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Transformations of Eburicoic Acid. V.1 Cleavage of Ring A by tbe 

Fungus Glomerella fusarioides 
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['jliuricoic acid ([) has been transformed by Gloinerclla fusarioides into !i, f-seco-.V 'Jl'!,"-eburicadien~l-ol-:i,'-I-
dioic ucid ( I la) which possesses antibacterial activity against Staphylococcus aureus and M ycolxicteriian tubercu
losis var, KCG. Tlie structure of the acid is discussed and the antibacterial activity of several of its derivatives 
is reported. 

In further pursuit of our studies of converting the 
abundantly available fungal metabolite eburicoic acid 
(I) into biologically active steroids we were intrigued by 
the close similarity in structure between this tetracyclic 
triterpenoid acid and the steroid antibiotics cephalo
sporin Pi,2 helvolic acid3 and fusidic acid.4 Although 
the stereochemistry of these antibacterial agents has 
not as yet been fully established there is no doubt that 
like eburicoic acid and related acids derived from wood-
rotting fungi, they are tetracyclic triterpenoids possess
ing a carboxyl group in the 21-position. It is also of 
interest in this connection that the closely related poly-
porenic acids have been shown to possess antibacterial 
activity, polyporenic acid A against Staphylococcus 
aureus and polyporenic acid C against Mycobacterium 
phlei and il/". smegmatisJ' Minor chemical changes 
might therefore convert the antibacterially inactive 
eburicoic acid into an active substance. In the hope 
that such changes might be brought about by microbial 
enzymes we have investigated the susceptibility of 
eburicoic acid to transformation by microorganisms. 
Among the microorganisms found capable of attacking 
this substrate with the production of more polar prod
ucts was the fungus Glomerella fusarioides (ATCC 9552). 
I/'aper chromatograms of broth samples derived from 
fermentations using this fungus showed spots causing a 
clear zone of inhibition when subjected to bioautog-
raphy on agar plates inoculated with Staphylococcus 
aureus 209P. When larger scale fermentations were 
carried out with this organism there was obtained after 
filtration of the broth and acidification to pH 4.0 a 
fiocculent precipitate from which isobutyl methyl ketone 
extracted a new crystalline acid. This acid (m.p. 
236-238°, [a]o +78° (EtOH) was shown to be 3,4-
seco-As->4(2Si-eburicadieu-4-ol-3,21-dioic acid (Ila). 

Analysis of the acid and of the derivatives to be de
scribed indicated the formula C31H50O5, that is, the 
composition of eburicoic acid plus two atoms of ox
ygen. Titration of the new acid with base showed 
the presence of two acidic groups, both of which could 
be esterified with diazomethane to form an amorphous 
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dimethyl ester (lib). In the expectation that the very 
difficultly hydrolyzable 21-carbomethoxy group would 
resist saponification the diester was treated with 1 N 
KOH in methanol at room temperature to afford in 
excellent yield monomethyl ester acid lie, characterized 
by titration and by an n.m.r. signal at r 6.36 indicating 
a single methoxyl group. A parallel series of experi
ments was performed with the dihydro acid I l ia ob
tained by reduction of the 24(28)-double bond in Ila 
with palladium on charcoal. The presence of this 
double bond in Ila was further substantiated by the 
characteristic n.m.r. signal at r 5.07 (pyridine) and the 
('If out-of-plane deformation band at 11.25 ^, both of 
which are absent in the dihydro acid. 

There remained to be accounted the fifth oxygen 
atom, which was shown to be present as a tertiary hy
droxy 1 group by reduction of seco acid Ila with lithium 
aluminum hydride to form triol IVa, which on acetyla-
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tion afforded diacetate IVb. Convincing evidence for 
locating this ter t iary hydroxyl group at C-4 came from 
an examination of the n.m.r. spectra of dicarboxylic 
acid Ha , dihydro-21-monomethyl ester I l l b , and triol 
IVa. Diacid I la in pyridine solution possesses a peak 
a t T 8.52 (six protons), which is absent in eburicoic acid. 
The lat ter displays, instead, a signal corresponding to six 
protons a t r 8.97 characteristic of the 4,4-dimethyl group
ing. Similarly, I l l b and IVa in CDC13 solution possess 
peaks equivalent to six protons at r 8.72 and 8.68, re
spectively, again shifted downfield with respect to the 
signals a t r 9.04 and 9.20 for the gem-dimethyl grouping 
in methyl eburicoate. This amount of deshielding of 
the methyl protons of tha t grouping in acid I l a and its 
derivatives is most satisfactorily accounted for by at
taching a hydroxyl group a t C-4 to take the place of 
one of the carbon-carbon bonds in ring A of eburicoic 
acid. I t is significant, and confirmatory of this assign
ment, t ha t the signals for the two methyl groups at
tached to C-4 appear as singlets in seco compounds I l l b 
and IVa, these methyl groups now being equivalent as 
a result of freedom to rotate about the C-4-C-5 bond. 
In summary then, we feel tha t the above facts provide 
convincing evidence for the ring A seco structure I l a for 
the new metabolite. The latter may be visualized to 
arise by a Baeyer-Villiger type oxidation of the 3-ketone 
derived from I, followed by hydrolysis of the resulting 
seven-membered ring lactone. 

COCH, OCOCH, 

O^X^ 
Ila 

Oxidative ring cleavage reactions of this type are not 
unknown in the field of microbial transformations. In 
fact, one of the first microbial oxidations to be discovered 
was the degradation of progesterone to ring-D lactones,6,7 

which includes among the steps involved two carbon-
carbon cleavage reactions analogous to the Baeyer-
Villiger reaction.8 The complete sequence, each step 
of which has been characterized by isolation and 
tracer studies,9 is shown below. 

More recently, this reaction has also been found to 
occur with (+)-camphor, which in an interesting se
quence of reactions undergoes hydroxylation and dehy-
drogenation at C-5, followed by carbon-carbon cleavage 
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The 3,4-seco structure I l a of our fungal metabolite 
brings to mind a group of naturally occurring triterpen-
oid acids in which ring A has likewise been cleaved be
tween carbon atoms 3 and 4, namely, dammarenolic 
acid (VI),11 '12 nyctanthic acid (VII),1 2~1 4and roburic acid 
(VIII).1 5 Arigoni, et al.,u and Whitham 1 4 have specu-
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lated on the biogenesis of these acids from well-known 
triterpenoid precursors, the former authors postulating a 
process illustrated in IX , and the latter a fragmentation 
reaction shown in formula X . In view of the demon
stration tha t Baeyer-Villiger cleavage of ring A in the 

HOOC ^c- H-0 > >6 
CH2-rOX 

triterpenoids may occur enzymatically a mechanism in
volving such a reaction as a first step followed by an 
elimination reaction on the intermediate e-lactone (or 
after hydrolysis and conversion of the tert iary hydroxyl 
group into a suitable leaving group) deserves serious 
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consideration as an alternative for the biogenesis of 
these naturally occurring seco acids.16 

Glomerella fusarioides had previously been employed 
for microbial conversions of steroids and it is interesting 
to note the different modes of attack by this organism 
on different substrates. Thus, in contrast to the ring 
cleavage reaction observed with oburicoic acid, estrone 
and estradiol are hydroxylated in the 7a- and Im
positions,17 and cortexolone has been reported to un
dergo 11 a-hydroxylation.ls 

The antibacterial activity shown by seco acid Ila on 
bioautography was confirmed by a serial dilution assay 
using S. aureus 209P, in which this substance showed 
activity at a minimum inhibiting concentration (MIC) 
of Co 7/ml. The MIC values of all the derivatives of 
TIa described in this paper are listed in Table I. AC-

TABLE I 

MINIMUM INHIBITING CONCENTRATIONS or SECO ACIDS 

TOWARD Staphylococcus aureus 209P 
Compound MIC, 7/ml. 

Ila Go 
l i b >100 
He 2 
I l i a 70 
I l l b 2 
IVa MOO 
V >100 

Fusidio acid 0.02 

cording to these data saturation of the side-chain double 
bond has no effect on activity. The most potent com
pounds were the 21-methyl ester acids He and I l lb . 
The neutral dimethyl ester l ib and triol IVa showed no 
activity even at the highest levels tested. It may 
be concluded from these findings that a carboxyl group 
in ring A is essential for activity but that a second such 
highly polar group at a distant part of the molecule is 
detrimental. This latter conclusion is supported by the 
finding that glycol V prepared from Ila with osmium 
tetroxide showed no activity at 100 7/ml. 

To obtain a broader picture of their antibiotic activ
ity, dicarboxylic acid Ila and its mono methyl ester l ie 
were tested in serial dilution assays against the follow
ing bacteria and fungi: Salmonella schottmuelleri, 
Pseudomonas aeruginosa, Proteus vulgaris, Candida 
albicans, Trichophyton mentagrophytes, Fusarium bul-
bigenum, and Mycobacterium tuberculosis var. BCG. 
Compounds Ila and He showed activity against the 
last-named organism at MIC values of 9 and 2 7/ml.. 
respectively, but were inactive against all the others at 
100 7/ml- ' 

Experimental 

AH melting points were taken in a Thomas-Hoover apparatus 
and are corrected for stem exposure. Ultraviolet spectra were 
determined on a Cary 11, infrared spectra on a Perkin-EImer 21, 
and nuclear magnetic resonance spectra on a Varian A-60 spec
trometer in CDC13 or pyridine solution with tetramethylsilane as 
internal standard. 

Fermentation of Eburicoic Acid with Glomerella fusarioides 
(ATCC 9552).—Glomerella fusarioides (ATCC 9552) was grown 

(10) Cf. also the elegant synthesis of nyctanthic and roburic acids by oxi
dative photolysis [Quinkert and Heine, Tetrahedron Letters, 1659 (1963)]. 

(17) A. I. Laskin, P. Grabowich, B. Junta, C. de L. Meyers, and .1, 
Fried, J. Org. Chem., 29, 1333 (1964). 

(18) F. Carvajal, V. S. Patent 2,983,563 (1961). 

on a medium containing glucose (10 g.), Difco yeast extract (2.5 
g.), K2HPO4 (1 g.), agar (20 g.), and distilled water to 11. Surface 
growth from slant cultures was suspended in 2.5 ml. of an aqueous 
0.01% sodium lauryl sulfate solution and 1-ml. portions of the 
suspension were used to inoculate ten 250-ml. conical flasks, each 
containing 50 ml. of the following sterilized nutrient medium: 
dextrose (10 g.), cornsteep liquor (6 g.), NH4H2PO4 (8 g.), Difco 
yeast extract (2.5 g.), CaC0 3 (2.5 g.), and distilled water to 1 1. 
After 72 hr. of incubation at 25° with continuous rotary agitation 
(280 eycles/min., 5.1-em. radius), 10% (v. /v.) transfers were 
made to seventy 250-ml. conical flasks each containing 50 ml. of 
fresh sterilized medium B. The eburicoic acid was added to each 
flask in 0.25 ml. of a sterile solution of the steroid in N , \ - d i -
methylformamide (60 mg./ml.) so that the medium was supple
mented with 300 7/ml . of steroid. After 1 week of further in
cubation as described above, the, contents of the flasks were: 
pooled and filtered through a Seitz K-5 clarifying pad. Dis
appearance of substrate was followed using the paper chromato
graphic system I I I of Pan, et a/.19 (hexane-4-butyl alcohol-4 A' 
XH4OH, 10:3: 10), and products were separated using a modifica-
lion of the butariol ammonia system of Ried and Lederer20 in 
which (lie concentration of the NH4OH was 4 A' and the ratio of 
Imtanol-NfU)H was --1:1. The filtrate was acidified to pH 4.1) 
with glacial acetic acid and the resulting flocculent precipitate 
collected by filtration. The filter cake was dissolved in methyl 
isobutyl ketone, the solution filtered, and the filtrate evaporated 
to dryness in vacuo. The residual material was triturated with 
ether and the resulting crystals (349 mg.) recrystallized from ace
tone. This furnished pure 3,4-seco-A.8>2i<2s>-eburicadien-4-i>l-
3,21-dioic acid ( I la ) ; m.p. 236-238°; [« ] 2 3 D -f-78c (C 0.54, alco
hol): \;:,"I 3.00, 5.S7, 6.10, and 11.25 M: n.m.r. (pyridine): r 5.07 
(28-CHo), 8.52 (4,4-dimethvl), 8.65 (19-CH3); neut. equiv. 
250 (calcd. 251 1. 

Anal. Calcd. for C-,iiH6o06: C, 74.06; H, 10.03. found 
(after drying at. 140° to constant weight): C, 73.61, 73.67: H, 
10.59, 10.59. 

The above conditions when applied to 40-1. fermentors yielded 
from IS g. of eburicoic acid (two fermentors: 300 7 of I/ml., 122 
hr.) 3.62 g. of methyl isobutyl ketone-soluble material, which after 
trituration with chloroform afforded 2.22 g. of crystalline material. 
Recrystallization from acetone gave a total of 1,64 g. of I la . 

The dimethyl ester ( l i b ) of the above acid (300 mg.) was pre
pared from acid I la with ethereal diazomethane in methanol (6 
ml.). It could not be crystallized. 

3,4-Seco-A8 24<2s'-eburicadien-4-ol-3,21-dioic Acid 2I-Methyl 
Ester (lie). —-A solution of 300 mg. of the dimethyl ester of 3,4-
seco-As.24l2^-eburicadien-4-ol-3,21-dioic acid ( l ib ) in 30 ml. of 6':/ 
KOH in methanol was allowed to stand at room temperature for 0 
hr, The mixture was acidified with hydrochloric acid, the meth
anol was removed in vacuo, and the suspension extracted with 
chloroform. The chloroform extract was dried over sodium sul
fate, filtered, and the solvent was removed in vacuo. The 
residue (316 mg.) on recrystallization from hexane afforded 
255 mg. of pure monomethyl ester l i e , m.p. 148-150°; f«;2:ii) 
-1- H)0°% 0.41, CHCI3): \,™r 3.00, 5.76, 5.84, 6.09, and 11.23 M. 

Anal. Calcd. for (%Hr,»0- 0 . 74,87: IT, 10.14. Found: 
C, 74.33; H, 10.05. 

3,4-Seco-.A,i-eburicen-4-oI-3,2I-dioic Acid (Ilia).—-To a pie-
reduced suspension of 25 mg. of 10%, Pd-on-charcoal catalyst in 
95% alcohol (uptake 1.6 ml.) was added 25 mg. of 3,4-seco-s'21(2S! 

eburieadien-4-ol-3,21-dioic acid ( I l a ) in 2 ml. of alcohol. Re
duction was complete after 1.4 ml. of hydrogen had been taken 
up (theory 1.8 ml.) The solution was filtered and evaporated to 
dryness in vacuo. The crystalline residue upon recrystallization 
from methanol gave pure dihydro acid I l ia , m.p. 242-243°; 
[«]2Si> +93° {c 0.4, alcohol); \™l 3.00 and 5.88 M-

Anal. Calcd. for CaiH.wOs: C, 73.76; H, 10.38. Found: 
C, 73.50; H, 10.18. 

3,4-Seco--ia-eburicen-4-ol-3,21-dioic Acid 21-Methyl Ester 
(Illb). The dihydro acid I l i a (50 mg.) was suspended in 1 ml. 
of methanol and methylated with ethereal diazomethane. The 
amorphous dimethyl ester recovered upon removal of the solvents 
in, vacuo was dissolved in 5 ml. of 6% KOH in methanol and al
lowed to remain at room temperature for 6 hr. The mixture was 
then acidified with hydrochloric acid, the methanol removed in 
vacuo, and the suspension extracted with chloroform. The 
chloroform extract was dried over sodium sulfate, filtered, and 

(19) S. C. Fan. A. 1. Laskin, and P. Principe, J. Chromatag., 8, 32 (1901!;. 
(20) Ti. I,. Roid and M. Lederer, Biochem. J.. 50, 60 (1961). 
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evaporated to dryness in vacuo. The dihydromonomethyl ester 
(Illb) was recrystallized from acetone-hexane and furnished 37 
mg. of pure product, m.p. 170-172°; [a]28D +76° (c 0.34, alco
hol); X*L' 3.05, 5.78, and 5.85 M; n.m.r. (CDC13) T 6.36 (OCH3), 
8.72 (4,4-dimethyl), 8.84 (19-methyl); neut. equiv. 513. 

Anal. Calcd. for C32HM06: C, 74.09; H, 10.49; OCH3, 5.98. 
Found: C, 73.93; H, 10.49; OCH3, 6.28. 

The above dihydromonomethyl ester Il lb was also obtained 
when the monomethyl ester lie (50 mg.) was hydrogenated in 
ethanol (5 ml.) with 50 mg. of 10% Pd-on-charcoal catalyst. 

3,4-Seco-A8>24(2S>-eburicadien-3,4,21-triol (lVa).—A solution of 
200 mg. of the 3,4-seco-As'24(2a)-eburicadien-4-ol-3,21-dioic acid 
(Ha) in 20 ml. of freshly distilled tetrahydrofuran was added drop-
wise over a 15-min. period to a suspension of 200 mg. of lithium 
aluminum hydride in 30 ml. of tetrahydrofuran. The mixture was 
refiuxed for 3 hr. and, after cooling, 0.5 ml. of a saturated so
dium sulfate solution was added. The suspension was filtered, the 
precipitate washed three times with hot chloroform, and the solu
tion evaporated to dryness in vacuo. The residue (197 mg.) on 
recrystallization from acetone gave 160 mg. of pure triol IVa, m.p. 
148-149°; [a]23D +89° (c 0.59, CHC13); X^f 3.08, 6.10, and 
11.28 n; n.m.r. (CDC1.) T 5.26 (28-CH2), 6.33 (m 3- and 21-
CH,), 8.67 (4,4-dimethyl), 8.83 (19-CH3). 

Anal. Calcd. for C3iH6403: C, 78.42; H, 11.47. Found: 
C, 78.18; H, 11.81. 

The diacetate IVb was prepared in pyridine solution with acetic 
anhydride. 

The analgesically favorable effect of a properly 
positioned phenolic hydroxyl in structures with a 
heterocyclic nitrogen {e.g., the morphinans and benzo-
morphans)2 has been known for some time. However, 
the role of this substituent in tolerance and physical 
dependence has not been studied, perhaps because 
deoxy compounds of the order of potency of morphine 
have not been available.3 The high activity displayed 
by various 2'-hydroxy-5,9-dialkyl-6,7-benzomorphans, 
particularly the 0-diastereomers,4 provided hope that 
nonphenolic compounds5 of morphine-like potency are 
not implausible. Furthermore, any such deoxy com-

(1) Paper XXVI: J. H. Ager, S. E. Fullerton, E. M. Fry, and E. L. May, 
J. Org. Chem., 28, 2470 (1963). 

(2) (a) E. L. May in "Medicinal Chemistry," 2nd Ed., A. Burger, Ed., 
Interseience, New York, N. Y., 1960, p. 311 et seq.; (b) E. L. May and J. H. 
Ager, J. Org. Chem., 24, 1432 (1959). 

(3) N-Methylmorphinan (ref. 2a), although one-fifth as potent as mor
phine and comparable to pethidine in animal screening tests, has not been 
further examined. 

(4) J. H. Ager, S. E. Fullerton, and E. 1. May, J. Med. Chem., 6, 322 
(1963). 

(5) Otherwise close congeners of morphine and the morphinans. 

3,4-Seco-A8-eburicene-4,24,28-triol-3,21-dioic Acid (V).—To a 
solution of 47 mg. of 3,4-seco-As.24<28>-eburicadien-4-ol-3,21-dioic 
acid (Ila) in 3 ml. of dioxane and 0.2 ml. of pyridine was added 
dropwise over a 30 min. period a solution of 26 mg. of Os04 in 3 
ml. of dioxane. The solution was allowed to remain at room tem
perature for an additional hour and then decomposed with H2S. 
The mixture was filtered over a Celite pad and the filtrate was 
evaporated to dryness in vacuo. The residue (58 mg.) was re-
crystallized from ethyl acetate with the aid of Dareo G-60 af
fording glycol acid V, m.p. 233-235°; [«]D +68° (c 0.47, alco
hol); \™'x 2.95, and 5.85 M; neut. equiv. 269 (calcd. 268). 

Anal. Calcd. for C31U,2(h: C, 69.37; H, 9.77. Found: 
C, 69.45; H, 9.65. 
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pound of possibly negligible addiction liability would 
not be readily convertible to a product of greater addic
tion potential, a hazard generally attending hydroxy 
compounds (viz., conversion of morphine to heroin23, 

and /3-dZ-methadol to /3-d/-acetylmethadol2a'6). Con
sequently, we have synthesized a- and ,8-5,9-diethyl-2-
methyl-6,7-benzomorphans (VI, IX), deoxy compounds 
selected for study principally on the basis of comparative 
results reported earlier4 in the 2'-hydroxy series. 

The synthesis of the a-compound VI was achieved, 
as usual, by the Grewe method,7'8 except that sodium 
borohydride9 was used instead of palladium-catalyzed 
hydrogen in the reduction of the dihydro base II to 2-
benzy 1-3,4-diethyl-1 -methyl-1,2,5,6- tetrahydropyridine 
(III). Cyclization of III with hot hydrobromic acid 
gave VI in 76% yield. No ^-isomer IX could be iso-

(6) H. Isbell, H. F. Fraser, M. H. SeeverB, and G. A. Deneau, privatf 
communications. 

(7) R. Grewe and A. Mondon, Chem. Ber., 81, 279 (1948). 
(8) E. L. May and E. M. Fry, J. Org. Chem., 22, 1366 (1957). 
(9) S. E. Fullerton, J. H. Ager, and E. L. May, ibid., 27, 2554 (1962). 
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Sodium borohydride reduction of the dihydropyridine base II obtained in the reaction of benzylmagnesium 
chloride and 3,4-diethylpyridine methiodide has given 2-benzyl-3,4-diethyl-l-methyl-l,2,5,6-tetrahydropyridine 
(III). This is cyclized by hot hydrobromic acid mainly to a-5,9-diethyl-2-methyl-6,7-benzomorphan (VI) and 
(as the hydrochloride) by aluminum bromide to a mixture of VI and the p isomer IX as shown by thin film 
chromatography. Base IX, essentially to the exclusion of VI, resulted from aluminum bromide cyclization of 
<rans-2-benzyl-3,4-diethyl-l-methyl-l,2,3,6-tetrahydropyridine hydrobromide (VIII) also synthesized from II 
via V, IV, and VII. The structure and stereochemistry of IX were proved by converting it to the known 0-5,9-
diethyl-2'-hydroxy-2-methyl-6,7-benzomorphan (X). The stereochemistry of both VI and IX was also con
firmed by methiodide rate studies. Compounds VI and IX are relatively potent analgesics and VI has no addic
tion-sustaining capacity in morphine-addicted monkeys. 


