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Ahstract—Physico-chemical techniques cstablished the novel structure of $-O-methylbostrycoidin, the main
pigmeat from Fussrium moniiforme ss 68-dimethoxy-S-hydroxy-3-methyl-2-azssisthraquinons. The structeres of

three biogeastically related napithoquinones were elucidatod by comparison of spectroscopic data.

The toxinogenic strain of F. moniiforme (MRC 602)
was isolated from mouldy ears of msize in the Transkei
Cultures on autoclaved maire kernels were incubated at
for 21 days, dried overnight at 45° and ground to a
meal. Prolonged extraction of this mouldered
i withchkm_iam—nmolaveak’pidichk-

xic y
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8-O-Methylbostrycoidin (1b). 8-O-Methylbostrycoidin
(1b) is the major pigment from cultures of this strain of
F. moniliforme. The structure of this metabolite (1b),
CigHisNOs, m.p. 215-216" was established by physical
, particularly 'H and °C NMR spectroscopy. Its
ic spectral data, Viz. A ... (log €) 247.5 (4.50), 318
(3.92), and 480 nm (3.83); A e (MeOH-acidic) 227 (4.32),
262 (4.20), 310 (3.88), and 510nm (3.73); Amex (MeOH-
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material, indicating that the metabolite is a quinone; this
supposition is in accordance with the IR spectrum of 1b
Vusax 1640 and 1591 con™', 8-0-Methylbostrycoidin forms
blue alkali-metal saits and exhibits strong chelating pro-
perties with e.g. Ca® and Mg®*. Acetylation of 1b gave 2
fluorescent Light-yellow monoacetate (1c), CiuH,sNOs,
m.p. 254-246"; A-.ms(4.49),263(4.m).287(4.09)md
mnm(375). Vemas 1768, 1664 and 1593 cm ™.

‘Hand"CNMRdmummTtbhludz,
recpecuvely, have been obtained from the completely
assigned'H and natural-abundance **C NMR spectra of
lbandle.'lhe"Cmunmumdemedfmmcowled
(ﬁg. 1a), proton noise decoupled (p.n.d.), beteronuclear

popuhbonmmmn(SPl)’udanm-
mndecoupled NMR spectra.

The three C signals derived from the Me and OMe
groups were deduced from chemical shift considerations
and the value of directly bonded (C, H) couplings. The
Ohkmalms-muhoxonstamdat
lower field than in its 6-methoxy analogue.® These results
have been used in assigning the OMe resonances to a
specific C atom as given in Table 2. The proton
resonances 8 =944, 7.85 and 6.86 were correiated by
SPI experiments with the methine signals at 5(C) = 149.6,
8(C)=1169 and 3(C)= 104.2, respectively. The obser-
ved chemical shifts (*H and **C) and 'XCH) of C-1-H and
CJ-Hmnnﬂttothueoﬂheeampmm

2% The two low-fieid carbon resomances
at 8§=188.7 and 3=179.0, characteristic of anth-
raquinonoidal oxo C stoms in a similar en i
were assigned to C-10 and C-9, respectively. On acetyl-
ation of 1b the C-10resonance showed the expected shift to
llllhkld {8(1c) - 5(1b) = ~6.5 ppm].

The substitution pattern of ring A of 8-O-methyl-
bostrycoidin (lb)mdemmdﬁomeﬁboa-m
couplings in aromatic systems,' couplings from a H-
bonded phenolic proton,'! and the effect of acetylation

on C chemical shifts.”® Application of a selective «
pulse (H;=5Hz) to low field (~5Hz) of the OH-
proton resonance (Fig. 1c) affected the °C resonances at
8=155.1 [C6, *J(C-6, OH) =64 Hz), 8= 1489 [C-S, }J
(C-5, OH) = 4.5 Hz}, and 8 = 1154 [C-11, >KC-11, OH) =
4.5 Hz]. When the selective » pulse was applied to low
field of the C-7 proton resonance (Fig. 1b), the signals at
§=150 [C8, ?*NCS8, 7-H)=43Hz), &8=155.1
[C-6, %] (C-6, T-H) =43 Hz), &= 1489 [C-S, °N(C-S, 7-
H)-wﬁz],anda-llos {C-12, ’J(C—lz. 7-H)=57Hz]
were modified. Selective decoupling of the OMe-protons
&%ﬁledthcnmmua 156.0 (C-8) and 8 = 155.5
The signals at 8 =149.6 and & = 163.9 were allocated
to the C atoms adjacent to the N group in ring C, viz. C-1
and C-3, respectively. Selective inversion of a C-1 proton
transition (Pig. 1d) established a coupling of 12.4Hz
between this proton and C-3 and inflnenced the
resonances at §=1255 [C-13, 2KC-13, 1-H)=6.5Hz]
and 8= 1374 [C-14, *J(C-13, 1-H)=5.4Hz]. Selective
inversion of a C4 proton transition affected the
resonances at &= 188.7 {C-10, *J(C-10, 4-H)= 4.5 Hz),
8= 1639 [C-3, %] (C3, LK)-MH:], 8=1255 [C-13,
3J(C-13, 4-H)=44Hz], and 8=25.1 [C-15, *J(C-15, 4
H) = 2.2 Hz]. The magnitude of these observed couplings
eonuponds mhbly well with those reported for

mmmynmwhchmbeobhmdwnhm
mvdyanndedSPlexpamm for quaternwry C
atoms is clearly illustrated in Fig. 1b-d. The signals
resulting from the quaternary C atoms {(e.g. those from
C-11 and C-12) could hardly be detected under the rapid
puilsing condition employed in these experiments. Selec-
tive pulsing of a transition of a proton which couples to
enhancement

From the foregoing data it is evident that this new

Tabile 1. 'H NMR data of bostrycoidia ll).l—O-dhybowyeod- (1b), 3-O-acetyl-$-O-methyibostrycoidia (ic),
8-O-methyljavasicia (28), $-O-methyleolaniol (2d) W(&)nﬂwm

Cowpound®
Proton -
1ab 1% lc 26 2d »ne 3
1 9.47 9.44 9.38 2.11 2.12 4.66) asx, 4.63) ABX,
3 ) 4.18) asx J(AB)=184x J(AB)=18Hz
4 7.91 7.85 .73 3.78 | 2,82 2,50] JAX)=3(8X) | 2.45]| J(AX)=J(BX)
2.%0, 2.78§ <2.7 62 2.80) " 2.7 Hx
7 6.70 6.8 6.88 6.74 | 6.49 6.8% 6.73
15 2.78 2.76 2,72 2,31 | 1.36d 1.56 1.58
J=7 He
OCH, 4,00 4,05 3.98 3.99 | 3.87 4.01 3.93
OCHy 4,05 4,06 4.02 | 3.92 4.08 3.98
cocH,y 2.44 2.41
o1 13.10 13.19 13.02 ﬁs.zz 13.16
Ol 13.38 3.41 ¢
-5 Hi

*Proton chemicel shifts are relative to interaal (CHs)SI in CDCl. All resonaaces are siagiets except otherwise

indicated.
“From Ref. 3.
*In 1:1 CDCly and (CDy)90.



Table 2. "C NMR chemical shifts, dmcdybonded[‘](CH)]ndovumdnnonebood["UCH)IQMIWMWMMMM(ID). 5-O-acetyl-8-O-methybostrycoidin (le),
8-O-methyljavanicin ),MMMIMM(’)HGWM

Carbon 1d le 2b 2d. 3b 3c
atom & Li¢em) >Ly(cmy. & 8(1c)-8()  &* &8 & s 8(3¢)-8(3b)
Hz : Bz
1 149,60 185.5 - 149.2 1339 13.9 5.7 58.0
3 163.9Sdqd - 12.436.3;2.6  163.8 203.1  67.2  93.1 94.2
s 116.9Dq 167.5 3.6 117.1 a1 367 31.7 31.9
5 148.954d - 6.9:4.5 133.1 -15.8 147.9  147.4  147.6  133.0 -14.9
3 155.15dqn - 6.434.5 160.2° 5.1 155,15 156.7° 155.0°  159.4° 4.4
7 104.2D 158.4 - 102.1 - 2.1 102.9 101.8  103.0  100.9 - 2.1
8 156.08qn - 4.3 157.6° 1.6 155.6 155.0° 155.3¢  157.5° 2.2
9 179.08 - - 179.9 181.2  181.3  179.0  180.9 1.9
10 188.78d - 4.5 182.2 - 6.5 189.4  190.5  188.7  182.6 - 6.1
" 115.484 - 4.5 126.6 11.2 116.3 1141 113.7  125.1 11.4
12 110.9sd - 5.7 114.0 3.1 110.6  109.9  108.9  112.4 3.5
1 125.584d - 6.534.4 126.9 150.0 149.6  144.6  141.9 - 2.7
14 137.484 - 5.4 138.2 137.8  141.6  136.8  137.8
15 25.10d 127.6 2.2 25.2 30,2 23.9 28.3 . 8.9
6-0CH,  56.4Q 145.8 - 56.4 $6.4  56.2  56.1 56.2
g-ocH,  57.0 145.1 - 56.8 57.0  56.5  56.4 56.5
c=0 168.9 169.1

&83 20.7 20.7

*..aative to internal (CH;)Si. Sotvent CDCl,. Measured from internal CDCly and corrected by using the expression 8{(CH;)Si] = 8[CDCls] + 77.0. Capital letters refer to the pattern resulting from directly bonded

protons and small letters to (C, H) couplings over more than one bond. S = singlet, D or d = doublet, Q or q = quartet, qu = quintet.
“Relative to intornal (CHy)eSL Sotveat 1:1 CDCl and (CD3),SO. Measured from internal (CDx),SO and corrected by using the expression 8[(CHa)eSi] = 8[(CD»),SO} +39.7.

*May be interchanged.
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Bostrycoidin
a@mmdMWMdt&
tubercle bacilius in vitro.

8-O-Methyljavanicin (25), 8-O-methylsolaniol (24) and

8-O-methylfusarubin (3). Cultures of F. moniliforme
MRC 602 produced in addition to 8-O-bostrycoidin, three
minor naphthoquinonoidal compounds, viz. 8-O-methyl-
!vnian (39) CiHiOs mp. 197-198%;

solaniol (M) C;eH 16O, m.p. 138-139", and 8-O-methyl-
fnambm () CuHi0y, m.p. 152-154".

The spectro-analytical perameters of the three com-
pounds indicated a close structural relstionship among
these naphthoquinones. uethylfmuubm(sb)faibd
to give a molecular jon in its mass spectrum upon elec-

into a mono-acetate (3¢) which exhibited the appropriate
molecular ion in its mass spectrum.
m'H:nd"CNMRmofcomponndsANJk
and 3c as collated in Tables 1 and 2 confirmed the
proposed structures of these naphthoquinones. The
assignment of the "°C signals are based on a comparison
am”caamm&mmmmm
on the previously mentioned assignment The
assignment of the C-13 and C-14 resomances,
tentative, is based on the following observation. The
data of 2 and 24 showed a bigger chemical shift
difference for the C resonances assigned to C-14 than for
those mssigned to C-13. This phenomenon is in ac-
mmﬂn'mmdzbmu

factors. The tautomerism is prevented in the foregoing
eompomdbytbeuochudthec-&-phenohc()ﬂm
and the compounds are, therefore, present in the form
25, 24 and 3b only.

It is important to note that cultures of Fiusarium
moniliforme var subgintinans (MRC 604) contained 8-0-
methylbostrycoidin (1b) and 8-O-methylusarubin (3b)
as the two major pigments. F. moniliforme (MRC 602)



and F. moniliforme var. subgintinans (MRC 604) do not
produce the mycotoxin, moniliformin.* The relationship
between the production of moniliformin by these fungi
and the production of pigments is under investigation.

EXPERIMENTAL

M.ps were determined on a Kofler hot-stage apparats. UV
absorptions were measured (for solns in MeOH) on a Unicam SP
800 spectrometer. IR spectra (for soias in CHCly) on a Perkia-
Elmer 237 spectromoter, and mass spectra oa aa ARL M99
double-focusing spectrometer. 'H mmmm
with & Varian EM-390 spectrometer (50 MHz; Me,Si as lock
signal and internal reference) and 25.2 MHz C NMR spectra
were recorded with a Varian XL-100-15 Fourier transform spec-
trometer equipped with a 16 K Varian 620i computer and a gated
gyrocode decoupler.

Isolation of the pigments. Fusarium moniliforme (strain MRC
602) was grown in bulk on sterilived maize meal at 25° for 21
days. The dried mouldy maéze (15 kg) was extracted with CHCl,
over a period of 2 days and the solveat removed under reduced
pres. The residue (1.4kg) was partitioned betweon bhexane (S 1)
and aq. 90% MeOH (51.). The aq. MeOH sola was concd aad the
residue partitionod betweea CHCL, (41.) and H,O (4L). Evapora-
tion of the CHCl, phase gave a residue (60g) containing the

pigmeats.

The foregoing residue (60g) was chromatographed on for-
mamide-impregnated coltulose powder (1.5 kg) packed in hexane.
Hexane (81.) eluted lipids. Ehetion of the columa with C¢H, (101)
gave a red-coloured fraction A (17 g), while elution with CiHe-
CH,COOEt(1:1) yielded another pigment-coataining fraction B
©

2

Fraction A (17g) was further fractionated and purified by
column chromatography oa Merck Si pol Type H (1.6kg)
CHCl;-MeOH (96:4). The column was developed uader 1
pres., 15 ml fractions were collected. Appropriste fractions were
combined to yield 8-O-methyljcvanicin (40 mg) and 3-O-methyl-
bostrycoidin (1.2).

Fraction B (6 g) was purified as for fractioa A oa Merck Si gol,
Type H (500g). Elution with CHCly-MeOH (98:2) gave a pig-

ment-containing material desigaated fraction C (710 mg). Elation
of the column with CHCL,-MeOH (95:5) yieided 8-O-methyi-
fusarubin (380 mg).

Fraction C (710 mg) was soparated by chromatography om six
20x 20 cm Merck pre-costed PLC plates Si gel F-254, thickness
2mm. The plates were developed in CHClL,-MeOH (94:6). 8-0-
methylsolaniol (80 mg) was oluted froe the plates.

On Si gel tic piates in CHCly-MoOH (96: ommm
appear as  8-O-methylhostrycoidin, 8-O-methyljavanicin, 8-O0-
mathylsolaniol and 8-O-methylfusarnbin at R, 051,044,027, sod
0.20, respectively.

8-O-methylbostrycoidin (1b) was from CHCly-
MeOH and had m.p. 215-216"; »y,, 1641, 1591, 1311, 1265cm~".
UV and NMR data in text and Tables (Fouad: 63.75; H, 4.39; N,
4.63% and m/e 299.080 C H 3sNO; requires: C, 64.20; H, 4.35; N,
4.60% and M* 299.083).

8-O-Methyljavanicin (20) was crystaliized from acetone and
bad m.p. 197-198°; A, 226, 282.5, 482, 510 and 550 (sh) nm (log

1555

€ 4.56, 4.04, 3.90, 3.75 and 3.90 respectively); yua: 1620, 1470,
1438 and 1220 cm™". NMR data in Tables (Found: C, 6331; H,
545% sad m/e 304.097. C\(H, Oy roquires: C, 63.15; H, 5.30%
and M* 304.095).
8-0-Methylsolaniol (M) was crystallived from MeOH and had
mp. 152-154°; Ay, 226, 283, 476, and 510 (sh) nm (log ¢ 4.49,
4025, 352 and 3.8, respectively); ra,, 1628, 1470, 1435 and
1Mem, NMR data in Tables. (Found: mje 306.111, C,(H 50,
requires: 306.110).

8-0-Math (35) was crystallized from MeOH and
had m.p. 138-139%; A, 226, 282.5, 484, 510 and 550 (sh) am
« 448, 4.05, 3.83, 380 aad 349, respectively); ruu 1600cm~'.
MMhT&MC.M;H.SMC“H..O,.H,O
m C, 56.90; H, 5.3%).

The acetylstion of $8-O-methylbostrycoidin, 8-O-Methyl-
bostrycoidin (150 mg) in pyr~Ac,0 (1:1; 20 mi) was kept at 20" for
16ir and powred osto ice. Extraction isto CHCl; gave S-O-
acetyl-3-O-methytbostrycoidia (1c), m.p. 245-246" from acetone.
It had rp,, 1768, 1664, 1594 and 1279 cm™". Its bigh resolution
mass spoctrum showed: m/e 341.089 (M*, C\gH sNO;s requires:

ulm

The acetylation of $-O-methylfusarnbin. 8-O-Methyltfusarubin
(100 mg) was acetylated as above for 2 br to give 5-O-acetyl-$-O-
mothyifusarubia (120 mg). It had m.p. 199-201° from MeOH; Ao,
218, 265, 225 (sh), 415 am (log « 4.38, 4.10, 3.96 and 3.52, respec-
tively); pue, 1768, 1660, 1591 and 1270 cen™". (Found: C, $9.30; H,
5.00% snd m/e 362.099. C\C 5Oy requires: C, 59.65; H, 4.97%
and M* 362.100).

TRl

l. . Arastein aad A. H. Cook, J. Chem. Soc. 1021 (1947).
P. Arsonsult, Tetrabedron 34, 4745 (1968).

, A. Kjaer, C. Pedersen, J. D. Bu'Lock and J. R. Smith,
Soc. (C), 292 (1972).

and P. L. Weasels, J. Magn. Resonance 28,

Tetrahedron 33, 1963 (1977).
L. Hefformaa, Aust. J. Chem. 29, 1617

:

15¢=£§E#h
M
vk
w : K

i
e

<3

§;

o
J

!fzf;
sy
i
i
il
. <
3

|
[
§
i



