CuHTe3 6ionoriuHo
AKTUBHMUX CNONyK

Synthesis of the biologically
active compounds

UDC 547.93:547.466
D. O. Barsuk, S. M. Kovalenko

Synthesis of two isomers of 3-amino-7a-12a-dihydroxy-58-cholanic acid
National University of Pharmacy, Kharkiv

Key words: Cholic Acid,
Stereoisomers, 3-amino-7a-12a-
dihydroxy-5B-cholanic acid.

Aim. With the aim of differences investigation in physical-chemical properties optimized
synthesis of the two stereoisomers of 3-amino-7-12-dihydroxycholanic acid has been
performed.

Methods and results. As the source compound natural cholic acid was used. 3a-amino-
70-120-dihydroxy-5p-cholanic acid was obtained in high yield and low number of by-
products. The yield of 3f-amino-7a-12a-dihydroxy-5B-cholanic acid was low because of
steric interference and process needed additional treatment stages. Column chromatography
was used for cleaning compounds. The structure was studied and confirmed by NMR
method. Significant differences in signals of NMR spectra and physical-chemical properties
3B-amino-7a-12a-dihydroxy-5p-cholanic acid and 3a-amino-7a-12a-dihydroxy-58-
cholanic acid wasn’t found or observed.

CuHre3 ABoX i30MepiB 3-amiHo0-70-12a-Aurigpokcu-Sp-xo01aHOBOT KUCIOTH
/. O. bapcyxk, C. M. Kosanenko

3 MeTOI0 BHBYCHHS BiMIHHOCTEH y ()i3MKO-XIMIUHHX BIACTUBOCTX 3/IMCHHIM ONTUMI30BaHHH CHHTE3 ABOX CTEPEOi3oMepiB
3-aMiHO-7-12-AWTiIPOKCUXOIIAHOBOI KHUCJIOTH. SIK BHXIJIHY CIIOJYKYy BHKOPHCTAlM NPHPOIHY XOJEBY KUCIOTY. 3a-amiHo-70-120-
JIUT1IPOKCH-5-X0aHOBY KHCJIOTY OTPHMAIA 3 BUICOKHM BHUXO/IOM 1 MaJIOIO KUTBKICTIO OOIYHMX MpoxykTiB. Buxin 3B-amino-7a-120-
JIATi JPOKCH-5B-X0IaHOBOT KMCIIOTH HU3BKHUI Yepe3 CTEepHUHI MEepPeLIKOAN Ta MoTpedyBaB TOAATKOBHX CTaAiil OYUCTKH. JIJIsi OYUCTKH
CIOJIYK BUKOPHCTAJIN KOJIOHKOBY Xpomarorpadito. bynoy cnomyk BuBumimm metonamu [IMP. BeraHoBHIM HE3HAYHY Pi3HHULIO MiX
curHasamu [IMP criekTpiB 1 hi3UKO-XiMIYHIMH BIACTUBOCTAMH 3 B-aMiHO-70-120-TUTiqPOKCH-53-X0MaHOBOT KUCIOTH Ta 30-aMiHO-
70-120-1urigpokcu-5p-XonaHoBOi KUCIOTH.

Knirouogi cnosa: xonesa kucioma, cmepeoizomepu, 3-amino-7a-120-ouciopokcu-5p-xonanosa xucioma.
Axmyanvni numanna papmayeemuunoi i meouunoi nayku ma npakmuxu. — 2015. —Ne 1 (17). — C. 22-26

CuHTe3 ABYX H30MepOB 3-aMHHO-70-120-IUrHAPOKCH-5B-X01aHOBOI KHCJIOTHI
. O. Bapcyxk, C. H. Kosanenxo

C uenbio U3ydeHHs pa3audui B (U3MKO-XMMHUYECKHX CBOWCTBaX MPOBEICH ONTUMHU3UPOBAHHBIA CHHTE3 JByX CTEPEOM30MEPOB
3-aMuHO-7-12-TUrHIPOKCUXONAHOBOM KUCIIOTHL. B kKauecTBe HCXOHOTO BEIIECTBA UCIIOIb30BaHA IPUPOHAS X0NIeBask KUCI0Ta. 30-aMHHO-
70-120-TUrHIPOKCH-5B-X0IaHOBasT KUCIIOTA MTOTyYeHA C BBICOKUM BBIXOOM M HU3KHM KOJIHMYECTBOM IOOOYHBIX MPOTYKTOB. BhIxox
3B-amuHO-70- 120~ AUTUIPOKCH-S5 B-X0IaHOBOM KUCIOTHI 0BT HU3KUM H3-32 CTEpPHYECKUX TMPEISITCTBUI M TPeOOBa IONOIHUTEIBHBIX
cTaguil OYNCTKH. [IJI1 OYMCTKYU COEMHEHUH HCIIOIb30BaHa KOJOHOUHAs XxpoMmartorpadus. CTpoeHne CHHTE3UPOBAHHBIX COSIUHEHUIT
n3ydero merogamu [IMP. YcranoBneHa He3HauuTenbHas pa3Huna B curHainax [IMP crexTpoB u QHU3HKO-XHUMHYECKUX CBOMCTBAX

3B-amunO0-70.-120- IUTHAPOKCH-53-X0IaHOBOM KUCIOTHI M 30.-aMUHO-7 0~ 1 20~ AUTHAPOKCH-53-X0TaHOBOM KHUCITOTHI.

Knrwueswie cnosa: xonesas kucioma, cmepeousomepsl, 3-amuno-70-120-0ueudpokcu-5p-xonanosas xucioma.

AKmyanvHbvle 60nPOChl hapmayeemuueckoil u MeOuyuHcKol nayku u npakmuxu. — 2015. - Ne 1 (17). — C. 22-26

At present analyzing literature we saw strong tendency
in revealing methods of synthesis of stereo-com-
pounds. First time researchers noticed feature of bile acids
in 1937 when milder reduction with Pt successively converts
dehydrocholic acid to 3a-hydroxy-7,12-diketo-, 3a,7a-
dihydroxy-12-keto- and finally to 3a,7a,12a-trihydroxy-5p-
cholanic acid. The acid obtained in this way is not identical
with natural cholic acid, having twofold higher optical
rotation and exhibiting different physiological activity [1].
It was first time when difference in physiology activity has
been specified. Then searching for potential metabolites of
bile acids, Chang et al. synthesized the 3- and 12 -epimers
of cholic acid as well as 3 B,70,12 B -trihydroxy-5 B-cholanic
acid [2,3]. The 12B-hydroxy isomer has been obtained by
reduction of the 12-keto derivative of cholic acid and its
methyl ester with hydrogen in the presence of Raney-nickel.

Cholic acid and its deoxy analogues have been variously

exploited for the construction of synthetic receptors, novel
amphiphiles, and scaffolds for the assembly of combinatorial
libraries [4-6]. Amino groups can be derivatized rapidly and
quantitatively, retain H-bond donor capabilities after acyla-
tion, and are highly hydrophilic when protonated. Herein
Broderick et al. reported the first synthesis of 3a,7a,120-
triamino-5pB-cholanic acid, a tris-deoxa-tris-aza analogue of
methyl cholate, and the preliminary characterisation of its
solution properties at neutral and acidic pH [7]. In particular
they highlighted its potential as a “facial amphiphile”, with
enforced hydrophobic and hydrophilic surfaces which might
confer useful recognition and transport properties in biphasic
media. In 1993 other group of scientists have found an antibi-
otic that has been isolated from shark tissue [8] this compound
exhibited antimicrobial activity towards Gram-negative and
Gram-positive bacteria and it was designated as squalamine
(3B-N-1-{N[3-(4-aminobutyl)]-1,3-diaminopropane-7a,
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24S-dihydroxy-5p-cholestane-24-sulphate. It’s structure was
similar to 30,7a,120-triamino-5p-cholanic acid. 3a,7a,120-
triamino-5p-cholanic acid with its amphiphilic structure may
be applicable to the transport of drugs, particularly those of
the anionic type [7]. The three amino groups, directly bound
to the steroid skeleton with its functionalized side chain, may
allow the synthesis of receptors as well as being useful in
combinatorial chemistry. New cationic steroid antibiotics
have been prepared by binding tripeptides to a triamino
analogue of cholic acid. These compounds were synthesized
in the solid phase in an indexed library that was screened
for antibacterial activity against Gram-negative and Gram-
positive bacteria [9].

Based on the above analyzed literature we decided to
synthesize an a/p-epimers of 3-amino-7,12-dihydroxy-5f-
cholanic acid from raw natural cholic acid isolated from
chickens gallbladders. They were interesting due to different
stereo position as possible differences in pharmacological
effects, so it has been tasked to create such stereoisomers at
3 position of Carbon atom in cholic acid and to design the
method of synthesis of such epimers. Literature has showed
us absence of short suitable and convenient method of syn-
thesis of compounds.

Materials and methods

Synthesis of compound 2 (methylcholate). 30g (73.3 mmol)
of cholic acid and 0.5 g (2.9 mmol) of p-toluolsulfoacid
dissolved by heating in 300 ml of methanol. The reaction
mixture was mixed at t = 50-60°C for 48 hours, then was
cooled, diluted with 400-500 ml of water and extracted with
three portions of (300 ml) methylene chloride. Portions were
united and evaporated under reduced pressure.

Synthesis of methyl 3-mesyl-7,12-dihydroxycholanate 3.
24.8 g (58.6 mmol) of compound 2 dissolved in chilled ice
water in 200 ml of methylene chloride and then 18.6ml of
(0.134 mol) triethylamine was added to solution. Then to the
reaction mixture with stirring and cooling solution of 6.57
ml (85.2 mmol) mezylchloride in 100 ml methylene chloride
was added dropwise; by adding the total volume over 40
min. The reaction mixture was mixed another 1 h. Then
was washed with water and aqueous sodium bicarbonate
solution, the organic layer was separated and evaporated
under reduced pressure.

Synthesis of methyl 3-azido-7,12-dihydroxycholanate 4.
25.2 g (50.3 mmol) of compound 3 dissolved in 150 ml of
dimethylformamide. Then 11.5 g (0.177 mol) of sodium
azide was added to the solution, and the reaction mixture
was mixed at t = 85-95 °C for 12 hours. Then the reaction
mixture was diluted with 300 ml of water, extracted with
three portions of 200 ml of methylene chloride; organic
extracts were combined, washed by 5 portions of 150-200
ml water (to get rid of residual dimethylformamide) and
evaporated under reduced pressure.

Synthesis of methyl ester of 3p-azido-7,12-
dihydroxycholanic acid 7. 26.4 g (67 mmol) of methyl ester
of cholic acid 2 and 26.4g (100.8 mmol) of P(Ph), dissolved
in 300 ml of tetrahydrofuran cooling by an ice bath. After

complete dissolution 19,9 ml (100.5 mmol)of diisopropyl
ether azodicarbonic acid (DEAD) was added dropwise to
the mixture; after 15 min. 12.9 g (87.2 mmol) of azide of
nicotinic acid was added to the mixture. The mixture was
mixed at room temperature until disappearance of the starting
material on TLC (eluent - 3% isopropyl alcohol in CHCL,).
The reaction took about half an hour. Then the reaction
mixture was diluted with water and extraced with CH,CL;
organic extracts were combined, evaporated under reduced
pressure. The achievement of complete drying in not needed,
because the resulting azide may be subject to decay, and the
remainder of the solvent (tetrahydrofuran) don’t interfere
with the implementation of the next stage.

Synthesis of 3a and 3f-amino-7,12-dihydroxycholanate
methyl esters 5 and 8. 21.4 g corresponding azide (4 or
7) (46.7 mmol) and 18.4 g of triphenylphosphine (70.2
mmol) was dissolved with stirring in a mixture of 250 ml
tetrahydrofuran and 15-20 ml of water. The reaction mixture
was mixed 48 hours at room temperature, then was diluted
with 350-400 ml of water, extracted with three portions of
200 ml of methylene chloride, the organic extracts were
combined and evaporated under reduced pressure.

Synthesis of acids from methyl 3o and 3p-amino-7,12-
dihydroxycholanates 6, 9 (method of saponification of
esters to acids). 0.70 mmol of corresponding ester (5 or 8)
and 0.03 g (0.75 mmol) of sodium hydroxide dissolved in a
mixture of 10 to 15 ml of water and 30 ml of dioxane. The
reaction mixture was heated at t = 75 85 °C for 2-3 hours,
then diluted with 50 ml of 5% solution of HCI, extracted with
two portions of 30 ml of methylene chloride, the organic
extracts were consolidated and evaporated under reduced
pressure. The reaction was monitored by the method of thin
layer chromatography (TLC). As eluent was used mixture
consisting of 95% CHCI, and 5% isopropyl alcohol.

Results and discussion

During the literature analysis we found an optimal way to
perform selective substitution of hydroxyl-group by amino-
group [10-12], so we carried out it in a way showed below.
Initially, we synthesized metylcholate by reacting cholic
acid with methanol in acidic medium (compound 2). General
steps are depicted in schema 1.

As it was predicted, carboxylic group has undergone this
reaction very easily and its purpose was to protect it. This
procedure is required because these reagents in sequential
synthesis could complicate interactions through the formation
of undesirable compounds. First stage is also common for
the synthesis of 3 stereoisomer. During regioselective
mesylating of compound 2 we obtained methyl 3-mesyl-
7,12-dihydroxycholanate (compound 3). The main problem
of using mesylchloride was complicated evaporation as it
was drying hardly and tiring and resulting substance was
semiliquid. We came to decision of using it in a half raw state.
Subsequently it hasn’t affected on further results. Later on
through consistent interaction with sodium azide (compound
4) and recovery by triphenylphosphine we gain succeed in
synthesis of 30-amino-7,12-dihydroxycholanate methyl ester
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Schema 1

Synthesis steps of 3a-amino-7,12-dihydroxycholanic acid

0]

(compound 5). Hydrolysis was performed using standard
method by using sodium hydroxide in water/dioxane
mixture to synthesize 3a-amino-7,12-dihydroxycholanic
acid(compound 6). '"H NMR spectra data of derived
substances, yields and the melting points are shown in table
1. They were measured at 200MHz in DMSO.

Table 1
Physico-chemical properties and NMR Spetra data
of substances in scheme 1

The signals of protons The
N O;;?g::g)o L Yield | (or characteristic protons) | melting
1H NMR of compounds | point, °C
Methyl cholate (2) | 86,1% 30H-3,9; 3,8;3,6 150-155
Methyl 3a-mesyl-7,12- o 205
dihydroxycholanate (3) 85,8% 20H-3,95; 3,85 100
Methyl 3o-azide-7,12- .
dihydroxycholanate (4) 2 AR EI e
Methyl 3a-amino-7,12- 0 20H-4,0; 3,9
dihydrocholanate(s) | 20:1% NH2-3,75 Ll
. . 20H-4,0; 3,9
NI IACIIEIE gy pon NH2-3,75 150-155
xycholanic acid (6) ' carboxylic gro’up -121

Reactions for the synthesis of B isomer differed by ab-
scence of mesylate preparation step and took place in four
stages. Instead of a sequential mesylation it was used a Mit-
sunobu’s reaction, and according to literature data concern-
ing the reactivity of groups in bile acids the reaction was to
be held at third position of Carbon atom. Source material for
synthesis of corresponding methyl ester of 3f-amino-7,12-
dihydroxy-5B-cholanic acid by the Mitsunobu’s reaction was
methyl cholate. And reaction of obtaining B-azide passed in
one stage (schema 2). It should be noticed that other stages
were similar to 3a-amino—epimer synthesis.

The essence of Mitsunobu’s reaction is the transformation
of the hydroxyl group into azido group with the change of
the optical configuration of the carbon atom, of which this
functional group is binded. Then azido group can be recov-
ered to amino through the way shown in schema 3.

Method displayed at schema 3 is used in synthesis of
methyl ester of 3pB-amino-7,12-dihydroxycholanic acid
(compound 13) an analog of methyl ester of 3a-amino-7,12-
dihydroxy-5p-cholanic acid with the opposite configuration
of third carbon atom that carries amino group. Figure 1
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Schema 2
Mitsunobu reaction
(0]
N (0]
N
d\ )I\ =N O
. " N Y\(+P(F‘h)3+| |
0] (0]
R'“'""OH - R-—‘Ns
Schema 3

Synthesis steps of 3B3-amino-7,12-dihydroxycholanic acid

0O

Fig. 1. 3D structure of 3-amino-7,12-dihydroxycholanic acid.
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Table 2

Physico-chemical properties and NMR Spetra data
of substances in scheme 3

’ The signals of protons . .
N2 O EEmEITE (Eme) Lol (or characteristic prc?tons) 1HpNMR of compounds [helindleon:
Methyl cholate (2) 86,1% 30H -3,9; 3,8; 3,6 150-155°C
Methyl 3B-azide-7,12-dihydroxycholanate (7) - 20H - 3,95; 3,85 110-130°C
Methyl 3B-amino-7,12-dihydrocholanate (8) 15,6 % 20H -4,0; 3,8. NH, - 3,7 140-145°C
3B-amino-7,12-dihydroxycholanic acid (9) 82,3% 20H -4,1, 3,9 . carboxylic group — 12.0 150-160°C

shows the spatial structure of the B stereoisomer, it was built
using «ChemBioOffice ChemBio3D Ultra 12.0».

"H NMR spectra data of derived substances and yields and
the melting points are shown in fable 2. They were measured
at 200 MHz in DMSO.

Methyl 3B-azide-7,12-dihydroxycholanate was not dried
due to low stability and the potential opportunity to breakup,
and then it was used for the synthesis of amine, so the yield of
amine was recalculated towards methyl cholate. It should be
noted that all reactions that involve [ position passed harder
and with the less yield, also it had to carry out purification
using column chromatography monitoring end by TLC.
Perhaps due to imperfect methods as well as through the
characteristic arrangement of atoms in the molecules shown
in fig. 1. Such problems with the synthesis of & amine didn’t
crop up, and the yield was great.

In further investigations synthesized compounds 6 and 9
have demonstrated wide spectrum of antibacterial properties
towards cultures of aerobic bacteria and fungi. Other physi-
ological activities are being studied now.

Conclusions

The synthesis of o/f 3-amino-7,12-dihydroxycholanic
acids has been successfully carried out. We have success-
fully confirmed their structures and measured their physical-
chemical properties. The comparison of properties was held
and was observed the difference in properties. The yield of
3B-amino compound is not very significant, due to structural
obstacles.

The acids were used in further pharmacological experi-
ments, and it needs to find and to develop other methods of
synthesis, perhaps by using microwave waves.
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