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The antibacterial activity of a variety of steroidal and triterpenoid acids has been determined using Staph-
ulococcus aureus 209P as the test organism. Activity was found to be less dependent on specific structural and
stereochemical features than had been anticipated. All active compounds have a rigid polycyclic skeleton with
a carboxyl group close to an oxygen function or a double bond.

Recent investigations leading to the establishment of
the structure of the antibiotics fusidic acid (I),? hel-
volic acid (II),%* and cephalosporin Py® as tetracyclic
triterpenoids closely related to the steroids have docu-
mented the biological versatility of this important
nucleus in vet another area. The subsequent conver-
sion of the structurally related triterpenoid acid eburi-
coic acid into an antibacterially active ring A seco-acid
(ITII) by means of microbial enzymes® has prompted us
to undertake a broader investigation of the antibac-
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terial properties of steroidal and triterpenoid acids. It
seemed at the outset that, because of the considerable
differences in the stereochenistry between the naturally
occurring antibiotics and the seco-acid III, the struc-
tural requirements for antibacterial activity might not
prove to be too exacting. This impression gained
further support when considering the fact that, while
in the steroid antibiotics the important acidic function
is located at C-21 and forms part of the side chain, the
biological activity of the seco-acid III is dependent on
the presence of a carboxyl group at C-3 as demonstrated
by the increase in activity attending methylation of the
21-carboxyl group.” The above impressions have been
fully borne out by the data reported in this paper.

It appeared most appropriate to begin such a study
by preparing additional ring A seco-acids from a variety
of sterols and triterpenes, and to assess the influence of
the rigid portion of the steroid nucleus and of the side
chain on biological activity. These data are summa-
rized in Table I. With the exception of compounds 1,
2, and 3, all those listed in this table possess the anti—
trans—anti backbone characteristic of the sterols. How-
ever, the location of the angular methyl groups varies
widely and so does the nature of the side chain. With
the exception of compound 8, all of the compounds were
active and one can conclude from these data that con-
siderable structural variation is possible without loss of
antibacterial activity. This is particularly evident
when one considers the lupeol derivative 7, which
shows the most far-reaching deviation in skeletal struc-
ture. No attempt is being made here to evaluate the
quantitative differences in activity between the various
compounds except in those cases where only a single
substituent is being varied. This is the case for 2, the
21-methyl ester of 1, which shows a 30-fold enhance-
ment in activity over the latter. The conclusion appears
justified that a second anionic site at a distant part of the
molecule is detrimental to activity. It is felt, on struec-

(7) The necessity for the presence of at least one carboxyl group derives
from the fact that the dimethyl ester of IIT was inactive at the 100-y/ml.
level, the highest level employed in this investigation. Similarly, reduction

of both earboxyl groups to primary aleohols led to inactive compounds:
cf. ref. 6.
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¢ This work. < Ref. 8. ¢ Ref. 2.

tural grounds, that 8 which lacked activity at 30 v
might have been active when tested at a higher level.
But this i to be expected if an arbitrary upper lhmit
is sct for testing.

Table IT summarizes our data on ring A seco-acids, in
which substituents attached to '‘ring A’ are varied and
the remaining portion of the steroid skeleton is that of
cholestane. Since the hydroxy acids 1-4 all showed
activity, the degree of methylation at C-4 has little in-
fluence on activity.  “Compounds” 3 and 4 represent
approximately equimolar mixtures of the two isomeric
hydroxy acids shown in Table I1.5 At least one of the
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* Mininuun inhibitory voucentration of steroid acids in two-
fold <erial dilntion assay against 8. anreus 200P.  * Ref. x. V.
Burckhardt and T. Reichstein, Hele, Chim. Acla, 25, 821, 1434
11042), 4 L, . Fleser aud M. Fieser, “Steroids,"” Reinhld Pub-
hi<ling Corp., New York, N. Y., 1059, p. 41, ¢ Ref. d, pp. 77, S
S Ref. d, pp. 63, 0. 7 Refo o p. R0 F Ret. d, p. 74

two, if not both isomers, must therefore, be considered
active.  Among the dicarboxylic acids only the two
trans-acids 5 and 7 showed activity, the two cis-acids
being inactive at the 100-y level. An interesting con-
trast in activity was shown between the well-known
keto acid 9 and its 3-deoxo dervivative 10. The former
wasg active at the 2-y level, whereas the latter was inac-
iive at 100 y. The presence of an oxygen function in
the - or -position with respect to the carboxyl group
has been a characteristiv feature of all active compounds
discussed so far, and, indeed, it is a characteristic of the
naturally occeurring steroid antibiotics, as well,  The
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lack of activity of compound 10 indicates that this may
be an essential requirement for antibacterial activity.
As we shall see later, a double bond appropriately lo-
cated may take the place of this oxygen function. The
simple alicyclic 8-keto acid, cyclohexanone-2-(3-prop-
ionic acid) (Table III, 2), was inactive, stressing the
necessity for a larger condensed ring system. This
latter condition is fulfilled in the ring B seco-acid
(Table III, 3), which showed activity equal to that of
the keto acid 9 (Table II).
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@ Minimum iuhibitory conceutration of steroid acids in two-
fold serial dilution assay against S. aureus 209P. * J. Polensky,
Bull. soc. chim. France, 173 (1903) S. Brewis and T. G. Halsall,
J. Chem. Soc., 646 (1961); cf. also ref. 11. ¢ V. V. Korshak, S.
L. Sosin, and E. M. \Iorozova, Zh. Obshch. Khim., 30, 907 (1960);

>100

Chem. Abstr., 55, 376¢ (1961). ¢ L. F. Fieser and M. Fieser,
“Steroids,” Reinhold Publishing Corp., New York, N. Y., 19539,
p. 33; ¢ Ref. d, p. 61.

Unexpectedly high activity (1-2 y/mil.) was shown
by cholatrienic acid (Table III, 4). Other bile acid
derivatives such as the fully saturated cholanic acid
(Table III, 5), 3,12-diketocholanic acid, and 3,7,12-tri-
ketocholanic acid were inactive. Perhaps, the 11,12-
double bond of cholatrienic acid takes the place of the
oxygen function considered necessary for activity, but
this is a rather tenuous assumption, because of the
distance of the double bond from the carboxyl group and
because of the fact that the two 12-keto acids tested
did not show activity. The triterpenoid asiatic acid
(Table III, 1), which possesses a double bond in the -
position with respect to the (axial) carboxyl group,
may more justifiably be viewed as an analog of the ac-
tive v- or 8-hydroxy or keto acids, in which the double
bond takes the place of the oxygen function.
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The data presented here although admittedly sketchy
indicate that the antibacterial activity of the steroid
acids is a phenomenon of limited structural and steric
specificity.  What appears to be necessary is a rigid,
essentially flat molecule possessing at least, and pref-
erably, one anionic site, which is close to an oxygen
function or perhaps also the r-electrons of a double
bond. These requirements are fulfilled in the naturally
occurring steroid antibiotics, all of which possess an ace-
toxy group in y-position to the carboxyl group. It
should be kept in mind that the most active compounds
described in this paper possess about 1/50 to 1/100th
the activity of fusidic acid, indicating that our conclu-
sions regarding the limited structural requirements for
activity will have to be refined when it comes to define
mazemum activity. These more subtle factors, how-
ever, may no longer be related to intrinsic biological ac-
tivity, that is, the chemical events occurring at the site
of action, but may be connected with factors such as
transport to the site of action, metabolic inactivation,
complexing with cell constituents, etc. The attainment
of maximum biological activity represents a sequence
of events of such complexity that, to consider our data
in a more quantitative sense would be all but meaning-
less. Nevertheless, by defining the minimum require-
ments for activity, the findings presented in this paper
should prove useful in the selection of additional anti-
microbially active compounds from among known ster-
oids and terpenes, and in the synthesis of new, hope-
fully more active, representatives of this class.

The validity of the above generalizations regarding
the relationships of structure and activity among anti-
microbial steroids is dependent upon a common mech-
anism of action for both the naturally occurring anti-
biotics and the steroidal acids reported in this paper.
Such correspondence was demonstrated by showing that
a strain of S. gureus made resistant towards fusidic acid
was also resistant to the action of two synthetic com-
pounds representative of this work (Table I, 2, and
Table II, 3). Both were inactive at 100 v/ml. when
tested against that strain.

CH50.C |
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VIII
Experimental

Melting points were taken on a Thomas-Hoover apparatus and
are corrected for stem exposure. Rotations were determined in
chloroform. Infrared spectra were taken on a Perkin-Elnier 21
spectrometer.

The substances listed in Tables I-111 were either taken from
our collection of steroids or were prepared specifically for the
purpose of this paper. Those not hitherto described in detail
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are described in the following. Structures IV-VIII represent
interniediates used in the preparatiou of the final prodnets.
Methy! Eburican-38-ol-11-on-21-oate (V).—A solution of 2.0
g. of methyl eburican-38-ol-11-on-21-oate 3-acetate (IV)? in
400 mil. of 1 N ethanolic KOH was allowed to stand at roon1 tem-
perature for 18 hr. The solution was neutralized with 2077
Ho80, and diluted with water, and the ethanol was evaporated.
The aqueons suspension was extracted with ether, and the ether
solntion was washed with water, dried (Mg=0,), and evaporated
to dryuess.  Recrystallization fronn niethanol gave 1.55 g. of V,

np. 133-135°. The analytical sample melted at 137-139°;
[al®p 4329 x;}';;j‘ 2.97, 5.77, 5.80 .,
Anal. Caled. for CpHgOpr ¢, 760440 H, 1083, TFound:

6.4 H, 10.63.

Methy! Eburicane-3,11-dion-21-0ate (VI).—A solution of 77~
mg. of methyvl eburican-3g-ol-11-ou-21-cate (V) in 55 wl. of
acetolle was treated with a 1047 exress of Joues reagent at rooiu
temperature. The excess chromir acid was deconiposed with
methanol, the reaction wixture was diluted with 25 wl. of water,
and the organic solvent was evaporated in racuo.  The aqueons
suspension wis extracted with ehlorofirm, and the chloroform
solution wis washed with water, dried, aud evaporated to give
784 mg. of rrude produet.  This was ad=orbed on a enlunm of
25 g. of nentral alumina and ehited with beuzene und beuzeue
chibnforn (804 ty give T34 mg. of VI, which on recrystalliza-
tion frow wethainl gave a first crop of 443 mg., w.p. 139-140°,
and a second crop of 152 mg., m.p. 137-130° The unalvtical
smple had mp. 143-144°, [o] % +42° A0 5,77 and 5.87 4.

dnal. Caled. for CpHsOy: €0 76.75: H, 1047, Found:
C, 6.7 H, 10,438,

3.4-Secoeburican-4-ol-11-one-3,21-dioic Acid 21-Methyl Ester
(3—+4)-Lactone (VII).—A solution of 242 mg. of methyl eburi-
cane-3,11-dion-21-oate (VI, 0.5 nunole) aud 345 mg. of m-chloro-
perbenzoic acid (2 mmoles) in 5 ml. of wmethylene dichloride was
kept at roomn tewperature for 43 hr.  The reactiou mixture was
diluted with methylene dichloride aud washed successively with
5¢, K1, 3¢ sodinm sulfite, water, 5, KHCO;, and water, dried.
and cvaporated to dryness to give 246 mg. of crude produet,
Two recrystallizations from methauol atforded 134 wmg. of the
factone VII, nup, 167=170°, {a] % +70°%, Mo 5.78 und 5.85 u.

Anal. Caled. for CoHaOno €, 7447 H. 10,14, Found:
C, 7450 H, 1032

3,4-Secoeburican-4-o0l-11-one-3.21-dioic Acid 21-Methyl Ester
(Table I, 4).— A solution of 100 mg. of the above lactone VII in
101l of 57 methanolic KOH was kept at roow tewperature for
G hir,  The pH was adjnsted to 4.5 and the reaction mixture wax
dilnted with water. The methanol was evaporated, the aqueons
snspension was extracted with chloroform, and the chloroform
solution was washed with water, dried, aud evaporated. The

i Gl WL Keakower, Jo WL Brown. and J. Uriedl. /. Ovg. Chen., 27, 4710
(1962).
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erude acid was chromatographed ou silica gel, and the chloroforu
and chloroform-acetone (1:1) eluates were combined and evapo-
rated to give 39 mg. of product (Table 1, 4.

Anal. Caled.: neut. equiv., 535, Fouud: ueunt. equiv., 505.

3,4-Secolupan-4-ol-3-oic Acid (3—4)-Lactone.—A solution if
0.426 g. of lupau-3-one (1 mmole, m.p. 206-207°)1 and 1.382 g.
of m-chloroperbenzoic acid (8 mmolesl 10 1wl of chloroform
was kept at room temperature for 23 hr. TUpoun work-up as
described above, material was (;I;tauwd, which after two re-
crystallizations from acetone gave 166 wg. of the lactone of 3,4-
\ewlupan4nl J=oie aeid (VIT), mup. 103-106°, ful¥n - 357,
VST

Anal. Caled. for CyuHuaOy: o CooS130; H, LSS,
¢, %1.40; H, 11.38

3,4-Secolupan-4-ol-3-oic Acid (Table 1, 7)—A suspension «f
102 mg. of the above lactone was hydrolyzed with 30 wl. of 3'
ethanolic KOH for 6 e, The crude product (105 mg.) after two
crystallizations from acetone afforded 43 mg. of analytically pure
)4-\0((]1111)‘111 4-nl-3-0l¢ acid (Table 1. 73, nup. 210-212°,

S80 and 482 g, ta] ¥ —1.8°,

Anal. Caled. for CuHpOnr €, T8.20; H, 11.38; nent. equiv.,
460.  Found: (, 78.08: H, 11.48; neut. equiv., 457,

3,4-Secodammarane-4,20t-diol-3-o0ic Acid (Table I, 5;.--A sii-
lution of 200 nmig. of 24,25-dihydrodipterocarpol (hydrmxydamma-
ranone-11, VIIT, (.43 unnole, urp. 97-98°)1 and 600 mg. of m-
chloroperbenzoic acid (3.45 unnoles) in 5 wl. of chloroforn was
kept, at 25° far 23 hr. The resulting crude prodnet on thin
laver chromatography cn nentral ahuuina (activity V) oin o
hexane-chloroform t1:4) xy=tem and elntion of the area ¢ 0.40--
0.60 gave 131 mg. of the lactiue of 53 (Table I, The total erude
lactone wax hydrolyzed with 20wl of 570 ethanolic KOH al
room temperature fur 6.5 hr., and the isoluted acid wis vecrystal-
lized fropr methanol,  There was obtained 83 mg. o cowpound
51 Table Th mop. 170.0-176° 255 2.a3 and 5.85 M []®D +40°.

Anal. Caded. for CoHuOyr C, 95,260 H, LLST: nent. equiv.,
4780 Found:  Co75.090 H, V1.26; nent. equiv., 457,

Bioassay Protedure.~-The 1n vitvo antimicrobial netivity wus
determined by a twofold =erial wube dilntion ass<ay in Penassay
brath.  The text organism, S. qureas 200 Py was grown overnigli
in Penaszay brmth and a 1074 dilntion of this enftire was used ns
the seed inoculim.  The sieroid wax added nx a 177 xolution in
500, dimethyl snlfoxide.  After 18-24-hr. incenbation at 377
the winimmm inhibihry concentratban (MICH wius determiped
from the the containing the least amonnt of <terpid. in which .
visible growth canld be nhzerved.
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