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The chemistry (1) and antibiotic properties (2) of
bostrycoidin were investigated by Cajori, Hamilton and
co-workers who isolated this pigment from Fusarium
bostrycoides. They suggested the molecular formula
018H1407 and concluded bostrycoidin was a substituted
napthazarin with one methoxyl and one methyl group. We
isolated 60 mg. of the pigment from F. solani D2 purple (3)
and found the molecular formula to be C15H11N05 (4). We

propose structure I for bostrycoidin on the basis of its

ultraviolet, visible, infrared and proton magnetic resonance
spectra, and biogenetic considerations.
Bostrycoidin is easily decolorized by sodium dithionite
* Fungal Metabolites - II. For paper I in this series see
G. P. Arsenault, Can. J. Chem. 43, in press (1965). Presented

in part at the 48th Canadian Chemical Conference, Montreal,
Quebec, May 31-June 2, 1965.
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and the redaced product is readily oxidized by air, suggesting
that the me:abolite is a quinone. The visible spectrum of
bostrycoidin is similar to that of substituted naphthazarins
(1) and quinizarins. The infrared evidence supports the
presence of the elements of naphthazarin in bostrycoidin.

The spectrum of the metabolite (KBr pellet) showed carbonyl
absorption at 1615 cm._1 and no hydroxyl absorption above

3100 cm._l. By contrast, bostrycoidin diacetate (CHC13)
showed Ve=o (phenolic acetate) at 1775 cm._l and Vamo (quinone)
at 1682 and 1667 cm._l. Thus each quinone carbonyl is
intramolecul.arly hydrogen bonded to a phenolic hydroxyl. No
N-H stretching vibration was present in the infrared spectra
of bostrycoidin and its diacetate.

A comparison of the proton magnetic resonance spectra
(Table I) of bostrycoidin and its diacetate with model
compounds indicates bostrycoidin is a g-aza-anthraquinone
substituted with the following groups: one methyl, one
methoxyl and two strongly hydrogen-bonded hydroxyls. The
chemical sh:ft and width of the singlets at v 0.53 and t 2.09
show that they are due to the resonance of 1,4-related protons
in the heteroaromati¢ ring. The upfield shift of these
singlets upon acetylation (0.17 and 0.15 p.p.m., respectively)
supports this assignment. The model compounds (Table I) show
that aromat:c protons in the same ring as the 5,8-dihydroxy
substituents are shifted downfield upon acetylation while those
in the opposite ring are shifted upfield. Furthermore, the
shift upfield is less than 0.10 p.p.m. if the aromatic protons

are B8 and 0.15 p.p.m. or more if they are a. The similarity
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of the ultraviolet and visible spectra of bostrycoidin and
5,8-dihydroxy-2-aza-9,10-anthraquinone provides strong
support for our structural assignment. The chemical shift
(Table I) of the methyl group suggests that it be placed in
position 3 rather than 6 or 7.

The above evidence allows us to place the methoxyl group
in either position 6 or 7. However, we isolated javanicin
(5), fusarubin (6) and solaniol (7), as well as bostrycoidin,
from F. solani D2 purple. Since the first three compounds
have well-established structures in which the methoxyl
substituent on the naphthazarin ring is in a position
equivalent to position 6 in a 2-aza-anthraquinone, we use this
circumstantial evidence to assign the methoxyl group to
position 6 and propose structure I for bostrycoidin. Javanicin
was shown to be derived by the acetate-malonate pathway and
the methyl group directly attached to the naphthazarin ring to
be derived by reduction of a carboxyl group-(B). This implies
the formation of an intermediate aldehyde (8) which, after
introduction of nitrogen, ring formation and aromatization,
could lead to bostrycoidin.

Bostrycoidin takes a place alongside phomazarin (9) in
the rather select group of aza-anthraguinones and is the first
known naturally-occurring 2-aza-anthraguinone.

Acknowledgments: My thanks are due to Prof. F. A. Cajori

for a sample of bostrycoidin, to Dr. D. Brewer for culturing
F. solani D, purple, and to Dr. L. C. Vining for stimulating

discussions.



No. 45

*s*d*o g pue z = O - *s*d°o g pue g = C *s*d*o ¢ pue g = O - *s*d*D g = Ly
“(8Z6T) LI9TZ

‘ZT Ta3sqy ~weyp !(LzeT) 8Tz ‘T “WeuD TTUzOoW ‘3zsor ¥ Pue BUTTURAI *f ‘TYSMOIUSWSIN °S p

‘s*d*d g pue € = £ g *(906T) ZZZ ‘BPf °UuYy SHTQeTT ‘paeyursg °*H pue ageeIn °*D °

*Z€*L 1 3e surTournb-osI-TAy3zow-¢ o TeubTs TAYIOW P

-syead peoxd , ‘pesisaax 2q Kew g pue G SUOQIED UO SIUSNITISGNS O3 SIUSWUBTSSE ¥Wd q
393xenb=hb

‘39Tqnop=p ‘397HuTs=s {s9TNI ISPIO 3ISITI DUTSN Spew SIBM UYSTUM SjuswubIsse oyl Y3 tm juswoaibe
uT ST STeubTsS JOo A3TSULjUT pPaAISSqo 8yl {I193dworzdsds (9-¥ URIIBA B UO UOTINTOS €10a0 ut
(sTAxoapdAy s913 Y3 M spunodwod) .09 pue (s93e390FB) ainjersdwdl woox e UDNRF SIO9M BIFOSdS oYL

. e
sG6°L segs'z sestz sostL  (bTS'T beecz  .BG60 --- IIA 3o ®3e3a0RTd ITIA
§65°Z- 8§9°C SS9°z sLLtz- boerT bizrz [bz6to - pououtnbexyjue

; ’ -01'6-e2R-T-AXOIPAYTQ-8‘'S IIA

SLS"L SLS'T SLS°T SLS'L  (PIT°Z (PL6"0  --- 5509°0 A JO ®3e3®0RId IA
§09°2- SG9°C SG9°CT SEL'Z- P68'T ,PLB'O  --- oSLE"O pououtnbeayiue

-01'6-e2ZR~-Z7-AX0IPAYTA-8‘S A

SGG°L SLO°E SL0°9 Sg5°L uwmm.ﬁ uwom.m uwom.m uvmm.H III JO 23e3900IQ AI
Sgp°€- S8Z'E SB6°S SIG'E~ mmqo.a mmou.m mwow.m mwww.ﬁ pououtnbeayjue-0T‘e

-4&xoy3sw-9-AxoapAyrg-g’s  III

SEG°L STO'€ SS0°9 SESTL  SPTTT SLTTL == 5S0L°0 I 3o 83e3zadeId 11

SQT°€- SOE°E S00°9 S8E'E- _S60°C SCT'L  --- 5S€S°0 utpTosiiysog I

~R A 9 ~S 2 £ 4 T punodwon

Q

*ON UOQIED UC S3USNITISQNS JO (i) 3ITYS TEOTWSYD
oSPUNOAWOD ps3jeTey pue UTPTO0AI3ISOH - ©IRd WA

I JT19VYL

4036



No.

45 4037

REFERENCES

F. A. Cajori, T. T. Otani and M. A. Hamilton, J. Biol.
Chem. 208, 107 (1954).

M. A, Hamilton, M. S. Knorr and F. A. Cajori, Antibiotics
& Chemotherapy 3, 853 (1953).

The culture conditions described by S. Weiss and F. F. Nord,
Arch. Biochem. 22, 288 (1949), were used.

The molecular weight (mass spectrometry) was determined by
Morgan Schaffer Corporation, Montreal, Quebec. The
microanalyses were performed by Pascher Mikroanalytisches
Laboratorium, Bonn, Germany. The molecular formula was also
arrived at independently by Professor W. C. Howell, U. of
Western Ontario, London, Ontario.

E. Hardégger, E. Widmer, K. Steiner and A. Pfiffner, Helv.
Chim. Acta 47, 2031 (1964). :

E. Hardegger, K. Steiner, E. Widmer and A. Pfiffner, Helv.
Chim. Acta 47, 2027 (1964).

G. P. Arsenault, unpublished results.
S. Gatenbeck and R. Bentley, Biochem. J. 94, 478 (1965).

A. J. Birch, D. N. Butler and R. W. Rickards, Tetrahedron
Letters 1853 (1964).



