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Two series of new compounds derived from deoxycholic acid have been Antimikrobielle Aktivitilt basischer Cholan-Derivate, 8. Mitt. 
sy~~theskd: 3,12-dio~0-5P-cholan-24-N-~~b~tit~ted amides and theU 3p- 
amino and 38-N-alkylamino derivatives. 
The fmt series of five compounds 1-5 Carries at C-24 the residue of benzyla- 
mine, morpholine, diethanolamine, N,N-diethylethylenediamine, and N-me- 
thylpiperazine. 
The second series of twenty compounds 1A-D - 5A-D was prepared by 
means of reductive amination starting from the compounds of the first series. 
This reaction proved to be. regioselective and stemspecific: it attacks only 
C-3 of the stemid moiety and introduces the following axial P-oriented 
sustituents: amino, methylamino, ethylamino, and benzylamino. 
The compounds of the first series showed moderate scattered antimicrobial 
activity; while introduction of the 3p-amino and 3J3-N-alkylamino residue 
greatly increased activity towards Gram (+) strains; even yeast and fungi 
appear to be sensitive towards this last series of compounds. 
The results have been discussed with respect to the ~ h l r e  of the substituents 
both at C-3 and C-24, the highest activity being associated to the hydropho- 
bicity of these residues. 

Es wurden mei Reihen neuer von Desoxyc~~siiure abstammender Verbin- 
dungen synthetisien: 3,12-Dioxo-5J3-cholan-24N-alkylamide und 38- 
Amino- und N-Alkylamino-12-0~0-5~-cholan-24-~ylamide. 
Die erste Reihe von fiinf Verbindungen 1-5 eiigt an C-24 einen Benzyl- 
amin-, Mo~pholin-, Diethanolamin-, N,N-Diethylethylendiamin- bnv. N- 
Methylpiperazin-Rest. 
Die nveite Reihe von zwanzig Vehindungen 1A-D-SA-D wurde durch re- 
duktive Aminierung hergestellt, ausgehend von den Verbindungen der ersten 
Reihe. Diese Reaktion envies sich als regioselektiv und stereospezifisch sie 
betrifft nur C-3 des Stemidanteils und fiihrte folgende axial p-orientierte 
Substituenten ein: Amin, Methylamin, Ethylamin und Benzylamin. 
Die Verbindungen der ersten Reihe zeigten eine befriedigende und gestreute 
antimikmbielle Aktivia Die Einfiihrung der 3~-Amino- und N-Alkylah- 
nogmppe verstiirkte die Aktivitiit gegenuber grampositiven Arten; offen- 
sichtlich reagieren sogar Hefen und Pilze auf dim Verbiidungsreihe. 
Die Ergebnisse wurden beziiglich der Art der Substituenten sowohl an C-3 
als auch an C-24 betrachtet: die gUte Aktivitiit b g t  mit der Hydmphobie 
der Reste zusammen 

A new series of cholane derivatives has been obtained from bile acid mo- 
lecules substituting the C-24 acidic carboxyl group with an amid0 or an 
amino group of different nature. These derivatives show an interesting anti- 
microbial activity against Gram (+) and, to a lesser extent, Gram (-) 
strains'-'). 

The complex role of both the side chain structure and steroidal substitu- 
ent pattern has been discussed and related to the chemical-physical proper- 
ties of a selected series of these compounds6). 

More recently, starting from 3a,12a-dihydroxy-5~-choIan-24-oic acid 
(deoxycholic acid), two new classes of compounds were synthesized, c"y- 
ing a B oriented basic function at C-3, namely the 3p-amino and 3p-N-al- 
kylamino- 12-oxo-5p-cholan-24-amide and the 3p-amino and 3J3-N-alkyla- 
mino-12a- hydroxy-5~-~holan-24-amine'*~). 

In this paper the above series has been extended to N-sub- 
stituted C-24 amides: the sequence of transformations is 
presented in Schema A in the case of deoxycholic acid, as 
an example. In steps 2 and 3 of Scheme A, almost all 
possible combinations have been considered, taking into ac- 
count eight different bile acids and more than ten different 
mines I-'). 

N-substituted amides of the 3,12-dioxo-5~-cholan-24oic 
acid have been prepared by means of a mixed anhydride 
with ethylchlorocarbonate 1-5. A reductive amination of the 
0x0 group at C-3 of the steroid moiety by means of 
NaBH3CN, in presence of the appropriate mine salt, pro- 
duced the compounds of the series 1A-D-SA-D. This reac- 
tion resultedg) to be regioselective and stereospecific. The 
two series of compounds are presented in Scheme B. 

Experimental Part 

Chemistry 

Method: M.p: Tottoli apparatus, uncorrected. - IR-spectra: Perkin Elmer 
197 spectrophotometer in KBr. All the compounds showed characteristic 
bands at 690-750: 1650; 1700 and 3300 (broad) cm", attributed to the ben- 
zyljc moiety (when present), to amidic and keto groups, and to -NH2 and 
-NHR groups, respectively. - 'H-NMR spectra: Bruker spectrometer mod. 
AC 200. All the compounds showed signals at 6 or 6.4 p.p.m. of NH2 or 
NH groups at C-3: signals disappeared in 90, CH3, CH2 and CsHs 
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SCHEME A 

Cr03/AcAc 
HO' 0 L I P n  H 

Ethylchlcro 

carbonate/ carbonate/ 

E thy  1 c h I or0 ( !  H-N C H-N< 

H I 

NaBH CN/MeOH 

k - N K  
3 

SCHEME B 

0 &-. H 
H 

Series 1 - 5 Series 1 (A-D)-5 (A-D) 
R = -h'H-CHz-CbHs [l] Rl = -NHz [A] 

A -YJ0 I21 = -NH-CH3 [B] 
-N-[CHzCH20H]z r31 = -NH-CzHs [C] 
-NH-CHZ-CH~-N[C~HS]~ [4] = -NH-CHz-CrjH5 [D] 

PI n 
- LN - CH3 

signals were recorded at 2.68 (doublet), 4.2 (singlet), 7.47 (multiplet) 
p.p.m., attributed to -NH-CHz-C& and -NH-C&., to -NH-C&-CH3 and 
-NH-CH2-GjH5, and to - N H - C H z - w ,  respectively. 

Elemental analysis showed C, H, and N percentage values differing less 
than M.3 from the theoretical ones. 
TLC: silica gel sheets (Merck), using the appropriate developing mixtu- 

res reported in Table 1. Detection: 10% perchloric acid solution and 
heating for S min at 120'C. 

Materials: 3a, 12adihydroxy-5kcholan-244c acid (deoxycholic acid) 
was purchased form Sigma and was used without funher purification. 
Ammonium acetate, methylamine hydrochloride, ethylmine hydrochlori- 
de, benzylamine. morpholine, N,N-diethylethylenedi~ne, diethanol- 
amine and N-methylpiperazine were commercial samples. They were 
crystallized or distilled under vacuum as appropriate just prior 10 use and 
stored in a refrigerator. All other reagents were of analytical grade. 
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Tab. 1: 

Compounds Yield M.P M.P ES cs EA 

Calc. 
Found 

(%) (HCO C% H% N% 

1 

1A 

1B 

1 c  

1D 

2 

2A 

ZB 

2 c  

2D 

3 

3A 

3B 

3c 

3D 

4 

4A 

4B 

4 c  

4D 

5 

5A 

5B 

5C 

5D 

N-benzy1-3,12-dioxo- 
5B-cholan-24-amide (c31h303N) 
N-benzyl(38. 58) 3-amino- 
12-0x0-cholan-24-amide (C3]&0zN~) 
N-benzyl(38, 5,9)-3-methylamino- 
12-0x0-cholan-24-amide (C32H4802N2) 
N-benzyI(3B. 5/3)-3-ethylamino- 
12-0x0-cholan-24-amide (C38HS002N~) 
N-benzyl(3j3, 5~)-3-benzylamino- 
12-0x0-cholan-24-amide (C~~HSZOZNZ) 

N(3,12,24-tri0~0-5~-~h0lan-24-yl) 
morpholine (C~H4304N) 
"(38, 58) 3-amin0-12.24-dioxo- 
cholan-24-yl] morpholine ( C B H ~ ~ O ~ N ~ )  
"(38, $9) 3-methylamino-12,24-dioxo 
cholan-24-yl] morpholine (C~~H.&NZ) 
"(38, 58) 3-ethylamino-l2,24-dioxo- 
cholan-24-yl] morpholine ( C ~ O H ~ ~ O ~ N Z )  
"(38, 58) 3-benzylamino-l2,24-dioxo- 
cholan-24-yl] morpholine (C35H5203Nz) 

N-diethanol-3,12-dioxo 
58-cholan-24-amide (C~H4505N) 
N-diethanol (38, 5 B )  3-amino- 
1 2-0x0-cholan-24-amide ( C ~ b 0 4 N z )  
N-diethanol (38, 58) 3-methylamino- 
I 2-0x0-cholan-24-amide (Cz9H500zNz) 
N-diethanol (38, 58) 3-ethylamino- 
12-0x0-cholan-24-amide (C30H52O4N2) 
N-diethanol (38. 58) 3-benzylamino- 
I2-oxo-cholan-24-amide (C35Hs04N~) 

N(8-diethylaminoethyl) 3,12-dioxo 
5B-cholan-24-amide (C30H5003Nz) 
N(B-diethylaminoethy1) (38, 58) 
3-amino- 1 2-0x0-cholan-24-amide 
(C3oHaOzN3) 
N(j3-diethylaminoethyI) (38, 58)  
3-methylamino- 12-0x0-cholan-24-amide 
(GI H5502N3) 
N(8-diethylaminoethyl) (38, 5B) 
3ethylamino- 12-0x0-cholan-24-amide 
(C~ZHJ~OZN~)  
N(B-diethylaminoehtyl) (38. 5B)  
3-benzylamino-12-oxo-cholan-24-amide (C37Hsg02 

NI (3,12,24-tri0~0-5~-~h01~-24-y1) 
N4-methylpiperazine (C29&603Nz) 
N1[(38. 5 p )  3-amino-12,24-dioxo- 
cholan-24-yl] N4-methylpiperazine (CzgH4gozN3) 
N, [(38, 58) 3-methylamino-l2,24-dioxo 
cholan-24-ylI N4-methylpiperazine (C~OHSIOZN~) 
N1 [(38, 58) 3-ethylamino-l2,24-dioxo 
cholan-24-ylI N4-methylpiperazine (c31 H5302N3) 
N, [(38, 58) 3-benzylamino-l2,24-dioxo 
cholan-24-yl] N4-methylpiperazine (C~~HSSOZN~) 

80 

80 

75 

80 

80 

85 

80 

82 

78 

76 

80 

75 

76 

78 

75 

75 

85 

76 

80 

75 
N3) 

85 

75 

78 

75 

80 

37-9" 

30-2" 

30-2" 

35-70 

30-1' 

165-7' 

156-8' 

111-3' 

114-6' 

78-80" 

167-9' 

33-5' 

33-50 

30-2" 

40-2' 

76-8' 

32-3' 

83-5' 

80-2" 

30-1' 

183-5' 

120-20 

32-4' 

38-9' 

33-5' 

183-5" 

104-6" 

162-4" 

85-7' 

>230° 

202-4' 

>230° 

137-8' 

128-30' 

185-7' 

>230° 

123-5' 

105-7' 

70-2' 

128-30' 

124-6" 

135-7" 

200-2' 

215-7' 

187-9' 

>230° 

160-2' 

EtOAcEtF'et 
EtOAc 
EtOAc 
MeOH 
EtOAc/MeOH 
(8:2); MeOH 
EtOAc/MeOH 
(8:2); MeOH 
EtOAc/MeOH 
(9:l); MeOH 

EtOAcNeOH 
(8:2) 
EtOAc/MeOH 
(55); MeOH 
EtOAc/MeOH 
(8:2) 
EtOAc/MeOH 
(7:3); MeOH 
EtOAcMeOH 
(8:2); MeOH 

EtOAc 
MeOH 
EtOAc/MeOH 
(7:3); MeOH 
EtOAclMeOH 
(82); MeOH 
EtOAc/MeOH 
(8:2); MeOH 
EtOAclMeOH 
(8:2); MeOH 

EtOAc/MeOH 
(9:l); MeOH 
MeOH 

EtOAc/MeOH 

(55) (*) 
EtOAclMeOH 

(5:3 (*) 

( 5 5 )  (*) 

EtOAcNeOH 
( 5 5 )  
MeOH 
(*) 
EtOAcFleOH 
( 5 5 )  (*I 
EtOAcNeOH 
( 5 5 )  (*I 
EtOAcNeOH 
(7:3) (*) 

EtOAc/MeOH 

EtOAc/EtZO 

EtOAc/EtzO 

MeOH/EtzO 

MeOH/EtzO 

MeOHEtzO 

M e o w 2 0  

MeOH/H20 

MeOH/HZO 

MeOH/HZO 

MeOH/HzO 

MeOH/HzO 

MeOH/EtzO 

MeOWEtzO 

MeOH/Et20 

MeOH/EtzO 

EtOAc/EtzO 

MeOH/ErzO 

MeOH/EtzO 

MeOWEtz0 

MeOH/EtzO 

MeOH/H20 

MeOH/EtzO 

MeOH/EtzO 

MeOH/EtzO 

MeOH/EtzO 

77.9 9.07 2.9 
77.6 8.80 2.8 
77.8 9.69 5.8 
77.5 9.80 5.9 
78.0 9.82 5.7 
77.8 9.60 5.7 
78.2 9.95 5.5 
77.9 9.70 5.4 
80.2 9.22 4.9 
80.1 9.48 4.8 

73.5 9.47 3.1 
73.2 9.60 3.0 
73.3 10.1 6.1 
73.1 10.25 6.2 
73.7 10.24 5.9 
73.4 10.35 5.9 
74.0 10.36 5.8 
73.8 10.10 5.6 
76.6 9.55 5.1 
76.3 9.40 5.1 

70.7 9.5 42.9 
70.5 9.7 2.7 
70.5 10.15 5.9 
70.7 10.32 5.7 
71.8 10.27 5.7 
70.7 10.38 5.6 
71.4 10.38 5.5 
71.1 10.50 5.6 
74.2 9.60 4.9 
73.9 9.70 4.8 

74.0 10.36 5.8 
73.8 10.48 5.7 
73.9 10.95 8.6 

73.6 10.80 8.5 
74.2 11.05 8.4 

74.1 11.20 8.2 
74.5 11.14 8.1 

74.3 10.59 8.2 
76.9 10.29 7.3 
76.7 10.50 7.1 

74.0 9.85 5.9 
73.7 9.60 6.0 
73.8 10.47 8.9 
73.6 10.30 8.8 
74.2 10.58 8.6 
73.9 10.40 8.5 
74.5 10.69 8.4 
74.2 10.80 8.3 
76.9 9.87 7.5 
76.7 9.60 7.4 

~~ -~ 

abbreviations: mp: melting point of free base; mp(HC1): melting point of hydrochloride; 
ES: elution solvent for separation; ES: elution solvent for purification; EA: elemental analysis 
CS: crystallization solvent; EtOAc: ethyl acetate; EtF'et: petroleum ether; EtzO ethyl ether; MeOH: methyl alcohol. 
(*) methyl alcoholt concentrated ommonia solution (9:l) .  
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Synthesis 

3,I2-dioxo-5~-cholun-24-amides 1-5 

To 0.01 moles of 3,12-dioxo-5~-cholan-24-oic and 0.01 moles of tri- 
butylamine in 100 m of anhydrous dioxane. 0.01 moles of freshly distilled 
ethylchlorocarbonate were added dropwise under cooling and stirring. The 
mixture was further stirred for 10 min then a 30% excess (0.013 moles) of 
the appropriate amines was added at 10°C; after 3 h at room temp. the 
mixture was diluted with water and extracted by ethyl acetate/ethyl ether 
( l : l ) .  

The final products were separated from the starting materials and re- 
agents by column chormatography (cc) and then purified by the same tech- 
nique: the appropriate mixtures are reported in Table 1. Yields were high in 
all cases. Table 1 also reports the free base and hydrochloride melting 
points as well as the solvents for crystallization. 

3P-amino and 3~-N-alkylamino-12-oxo-5~~cholan-24 subsrituted amides 
1A-D-SA-D 

0.005 moles of the 3,12-dioxo-P-cholan-24-substituted amides 1-5 were 
dissolved in 80 ml of anhydrous methanol with gentle warming; then a 
slight excess (0.006-0.007 moles) of the selected amine salt (ammonium 
acetate or methyl-, ethyl-, benzyl-amine hydrochloride) was added por- 
tionswise as appropriate. When necessary, the solution was buffered at pH 
= 7.0 with dilute methanolic KOH. 

0.02 moles of NaBH3CN were added and the mixture left at room temp. 
until the reaction was complete: this usually took two days. A small amount 
of the hydride was added every 24 h. 

Separation and purification were performed by cc using appropriate 
elution mixtures; finally the compounds were crystallized and then conver- 
ted into hydrochlorides for storage (Table I). 

Microbiology 

Materials: - Four Gram (+) strains (Staphylococcus aureus, CCM 2022; 
Staphylococcus aureus "Heatley Oxford" strain 3R 7089, CCM 2107; 
Streptococcus faecium, CCM 1875; Bucillus subtilis, CCM 1999 - vegetati- 
ve form). five Gram (-) strains (Escherichia coli, CCM 5172; Serratia m r -  
cescens, CCM 303; Proteus inconstans, CCM 565 1; Salmonella enteritidis, 
CCM 5439; Pseudomonasaeruginosa, CCM 1960). one yeast (Candida al- 
bicans, ATCC 752), and two fungi (Penicillum luteum, ATCC 10125; As- 
pergillus oryzae, ATCC 101 1) were selected for in vitro tests. 

Type cultures come from the Czechslovak Collection of Microorganisms 
(CCM), Bmo, and from the American Type Culture Collection (ATCC), 
Rochville (Maryland) 

Method: Tests were performed by broth dilution technique'@'*', in an in- 
terval ranging from 500 to 0.030 pg of active ingredient per one ml of 
diluent. 

Mueller-Hinton medium was chosen for bacterial growth, and Sabouraud 
Dextrose Broth for yeast and fungi. 

A 24-hour broth culture was used as inoculum for bacteria and yeast; 
which contained 10' ~ells/ml'~); for fungi, the AOAC method was applied, 
the inoculum containing 5 1 O 6  conidia/ml. 

The incubation period was 24 h at 37'C for bacteria and yeast and one 
week at 25'C for fungi. 

Results were recorded as pg/ml, and the lowest concentration of the sub- 
stances to inhibit growth was designated the "minimum inhibitory concen- 
tration" (M.I.C.) 

Interpretative standards were obtained from Buttiaux et al.14) and from 
Cobb et al.'". 

Results and Discussion 
Chemistry: Following the observations that conjugation of 

a bile acid with a basic aminoacid (e.g. lysine)'&I8) 

introduced an antimicrobial activity, a systematic structure- 
activity study was started in order to optimize this property 
in molecular systems derived from bile acids. One or more 
basic functions have been introduced first'-') replacing the 
C-24 carboxyl group, thengb) the C-3 hydroxyl group 
through a series of modifications. 

Here two different new series of deoxycholic acid deriva- 
tives have been synthesized. 

The first series has two keto groups at C-3 and C-12 of the 
steroidal moiety and an amide function at C-24 of the side 
chain: therefore it is neutral from the acid-base equilibrium 
point of view. 

An amide function was introduced into 3,12-dioxo-5f% 
cholan-24-oic acid via the mixed anhydride method'-'). 
Amines, which showed to confer the most effective anti- 
microbial activity in the series of amido and amino deriva- 
tives of common bile acid reported, were selected. The 
method, widely used for the synthesis of conjugated bile 
acids, gave high yields of the five compounds 1-5. 

The second series of compounds has been prepared from 
1-5 reductive amination using ammonia (A), methylamine 
(B), ethylamine (C), and benzylamine (D) in presence of 
NaBHsCN, thus obtaining 1A-D-SA-D with all the possible 
combinations. Dialkylamines have not been used, since they 
confer a very low antimicrobial activity on the molecule'0). 
Compounds in this series have therefore one basic center in 
the steroidal moiety. Compounds 4A-D and 5A-D obtain 
rwo basic centers. 

As reportedg), the reduction involves only the C-3 carbo- 
nyl group, while the C-12 one proved rather insensitive to- 
wards this reaction. The IR spectra of 1A-D-5A-D show 
both absorptions at 1700 and 1650 cm-I attributed to the C- 
12 keto and the C-24 amide carbonyl groups, respectively. 
Their intensity ratio appeared reduced with respect to that 
observed in 1-5, containing two carbonyl groups on the ste- 
roid rings. 

The reductive amination proved to be regioselective and 
stereospecific. Regioselectivity was found with respect to 
C-3: attempts to carry out the reductive amination on iso- 
lated C-7 or C-12 keto groups were unsuccesfull. Stereospe- 
cificity with respect to 3p configuration was demonstrated 
by alternative synthesis. It is well documentedg) that the re- 
duction of 3-oxime-5~-cholan-24oic acid with NaO and al- 
cohols affords 3a-NH2 predominatly over 3p-NH2 epimer 
(9: 1). while reductive amination route offered a different 
ratio (2:98) of the two epimers. This last method was 
preferred on account of its regioselectivity: the products are 
therefore axial 3p amino or 3p alkylamino derivatives. 

Microbiology: Dioxocholanylamides appeared inactive to- 
wards bacteria, yeast, and fungi irrespective of the nature of 
the moiety at C-24 (1-5). 

Antimicrobial activity was present in the series 1A-D-5A- 
D, where an amine group was introduced at C-3: activity 
was rather articulated, depending on both the nature of the 
amine moiety and the strain examined. The primary amino 
group (-NH2) [1A-5A] proved highly active towards Gram 
(+) strains, the activity being very high in each case 
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following this rank order: 4A (3.9 pg/ml); lA, HA, 5A (7.8 
pg/ml); 2A (1 5.6 pg/ml). 

When a benzylamine moiety was present at C-3, activity 
was also high ranging from 31.2 pg/ml to 15.6 pg/rnl for the 
series 2D-5D, while lD, i.e. the compound containing the 
benzylamino [C-31 and bemylamido [C-241 groups ap- 
peared to be even more active (7.8 pg/ml). 

The series 1B-5B and 1C-SC was less active than the two 
previous series. As far as the Gram (-) strains are concerned, 
the compounds showed only scattered activity up to 250 or 
125 pg/ml. 

In contrast, yeast and fungi were more sensitive towards 
these compounds, albeit at higher M.I.C. values found in the 
case of Gram (+) bacterium strains. 

This work supported by a grant from the Italian Ministry of Education. 
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