(1)
(1.8 (8.0) (7.5)
Ry 12.24(s) 2.43(s) 4.04(s) 3.94(s) 12.08(s) |

]
*In CDCI3-DMSO-de.



Table 11. The 13C nmr data for anthraquinone compounds

Chemical shift ppm

Carbon

3*

(mult.)
24

(CDCls, 75 MHz)
26 41

9a.
10a
CH30

164.36(s)

107.92(d)

165.43(s)
109.04(d)
109.04(d)
165.43(s)
107.92(d)
164.36(s)
188.50(s)

182.31(s)
- 134.78(s)

108.44(s)
108.44(s)
134.78(s)

162.55(s)
118.83(d)
135.82(d)
124.73(d)
120.19(d)
135.78(d)
118.24(d)

160.97(s)
'188.86(s)

182.69(s)
132.80(s)
120.93(s)
117.14(s)
135.87(s)

56.69(q)

159.33(s)
118.14(d)

133.91(4d),

119.00(d)
119.00(d)
133.91(d)
118.14(d)
159.33(s)
184.11(s)
182.93(s)
134.85(s)
124.14(s)
124.14(s)
134.85(s)
' 56.59(q)

162.62(s)
120.09(d)
137.31(d)
124.68(d)

124.68(d)

137.31(d)

120.09(d)

162.62(s)
193.16(s)
181.77(s)
133.69(s)
115.93(s)
115.93(s)
133.69(s)

* In MeOH-ds.
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6ompound 28, a colorless solid, was isolated from the chromalo'graph).'
fraction which .was eluted wit‘h 30% ethyl acctaté in Skcllysoch’ B. The high
resolution mass spectrum of compound 28 gchs a molecul'c;r formula C75Ha407 (ny/z
376) and its chemical ionization mass spectrum confirms its molecular weight (m/z

o
and other fragments

377, M* + 1, 100). The base peak (m/z 124, M+ - C1gH3g)
correvspond to the loss of a saturated hydrocarbon unit. Its ir spectrum shows the
presence of hydroxyl groups (3320-3200 cm!). The 1H nmr spectrum displays a
VDQO exchangeable éignal for two hydrdxyl hydrogens (0 4.73, 2H, s), aromatic
h):drogcn signals (8 6.22, 2H, d and 6.15, 1H, 1), and one methyl signal (5 0.86, 3H,
. "The 13C nmr spectrum shows the methyl carbon (0 14.16, q), six arom;nic
carbons, and jcighteén methylene carbon signals. ThiS reveals the presence of a
srraigh.t’saturat»ed alkyl substi .nt; (—(CH2)13CH3). Spin decoupling experiments
(Table 12) indicate that the aromatic hydrogens cxhibit z;n AB» system with ’mAcla
coupling\constéms J= 2'.0 Hz). Thu§ compound 28 is a 1,3,5-trisubstituted aromatic
ring withx‘ﬂtwo hydroxyl and a nonadecyl substituent, 5-nonadecylresorcinol. It was
isoléted previously from w}:eét bran36. The spcctrél data of compound 28 are
identical with those reported.  Itis intercsting to note that compound 28 has not been

isolated from the blank rye extract.

38



W

Table 12. The spin decoupling 1H nmr data for compound 28

l »
Signal Irradiated Observed Change
H-4, H-6 6.22 ' ‘ H-2 = 615 t--s
‘H-2 615 | 4 H-6 622 d---s

The crude ether extract was composed of a mixture of components.
Preliminary Separation of the components into weak and strong acids was carried out
in the following way. The crude extract was partitioned b;wecn 5% aqueous
NaHCOj and ether. The strongly acidic components were extracted to the basic
so]ution.' The éthcr extract, which contains neutral and acidic components, was
extracted successively with 5% NapCO3 and 1% NaOH solutions to effect separation 4
of the weakly acidic componen({s ‘into basic aqueous extracts while the less polar
neutral components (B-4) remained in ether. Each of the basic extracts wa§ neutralized
with HCI and cxtractcdv with etfer. In this way acidic extracts were obtained: B-1
(frém 5% NaHCO3), B-2 (frorh 5% NazCO}.); and B-3 (1% NaOH)..

Puriﬁcétioh of extract B-1 by chromatography over silica gel led to the
1solation of l,3,6,8-tctrahydroxyanthrjiquinonc (3).

Silica gcl ﬂaSB chromaFog;ra-ph‘i f extract B-2 provided a satisfactory mcthod
for the separation of one majbr cori)ound in addition to ycrti)tanthoné“(ll),
hydroxyvcﬁixantho_nc (16), and compound 3 as minor components. The :major
compound in extract B-2 was eluted from the chromatc+ raphy column \ 125% cthyl'
_acetate in Skellysolve B. Crys!allizz;tion from Skelly ‘'ve B afforded colorless

{:ryslals 29. The molecular formula (C7HsNO3) of com- .nd 29 was determined by

a
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mass spcctrorhctry (hrms: m/z 135 M*; cims: m/z 153 M* + 18). The uv spectrum
shows an absorpFion maximur: at 273 nm. Addition of base (1N NaOH, 1 drop)
shifts the absoption maximum to 283 nm. It returns to 273 nm upon neutralization
with acid (1IN HC], 1 drop). This pl;sérvation indicates the presence of an acidic
hydrogcﬁ in compound 29. ‘Thc ir spccg'um exhibits absorption bands characteristic
of an NH group (3220 cm-1), an amide (1620, 1478 cml), and a five-membered 'ring
lactone (1770 cm-1)37. The 1H'nmr spectrum of compound 29 shows a D20
exchangeable NH signal (0 8.79, s) and four arom’adé hydrogen signals. The aromatic
hydrogens do not display ;1 first order spectrum. The spectrum was analyzed in the
dstal way‘and the derived coupliﬁg constants were verified using the Parameter
Adjustment in NMR by Tteration Calculation (PANIC) technique38 (Figure 7). The
coupling constants of the aromatic hydrogens suggest a 1,2-disubstituted aromatjé ring
skeleton. The 13C nmr spectrum of compound 29 displays a carbonyl carbon and six
aromatic carbon signals (2 singlets and 4 doublets). This spectral evidence suggests
that the structure of compound 29.is 2(3H)-benzoxazolone. It has been previously
isolated from rye seedlings39. The _spectra.l i)ropcnics (ir,‘uv, ms, 13C nmr) of
. compound 29 agree well with those reported®0:61.  2(3H)-Benzoxazolone was not
detected in the blank rye extract. 4 i ' v |
Extract B-3 contains two components as rgvcalcd by tlc. The co;nponcms
’ wére separated by flash chromatography. A -yellow crystalline cémpound,
vertixanthone (11) and an orange-yellow pigment, l-hydrc—)xy-Sz-mcthoxy-
amhraquinpnc (24) were iso'iated and identified. -
| Extract B-4 contains less polar components including triglycerides and a minor

compound which was identified as 5-nd1‘\bgadccylrcsorcinol (28).

L 4
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Figure 7. The 1H nmr spectrum of 2(3H)-benzogazolone (CDCl3, 400 MHz)
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1.4 Metabolites from the methylene chloride extract.

The crude methylene chloride extract contains seven components in addition‘to-

fatty acids and m'g]yccrides as revealed by tlc. Both the fatty acids And the

42

triglycerides are identical with thosc 1sol.atcd from thc bla,nk rye cxtracl&,by companson B

of physical and spectral properties (tlcmms 1y nmr) Slhca gel flash chmmtitogmph)
proved tc be a saUsfactory mcthod for the separation of all the componcnts 1,8-
Dimeth~ naphthalene (6) B- suosterol (8), B- sitosteryl palmuatc 9). palmmc acid
(10), 1-hydroxy-8- methoxyamhraq‘umone (24) and two other compounds were

isolated.

Compound 30, pale brown fhcedles, was i§olat'§édl;’ro_m the fraction eluted by

15% ethyl acetate in Skéllysolvc B. Thc high resolution mass spectrum gives a

molecular formula CgH‘hQ;,Thc ;empound possesscs a hydroxyl (3140 cm-!) and

N
an aldehyde (2720 and 1705 cm- 1) group as shown by lhe ir spectrum The nuclcar '

magnctxc resonance spcctra mdlcate the presence of an a]dchyde ® 10. 74, s,in 'H nmr

and § 191.77, s, in 13C nmr), hydroxy! (6 4.27, br, D20 exchangeable, in 'H nmr and -

\Ql65 68, s, in 13C nmr), methoxyl (8 3.87, s, in 'H nmr and 6:56. 27 g,in 13C nm;) '

and methy! (8 2.55, s, in 1H nmr and & 22.27, Qi in 13C nmr) groups The. meta
coupling constants (=25 Hz) of two aromatlc hydrogcns (6 6.34, q and 6.24, d) in
the 1H nmr spectrum (Figure 8) suggest a 1,2,3,5-tcn'asubst1tut;d bcnzcnc. In order

to determine the substitutional pattern, difference nuclear Ovérhauser enhancement

experiments were conductcd On irradiation of the methoxyl group, cnhanccmcnt of

. an aromatlc “hydrogen signal (0 6.34) is observed: On 1rrad1auon of the methyl group, ‘

cnhanccmcnts of the other aromauc hydrogen. (8 6. 24) and the aldchydc hydrogcn |

signals are observed (Table 13). This information indicates that compound 30 is 4-
hydroxy-2-methoxy-6-methylbenzaldehyde. |
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Figurer 8. IH nmr spectrum of isoevernin aldehyde (CD30D, 400 MHz)
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Table 13. The nOe data for compwd 30

1

Signal Irradiated

L

nOc (%) -

H-3 643
| OCH3 3.87
H> 624
CH3 255

)

OCH3 387 (4.1)
H3 634 (226)
CHz 255 (2.5)
CHO - 1047 (3.3) H-5 6.24 (15.9)
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Compound 30, named isoevernin aldehyde, has been previously isolated from

the fungus Guignardia laricina 6?. The spectral properties of the metabolite 30

e . . -
. 1solated from'V. sp. C50 agree well'with those reported for isoevernin aldehyde.

- Compound 31, which wasﬁé\rystallizcd from ethy! acetate as colorless needles,

wés‘obtajned from the chromatographic fraction eluted with 30% ethyl acetate in

Skellysolve B. It has a molecular formula C10H;004 as shown by the high resolution

mass spectrum. The ir spectrum shows hydroxyl (3600-2400 cm’l)rand hydrogen-

bonded carbony! absorption (1650 cm-1). The uv absorption maximum (259 nm)

suggests an unsaturated ketone chromophore63. The IH nmr spectrum (Figure 9) in



L
AN 8w

methanol cor?taining D,0 exhibits three aromatic hydrd"gc‘h's,»g)vo carbinyl hydrogens
(64.62,d and 4.06, m), and two geminal methylene hydrogens (6 3.09, dd and 2.69,

dd). The aromatic hydrogens are present as an AMX system “_/‘_ith,'mcta and ortho

coupling constants (J = 2.0, 8.0 Hz). This suggests the presence of 1,2,3- 5%

isubstituted aromatic ring. Spin decoupling experiments %hb\\f »t:hc coupling patterns
of all hydrogen signals and reveal the presence ofyvicinal ;1ydr0):yl%groups (Table 14).
The 13C nfnr spectrum of compound 31 displays a ketone carbonyl (& 204.36), two
carbinyl methine carbons (8 73.20, d and 71.57, d) one methylene carbon (d 44.08,

1), and six aromatic carbons. According to this spectral evidence, there are four

possiblc structures (31-34) which may be gonsidcred for this compound.

OH ¢

OH s
OH
31 , ‘ 32
0
: . OH
OH . OH
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To distinguish between the structure possibilities, H/1H COSY and difference
nOe spectra were obtained. In the COSY spectrum (Figure 10 and 11), a cross peak
between one carbinyl hydrogen (0 4.62, d) and one aromatic hyd{@\}cn (6 6.86, dd) is
observed. On irradiation of one carbinyl hydrogcn (8 4.62, d) enhancement of the
| aromatic hydrogcn signal (8 6.86, dd) is observed, and vice versa (Table 15). Thcsc
data indicate that this compound is 3,4-dihydro-3,4,8-trihydroxy- 1(2H{
naphthalenone as depicted in structure 31.. Compound 31 is optically active ([a]p
40°). The rclati\;e stereochemistry of the diol moiety was determined as follows. The
coupling constants (J = 7.5 Hz) between the th carbinyl hydrogcné suggcsts that

these hydrogens are approachmg diaxial®4.65. In addition, no nOe enhancement
$

46

- between the two carbinyl hydrogens is observed and this obscrvanon 1s consistent

with a trans diequatorial configuration for the vicinal hydroxyl groups. Thus

compound 31 has the stcreochcmistry shown in 31a or its enantiomer. Compound

spectral propemcs (ir, 1H nmr, ms, [a]D) of compound 31 arldcnncal with those

reported. Compound 31 is reponed to be a phytotoxic substance, since it reduces the

growth of rice seedlings when applied in high concentrations®0.

" OH o)

~d

” NOH
OH

31a
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Table 14. The spin decoupling 1H nmr data for compound 31

I

» ” %] '
_Signal’ Irtadiated Observed Change

. ' L
H-6 7.55 : 7.14 cﬁad (2.0 Hz), 6.86 dd---d (20Hz) (
H7 114 755 , .
CH5 686 955
[l >
H-4~ 4.62 4.06"'m---dd&(1.5, 4.0 Hz) &
H-3  4.06 462 des,3.09dd—d(175Hz) A

269 dd---d (17.5 Hz)
H-2¢ 3.09 406 m-—t (7.5 Hz), 2. Mdd---d (7.5 Hz)
H2a 2.69 406 m-—dd (7.5, 4.0 Hz)

3.09 dd---d (4.0 Hz)

Table 15. The nO¢ data for compound 31

Signal Irradiated nOe (%)

H5 704 H-6 7.55 (7.0), H-4 462 3.7
H-4 462 H-5 7.4 (5.7)

H-3 406 H-2e 3.09 (2.5)

H-2¢ 3.09 H-3  4.06 (11.1)
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‘Figurc 9. The 1H nmr spectrum of compound 31 (CD30D, 360 MHz)
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% e 10. The 'H/H COSY spectrum of compound 31
(CD30D, 360 MHz, COSY 90, contour plot)
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Figure 11. The IH/'H COSY spectrum of compound 31
(CD30D, 360 MHz, COSY 90, stacked plot)
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1.5 Metabolites of the ethyl acetate extract

The crude ethyl acetate extract contains nine components as revealed by tlc.
Silica gel flash chromatography led to the separation of seven components which were
identified as 1,3,6,8-tetrahydroxyanthraquinone (3), 1,8-dirﬁg:thoxynaphthalcnc (6),
B-sitosterol (8), P-sitostery! palmi;ate 9), vcrtixagthone (11), 1-hydroxy-8-methoxy-
anthraquinone (24), and 2(3H)-benzoxazolone (29). In addition two new afp)&onc
mctabolitcs were isolated by charcoal column chromatography followed by silica gel
flash chrométography. ’

Compound 35, a new o-pyrone metabolite for which we propose the name
vcnip‘ymnol was isolated as coloflcss oil. Its structure was derived }rom the chcmic;al
and spectral evidence presented below. Vértipyronol hés a moleculér formula
CgH 204 as deduced by high resolution.mass spectrum. Its ultraviolet spectrum
indicates an o-pyrone chromophore (280 nm)67, while its infrared spectrum shows
hydrbxy] (3417 cm"1 br) as well as an a-pyrone carbonyl (1699 cml, br)
absorption©8. 69, Thc 11—1 NmE speEctrum of compound 35 (Table 20) dJsplays an
hydroxyl (8 2.15, br, D20 cxehangc?ible) a methoxyl'(d 3. 90 s) and two olefinic
hydrogens as smglets (67.24 and ‘3 51) In addition there is a mcthme hydrogen (&
2.95) Wthh is coupled to methyl (8 1.26) and methylene (8 3.75) hydrogens. The

coupling patterns; for%; hydrogens ‘were verified by spin decoupling experiments

51

5 .
(Rable 16). In m‘d'cr@to dctcrmmc thc posmon of the hydroxy] substitution,

Uz 1
vcmpyronol was acctjlatcd wnh acetic anhydnde in pyridine for 12 hours The acetyl

dcnvanvc compound 37, has a molecular formula C11H14O5 (hrms). Its ir spectrum
shows ester carbonyl (1745 cm“) and a- pyrone. carbonvl absorpnon but no hydroxyl
; "absorpnon‘, while its TH nmr spcctr_um showsloncjacctyl methyl signal (5 2.04,s). In
the 1H nmr s:pcctmm of éccrylvcrtipyronol, the signals of rLhc mcthylcne hydrogens (0
4.15 and 4.08) are shifted downﬁeld by about 0.40 pprnre}anve to the sarﬁc signals in



the 1.H nmr spectrum of vertipyronol .’ This information suggests that vertipyronol
‘possesses a primary alcohol group, and thus the two substituents on the pyrone ring in
vertipyronol must be a methoxyl and a hydroxyisopropy! ;roupg. In the 1H nmr
spcctru‘m of vertipyronol, the two olefinic hydrogcns are assign'¢d to the 3 (6 5.51) and
6 (8 7.24) positions, based on comparison to the chemical shift of the analogous
L]

hydrogens of a-pyrones?0.71. Thus vertipyronol is a 4,5-disubstituted a-pyrone. At

this'point, two possible structures (35, 36) may bc_,f':onsidcrc'd for vertipyronol.

CH""CH:;
8 CHo— OH
35 o 36

Difference nOe c:qucrimcms Were used to distingtxish between the two ‘possiblg

- structures. Upon irradiation of H-6, cnhanccrrichts of the methyl and the methine
signa]bare observed. Upon irradiation of the methoxyl signal, cnﬁangcment of H-3 is
'obscrved, and vice versa (Table 17). This evidence is consistent with structure 35 for

that of vertipyronol. The normal and fully coupled 13C nmr spectra of vertipyrono!

exhibit carbon signals (Table 21) consistent with the assigned structure’2, The
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fragmcntan'onv patterns of vertipyronol (35) (Scheme 7) and the monoacetyl derivative

37 (Scheme 8) shown in the high resolution mass spectra are also in agreement with

the assigned structure’3. Vertipyronol is optically active ((a] D -1.58°), however, the

\\/



‘ s
absolute confinguration at C-7 has not been determined. Some naturally occurring o-
pyrone metabolites have been reported to have antibiotic activity74-76, |

' x
Tabte 16. The spin decoupling 'H nmr data for vertipyronol

’

Signai Irradiated Observed ‘Change
ﬂ ‘ g ) ’ . ' By
3.75 3.65 2x H-8 : 295 H-7 tq---q (7:5Hz)

295 H-7 " : 3.75 H:8 dd---d (10.5Hz).
' 3.65 H-8 dd---d (10.5'Hz)
126 CH3 d----5

1.26 CH3 2.95 H-7 tg-—--t (6.0 Hz)
Table 17. The nOe data for.vertipyronol ' /¢
Signal-Irradiated nOe (%) BN
724 H-6 295 H7 (3.7) 1.26 CHj (1.6)
551 H3 3.90 OCH3 (3.1) .
390 OCH3 551 H-3 (16.9)
3.75 H-8 3.65 H-8 (44)  295-H-7.(3.5)
3.65 H-8 - 375 H-8 (3.2) 295 H-7 (5.6)
2.95 H-7 © . 124 H6 B2) 3.75 H-8 (0.9)

365 H-8 (1.1) * 126 CH3(1.4)
1.26 CHj 724 H6(129) 295 HT (129) 4
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Scheme 7. The fragmcman'dn of vérﬁ"pymnol
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Scheme 8. The fragmentation of compound 37
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To further confirm the proposed structure, vertipyronol (35) was treated with

N-phenylmaleimide in refluxing toluene to give compound 38 (Scheme 9).
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-CO,”

CHs

38

Scheme 9. Diels-Alder reacton of vertipyronol
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_ The adduct, compoimd 38, has a molecular formula C2gH26N20¢ as shown
by high resolution mass spectrum. Itis optically active ([a]p -3.06°). The infrared
spectrum shows imide absorpuon (1715 and 1499 cm!). The IH nmr spectrum
(Figuré 12) is complicated, however, the hydrogen signals were resolved by spin
decoupling (Table 18) and assigned by.JH/1H COSY experiments (Figure 13-15). The
cross peaks in the COSY spectrum indicate that H-1 ® 4’1.25, t) is coupled to H-6 and

57

H-7 (5 3.23, m), while H-4 (5 3.91, 1) is coupled to H-5 and H-8 (6 3.14, dd). The.

_ coupling constants between H-5 and H-6 (J = 8.0 Hz) and between H-1 and H-6 (H-

'7) (J = 3.0 Hz) 1nd1catc an cnxio ?nd arrangement’7-80,  Therefore, the
g 4,
stcrcochcm1stry of the adducgt‘ is: gssigirird as the exo -exo . The fragmcmatxon of

compound 38 in the mass spectrur as outhncd in Scheme 10 is consistent wnh the
asslgncd structure .

Table 18. The spin decoupling 1H nmr data for compound 38

Signal Irradiated Observed Change
425 H-1 323 H-6 H-7 m---2xd (8.0 Hz)
391 H-4 3.14 H:5 H:8 2xdd---2xd (8.0 Hz) L
3.40 H-1 | 273 H-2'tq---q (7.0 Hz)
323 H6 HT¢ 425 rH1 teess
” 3.14 H-5 B8 2xdd---2xd (3 0 Hz)
3.14 H-5 H-8 391 H-4 t---s 4,
3.23 H;6 H-7 fn---2xd (3.0Hz) k

273 H-2' 3.40 H-1't---d (6.5 Hz)

086 H¥d-s
0:86 H-3' " 373 H.2' tgt (6.5 Hz)

—




H | L
M* m/z 486 _ m/z 455 (90)
. -CH,0 g | —+
}Ji+ -CygH12N04 Q o @[ﬁ CHy
C H-CHj, | ‘ CH2-CHsy
m/z 136 (10) '
-.CH,0H
| C H-CH, o cn cn3
m/z 135 (18)

 Scheme 10. The fragmcmanon of compound 38
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‘Compound 39, a colorless crystzlline compound, was isolated py

chromatography over charcoal and then silida gel. It is a new a-pyrone met2bolie

59

which we have named vertipyronediol. Its sgructure was determined by spectral

studies and by comparison of its spectral properties with those of vertipyrono! (35)--

Vertipyronediol ('39) has a molecular forruly CgH1205 (hrms my/z: M+, 200; ¢im$

m/z: M*+ 1, 201, M+ + 18, 218), which difters from that of :Vcrtipyro'nol (33 by X

one oxygen atom. The uv spccmﬁm indigates the o-pyrone chromophore 279 n}]})67;:.

The ir spectrum shows the presence of hydsoryl (3390, 3291 cm-1) and an a»pyrshq':_ )

Y \/,

carbonyl (1711 cm-1) absorption. The 1H nmr spectrum of vertipyronediol (39)
(Table 20) is similar to that of vertipyronol (35) except that in the spcctrum of

compound 39 there are two hydroxyl Sigpals (6 3.18, br and 1.75, br, D,0

cxchangcablé), and the methyl signal is a singla; while the methylene signals apPear 28

doublets. This information suggests that veﬁigyronedjol has the same skeleton as (hat

" of vertipyronol (35), and[.:gon_gz;ins one more h)drm@yl group. The spin patterris Of the

o,
4

s | - :
methyl and the methyleng.signals in the IH nnr spectrum of compound 39 suggest

that the additiona] hydroxyl gfoup is located 3, C-7. Hydroxyl substitution at C.7 js
f ;mher supported:by the 13C nmr spectrum of \ertipyronediol (39), since the chemical
shift of C-7 (& 73 67, s) is downfield relative £ that of vertipyronol (35) (6 32-84, 4.
The fully couplcd 13C nmr spectrum of vsmpyroncdlol (Tablc 21) shows that the
multiplicity of C-6, the methyl, and the muhylcne carbon differ from those Of

vertipyronol (35), since there is no long range C-H '(:oupling‘bctwcen H-7 and these

carbons. This evidence further confirms tha hydroxyl substitutior and shoWs that

)

{ vertipyronediol (39) ‘contains a 2-(1,2-propanediol) group. Treatm€nhy Of
. vertipyronediol (39) with acetic anhydridc iy pyridine at room temperature fqr 12
hours gave an ‘accty] derivative, c0mpound,4Q. The reaction product has a molecula}
- formula Cy1H140¢ (hhns). T.hc ir specrum shows an o;-pyrohe carbonyl, hYdroygyl
absorption and an ester carbony! abso?p&i\on (1739 em-1). The 1H nmr speeu»ﬁ{n

g



dlsplays one acetyl methyl signal (8 2.06, s), and the mcthylcnc hydrogen signals. shnf 1
downfield about 0.40 ppm relative to the same signals in thc 1H nmr spcctmm%c
unacctylated compound (Table 20). This shows that the reaction product 40 is a
n;%)gnoaccty] derivativclof vertipyronediol (39) and that acetylation took ;)iacc at the
primary alcohol. This provides further cvidcncc that vertipyronediol (39) has a
~ primary hydfoxyl group at C-8 and a tertiary hydroxy! group at C-7.

Diffenen;:c nOe experiments (Table 19) were used to verify the position of the

substituents oRyertipyronediol. ‘On irradiation of the C-methyl signal, enhancements of

j H-6 and the methylepe signéls are observed. On irradiation of the 'mcthoxyl signal,
_¢nh'anccment of H-3 is\observed,.and vice versa. Therefore, vcnipyr‘oncdioln 18

: A
identified as 39. \

39

The mass spectral fragmcmanon of vempyroncdxol (39) (Scheme 11) and its
‘acetyl derivative 40 (Schcmc 12) is in good agrccmcnt with the. proposcd structure.

Vempyroncchol is opncally acnvc ([o]D -5.0°). Howcvcr thc absolutc configuration
,x?

at C-7 has not been dctcrmmcd Blogcncucal{y\ the a- pyronc mctabolltcs produced by

60



Vcrtrc:clad:clla may be derived from a tetraketide intermediate, and by way of an
oxidative cleavage of an orsellinic ac;d derivative8l. Itis of interest to’ note that in all

known naturally occurring mcthoxy-a-pyroncs, the methoxyl is located on the 4

position82-86.

G oo
Table 19. The nOgdata for vertipyronediol -

)
Signal Irradiated nOc (%)
7.65 H-6 : 152 CH3 (1.4) .
. ’ N

5.56 H-3 .~ 390 OCH3 (3.3)
3.90 OCH3 556 H-3 (22.2) |
3.98 H-8 | 364 H-8 (27.9), 1.52 CH3 (0.8)
3.64 H-8 398 H8 (233), 152 CHy (1)
1.52 CHj . 765 H-6 (49), 3.98 H-8(12), 3.64 H8 (2.4)
“w
y 'R1 R>

35 H OH

37 H OAc

39 ' OH OH
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Chemical Shift (@3 in Hz)  (CDCl3, 360 MHz)

¥
NS

H 35 39 40
3 5,51 (s) 5’.‘5‘8:(5’; 556 (s) . 5.581(s)
6 7.24 (s) 7.22 (s) 7.65 (s) 7.61 (s)
8 375(dd)  4.15(dd)  3.98 (d) 4.39 (d)
(10.5,6.0)  (10.5,6.0) (11.0) (11.5)
8 3.65(dd) 408 (dd).  3.64 (d) 427 (d)
(10.5,6.0)  (10.5,6.0) (11.0) . (11.5)
CHj3 1.261d) 1.22 (d) 1.52 (s) 1.50 (s)
OCH; 3.90 (s) é.ss (s) 3.90 (s) 3.88 (5)
“R1 2.95 (1q) 3.05(q)  .3.18 (br) 3.01 (br)
(6.0,7.5) (6.0,7.5) | M
R2 2.15 (br)  2.04(s) 1.75 (br)

2.06 (s)
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Table 21. The 13C nmr data for vcm'pyrbnol and vertipyronediol
o .

/\

Chemical Shift (mult. J in Hz) (CDCl3, 75 MHz)

35 39
C APT _FC APT FC
2 164.42(s) (br) < 167.41() (o)
3 90.00(d) (d, 169.8) 90.55(d)  (d, 176.81)
4 169.97(s) d, 7.0) 171.64(s)  (d, 8.0)
5 117.08s) @ (br) 120.89(s)  (br)
6 148.65(d) dd, 197.0, 7.0)  151.86(d)  (d, 203.5)
: 7 32.84(d) (d.br, 128.9) 73.67(s)  (br)
8 65.75(t) (t,quintet, 69.16(1) (1q, 140.1,
143.0, 5.0) 4.0)
QH3 1585(q)  (qu. 127.1,3.0)  24.50(@) (g, 128.0)
‘OCH35608(@)  (a, 146.6) t 5665 (g, 146.0)
* In CD30D. -

APT: Attached Pronton Test, FC: Fully Coupled.

W



M™* m/z 200 (4) m/z 169 (100) m/z 151 (13)

\
HO CH, + OH

M* m/z 200 (4) - " m/z 170 (8) m/z 127 (99)

Scheme 11. The fr}agmcman'on of vertipyronediol
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m/z 169 (100)

M*m/z242(7) m/z 170 (9)

N

Scheme 12. The fragmentation of compound 40 |

m/z 151 (7)

+ OH

m/z 127 (52)
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Figure 12. The !H nmr spectrum of compound 38 (CDCl3, 360MHz)
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2. Metabolites of Vcrticicjadjc_fla sp. C728 Grown on. Solid Medium
Verticicladiella sp. C728 was grown on solid rye medium, in 8 manner similar
to that described for Vcrdéicladic[la sp. C50. The solid cultur?: was cxtréctcd with
Skellysolve B, ether, fncthylcnc chloride, and ethyl acetate to give Your crude extracts.
Thé metabolites of each extract were separated by éhromz;tography. Nine cémpounds
have been isolated, seven of which were also oblajnc‘d' from strain C50. The seven
‘prcviously identified metabolites are l,3,6,8-tctrahydrox‘yamhraquinonc (3), 1,8-
~dimethoxynaphthalene (6),’ B-sitosteryl palmitate ), paimin'c acid (10), vcrﬁxanihone
(11), 1~hydroxy-8-methoxyamhraquinone (24), and 5-n -nonadecylresorinol (28).

The pure compounds isolated from each crude extract are listed in Table 22.

i

Table 22. Metabolites of four extracts of C728 grown on solid medium

.

Extract | ‘Compound’ &

SKB 6 11 24 41 42

Et,O 3 11 24 28 41 42

CH,Cly 9 10 42 SRR
EtOAc 3 9 10 .41 SN
¥y

-
- - »

Compound 41 was isolated as 'ylcllow nccdlés by silica 'gel flash

& chr’omatpgraphv vlunng w1th 5% cthyl acctatc in Skcllysolvc B It tums red when.

il

dissolved ; in basw solunon Thc ulu'avxolct spcctrum ‘of compound 4] 1nd1catcs an a-

I,

- b ;gmxyamhraqumonc chromophorc (T able 9) Ithasa molccular fommla C14H304
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'
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5, Biological- Studies).

which differs from that ofpl -hydrox'y-8-mcthoxyamhraquinonc (24) by a CHj umt ¥
Thc 1nfrarcd spcctrum of pigment 41 shows two carbonyl (1628 and 1664 ¢m-1) and
hydr})xyl (3100 cm-1, br) absorpuons The 1H nmr spectrum is similar to that of
compound 24, except that there are two hydroxy]l hyd:ogcns (6.12.08, 2H, s, D;0O
cxcha‘ngcablc) and no methoxy! signal for pigment 41. The six aromatic hydrogens
are displaycd as two separate AMX systems with ortho and metacoupling constants
(Tablc 10) indicating the presence of two 1,2,3-trisubstituted a:or?atic rings. The 13C
nmr spectrum of compound ‘41 (Tab e [1) displays two carbonyl carbon signals
(6193.16 and 181.77) suggesting i;8-dispbstitution fi'om symmetry considerations.
This yellow pigment,isﬂidcntiﬁed as 1,8-dih'ydroxyamhraquinone (41). Préviously it
was known as a symhc:ic compound, and recently it has been isolated from the'coral -
Tubastraca micrantha Ehrenberg 87, qucver w{beheve this is the first time it has
been isolated from fungul sources. All spectral data of compound 41 are 1demica]
»y' h reference values88-91. Previous biological studies®? have shown that 18-

d@ydro?yamhraquinone has antibiotic activity, cspecially against Gram positive

bacteria.*Antibiotic bioassay tests 1n our laboratories show similar results (see section

1

22



72

The thin layer chomatography behaviour of the three anthraquinone
compounds are unusual. The l,é-dihydroxyamhraquinonc (41) gives the highest Rg
value, while 1,8-dimcthoxyanthfaquinonc (26) appears at the bottum on the tlc plate
(Figure 16). This observation is in agreement with that rcport'éa in the literature93 and
may arise because the hydrogens on hydroxyl groups can be hydrogen bonded to the
carbony! function. Thus the Ry order (Table 23) is due to Lhc.availability of methoxy!l

and carbon'yl groups to intcrj’act with ;&16 silica gel or alumina.

» 0

p——
@}.

i3
Q
2,
e .
fae37
¥

__________ o ————————l - E
g
®l 41 24 26 : 41 24 26
X -
SiO7 plate . : ADO3 plate -

| o &b ;Figﬁré 16. The tlc’characieﬁstics of anthraquinone compounds



Taﬁ?fc 23. The R values of anthraquinone compounds

Compound Si02 Al2b3

24 0.40 0.29

26 : O 07 - 0.09

41 066 0.59

Solvent: CHCI3 T ’

A yellow cryétalline pigment, corﬁpound 42, was. isblatqd from the
chromatographic fraction eluted with 30% ethyl acetate in Skellysolve B. It is a
xanthone as shown by the uv spectrum (Table 6). The high resolution mass spectrum
_shows a mollecular formula C;eH 1.20¢, which differs from'. that of
hydroxyw:rtixanthone (16)-by a CHy unit. The ir spectrum exhibits hydroxyl (3300
cm”) ester carbonyl (1756 cm-l), and conjugated carbonyl (1651 cm- 1) absorpuons

The 1H nmr spccn'um of pigment 42 is similar to that of compound 16 CTable 7)
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except that the formcf displays on¢ hydroxyl signal (& 12.25, s, D,O exchangeablc) :

and two methoxy!l siénals ® 3.92, s and 4.05, s). T.hc five a'romah's: hydrogens are
displayed ‘as‘an'AB and an AMX spin sy;tcm with ‘ortho and rheta colup,li_ng constants:
This suggests the presence of one 1,2;3,,—u—is'ubst'itutcd and one 1,2,3,4-tetrasubstituted
aromatic rings. . Thé l3C nfnr spcc&um (Table 8) of i)i gment,42 and compound 16 ﬁre

’ sxrmla.r except that compound 42 has one more methoxyl carbon sxgnal (6 57.05, q)

Thxs mdxcaxcs that compound 42 has thc sa.mc substituted xanthone skeleton as that of »

hydroxyvcruxamhonc (16) Thcn:forc ths pxgment must be clthcr stmcruéex}iz or
43. '



42 ) 43
: / |
. In order to disti'nguis‘h between the two possible structures, difference nOe
cxpérimcm‘s were carried out. »'On-inadiation of the methoxy! signal, enhancement of
the B hy_drogcp of thé_AB‘ sysé_nf and vice versa is observed (Table 24), indicating
~mc‘étho‘xyl substituﬁ‘on at C-2. Thus this pigment 1s methyl 2—mcthoxy1-8-hydroxy-
xanthone-1-carboxylate 4(42), This compound has been previously isolated fruom the
fungus Myéosphacré]la rosigena and named mycoxanthone®4. Comparison of the
" spectral properties of compound 42 (uv, ir, IH nmr, ms) with those reported for

mycoxanthone confirms the identity.

SR
Table 24. The nOe data for mycoxanthone
Signal Irradiated . nOe (%) )
7.42 H-B' , 3.92 OCH; (4.7)

392 OCH3 . 742 HB (242)
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3. Metabolites of Verticicladiella sp. C50 Grown in Liquid Meditm
3.1 Isolation of the crude extracts

chcxcladlclla sp. C50 was grown in liquid still culture on 10% flltercd V-8
Jmcc containing 1% glucose. After six weeks the culture broth was decanted from the
- myccllum._ The mycelium was subjected to sp,,c‘ccsswc continuous extractions in a
Soxhlet extractor with ékellysolve B and ethyl acetate. The culture broth was
concentrated to small volume’in vacuo and continuously extractg'%;yvith Skellysolve B

“then ethyl acetate-for 24 hours. o : , "*%’

3.2 Mctabplitcs‘from the mycelium extracts

naphthalene (6). ‘
The crude ethyl acetate extract was separated by silica gel flash
chromatography using gradient elution with Skellysolve B and ethyl acetate. Five

compounds _idcntical with those isolz‘ifei"i_gr;'elviously from strain C50 (solid medium,

75

| rye) have been obtained. The metabolites were identified as 1,3,6,8-tetrahydroxy- -

anthraquinone (3), 1,8-dimethoxynaphthalene (6), vertixanthone (11), hydroxy-

vertixanthone (16), and‘1-hvydroxy—8-mcthquanthraquino’ne (24).



3.3 Metabolites from the culture broth extracts

,l,8-Di‘mcthoxynaphthalcnc (6) was isolated form ti. crude Skellysolve B
extract. 1,8-Dimcthoxynaphtha1chc (6), vertixanthone (11), 1-hydroxy-8-methoxy-
anthraquinone (24), and 3,4-dihydro-3,4,8-tn'hydroxy-1(2H)—>naph(1ha1cnonc 31

were obtained from the crude ethyl acetate extract by silica gel flash chrémi_at/ographyt

4. Comparison of Metabolites of Verticicladiella sp. C50 and C728

Grown on the Same or Different Media

Investigation of the metabolites from two strains C50 an C728 grown on-solid

76 "

medium (rye) indicates that these two strains produce similar components. In additior). :

a single strain, C50, when grdwn on different media, (solid (rye) and .~1{quid (V-8
juice)), produces the same type of metabolites. However, largcr,;quantitics of
metabolites are ob:ained when i't is grown on the solid medium (rye). .Comparisons of
the metabolites isolated from the two strains when grown on the same medium and the

single strain (C50) when grown on different media are shown in the Tables 25 and 26.
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Table 25*. Metabolites of Verticicladiella sp. C50 and C728 grown
on solid medium (rye) |
Extract - C50 v C728
SKB 6, 8 - | 6, 11, 24, 41, 42
E,0 3, 6,9, 11, 16, 3, 11, 24, 28, 41, 42
24, 28, 29 s \ :
. B4
CH-Cl, . 6, 8,9, 10, 24, 30, 31 9,10,42 -
EOAc 3,6, 8, 9, 11, 3,9,10, 41 ¥
24, 29, 35, 39 | s

>

Table 26*. Metabolites of Verticicladiella sp. C50 grown on solid medium
(rye) and liquid medium (V-8 juice) |

Solid Medium | | Liquid Medium
SKB 6,8 ,_ ~ SKB (M) 6
) EcO 3,69, 11, 16, EtOAc (M) 3,6, 11,
24,28, 29 ‘. . 15,24
s CHCl, 6, 8,9, 10, 24, 30, 31 SKB {B) 6
\  EOAc 3,689 11, © EOAc (B) 6,16, 24, 31
24,29,35,39 . S 9
‘o
L 'M: Mycelium extract; B: _Broth extract.
*‘M' T ‘ Q’G\\;\ ; The structure of the varkous c.ompqunds are shown on the next page.
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5. Biological Studies of Crude Extracts and Metabolites from
Verticicladiella sp C50 and C728

5.1 Test.of inhibiton of water conduction

It is suggested that the vascular wilt of the black stain root disease infected
1 )

trees is because fungal metabolites may disrupt stem water transport?3.96. The

inhibition of water transpori is assumed to relate to the phytotoxicity of fungal

metabolites, although no-evidence demonstrating reduced water conduction has been

developed in our laboratories®7. The test of inhibition of water conduction is based on

79

_.reported. A water uptake experiment using lodgepole pine sécdlings has been

the assumption that the degree of water uptake in the seedlings will reflect the degree

of inhibition caused by the compound being tested. One month old pine seedlings are

fised for the tést. The seedlings’are allowed to stand in the test solution for 12 hours,
then they érc transferred to an aqueous dye solytion and the uptake of dye is observed.
The results of the tests afc pfescnted in Table 27. From the aata 1t appears that the
inhibition of watér condﬁctio; of the crude extracts ofVénicjc]adiclla sp. C50 and
C728 may be due to the presence of xanthone and anthraquinone 'corilpounds.
Metabolites 11, 16, 41, and 42 are the most active, and compounds 3: and 24' show

moderate activity. Further testing of these compounds will be carried out by scientists

at the Northern Forest Research Center.
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Table 27. Inhibition of water conduction test
Sample® - IDC*
/
Crude cx#t** 1 2 i 3w
C50 (rye n_ 1 11
C728 (rye) )| 1 I
C50 (Mycelium) . 1. 1 ]
Cs50 (Br\?th) "~ A A A
"Pure compound 1 2 3
A A0 .
6 0 0~ 0
11 A A A
16 A A I
24 A A 0
28 0 0 0
' 0 0 0
A A A
: ':a o ‘ ’J |
" Inhibition of dye conduction, record result as : :
P15 inhibition, good conduction
W' Lslight inhibition, medium conduction
1I fair inhibition, slight conduction
_ I complete inhibition, no conduction R
A no conduction in young lcavgs. , ‘.

** Total crude extracts. - A A
#** Each sample was tested three times.
Dye: 0.1% Acid fuchsin dye. . L\

Sample: 0.1% Agucous solution.
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5 3 Antibiotic screening of thc mctabolncs from Verticicladiella sp

-

C50 and C‘,g728 " o ' | o~

—_—

The sodlum salts of the amhraqumoncs and xanthoncs isolated from\C%) and

.4

C728 have been. tcstcd for antibiotic activity using the agar diffusion mcthod‘»’8 99,
»1?3,6,8 Tctmhydroxyanthraqumone 3) and 1- h_ydmxy-8-mcthoxyamhraqumonc (24) |
sbow \A'/"ca‘k_amibiotic activity{s’inéc inhibition of growth of Staphydococcus
epidermidis is observed at a concentration of 5% (Table 28). The xanthone compounds

- I3 . "
do not show activity.

Tablc 28. Annblouc screemng of metabolites ffom chcxclad:clla

S

sp. C50 and C728

. L

& — /
Micro-organism ' Pure compound

| 3 .24 41 11 .16
Eschcn'chia coli '*.'*_ , 0 0 -0 0 . 0
Staphylococcus aureus ** 0 0 0 0 0
Staphylococcus epidermidis ** 15 20 0O 0 0 ’ )
Candida albicans *** o 0 0 0 0 i

* Zonc dJamctcrs of inhibition cxprcsscd in mm.
** Test orgamsm was obtamed from American Type Cultre Collccuon (ATCC),
: ATCC No E. &)]1 25922 S. auxcus 25923, S ”cpldcrmzdls 12228. -

*** Test organism was obtam from Umvcrslty o/f Albcrta Mo}d Hcrbarmm (UAMH)
UAMH No. C. a]b:cans 3468.
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6. Biosynthetic Studies of Metabolites Produced by Verticicladiella

- :

The biogenetic origin of the metabolites produccd by Verticicladiella is an’
. - _ N N

_interesting topic. It is well established that naphthalenes, anthraquinones and
: : A

T

xanthones are derived biosynthetically by a:polyketide pathway: Naphtvha_l'cne
" derivatives have been shown to be derived from either pcnfak'cﬁdc (Schemg 13)100’1% G
LD

or hexaketide (Scheme 14)107.108 origin, the latter biosynthetic pathway involving

deacetylation of a'hcx«ak'ctidc‘ derivative, naphthol 44. .

-

a

. . ! .
Scheme 13. Pentaketide pathway for naphthalene compounds



. ¢ -
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‘ 0 "0, O . oW OH O
" 6 CHy CONa®—»
-
’
I >
Scheme, 14, Hexaketide pathv\}é'yv 'for'nap,h.tha]ene compounds
The biosynthesis of anthraquinones has been widely studied. Early
: . _ X
investigations show that in higher plants, anthraquinonés with hydroxgl, groups in
both rings as a general rule are derived via polyketidas, whereas those: anthraquinones
with hydroxyl-groups in one ring, such as alizarin (45), come from thc'shi_kim'atc_an‘d
mevalonate pathway109:110,
- , -
{3“‘.‘\""\\.._
¢
B 45 v

.

The biosynthesis of anthraquinones in Tower organisms, however is not-so clear-cut.

-

el "Nétur"éﬁ._bﬁcn seems capricious in "hc,r_r,'éhoi%of pathways"111.112, Many-

" “ S
by R T .



anthraguinones are formed from a oolykctido pathway and most of them havg:' at least
one c;rbon atom attacht;d to“thc'ring”3'1;9. The aCccotcd oolykctiq&?«‘biosynt@e;ic
< pathway for anthraquinones is shown vin Scheme 15. The a'nthraq\ginoncj mctabolitos
of Verticicladiella do not Jhavc a carbon .substitutcnt and this suggcots th‘t these

anthraquinonos may be bi\osynthesizcd by an unusual pathway. -

[0y - -0,
—e

Scheme 15. Polyketide biosynthetic pathway for anthraquinones
ra . N }; .
-

Thé biosyr}thesis of *anthoncs has been studied only recently. Hyd:oxylated
benzophenones are generally acccp{od as -the immediate precursors of most ﬁamhones,
but their biosynthesis in highcr piants and fungi. usuall’y differs120121, In plants“‘,
_bcnzophcnoncs an: dcnvcd from shlklmatc and acetate pathways (Scheme: 16)122 126,
bwhcrcas in fun g1 thc xanthoncs are almost dcnvcd solely from acetate. A "looped :

foldlng (Scheme 17) of the fungal polyketide chain in one of two ways leads directly . -



J 85 .

to precursors of some xanthonc metabolites?27-134, The “circular” folding (Scheme
18) requmcs oxu:l;mvc c]cavagc of an mtcrrncdxatc anthraquinone or anthrone, and this
oxldanvc nng ﬁsswn is a common process in fungx cspccxally if the fungus produccx

a series of anthraquinone and xanthone p1gmcntsl35 a2 BN

Shikimate —m C,Tnit
\ 4

+ 3 CH;CO,Na —» Malonate

Scheme 16. Shikimate-acetate biosynthetic pathway for xanthones



/

Scheme 17. Polykepidé biosynthetickpathway for xanthones A

s



- Schere 18. Polyketide bi,ogynthcdc pathway via oxidative ring fission for

xanthones

87
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In order to establish the biosynthcn'c pathway of the metabolites produced by,

Verticicladiella , we undertook a biosynthetic study in which 13C labelled sodium
acetate: was added to the culture m;:dxum Both sodium [1-13C}lacetaie and sodium
[1,2-13C] acetate were used. The singly'lat)c_:llcd culture was grown in liquid medium
(V-8 juice), »\;hcreas the douoiy labelled culturc Was_grown on solid medium (rye).

The results of our studies are presented below.

6.1 Biosynthetic studies of naphth’a]énc metabolites

Examination of the hydrogen decouplcd&rl3C nmr spectrum of 1,8-'

dimethoxynaphthalene (6), isolated from the culture containing [1-13C] acetate, shows

enrichment (about 6% incorporation) at carbons 1, 3, 4a, 6, and 8 relative to the

natural abundance spectrum. The slight]y higher incorporation of C3 and Cg is due to- '

"starter” cfféct‘ This suggests that the po]yketide is folded so that either C3-C4 or Cs- ‘

Ceis spccxﬁcally derived from the starter acetate, since compound 6 hasa symrncmcal
\structurc whc‘reas the other carbons are dcnvcd from malonate. Thc> hydrogen
dccoup]cd l3C nmr spcctrum of l 8 dlmcthoxynaphthalenc (6) derived froha 1,2-
l3C] acetate shows that all resonances, except those of the methqul carbdns are

accompantcd by l3C 13C satellites. The bonded paus of C1-Cga, C2 Cs, Cs- ¢4a Cs-

C(, and C7-Cg are 1dcnttﬁcd by matchtn g the 1J coupling constants Tlus mformauon

: _cstabhshcs that the naphthalcnc nucleus is bioSynthesized cnurcly by condcnsanon of

five intact two tarbon umts Thus, 1,8-d}methoxynaphtha1enc (6) is denved
"blosynthcncally via ‘:a pcntakcndc pathway as in Schetm: 19. |

o
o
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Scheme 19. Pentaketide biosynthetic pathway for 1,8-dimethoxynaphthalenc
~

—

3,4-Dihydro-3,4_,8-trihydr6xy-l(2H)-naphthalcnonc Bl is expected to be
derived biosymhctical]y by the same pathway as 1 8-dimgtho‘xynaphlha1cnc (6).
: Exarmnatlon of the hydrogcn decoupled 13C nmr spectrum of 34- dlhydro 3,4,8-

89

&

mhydroxy 1(2H)- naphthalcnonc @31, 1solatcd from the culture: contalmng (1-13C) -

acetate, rcvcals a labcllmg pattern sxmllar to that observed for that of 1,8-

dxmcthoxynaphthalenc (6) i.e. carbons 1, 3, 4a, 6, and- 8 are cnnchcd (about 6%' .

msovporauon) relative to the natural abundan(‘c spectrum. C6 fmm thc starter acetate is

more enriched relative to,:the -othcr carbons derived via r»na]onatc.‘ The hydrogen
iy L 5 R . S .

EEN f\J
“ R
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decoupled 13C nmr spcctrum of compour)d 31 xsolated from the culturc comamm g

[1,2-13C] acetate shows all carbon signals accompamcd by 13C-13C satellites. The |

couplmg constants of the satellites indicate the ﬁve mtac@ two-carbon units are Cl-Cga, N SR

{\

. C2-C3, C4-C4a, Cs-Cg, and C7-Cg. Therefore; a péntakctidc biosynthctif;_pa\thWay is

: b : : ‘
established for the formation of 3,4-dihydro-3,4,8-trihydroxy-(2H)-naphthalenone-

, Ty ,
(31) (Scheme 20). . B L \ ~

Schcmc 20. Pcntakendc blosymhenc pathway for 3,4 d1hydro 3,4,8- .
mhydroxy 1(2H)- naphthalcnonc

# Oxldauon could take place ata I~ stage.
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6.2 Biosynthetic studies for antﬁraqoinonc metabolites
‘1‘ ‘

It is interesting to note that anthraquinone metabolites produced by

M3

Verticicladiella sp. do not have a carbon atom substituent in the ring. The formation

N

of these anthraquinones would be expected to occur either by cyclization of a normal '
. . ( . . .

octakcddc’ patthy (Schcfnc 15) ahd Lhe’ﬁ loss of a capbon or by an ‘unusual dircc.t
heptakende pathway Exarmnatxon of the hydrogen decoupled 13C nmr spectrum of
l ,3,6, tctrahydroxyanthraqmr)one 3) cnnchcd from [1,2- <5C] acetate (about 0.1%
1ncorporauon) shows that all signals are accompamcd by 13C-13C satcllncs These are

dlsplayed as seven couplcd pairs of carbon atoms. The 1J¢c values indicate thatghc

. seven intact two—carbon umts are Cy- Cz, Csz- C4. C4a C10, C10a-Cs. Co-C, Cg-Cg,.

and Cg-Coa. Th{s 1nformat10n suggcsts that compound 3is probably biosynthesized ,

dmcctly froma hcptakeude (Schémc 21). Smcc no such direct polyketide blosymhcsls

Y r

of anthraqumones has been reported to da;c funhcr blosynthcnc studlcs havé to be

undertaken to _conﬁrm the proposed pa_th»_vay.

v

L
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Scheme 21. Heptaketide bibsyn;hetic pathway fof 1,3,6,8-tetrahydroxy-
anthraquinone ' | : &
6.3 Biosynthetic studies of xanthone metabolites - coa | S

| The xanthonc mctabohtcs produced by Vcrtzczc]ad:el]a sp. are prcsumably " ?‘
derived from ox1dat1vc ﬁssxon via ‘the amhraqgmoncc 1solated from Vemczcladzclla

- sp. In order to dlsunguxsh bctwccn thc p0351ble bxosynthetlc routes, both smgly :
labcllcd sodmm [1-13Q) acctatc and doubly labcllcd soghum [1,2-13C] actate were
ancorporated into the xanthonc mctabolxtcs with growmg culturcs of che%
sp. C50. Unfortunatcly, the xanthonc mctabohtes grown in the doubly )abellcd ‘ |
fashxon were 1solatcd m vcry small amgunts .and‘thc 1?’C ninr cxp_;nmcm did not

o
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provide addmonal mformanon Exannnanon of the hydrogcn dccouplcd 13C nmr
spectrum of smgly labcl]cd vcruxamhonc (11) shows cnnchmcm (about 7%

incorporation) at carbons 1, 3, 4a 6,8,9, and 10a n:lanvc to the n'ﬁtural abundancc
spectrum, The hydrogen dccouplcd 13¢ nmr spectrurn of smgly labcllcd

'hydroxyvcmxamhonc (16) reveals the same labelling’ pattcm as that of vcmxanthonc

983

/(11) Thus, thc xanthone metabolites 11 and 16 produccd by chCIC]ﬂdICHa sp are.

derlvcd from polykcudes via oxidative nng ﬁssmn of anthraqumoncs 3 and 41

(Schcmc 22). S;nce the intermideate bcnzophc\noncs possesses an axis of symmctry in.

one ¥tonf(')rmatiohally labile ring which affo;ds. a mixture of two la'b'ellin‘g patterns in

unknown in this case.

. the xanthones143.144 | the direction of cyclization of } 1zophenones to xanthones is -



- Scheme 22. Biosynt}}g\ic pathway for vertixanthone and hydroxyvertixanthone

# Oxidation may occur at a early stage.
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I III. EXPERIMENTAL
..~ All solvents except diethyl ether were distilled prior to use. ACS quality

anhydrous diethyl ether was used without purification. Petroleum ether refers to

» [

2

Skelly Oil Company light pctroieum (Skellysolve B), bp 62-70°C. \Pyridihc was - )
distilled from CaHj and stored over molecular sieves, acetic anhydride was dried over
P05 and distilled from sodium acetate.

Analytical thin léycr chromatography (tlc) was carried out on aluminum sheeis
(75x25 or 75x50) pre-coated (0.2 mm) with silica gel 60F,s4 (E McrcI, Darmstadt).

‘Marterials were detected by visualization under an ultraviolet (uv) lamp (254 or 350 o~
nm), or by spraying with a solution of phosphomolybdic acid'ZS%.)‘comziining a trace
of ceric sulfaie in aqueous sulfuric acid (5%, v/v), or a solution of anisa]‘dehyde Q%)
in aqueous sulfuric acid (10.%0,’ v/v), followed by charring on a hot plate. Flash
column chromatography!45 was performed with Merck Silica Gel 60 (40-63 urﬁ). |

High resolution mass spcctrav(hrms') were recorded on an A. E. I. MS-50 mass
spectrometer couplec¢ .0 é DS 50 computer. Chemical ionization mass spectra (‘cims_) )
¢ were rccc;rded‘ on an A. E. I. MS-9 mass spcctrpmctcr. Ammonia .wad;' used as reagent
gas. Data are rgponcd a3 m/z (relative intensity). Unless diagnostically significant,
éeaks with intcn_siticsrlfés than 10% of the base peak are omitted. Ultraviolet (uv)

- spectra were obtained on an Unicam SP 1700 ultraviolet spectrophotometer. Infared
(ir) spAéctra were recorded on a Nico}ict 7199 FT interferometer. Optical rotations were
measured on a'Perkin Elmer Model 141 polarimeter. 1H nuclear magnetic resonance
(1H nmr) spec. . were measured on a Bruker WH-360 spectrometer or a Bruker WH-
400 spectrometer. -13C nuclear magnetic resonance (13C nmr) specta were measured
on a Bruker WH-300 sBccubrx;ctcr or a Bruker WH-400 spccuométcr. For 1H nmr,
residue CHCI3 in CDCl3 or CH30H in CD30D was employed as the internal standard
(assignéd»~as 7.27 ppm or 3.30 ppm downfield from tetramethysilane (TMS)) and
measurements are iﬁt}d in ppmr .Auwn? frorﬁﬁ'MS (8): For 13C nmr, CDCl3 or

a
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CD3OD wacc\\o\loycd as the internal standard. (asggncd’ as 77.00 ppm (ﬁé'ﬂo ppm
dowqﬂcld from TMS) and measurements are reported in ppm downfield from T™MS

(8). Melting points were recorded on a Fisher-Johns mc]ung point apparatus and areJ

_uncorrected. The &tain of ‘Verticicladiella spcgcs C728 (isolated from Louglas fir,
Radi‘um Hot Spn'ngs; B. C) usﬁd in this study was obtained from Y.. i\Hiratsuka,
Northemn Forést Research Center (NFRC), Edmonton. The strain of Verticicladiella
species C50 (isolated from lodgepole pine) used in the study v:'as“supplied by C.L. K.
Paule  Pacific Forest Research Center (PFRC), Victoria. |

»

[}

1. Growth of Verticicladiella sp. C50 and C728 on Solid Media and
Extraction of the Metabolites |
s ! . o .'

1.1 Grthh of Verticicladiella sp. C50 and C728 on solid media

Winter ryc (SOOg) was soaked in warm tap water (400g) for 8-12 hours. \
Excc'§s water was drained off the solid.substratc was placed in five -autoclavable
plast_i'c bags, and the media -were auu')claved vtwicc for 3‘0 minutes at 121°C. An
équcoué suspension' of mycelium of Verticicladic]]a sp. C50 or C728 was used to
inoculate an agar plate (10% filtered V-8 juice, l% glucose, 2% agar) After 7- 10
days at %om temperature, the platc culture was Hended with stcnle water (250 mL)
The mycelial suspension (25 mL) was inoculated to each bag of solid media, and the

culture was kept at room temperature for six weeks. .

g



o 12 ‘Extraction of the bmctébolites ' .
D

‘The culture of Vcrticilcladiclla. sp. C50 or C728 grown on solid media was -
extracted suc_cessi.ve]y tn a Soxhlet eyg;cractor wrth Skc]]ysolye ‘B.. cther, methylene
‘chloride and ethyl acetate. Each so]veut extraction was carried out for 24 hours, then
: the extract was concentrated on rotary evaporator. (Scheme 23). Each of the four? .
solvent crude extracts was separated by ﬂash chromatography uultzmg gradient clutton
with either an ethyl acetate- Skcllysolve Bora methanol methylenc chloride colvcnt "

system. The metabolites isolated from crude extracts. are h‘sted_m Scheme ;24-'3(‘)_. The

crude ether extract of C50 was also separated into acidic, basic’and neutral fractions in -

L the manner dcscﬁb_ed in Scheme 31. The uninoculated rye medium (blank) was

subjected to 4 similar extraction p‘rcx':cdure. Onl'y fatty acids and triglycerides were
isolated. The fatty acids and mglycendes obtamed from the crude cxtracts are identical
with those produced by the rye blank The fractxons from chromatography were
further purified as descnbed for the. charactenzauon of individual compounds

}
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- Culture grown on rye

S ' ,
| extracted with SKB

” ]
l. i , Residue
SKB ext. ' oo

- " |extracted
(1.253 g C50) ;Tﬂr,aéfp
(2.855 g C728) 2

- o E't?_O ext. 'A "Resid,ue
© 77 (4020 g C50)
(3.544 g C728)

- \
CHClyext. -.  Residue
(3.052 g C50)

(1.998 g 0728,) _ extracted

extracted
with CH,Cl,

EtOAC Aext." Residue
(1.785 g C50)
(6.404 g C728)

~ Scheme 23. Extraction of solid media cultures of Verticicladiella

with EtOAc
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/
Et,O ext.
Sio,
-| EtOAc-SKB
0% |2-4% 10% 20%  |30% 40%
(9) - (6) (11) (24) - (28)
(10.0mg) (32.0mg) (3.3mg) (3.5mg) (14.6mg) |
| ~ (16)  (3)

- (3.8mg)(2.3mg).
Scheme 24. Metabolites of C50 (ether extract)

CH,CI, ext.

Sio,
MeOH-CH,Cl, ,
0% - 0% ) 0% - o /q 5% 15% 0%
- ‘ ~ N ‘ ’ T “ f
(9) (6) | (10) (24) (8) (30)- (31y

(31 .7mg)(2o.omg)‘(31 .3mg) (6.8mg) (15.0mg) (4.4mg)(15.8mg)

0

Scheme 25. Metabolites of C50 (methylene chloride extract)
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EtOAc ext.
SiO,
EtOAc-SKB

B

1% 5% 10% |10% |20%  [30% [40% 0%

(9) 6 (8 - (11)  (24) 29) @

(20.6mg)(7.6mg)(9.5mgX2.3mg) (7.5mg) (5.3mg) (1.8mg) Oil

Charcoal -
10% Acetone-H,0

Oil
Si0,
MeOH-CH,Cl,

4% , 5%

(33) | (39)
(17.1mg) (6.5mgq)

Scheme 26. Metabolites of C50 (ethyl acetate extract)
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SKB ext.
SiO, |
EtOAc-SKB
5 (5% =% % fow -~
(6) 41 () (24) ~  (42)
(16.7mg) ~{5.8mg) (63.0mgq) (5.4mg) - (1.3mg)
Scheme 27. Mcta})olites of C728 (Skellysolve B cXtract) ' h
E”tzO ext. "
- |sio,n
'EtOACc-SKB
5% , [10% 10-20% [10-20% |20% 90%
(41) 28 (1) @) @A @) .
(1.3mg) (56.1mg) (2.0mg) (1.Bmg) - (2.0mg) (56.9mgq)
e

+ Scheme 28. Metabolites of C728 (cther extract)
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- CH,ClI, ext. . ,
: ’ . S
S0, |
MeOH-CH,Cl, =~
%~ 0% 5-10%
(9) (10) (42)
(40.2mg) (50.8mg) (1.5mgq) B ~
Scheme 29. Metabolites of C728 (methylene chloride extract)
EtOAc ext.
SiO, A
. EtOAc-SKB
/
5% 5% . 5% 10-20%
(9) (10) - - (41) B <)
(38.4mg) - (606.6mg) (1.0mg) (6.5mg)
‘Scheme 30. Metabolites of C728 (ethyl acetate extract)
,/
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; EtQO ext.
5% NaHCO,-Et,0
: 5%VNaHCO3 ) Et,0
HCI-Et,0 5% Na,CO4-Et,0 -

Et,0 . : ' o
Si0,, 20% . | .
EtOAc-SkB °7 Na;CO, Et20

) | HCI-Et,0 | 1% NaOH

(5.5mgq) Et,O _

) SO, . 1%NaOH  E4,0
EtOAC-SKB HCI-  [SiO,
i Etzo 5% )
20% |25-30%-x 30% |40% . |Et0AC
(11) (3) (29) (16) | e
(0.3mg)  (2.0mg) (8.7mg) (2.0mg) [SIO2 (28)
EtOAc(97.5mg)
-SKB
’10% rzo%
(11) (24)

~(1.0mg) (2.5mg)

Scheme 31. Separation of ether extract of strain &JSO into acidic, basic

e
and neutral fractions
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2. Growth of Vcﬁcicla&cﬂa sp. C50 in Liquid Medium and Extraction of

~

the Metabolites

2.1 Growth ;)f Verticicladiella sp. C50 in liq%ium

Cultures of Verticicladiella sp. C50 were maintained at 4°C in slant tubes -
containing Difco potato dextrose agar. An aquedus suspension of myceli...n was uséci
to inoculate two agar plates (10% ﬁltf;ré’d V-8 juice, 1% glucose, 2% agar). After7-10
days at room temperature, the culture was blended in a Waring blender with ca.. 200
“mL stcrilé mcdia (10% filtered V-8 juice, 1% glucose) and ca. 20 mL aliquots were
uéed 19 inoculatfyfxl L sterile medium in 2 L flasks. . After inoculation the still 4
cultures were kept at room temperature for six weeks. The culture broth was decanted
fro.n the mycelium, concentrated in vacuo to ca. 500 mL and continuously extracted
with Skellysolve B then ethyl t;cetatc for 24 hours. The organic extracts were dried‘
anci concentrated to give an oil which was separated as described below. Thel
mycelium was subjected to successive continuous extraction in a Soxhlet extractor with

Skellysolve B and ethyl acetate (Scheme 32). The -0rganic cktracts were dried,

concentrated and separated as described below. N ' v

S

.
%
;

(gl
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P V. sp. C50 culture
liquid medium

| (V-8 juice)
Still culture
~ \}g .
~ B
Broth (5L. —0.5 L.) Mycelium (15.436 g)
extractdd with SKB . extracted “with SKB
SKB ext. | SKB ext. | .
(80.7 mg) Residue (649.9 mgq) . Residue
- | extracted N | extracted'
with EtOAc _ ~ lwith EtOAc
EtOAc ext. - /\ EtOAc ext.
(256.0 mg) . (6523 mg)

\

Scheme 32. Extraction of liquid stll culture of Verticicladiella sp. C50

\‘
s

¥ N W

2.2 Extraction of the metabolites - | S
'\

The crude mycelium extracts were separated by flash chromatography over

- silica gel using gradient elution with 'cthyl acetate in Skellysolve B. 1,8-

Dimethoxynaphthaléne (6) (425.5 mg) was obtained in the 3% ethyl acetate in
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’SkcAHysoivc B fraction of the crude Skellysolve B cxtrac(649.9 mg). From the crude
ethyl acetate extract (652.3 mg), 1,8-dihydroxyanth£9q5jnonc (3) 1,8-dimethoxy-
naphthalene '6), vertixanthone (11), hydroxyvcnixa'nthoﬁc (16), and l-hydroxy»g-
_ m_¢LthyantlL—aquir;onc (24) were isolated as shown in Scheme 33: .

¢ ‘Separation of the crude broth Skellysolve B cxtraét (90.7 mg) by silica gel
flash chroma,togra,)hy (eluent: 5%' ethyl acetate in Skellysolve B) gave 1,8-‘
dimcthbxynaph,tl}alcnc'(G) (38.2 mg). The crude broth ethyi acetate extract (256.0 mg)
wals subjected tq gradi;ﬁt flash chromatography over silica gel with ethyl acetate in
Skellysolve B. Three .metabolites, 1,8-dimcth‘oxynaphthalcnt;, (6), 1-hydroxy-8-
mcthoxyantﬁraquinone. (24), and 3,4-dihydro~3,4,l8-trihydroxy-l(ZH)-néphthalenonc

(31), were isolated as shown in Scheme 34.

. EtOAc ext.
ANJ' | sio,
) EtOAc-SKB
A 4 : e -
% 5% 20%  |25% 30%
(8 (11) (16) . (24) (3)
(25.9mg) ~ (4.9mg) - (5.5mg) - (5.1mg) (11.9mg)

o

Scheme 33. Metabolites isolated by chromatography of the mycelium ethyl

- acetate extract N
. /1 '4 . ((
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N N \ |
N ' WOAC ext.
’ | ‘ 'Sioz' e
) EtOAc-SKB |
{5 | o25%  |'s0%
® 24 (@3
(20.0mg) - (5.8mg) (22.6mg)

Scheme 34. Metabolites isolated by chromatography of the broth ethyl acetate - SRR

extract

3. Metabolites from Verticicladiella' sp. C50 and C728 Grown on Solid Media
3.1 1,8-Dimethoxynaphthalene (6)

1,8- D1methoxynaphthalene was isolated from the chromatographic fracuons
eluted w1Lh 2-4 % ethyl acetate in Skcllysolvc B. It crystallized from Skellysolvc B
after evaporatlon of the solvems . Recrystallization from 957 ethano_l gavc 1,8-
* dimethoxynaphthalene (6)‘as white crystals (59.6 mg from CS0 and 16.7 mg from |
 C728), mip :154-'155°C(157-15'8°C, }itEi); dc: Ry 0.63 (Skellysolve B-ethyl acetate 3 :
2); uv (95% EtOH, 1.0 mg/100 mL) Amax nm (log €): 298 (3.96), 3101 (3.81)..315
(3.90),.330 (3.92); ir (éHCl3, cast) VYmax cm1: 1580, 1480, ‘1432 1375, 1238 1091'.. -
1054; H nmr (CDC}3, 400 MHZ) 87.41 (2H, dd, J = 1.4, 7.1 Hz H- 4 H -5), 7. 38'
(2H, 1, J-71Hz H-3, H6) 6.86 (2H, dd, J = 1.4, 7.1 Hz, H-2, H7) 398(6H

s, 2xOCH3); 13¢ nmr (CDCl3, 75 MHz): § 157.12 (2C, 5, C-1, C-8), 137.41 (1C, s,
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C-4’a), 126.37 (2C, d, C-3, C-6), 120.86 (2C, d, C-4, C-5), 117.23 (1C, s, C-8a),
106.23 (2C, d, C;Z, C-7), 56.46 (2C, q, 2xOCH3); hrms m/z (relative intensity % )
calc. for Cy2H1202 (M*): 188.0838; found: 188.0843 (100), 173 (5), 145 (11), 115
. (@7). | | | |

‘Methylation of 1,8-dihydroxynaphthalene:

Dimethyl sulfate was added in small portibns to a stirred - ition of 1,8-
dihydroxynaphthalene (50 mg) in freshly prepared 10% KOH / EtC. . The mixture
was refluxed for 10 nﬁnptcs. 4Further potassiurh hydroxide was added, then dimethyl
sulfate was éddcd until the solution wés acidic. The mixture was refluxed for 10
minutes. This procedurc}vas repeated twice. The ~-aducts were isolated by extraction
with benzene. The benzene extract was washed with water, dried with magnesium
sulfate, the solvents were removed, and the residue was purified by chromatography
(short silica gel colfnfxﬂ‘fpipc_ttc), eluted with benzene). The pure fractions (tlc) were
collected and the‘solvc;,nt was evaporated. 1,8-Dimethoxynaphthaiene (22.0 mg, 38%
yield) was recrystallized from 95 % ethanol. The spectral data of both synthetic énd

natural 1,8-dimethoxynaphthalene are identical.
3.2 B-Sitosterol (8)

B-Sitostcrbl (8) was isolatéd by silica gel flash chromatography clutiﬁg with 5--
10% ethyl acetate in Skelly;olve B. Récrystallization from 95% ethanoi ga\;e white
' crystalline needles of compound 8 (34.5 mg from C50), mp 142-143°C (143°C, 1it27y;
tlc: Rf 0.60 (Skellysolve B-ethyl acetate 3:2); [a]p -22.5° (c, 0.20, CHCly); ir
"(CHCI3, cast) Umax cm-1: 3360 (br), 1454, 1358, 1060; H nmr (CDCl3, 400 MHz2): &
' ' 5.36 (1H, m, H-6), 3.54 (1H, s, -OH), 3.51 ('IH, m, H-3), 2.28-1.85 (6H, m, 2xH-
'2, 2)('H-4}, 2xH-7), 1.58-0.52 ‘(41H,(Vm); hrms m/z (rciativc intensity % ) calc. for
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Ca9Hs0O (M*): 414.3864; found: 414.3870 (100), 399 (18), 396 (28), 381 (14), 329
(20), 303 (25), 273 (17), 255 (18), 231 (13), 213 (18), 161 (19), 159 (18).

3.3 B-Sitosteryl palmitate (9)

Impﬁrc fractions containing one major compount were obtained by flash
chromatography over silica gel with Skellysolve B. The fractions were evaporated
under reduced pressure. The rt;,siduc was dissolved in‘hot acetone and recrystallized
from acetone. White platelet; were identified as B-sitosteryl palmitate (9) (62.3 mg
from C50, and 78.6 mg from C728), mp 92-93°C (92-94°C, 1i123):.tlc: {2( 0.16
( Skellysolve B); [a]lp -12.8° (c, 0.25, CHCI3); ir (CHCl3, cast) umax cm-l: 1740,
1460, 1380, 1180, 720; 'H nmr (CDCl3, 400 MHz): & 5.36 (1H, m, H-6), 4.64 (1H,
m, H-3), 2.31-0.52 (78H, m); 13C nmr (CDCl3, 75 MHz): § 173.36 (s, CO), 139.76
(s, C-5), 122.61 (d, C-6), 73.70 (d, C-3), 56.74 (d), 56.10 (d), 50.09 (d), 45.90 (d),
36.20 (d)-, 31.97 (d), 2%22 (d), 19.85 (q), 19.36 (q), 19.08 (g), 18.82 (q), 14.15
(q), 12.03 (g), 11.90 (q), 42.36-18.82 (25C, t, and 2C, s); hrms m/z (relative
intensity %) calc. for C4sHggO7 (M*): 652.6162; found: 652.6167 (9), 396 {100),
381 (10), 256 (8), 255 (20), 213 (11), 159 (11), 145 (20), 133 (14), 107 (22), 95
(28), 81 (36), 69 (28), 57 (51), 35 (35).

3.4 Hydrolysis of B-sitosteryl palmitate

Pure f-sitosteryl palmitate (9) (5.0 mg) was dissolved in methylene chloride |
and 10% methanolic potassium hydroxide (excess) was added. The mixture was
refluxed for two and one half hours. Water was added to the reaction solution and

two layers were separated.
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The methylene éhlon'd? extract was washlcd with water until the pH was about

7, then dried over anhydrous magnesium sulfate and the solvents were ‘evaporated.

The residue was dissolved in hot acetone and cry'stallized to give white needles of B-
. sitosterol (8) (2.8 mg, 88% yiéld?.

The aqueous extract was acidified with IN hydrochloric acid, thcnvextractcd )
with methylene chloride. The ﬁacthylenc chloride extract was dried with énhydrops
magnesium sulfafe. After evaporation of the solvent, a'f‘Whitc solid (1.2 mg, 61%

. yield) which was identified as palmitic acid (10), was obtained.

Both products were identified by comparison of thcu spectral data with that of

aulhcnuc sam;iles
¥3.5 Palmitic acid (10)

Palmitic e;cid (10), separated by flash chromatography with Skellysolve B,
was precipitated as a white solid from 95% ethanol (131.3 mg from C50 and 656.6 mg
from C728) mp 46-52°C; tlc: Rf0.61 (Skelly:olve B-ethyl acetate 3:2); ir (CHC13,
czgt) Umax cm-1: 3200-2500 (br), 1713, 1467, 1400 778; 1H nmr (CDCls, 400

MHz): 6 2.31 (2H,t,J = 75Hz 2xH2) 160(2H m, 2xH-3), 122(24H m), 085
(3H, t, ] = 7.0 Hz, -CH3); hrms m/z (relative mtcnsxtyv%) calc. for C16H320, (M+):
,256.2402; found: 256.2406 (86), 213 (2‘1), 185 (13), 171 (12), 157 (14), 129 (42),
115 (15), 97 (18), 87 (19), 85 (29), 73 (100), 71 (48), 69 (41), 60 (623, 57 (82), 55
(68). | | | | |

3.6 Vertixanthone (11)

Fractions containing vertixanthone were separated by sﬂxca gel flash

chromatography by elution with 10% ethyl acetate in Skellysolve B. A yellow solid
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, precipitated from the concentrated fractions. Recrystallization from EtOAc-S kellysolve -
B gave yellow crystals of vertixanthone (11) (7.4 mg from C50 and 65.0 mg from
C728), mi) 152-154°C~; tlc: Rp 0.47 (Skéllysolvc B-ethyl acetate 3:1), Ry 0.37
(Skellysolve B-benzene-methanol 1:1:0.2); uv (95% EtOH, 1.0 mg/100 mL) Amax nm
(log €): 232 (4.61), 264 (4.60)’, 290 (4.50), 384 (3.72); ir (CHCl3, cast), Umax cm“:
3100 (br, OH, hydrogen-bonded), 1730 (ester), 1640 (CO, hydrogen-bonded), 1610,
1600, 1550, 14, 1280, 1200, 1130, 810;.1H nmr (CDClg. 400 MHz): § 12.24 (1H,

.5, OH), 7.77 (1H, t, ] = 8.0 Hz, H-3), 7.61 (1H, t, J = 8.0 Hz, Il{‘-6).v"l.56 (1H, dd,
J= 1.0; 8.0 Hz, H-2), 7.33 (1H, dd, J = 1.0, 8.0 Hz: H-4), 6.94 (1H, dd, J = 1.0,

>8.0' Hz, H-5), 6.82 (1H, dd, J = 1.0, 8.0 Hz, H-7), 4.05,(3H, s, OCH3); 13C nmr
(CPCl3, 75 MHz): § 181.07 (s, C-9), 169.60 (s, C-11), v1’6’1.86 (s, C-IOa),v15'6.11
(s, C-4a), 155.85 (s, C-8), 137.20 (d, C-6), 135.08 (d, C-3), 133.73 (s, C-1);
12..72 (d, C-2), 119.53 (d, C-4), 117.58 (s, C-9a), 111.00 (d, C-5), 109.04 (s, C-
8a), 1106.94 (d, C-7), 53.18 (q, OCH3); hrms m/z (rcllz‘nivc intensity %) calc. for

C15H1005 (M*): 270.0528; found: 270.0533 (43), 239 (33), 238 (100), 210 (46),
182 (8), 155 (18), 126 (35), 75 (22), 63 (21), 51 (11). |

3.7 Acetylation of vertixanthone

Acetic anhydnde (O 25 mL) was addcd into a solution'of vertixanthone (11)
(4.0 mg) in pyridine (0.5 mL) Thc reaction mixture was stirred at room tcmpcralurc
overnight. Toluene (5.0 mL)_ was added to the solution and the solution was
evaporated under réduccd pressure'.v The residue was recrystallized from Skellysolve
B. A colourless, crystalline monoacc;#fc dcrivan'.vc, compound 15, (2.5 mg, 54%
yield) was obtained, mp 170°C (decomposed); tlc: Ry 0.51 (Skellysolve B-cthyl acctate
- 1:1); ir (CHCl3, cast) vpax cm-le 17§A (ester), 1730 (ester), 1659 (CO), 1626—426‘32,
1291, lOlO;rlH nmr (CDCl3, 3OOMII~Iz): 07.66 (1H, t, J = 8.5 Hz, H-3), 7.64 (1H, 1,



112

-

J = 8.5.Hz, H-6), 7.48 (1H, dd, J = 1.0, 8.5 Hz, H-2), 7.35 (1H, dd, J = 1.0, 8.5
Hz, H-4), 7.25, k(lH, dd, J = 1.0, 8.5 Hz, H-5), 6.95 (1H, dd, J = 1.0, 8.5 Hz, H-
7), 3.93 (3H, s, OCH3), 2.38 (3H, s, OCOCH3); 13C nmr (CDCl3, 75 MHz): &
174.51 (s, C-9), 169.91 (s, OCOCH3), 169.69 (s, C-11), 156.88 (s, C-10a), 155.27
(s, C-4a), 150.11 (s, C-8), 134.76 (d, C-6), 134.28 (d, C-3), 134.08 (s, C-1),
123.00 (d, C-2), 119.71 (s, C-9a), 119.38 (d, C-4), 118.57 (d, C-5), 116.01 (d, C-
7), 115.23 (s, C-8a), 52.59 (q; OCH3), 21.21 (ci, OCOCH3); hrms m/z (relative
intensity %) calc. for C17H120g (M*): 312.0634; found: 312.0639 (13), 270 (59),
239 (25), 238 (100), 210 (14), 126 (9). | '

3.8 Hydroxyvertixanthone (16) v

The chrématographic fraction (40% ethyl acetate in Skellysolve B) from the
ether crude extract consisted of two components. Fractional crystallizatic;n‘ from
acetone gave yellow crystals of hydroxyvertixanthone (16) (5.8 mg from C50), mp
244-245°C; tlc: Rp 0.55 (methylene chloride-methanol 9.5:0.5). R 0.35 (Skellysolve
B-ethyl aéctate 3:1); uv (95% EtOH, 1.0 mg/lOG‘mL) Amax nm (log t—;): 238 (4.'1'4),
264 (4.25), 290 (3.71), 390 (3.5'0); ir (CHCI3, cast) Ymax cm-}: 3300-3100 (br, OH),
1706 (csxt\:.r),»l64 (9, hydrogen-bonded), 1605, 1582, 1440,1 V1380, 1290, 1222,
1050, 817, 740; 'H nmr (DMSO-dg, 400 MHz): & 13.82 (1H, s, C-8 OH), 10.50
(1H, br, C-2 OH), 773 (1H,t,J = 8.0 Hz, H-6), 7.65 (I1H, 4, ] = 8.5 Hz, H-4),
7.49 (1H, d, J = 8.5 Hz, H-3), 7.07 (1H, dd, J = 0.8, 8.0 Hz, H-5), 6.80 (1H; dd, J
= 0.8, 8.0 Hz, H-7), 3.é4 (3H, s, OCH3); 13C nmr (CPC13-DMSO-d5, 75 MHz): o
180.56 (s, C-9), 170.16 (s, C-11), 160.76 (s, C;IOa), 152.58 (s, C-4a), 152.25 (s,
© C-8), 148.00 (s, C-2), 135.83 (d, C-6), 125.94 (d, C:3), 119.04 (d, C-4), 117.21 (s,
C-9a), 116.17 (s, C-1), 109.04 (d, C-5), 107.78 (s, C-8a), 106.83 (d, C-7), 51.85
(q, OQH3).; hrms m/z (relative iﬁtcnsity %) calc. fbr Cis 1006_ (M+): 286.0477;

t . .



113

foqu 286.0480 (32) 255 (20), 254 (160), 226 (12), 198 (3), 170 (3), 142 (5), 114
@)

3.9 Acetylation of hydroxyveftixanthone

VAccn% anhydride (2.5 mL) was added tc a solution of hydroxyvertixanthone
(16) (3.0 mg) in pyridiné (0.5 mL) Thé solution was stirred at room temperature
overnight. Toluene (5.0 mL) was added to the reaction mixture and the solvcnts were
evaporated. Recrystallization from Skellysolve B gave acctylhydroxyvcmxanthonc
(20) as colourless crystals (2.0 mg, 52% yield), mp 304-305°C: tlc: Ry 0.40
(Skellysolve B-ethyl acetate 1:1); ir (CHC13\, cast) Umax cm-1: 1771 (d, ester), 1734
(ester), 1658 (CO), 1622, 1214, 1195; I_H nmr (CDCl3, 300 MHz): § 7.65 (1H,t, J =
8.5 Hz, H-6), 7.48 (2H, s, H-3, H-4), 7.35 (1H, dd, J =1.5, 8.5 Hz, H- 5), 6.95
(I1H, dd, J = 1.5, 8.5, Hz, H-7), 3.92 (3H, s, OCHs3), 2.37 (3H, s, C80COCH3)
2.25 (3H,s, C-2 OCOCH3); 13C nmr (CDClI3, 75 MHz): § 174 02 (s, C- 9), 169.62
(s, C-8 OCOCH3), 168.77 (s, C-2 OCOCH3), 186.85 (s, C-11), 156.90 (s, C-10a),
152.75 (s, C-4a), 150.12 (s, C-8), 144.50 (s, C-2), 134.95 (d, C-6), 129.74 (d, C-
3), 115.51 (s, C-9a), 125.75 (s, C-1), 113.50 (s, C-8a), !119.87 (d, C-5), 118.75 (d,
C-4), 116.02 (d, C-7), 52.99 (q, OCH3), 21.16 (q, C-8 OCOQH3), 20.71 (q, C-2
-OCOQH3);‘ hnns m/z (relative intensity %) éalc for Ci19H1408 (M+): 370.0688:
found: 370.0699 (1), 328 (18), 286 (33), 255 (24) 254 (100), 226 (7), 198 (2), 170
(3), 142 (4), 114 (3). ' %

: 3.10 Decarboxylation of hydroxyvertixanthone

)

L

Compound 20 (1.8 mg)Fs dissolved in chlorofdrm, and 10% aqueous
add

potassium carbonate (10 mL) wa ed to the solution. The mixture was stirred- at
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room temperature overnight. The reaction solution was neutralized with 1N HCJ, then
extracted with ethyl acetate. The extract was dried with anhydrous sodium sulfate émd
evaporated under reduced pressure. The residue was dissolved in quinoline (1.5 mL),
| heated to 240°C and refluxed forr 25 minutes. The solution was cooled to room
tcmpﬂcrat[hrc and ethyl acetate (30.0 mL) was added. Quinoline was removed by
extraction (three tifncs) with water containing concentrated hydrochloric acid (pH = 2).
The organic acid was extracted with aqueous 10% sodium hydroxide sblution to give a
ycllow'solun’on, and this was neutralized with conécn;rat]ed hydrochloric acid, then
extracted with ethyl acetate. The extract was dried with anhydrous sodium sulfate, and
a yellow solid was obtained aftcrvcvaporation of the solvents. Further purification wés
achieved by silica gel chromatography with 10% ethyl acctatéj. in Skellysolve B.
Crystallization from toluene gave yellow crystals of euxanthone (21) (10 mg, 90%
yield), mp 236-238°C (236-238 °C, 1it43); tlc: Ry 0.61 (Skellysolve B-ethy-l acetate
1:1); uv (95% EtOH, 0.8 mg/100 mL‘)})»max nm (log €): 235 (4.03), 260 (4.12), 287 '
(3.43), 388 (3.41); ir (nujol) Vmax cm-1: 3312 (br, OH), 1644 (CO, hydrogen-
bonded), 1608, 1466, 1231; 1H nmr (CDCl3, 400 MHz): 6 12.61 (1H, s, C-1 OH),
8.82 (1H, br, C-7 OH), 7.62 (1H, d, J =3.0 Hz, H-8), 7.59 (1H, t, J = 8.0 Hz, H-
3), 742 (1H,d, J = 9.0 z, H-5), 7.34»(1H, dd, J = 3.0, 9.0, Hz, H-6), 6.93 (1H,
dd,J = 0.8, 8.0 Hz, H-4), 6.79 (1H, dd, J = 0.8, 8.0 Hz, H-2); hrms m/ (relative
inténsity %) calc. for C13HgO4) (M*): 228.0422; found 228.0425 (100), 200 (9), 171

%

(3), 144 (4), 115 (6).

J

3.11 1.3,6,8-Tctréhydroxyant}u-aquinonc 3)

An orange-red pigment was separated by repeated silica gel chromatography by
clution with 20% ethyl acetgte in methylene chloride. _Crystallization from MeOH-

&
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SKB gave crystalline 1,3,6,8- tctrahydroxyanthraqumonc (3)(143 mg from C50 and
57.4 mg from C728) mp 290°C (decompose); tlc: R[ 0.49 (Skellysolve B- -ethyl

acetate 3:4), Ry 0.34 (methylene ch]onde-mcthanol 9.5:0. 5)‘ uv (95% EtOH, 1 0.

mg/100 mL) Amax nm (log €): 252 (4. 13), 264 (4.16), 294 (4.32), 316 (3.97), 456
(3.18); ir (CHC13, cast) Vmax nm cm-1: 3240 (br, OH) 1660 (CO)- 1628 (CO

hydrogen- bonded) 1609, 1401, 1281, 1170 760; 1H nmr (CDCl3-DMSO-dg, 40() v

. MHz): 6 12.24 (2H, s, 2xOH), 7.14 (2H,d, J = 2.0 Hz, H-4, H-5), 6.52 (2H,d, J =

2.0 Hz, H-2, H-?), 5.25 (2H, br, 2xOH); (acetone-dg, 400 MHz) &: 7.23 (2H,d, ] ="

2.0 Hz, H-4, H-5), 6.64 (2H, d, J = 2. 0 Hz, H-2, H-7)' 13C nmr (MeOH- -dy, ;/5
MHz): & 188.50 (1C, s, C9) 182.31 (1C, s, C-10), 165.43 (2C, s, C- 3, C-6),
164.36 (2C, s, C-1, C-8), 13478 (2C, s, C-4a; C-10a), 109.04 (2C, d C-4, C-5),
th8 44 (2C S, C-8a, C-9a), 107.92 (2C, d, C 2, C-7); hrms nmy/z (relative intensity %)
calc. for Cj4HgOg (M*): 272.0320; found: 272.0321 (100) 244 (9), 216 (9), 188 (2),
160 (2), 122 (8), 91 (4), 77 (4), 63 (4).

<

3.12 Acetylation of 1,3,6,8-tetrahydroxyanthraquinone

Acetic anhydride (0.5 mL) was added into a stirred solution of 1,3,6,8-

tetrahydroxyanthraquinone (3) (4.3 mg) in pyridine (1.0 mL). The reaction mixture

was allowed to stir at room temperature for 12 hours. Toluc‘nc (5.0 mL) was added to
| the solution. Evaporation of the solvents gave a solid, which crystallizcd from

Skellysolve B to gwc acetyl-1,3,6,8-tetrahydroxyanthraquinone (23) (3 O mg, 50%

yield), mp 191.5- 193°C ir (CHCl3, cast) Umax nm cm-1: 1771 1678, 1660, 1600,
1386, 1196, 1113; 1H nmr (CDCl3, 360 MHz): 6 7.96 (2H, d, J = 2.2 Hz, H-4, H-
5), 7.27 (2H, d, J = 2.2 Hg, H-2‘ H-7), 2.43 (6H, s, 2xOCOCH3), 2.35 (6H, s,
2xOCOCH23); hrms m/z (relative’ mtcnsuy %) calc. for C22H 16010 (M*): 440.0743;
found: 440.0729 (2) 398 (29) 356 (18), 314 (31), 272 (100), 243 (6).

&
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. 3.13 1-Hydroxy-8-methoxyanthraquinone (24)
Chromatography ovcr‘silica‘gcl with 20% ethyl acetate in Skellysolve B or 2%
| ~ methanol in methylene chloride gave%n orange-yellow pign{mcm. Crystallization from
ethyl acetate-Skellysolve B gave 1-hydro: ,;-8-methoxyanthraquinone (24) (22.3 mg
from CS0 and 5.4 fng.from C728), mb 182 183°C (185-186°C, 1it146); tic: Ry 0.44
(Skellysolve B-cthyl acetate 3:2), Ry 0.26 (Skellysolve B-benzene-methanol 1: 1: 0.2);
uv (95% EtOH, 1.0 mg/ 100 mL) Amax nm (log €): 253 (3.92), 277 (3.72), 412
(3.59); ir (CHCI3, cast) bmax nm cm-1: 1668 (CO), 1628 (CO, h)‘fdrc')gen-bonde‘d),
1580, 1480, 1450, 1440, 1350, 1280, 1240, 1070, 1020, 930, 840, 740; !H nmr
._(CDCl3, 400 MHz): 8 12.96 (1H, s, OH), 7.96 (1H, dd, J = 1.3, 7.8 Hz, H-S), 7.77
(1H, dd, J = 1.3, 7.8 Hz, H-4), 7.74 (1H, t, J = 7.8 Hz, H-6), 7.60 (1H,t, ] = 7.8
Hz, H-3), 7.35 (1H, dd, J = 1.3, 7.8 Hz, H-7), 7.29 (1H, dd, J = 1.3, 7.8 Hz, H-2),
4.04 (3H, s, OCH3); 13C nmr (CDCl3, 75 MHz): & 188.86 (s, C-9), 182.69 (s, C-
10), 162.55 (s, C-1), 160.97 (s, C-8), 135.87 (s, C-10a), 135.82 (d, C-3), 135.78
(d, C-6), 132.80 (s, C-4a). 124.73 (d, C-4), 120.‘93 (s, C-8a), 120.19 (d, C-5), -
118.83 (d, C-2), 118.24 (d, C}-7), 117.14 (s, C-9a), 56.69 (q, OQHﬁ); hrms m/z
(relative intensity %) calc. for C_1,51:11004 (M*): 254.0579; found: 254.0573 (100),
237 (16), 236 (59); 225 (22), 211-(4), 208 (89), 183 (5), 180 (26), 155 (23), 127
(22), 113 (10), 75 (21), 63 (25). -

3.14 Methylation of 1-hydroxy-8-methoxyanthraquinone

1-Hydroxy-8-methoxyanthraquinone (24) (5.0 mg) was dissolved in acetone
and saturated metholic potassium carbonate (1.0 mL) and methyl iodide (0.5 mL) were
added. The solution changed colour from yellow to red when base wa»s‘ added. The

!
<

mixture solution was refluxed for 12 hours, four further additions of K2CO3/MeOH
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and CH3l were madcg3;1t_intcwals until the solution did not change to red when base
was added. Excess of KztO3 was filtered and the solvents were evaporated under
reduced pressure. The residue was dissolved in water and extracted with methylene
chloride. The extract was concentrated to give a ycllow\‘solid which was crystallized
from Skcllysc_)]vc B containing a few drops of acetone. 1,8-Dimethoxyanthraquinone
(26) was obtained as yellow needles (3.3 mg, 63% yield), mp 219-220°C (219°C,
1it147); tlc: Ry 0.22 (methylene chloride-methanol 9:1); ir (CHCls, cast) Umax nmcm-!:
1664 (d, CO), 1585, 1448, 1438, 1317, 1239, 977, 793, IH nmr (CDCl3, 300 MHz):
d 7.68 (2H, dd, J = 1.5, 8.0 Hz, H-4, H-5), 7.57 2H, 1, J = 8.0 Hz, H-3, H-6),
7.24 (2H, dd, J = 1.5, 8.0 Hz, H-2, H-7), 3.94 (6H, s, 2xOCH3); 13C nmr (CDCI3,
75 MHz): 0 184.11 (1C, s, C-9), 182.93 (1C, s, C-10), 159.33 (2C, s, C-1, C-8),
134.85 (2C, s, C-4a, C-10a), 133.91 (2C, d, C-3, C-6), 124.14 (2C, ‘s,‘ C-8a, C;9ii),
119.00 (2C, 4, C-4, C-5), 118.14 (2C, d, C-2, C-7), 56.59 (2C, q, 2xOCH3); hrms .
'm/z (relative intensity %) calc. for Ci16H1204 (M+): 268.0736; found: 268.0737 (62),
253 (100), 236 (14), 225 (10), 208 (9), 180 (11), 152 (15), 139 (16), 76 (12).

*  3.15 5-Nonadecylresorcinol (28)

5-Nonadecylresorcinol (28) was isolated by chromatography over silica écl

with 30% ethyl acetate in Skellysolve B. The white solids were precipitated from
hexane (97.5 mg from C50 and 56.1 mg from C728), mp 90-91°C (96;5-97.5°C.
1it44); tlc: Rr 0.52 (Skellysolve B-ethyl acetate 3:2); uv (95% EtOH, 20 mg/100 mL)
Amax nm (log €): 275 (3.15), 28.1 (3.15); ir (CHClI3, cast) Umax.cm-l: 3320-3200
(br, OH), 1600, 1474, 1160, 826, 710; 1H nmr (CDCl3, 400 mH;)'t 8 622 (2H,d,)
= 2.0 Hz, H-4, H-6)‘ 6.15 (1H, t, J = 2.0 Hz, H-2), 4.73 (2H, s, 2xOH), 2.46 (2H,
t,J= 80Hz 2xH- 1), 1.50 (2H m, 2xH-2), 1.24 (32H, m, (CH2)1¢), 0.86 (3H, t,
J= 7 0 Hz CH3); 13C nmr (CDCl3, 75 MHz): 6 156.62 (2C, s, C-1, C-3), 146. 22

e
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(1C, s, C-5), 108.10 (2¢, d, C-4, C-6), 100.12 (1C, d, C-2), 35.87 (I1C, t, C-1),
31.98 (1C, t, C-29, 31.10 (1C, t, C-3"), 29.75 (10C, t, 6-4'rC-13'), 29.74 (1C, 1,
C-14%, 29.65 ¢1C, t, C-15Y), 29.41 (1C, 1, C-16'), 29.34 (1C, t, C-l\'7'), 22.73 (1C,
1, C-18), 14.16_.(1C. q, C-19°); hrms m/z (relative intensity %) calc. for CosH4405
(M+):‘376.334:33; found: 376.3339 (10), 348 (4), 166 (4), 13?7, 9), 124 (100)7 123
(20); cims (NH3) m/z (relative intensity %): 377 (M* + 1, 100).

2

3:46 2(3H)-Benzoxazolone (29)

The crude ether extract was extracted with 5% aqueous NapCO3. The basic

. solution was neutralized and extracted with ether. T he concentrated ether extract was

-

séparatcd by flash chromatography over silica gel. Elution with 30% ethyl acetate in

+

Skellysolve B afforded 2(3H)-benzoxazolone (29) as colourless crystals

rr(crystalhzatlon from Skellysolve B). It was also isolated from the ethyl acetate extract

by chromatography as dEscnbcd above (24.0 mg from C50), mp 145.5-146°C (141-

142°C, 1it148); tlc: Ry 0.46 (Skcllysolve B-ethyl acetate 1:1); uv (95% EtOH, 1.0
mg/100 mL) Amax nm (log €): 225 (3.95), 273 (3.70); ir (Nujol) Vmax cm-1: 3220
(NH), 1770 1732, 1620, 1478, 1250, 1140, 935, 738; 14 nmr (CDC13, 400 MHz): 6
8.79 (IH s, NH), 7.20 (1H, octet, J—07 1.7, 76Hz H-4), 7.15 (1H, sextet, J =
1.7, 7.6 Hz, H-6), 7.11 (1H, sextet, J = 1.7, 7.6 Hz, H-5), 7.06 (1H, octet, J =0.7,
1.7, 7.6 Hz, H-7); 13C nmy (CDCl3, 75 MHz): § 156.11 (s, C-2), 143.97 (s, C-1a),
129.47 (s, C-4a), 124.25 (d, C-5), 122.82 (d, C-6), 110.25 (d, C-4), 110.17 (4, C-
7); hrms m/z (rclativc_ intensity %) calc. for C7HsNO, (M+): ‘135.0357; found:
13?.(5306 (100), 106 (3), 9Al (18), 79 (32), 64 (9), 52 (2); cims (NH3) my/z (relative
intensity %): 153 (M* + 18, 100). k

¥
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3.17 Ispcvcmin aldehyde (30) .

Compound 30, isoevernin aldchyéc, was isolated from,the chromatographic )
fractions eluted with 15% cthyl acetate in S'}ccll);solvc B. Corzz&lization from ethyl
acetate afforded compound 30 as pale brown needles (4.4 mg from C50), mp 196-
197°C (196°C, 11t62) tlc: Rf 0.38 (Skellysolve B- -ethyl acetate 1:1); uv (95% EtOH,
1.0 mg/100 mL) Amax nm (log €): 280 (3.84), 313 (3.78); ir (KBr, pellet) Vmax cm 1
3140 (br), 2720, 1705, 1615, 1585, 1562, 1339; 1H nmr (CDCl3, 400 MHz) &: 10.47
-(1H, s, CHO), 6.34 (1H, 4, J = 2‘5 Hz, H-3), 6.24 (1H,.d, ] = 2.5 Hz, H-5), 4.27
(1H, br, OH), 3.87 (3H, s, OCH3), 2 55 (3H, s, CH3); 13C nmr (CDCl3, 75 MHz)
0: 191.77 (s CHO) 167.57 (s, C- 2) 165.68 (s C-4), 14594 (s, C-1), 117.10 (s, C-
6), 112.32 (d, C-3), 97.58 (d, C-5), 56.27 (. OCH3), 22.27 (q, CH3); hrms m/z
(relative int ~sity %) calc. for C9H1003 (M*): 166.0628; found: 166..0627_,;(100), 165
(84), 148 (12), 134 (11), 121 (10), 106 (18), 77 (11). |

3.18 3,4-Dihydro-3,4,8-m’hydroxy- 1(2H)-naphthalenoene (31)

3,4—Dihdeo-3,4,8-trihydroxy"-1(2H)-naphlhalcnoge (31), isolated from the
30% ethyl acétatc in Skellysolve B eluant, was crystallized from éthy] acetate to give
colorless needles (15.8 mffrom C50), mp 177-178°C; tc: R¢ 0.12‘ (Skellysolve B-
cthy] acetate 1:1); [a]p -<0° (¢, 0.12, MeOH); uv (95% EtOH, 1.0mg /100 mL) Aax
nm (log €): 259 (3.23); ir (KBr, pellet) Vmax cm-1: 3600- 2400 1650, 1618 1580,
1335, 790; 1H nmr (MeOH-d4, 360 MHz) &: 7.55 (1H, t, ] = 8.0 Hz, H- -6), 7.14 .
(1M, dd, J = 2.0, 80Hz H-5), 6.86 (1H, dd, J= 2.0, 8.0 Hz, H-7), 462 (1H, d, J
| 55 Hz, H-4), 406 (1H, m, H-3), 3.09 (1H, dd, J = 4.0, 17.5 HZXH -2e), 2.69
(lH, dd,J =75, 17.5 Hz, H-2a): 13C nmr:,fMeOH-d;t, 75 MHz) &: 204,36 (s, C-l).‘\ '
163.23 (s, C-8), 145.83 (s, C-4a), 137.99 (d, C-6), 119.98 (d, C-5), v11‘7.76 (d, C-
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7), 116.75 (s, C-8a), 73.20 (d, C-4), 71.57 (d, C-3), 44.08 (1, C-2); hrms m/z
(relatve ihtcnsity %) calc. for C1gH1004 (M*): 194.0579; found: 194.0582 (80), 176
(15), 150 (70), 147 (20), 122 (63), 121 (100), 93 (17), 65 (26).

3.19 Vertipyronol (35)
4 :
Vertipyronol (35), a colorless oil, was separated by silica gel chromatography
by elution with 95% ethyl acetate in Skel]yso]ve B. The chromatographic frécn'on was .
purifiéd by charcoal column (10-50% acetone in water) foll\owcd by silica gel flash
'chrorhatqgraphy (4% methanol in methylene chloride) (17.i mg from C50), tlc: Ry
0.29 (chloroform-methanol 1:9); [a]lp -1.58° (c, 0.19, CHCI3); uv (95%\EtO‘H, 2.0
mg/100 mL) Amax nm (log €): 280 (3.74); ir (CHCl3, cast) Vmax cm-!: 341‘7 (br),
1699 (br), 1645, 1550, 1458, 1419, 1220, 1045, 817:; IH nmr (CDC13,I 360 MHz) 6:
7.24 (‘lH,y s, H-6), 5.51 (1H, s, H-3), 3.90 (3H, S, OC&:,), 3.75 (1H, dd, J = 6.0,
10.5 Hz, H-8), 3.65°(1H, dd, J = 6.0, 10.5 Hz, H-8), 2.95 (1H, tq, J = 6.0, 7.5 Hz,
“H- 7)%15 (1H, br,  OH), 1. 26 (3H,d,J =7.5 Hz, CH3); 13C nmr (CDCl3, 75 MHz)
5: 169.97 (s, C-4), 164.42 (s C-2), 148.65 (d, C-6), 117.08 (s, CS) 90.00 (4, C-
3), 65.75 (1, C-8), 56.08 (g, OCH3), 32.48 d, C-7), 15.85 (9, CH3); hrins m/z .
(relative intensity %) éa]c. for CoH1704 (M+): 184.0736; found: 184:0737 (18), 154
(11), 153 (100), 125 (6), 97 6).93(5). |

~ 3.20" Acetylation of vérn'pyrbnol : ' .
chpyrono] 2.0 mg) was treated thh acetic” anhydnde in pyridine at room
tcmpcraturc for 12 hours. —~Work up in the usual way gave acctylvcmpyronol
compound 37, as a yellowish oil (1.9 mg, 77% yield), [a]p -2.63° (c, 0.19, CHCl); )
ir (CHCIs, cast) Umax cm-!: 1945-1734, 1648, 1555, 1458, 1421, 1210, 1043, 817;
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1H nmr (CDC13. 400 MHz) &: 7.22 (1H, s, H-6), 5.56 (1H, s, H-3), 4.15 (1H, dd, J
= 6.0, 10.5 Hz, H-8),.4.08 (I1H, dd, J = 6.0, 10.5 Hz, H-8), 3.85 (3H, s, OCH3),
3.05 (3H‘tq,J-60 7.5, Hz, H-7), 204(3H s, OCOCH3), 1.22 3H,d, J = 7.5,
Hz, CH3); hrms m/z (relative i mtcnsny %) calc. for C11H1405 (M*): 226. 0841 found:
« 226.0842 (10), 166 (69), 154 (16), 153 (100), 151 (13), 125 (9). 93 (8).

3.21 Diels-Alder reaction of vc-rtipymnol

N- Phenylma]c1m1de (14.4 mg, about 3 eq. exccss) was added 10 a stirred
solution of vempyronol (35) (5.0 mg) in xy]cne The mixture was refluxed at 140°C
for 12 hours The solvents were evaporated and the residue was scparatcd by repeated
51hca gel chromatography (eluant 5% methanol in methylene chlondc) Evaporation
. of the solvent gave a yellowish sohd which was further purified by prec1p1t‘m from
cthy] acetate and hexane. The diadduct, compound 38, was obtained as a yellowish
SOlld‘(5.6 mg, 42% yield), [a]p -3.06° (c, 0.36, CHCly); ir (CHCl3, tast) Vmax cm-l:
‘3560-3490, 1715, 1499, 1380, 1219, 1193, 746, 690; 1H nmr (CDCl3, 360 MHz) §:
7.48 (8H, m, aromatic hydrogens), 7.42 (2H,‘m, aromatic hsfdrogcn.s), 4.25 éiH, t, J
=3.0Hz, H-1), 3.91 (1H, t, J = 3.0 Hz, H-4), 3.67 (3H, 5, OCH3), 3.40 (QH, 1, ] =
6.5 Hz, 2xH-1'), 3.23 (2H, dd, J = 3.0, 8.0 Hz, H-6, H-7), 3.14 (2H, dd, J = 3.0,
8.0 Hz, H-5, H-8), 2.73 (1H, tq,J—65 70Hz H-27), 0.86 (3H, d J =70 Hz,
CH3); hrms my/z (rclanve intensity %) cal¢. for C23H26N206 (M*): 486.1792; found
486.1775 (1), 456 (100), 455 (90) 442 (19), 441 (21), 174 (30), 136 (10), 135 (18),
119 (10), 105 9),91.(13), 77(18).
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©3.22 Vertipyronediol (39)

Vcrti‘pyroncu'ol was isolated from the crude ethyl acetate extract by charcoal
chfoma{ography (10-50% acetone in water) followcdhby silica gel ﬂas‘h
chromatogmphy (5% methanol in methylene chloride). Crystallization from acetone- :
Skellysolve Bl gavc;compound 39 as colorless crystals (6.5 mgwfrom C50), mp 128-
129°C; [a]p -5.0° (¢, 0.20, CHCly); tlc: Rf 0.50 (chloroform-methanol 2:8);‘uv (95%

_E1OH, l.Ormg/IOO mL) Amax nm (log €): 279 (3.51); ir (CHC13' cast) pm’ax'cm-lz "
3390 (br); 3291, 1711 (br), 1638, 1546, 1347, 1157, 1064, 828; 1H nmr (CDCl3,
360 MHz) é: 7.§5 (1H, s,‘ H-6), 5.56 (1H, s, H-3), 3.98 (IH d, J=11.0 Hz, H-8), .
3.90 (3H, s, OCH3), 3.64 (lH dJ =11.0 Hz, H-8), 3.18'(1H, br, OH), 1.75 (lH,
br, OH), 1. 52 (3H, s, C_J‘)- 13C nmr (CD3OD 75 MHz) 3: 171.64 (s, c'4) 167.41
'_ (s, C2) 151. 86 (d, C-6), 120.89 (s C-5), 90.55 (d C-3), 73.67 (s, C-7), 69.16 (1,
C-8), 56 65 (g, OCH3), 24.50 (q, QH3) hrms m/z (relative intensity %) calc. for
C9H1205 (M*): 200__.0685, found: 200.0684 (4), 170 (8), 169 (100), 151 (13), 127
(99), 99.(10); cims (NH3) m/z (relative intensity %); 218 (M+ + 18,»96)-, 201 (M+ '+
L 100). " |

- . ”

C

3;23 Acetylation of vertipyronediol - »

chpyroncdlol (39) (1.0 mg) was m:atcd with acetic anhydride i in pyridine at

- room tcmpcraturc for 12 hours. Work up in thc usual manner gavc mondacetyl

vcmpyro‘ncdlol compound 40, as colorlcss crystals 1.0 mg, 83% yield). [a]p -10.0°

(c, 0.08, CHCI3); ir (CHCl3, cast) bmax cm-1: 3420 (br) 1739 1716, 1642, 1545.

1225, 1043, 1001; IH nmr (CDCI3, 400 MHz) d:7.61 (IH, S, H-6), 5.58 (1H, s, H-
3), 4.39 (1H, d, J = 11.5 Hz, H-8), 4.27 (1H, d, J.=’ 11.5 Hz,'H-S): 388 (3H, s,
'OCH3); 3.01 (1H, br, OH), 2.06 (3H, 5, OCOCH3), 1.50 (3H, s, CHs); hrms'm/z

4

1
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- ' 4 L
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(relative intensity %) calc. for C11H1406 (M+):,242.0790; found: 242.0792 (7), 182
(3),170 (9) 169 (100), 153 &), 151 (7), 127 (52).

- 3.24 1,8-Dihydroxyanthraquinone (41)

. The crude ether and ethyl acetate extracts were separated by silica gel flash
chromatography (eluvant: 5% cthyl acetate in Skcllysolvc B). The chromatographic
fractions were furthcr purified by extraction with 1% aqueous NaOH solutjon,
neutralized with IN HCl, and then extracted with mcthy]cnc chlonde. Evapomuon of
the solvents and crystalhzauon from ethy] acetate- Skel]ysolvc B gave ycllow needles of

-1,8- dlhydroxyanthraqumonc (42) (8.1 mg from C728) mp 193- 194°C (193°C,
1it147y; tlc: R( 0.45 (Skellysolve B-ethyl acetate 3:1); uv (95% EtOH, 1.0 mg/lO() mL).
}\max nm (log €): 252 (4.12), 283 (3.85), .430 (3.76); ir. (CHCI3, cast) Umayx cm-l:
3100 (br), 1664, lé2§, 1445, 1281, 1190, 743; IH nmr (CDCl3, 400 MHz) &: 12.08
(ZH,‘s, 2xOH), 7.84 (2H, dd, J = 1.8, 7.5 Hz, H-4, H-5), 7.69 @H, t,J = 7.5 Hz,
H-3, H-6), 730(21—1 dd J =18, 7.5Hz H-2, H7) 13Cnmr(CDCl3,75 MHz) 6 :
193.16 (IC s, C-9), 181.77 (1C, s, C- 10), 162.62(2C, s;-C-1, C- 8). 137.31 (’7C
d, C-3, C-6), 133.69 (2C, s, C-4a, C- 10a) 124.68 (2C, d, C4 C-5), 120.09 (2C,
d, C 2, C-7), 11593 (2C, s, C-8a, C-9a); hrms m/z (relative mtcnsny %) calc. for
C14H304 (M+): 240.0422; found: 240. 0422 (100), 212 (14) 184 (1 1) 156 (2), 128 ¢
(3).

N

3.25 ‘Mycoxanthone (42)

Mycoxanthone (42) was isolated.as yellow crystals from ethyl acetate-
Skellysolve B by silica gel flash 'chromﬁatogravphy (eluant: 10% ethyl acetate in
‘ Skell'ysolv-c B) (4.4 mg from C728), mp 221-222°C (222~_223, 1it94); tlc: Ry 0.23

» o
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(Skellysolve B-ethyl acetate 3:1); uv (95% EtOH, 1.5 mg/100 mL) Ama:x nm (log €):
235 (5.13), 261 (5.16), 290 (4.60), 385 (4.52); ir (nujol) Vimax cmL: 3300 (br), 1750,

1651, 1604, 1591, 1490, 1464, 1283, 1251, 1184, 1087; IH nmr (CDCl3, 360 MHz)
§: 12.25 (1H, s, OH), 7.58 (1H, t, J = 8.0 Hz, H-6), 7.5« (1H, d, J = 9.2 Hz, H-4),

7.42 (1H, d,J = 9.2 Hz, H-3), 6.90 (1H, dd, J = 1.2, 8.C k.2, H-5), 6.78 (1H, dd, J
= 1.2, 8.0 Hz, 4.7), 4.05 (3H, s, OCOCH3), 3.92 (3H, s, OCH3); 13C nmr
(CDCl3, 75 MHz) &: 181.24 (s, C-9), 167.60 (s, C-11), 161.86 (s, C-10a), 156.09
(s; C-4a), 152.51 (s, C-8), 137.12 (d, C-6), 120.50 (s, C-1), 120.07 (d. C-3),
120.00 (d, C-4), 118.26 (s, C-9a), 110.56 (d, C-5), 108.66 (s, C-8a), 106.84 (d, C-

7). 57.05 (q. OCOCH3), 53.12 (q, OCH3); hrms m/z (relative intensity %) calc. for
C16H1206 (M*): 300.0634; found: 300.0633 (45), 269 (19), 268 (100), 254 (4), 240
(10), 225 (5). | 3

4. Biological Studies of Crude Extracts and Metabolites of Verticicladiella sp.

Cs0andC728 % |

- 4.1 Inhibi >n of water conduction bioassay

The mixtures of four crude extracts of Verticicladiella sp. C50 or C728 and -

nine pure metabolites: 1,8-dihydroxyanthraquinone (3), 1,8-dimcthoxynéph£ha]cné
(6), vertixanthone (11), hydroxchrtixaﬁthonc (16), 1-hydroxy-8-methoxy-
anthraquinone (24), 5-n-nonadecylresorinol (28), 2(3H)v-bcnzoxazolone 29), 1,8-
* dimethoxyanthraquinone (41), and mycoxanthone (42) were subjected to the
inhibition of water conduction bioassay. One month old pine s@hngs were cut with a
sharp razbr-bladc undcr'watcr. Three seedlings were placed in one 1 dram vial which
cbntaining 1 mL of 0.1% aqueous test ;solution,.an.d the vials were kept at room

. temperature for 24 hohrs (approximately 12 hours light). The seedlings were

-
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transfered from the test <:)1ut1 on to the 0.1 % ::cid Fuchsin dye solution and after 24

hours the uptake of dye was measured 0y serving the movement of the dye up

through the seedlings. !

4.2 Andbiotic screening: Agar diffusion using aqueous test solutions
/ .

Th; susceptibility of four micro-organisms (Table 28) to antibiotic substances
present in Verticicladiella extracts was determined by agar diffusion using an aqueous
‘test solution. Since the pure mctabohtcs do not dissolve well in aqucous solution, the
sodJum salts of the anthraquinone and xanthone compounds were used for the test.
Prestcrlhzcd vessels (5/16" OD x 5/16" long cylmder cut from 304 stainless steel
tubes) were placed onto the Mueller Hinton agar plates which had been swabbcd with
the test organism. .5% Aqueous test solution (100 pL) was placed into each vessel.
The plates were incubated at 37°C . A‘Inhibition zone diamctcrs"(mm) were ;ccordccl
after 18 hou‘rvs‘..

\_-

5. Biosynthetic Studies of Metabolites Produced by Verticicladiella sp. l
C50 and C728 |

a

5.1 Incf)rpofation of [1-13C)-labelled acétatc.

Vcrticic]ad)'clla sp. C50was grown in liquid still culture (20 mL) on a medium
of 10% V-8 juice and 1% glucose in five 2 L Fernbach flasks (1 liter of mcdiﬁrﬁ /
flask). After 12 days of growth, a sterile solution of s?dj_um [1-13Cj acetate (0.082 g,
1 mmol) in distilled water (5 mL), Wwas injcctcd into each flask. After a further 7 and
then 14 days, an additional 1.0 mmol of labelled acetate was mjcctcd 1nto each flask.

After a total of six wecks of growth the mycelium was removed by filtration (through
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cheesecloth), washed with cold mcthanbl, and air dried. The dried mycelium was
extracted successively in a Soxhlet extractor with Skellysolve B (24 h), methylene
chloride (24 h), and ethyl acetate (24 h). The crude extracts were evaporated to
dryness in vacuo at room temperature. Each crude extract was separated by silica gel
flash chromatography. T",8-:bimcthoxynaphthalcnc (6) was isolated from the
Skellysolve B.extract. Vertixanthone (lll), hydroxyvertixanthone (16) and con;pound.
6 were isolated from the methylene chloride and ethyl acetate extracts. )

The culture broth decanted from the mycelium was concentrated in vacuo to
ca. SOO mL and continuously extracted with Skellysolve B (twice, 24 h each) and ethyl
acetate (twice, 24 h cach)‘. The crude extracts were dried and scparated by flash
| chromatography over silica gel. Coinpound 6 was isolated from both Skellysolve B
and ethyl acetate extracts, while 3,4-dihydro-3,4,8-trihydroxy-1(2H)-naphthalenone

(31) was isolated from the ethyl acetate extract.

5.2 Incorparation of {1,2-13C)-labelled acetate

Verticicladiella sp. C50 was grown on solid medium of rye in two-
autoclavable plastic bags as described in Section 1. After 7 days of growth, a sterile
" solution of sodium [1,2-13C] acetate (0.246 g, 3 mmol) in distilled water (15 mL) was
injected into cac“.h bag. Just bcforc'and éftcr injection, the bag was shaken several
times. After six weeks of growth,.thc culture was extracted successively in a Soxhlet
extractor with Skcilysolch (24 h), methylene chloride (24 h), and cthyl acetate (24
h). Each crgdc extract was separated by flash chrométography. ‘Compound 6 was
isolated from the Skcliysolvc B cxtﬁict, cdmpound 31, -1~Hydroxy-8-mcthoxyf
anthraqu'inonc (24) and hydroxyvertixanthone (16) were isolated from the methylene
chloride extract, whils 1,3,6,8-tetrahydroxyanthraquinone (3) and compbun_d 31 were

isolated from the ethyl acetate extract.
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6. [1-13CJ-Acetate Labelled Metabolites
6.1 1,8-Dimethoxynaphthalene (6)

l,8-1§imcthoxynaphthalcncA(6) (44.3 mg from mycelium extract and 30.0 mg
from broth extract, about 6% incorppration), 13C nmr (CDClI3, 75 MHz, BB) enriched
signals d: 157.08 (C-1 and C-8), 137.37 (C-4a), 126.34 (C-3 and C-6); natural
abundance signals 6: 120.83 (C-4 and C-5), 117.57 (C-8a), 106.16 (C-2 and C-7),
56.43 (2xCH3j). - |

6.2 3,4-Dihydro-3,4,8-mhydroxy-1 (2H)-naphthalenone (31)

3,4-Dihydro-3,4,8-uihydroxy-](2H)-naphtha]cnonc (31) 22.6 mg fréi‘n broth
extract, about 6%'incorporation), 13C nr’rfr/(CD;;OD 75 MHz, BB) enriched signals 6'
204. 11 (C-1), 163 24 (C-8), 145.82 (C -4a), 137.99 (C-6), 71.68 (C-3); natural
abundance sxgna)s 5: 120.01 (C-5), 117. 77 (C- 7) 116.74 (C-8a), 73.24 (C-4), 44.31
(C-2). o d

6.3 Vertixanthone (11)

Vertixanthone (11) (3.1 mg from myccllum extract, about 7% 1ncorporauon)
13C nmr (CDCl3, 75 MHz BB) enriched signals d: 181.06 (C-9), 161.86 (C-10a),
156.11 (C-4a), 155.85 (C-8), 137.19 (C-6), 135.08 (C-3), 133.73 (C-1); na\t"ﬁral
abundance signals &: 169.59 (C- 11), 122?/'2 (C-2), 119.52 (C-4), 117 56 (C-9a),
110.99 (C-5), 109.04 (C-8a), 106 93 (C-7), 53. 17 (OQH3)

”
Al
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6.4 Hydroxyvertixanthone (16)

Hydroxyvertixanthone (16).(2.0 mg from mycelium extract, about 9%
incorporation), 13C nmr (CD30D, 75 MHz, BB) enriched signals : 182.53 (C-9),
162.77 (C-lOa). 157.52 (C-4a), 150.99 (C-8), 138.24 (C-6), 126.17 (C-3), 118.77
(C-1); natural abundancc signals 6: 170.01 (C-11), 152.32 (C-2), 121.29 (C-4),
119.05 (C-9a), 111.07 (C-5), 108.04 (C-8a), 108.03 (C-7), 53.29 (OCH3). ’

7.7 [1,2-13CJ-Acetate Labelled Metabolites

7:1 1,3,6,8-Tetrahydroxyanthraquinone (3)
.0/1,3,6,8-Tctrahydroxyamhraquinon{c (3) (98:8 mg from ethyl acetate extract,
t 0.1% incorporation), 13C nmr (DMSO-dg, 75 MHz, BB) ). (8): C-1
(164.21), C-2 (108.07), 61.9 Hz; C-3 (165.0‘3'),‘ C-4 (108.69), 62.5 Hz; C-4a
(134.90), C-10 (181.07), 60.5 Hbz; C-5 (108.69), C-10a (134.90), 61.8 ‘Hz; C-6
(165.03), C-7 (108.07), 62.5 Hz; C-8 (164. 21), "C-8a (108.07), 61.5 Hz; C-9
(188.55), C-9a (108.07), 61.5 Hz.

7.2 ],8-Dimcxhokynaphthalcnc (6)

1,8- Dxmethoxynaphthalenc (6) (582.4 mg from Skellysolve B extract, about’
O 1% incorporation), 13C nmr (CDCl3, 75 MHz BB) lJct; (9): C-1 (157.10), C-2
(106.19), 70.1 Hz; C-3 (126.53), C-4 (120.83), 59.7 Hz; C-4a (137.39), C-5
(120.83), 55.7 Hz; C-6 (126.35), C-7 (106.19), 55.7 Bz; C-8 (157.10), C-8a
(117.60), 67.7 Hz. |
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1.3 3,4-Dihydro-3,4,8-trihydroxy- 1(2H)-naphthalenone (31)

3,4‘-Dihydro-3,4-,8-u'ihydroxy-l(2H)-nap‘htha]cnonc- (31) (15.8 mg from
methylene chloride extract and 21.0 mg from cthyl acetate extract, about 02‘7(
incorporation), 13C nmr (CD30D, 75 MHz, BB) 1] (§): C-1 (204.33), C-8a
(116.74), 57.4 Hz; C-2 (44.32), C-3 (71.67), 39.7 Hz; C-4 (73.25), C-4a (145.83).
40.8 Hz; C-5 (120.07), C-6 (137.99), 59.8 Hz; C-7 (117.76), C-8 (163.28), 58.2
Hz. '
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V. APPENDICES, -
13C nmr spcctra of 1,8-dimethoxynaphthalene (CDQl,, 7SMHz. BB)
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K
b

3¢ nmf spectra of 3,4-dihydro-3,4,8-trihydroxy-1(2H)-naphthalenone (CD40D, 75 MHz, BB) ,
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13C nmr spectra of vertixanthone (CDCl,, 75 MHz, BB)
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".115";‘

13C nmr spectra of hydroxyvertixanthone (CD;0D, 75MHz_, Bﬂ)
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H nmr spectrum of 2(3l-l)-bcnzoxaz_}blonc (CDCl3, 400 MHz)
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