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ABSTRACT

Testing a 3-oxo of bile acids derivatives with metlof infrared spectroscopy which is integratedhwitourier
transformation (FT-IR spectroscopy) is used to obiaformation about the interactions between tiodute and
solvent.. The goal of the work is better inside itite possibility of creating intermolecular inteteons of bile acids

in tests of associations and only-associations it hcids and their use for medical purpos&ynthesis was
performed a 12-hydroxy-3—oxo-54-cholanoic acid in 4 synthetic stages from deoxyjichacid. We have
investigated the potential interactions of the @l groups of the methyl ester ofa,72a-dihydroxy
—3-oxo-54-cholanoic acid and 3-oxo-12-hydroxy-543-cholanoic acid with various solvents using Guttman
model, Kirkwood-BayetMagat model and the Linear relationship of solvatenergy. During the test, the samples
were placed in sodium chloride cuvette thicknes8.057 and 0.116 mm. By recording the FT-IR speotr the
apparatus Thermo Scientific NEXUS 670 using a detegith deuterated triglicinsulfat in range of 20Q@o0 1600
cmt, resolution from 2 cid and using 50 scans performed, were obtained byctimeentrations of Me—-ester of
7a,12a-dihydroxy—3-oxo-54-cholanoic acid and 3-oxo-12-hydroxy—-58-cholanoic acid between 0.003 and
0.2 moldm™ .The ester carbonyl group is more sensitive terattions with solvents compared to carbonyl from
keto group, because of less steric of protectiogaid carbonyl of the ester functional groups. Tikia consequence
of higher polarity, which owned due to its induetiffect.
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INTRODUCTION

Oxo derivatives of cholic acid, such as for examde 7a-dihydroxy-12-oxo-B-cholanoic acid (sodium salt and
methyl ester) are the potential modifiers of thedol-brain barrier transport, and has been showpramote the
absorption of quinine, increase the analgesic eéfémorphine and extend "sleeping time" (time pleess) induced
by pentobarbitall] 120—hydroxy—3-oxo—B-cholanoic acid (3oxo derivate of deoxycholic acid ) is located ia th
colon. It is substrate for CRAD (cis—retinol dehydrogenase 2). Cells expressing AGR produce
12a-hydroxy—3-oxo—$3-cholanoic acid. Possible applications ofoR0 derivatives of bile acids are in the
adsorption of appropriate drugs within the integtimembraneThese effects of 3—oxo derivatives of bile acidg, b
mostly 7—-oxo and 12—-oxo derivatives of bile acids ia the adsorption of the study drugs, resulimthe formation
of complexes with the maximum number of hydrogendsobetween the oxo derivatives of bile acids wlithgs
such as verapamil and lidocajg]. Oxo derivatives of bile acids, usually 7-oxo drifoxo derivatives of bile acids
are used as absorption promoters and they havie #orbelp the intestinal, buccal, transdermal lagunasal, rectal
and pulmonary absorptions of various drugs in cotraéions that are non-toxig3]. 3—Oxo derivatives of bile acids
bind to PXR, FXR and other relevant members ofrthelear receptors of subfamily of NR1, which aredufor the
accumulation of bile acids in the liver of sinusalichonparenchymal cellular populations and biliaells. The
above mentioned receptors can be activated by 3dexwatives of bile acids, which induce the expias of the
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CYP3A4 regulatory gene at lower concentrations gared to those required to activate PXR recepfdt..To
determine the relationship in vivo between the viatlial 3—-keto derivatives of bile acids and physgitally
adaptive CYP3Aregulatory gene, research was conducted on exeetainanimals (mice and rat modeilaptive
CYP3A4 enzyme is now known through the membershef muclear receptor superfamily and function as a
ligand—active factor of transcription. In particularegnane X receptor (PXR, NR1I2) and constitutwelrostane
receptor (CAR, NR1I1) have involved as importantsses for potentially toxic compounds. PXR binding3—-oxo
derivatives of the bile acids regulate the wholegpam of the genes involved of detoxification afichimation of
xenobiotics from the bodf5s]. In particular 3oxo derivatives of bile acids treat a primaryibiy cirrhosis and
other human cholestasis liver disease, which isacherized by elevated levels serum of liver enzymed prevent
the heavy itching (pruritus), lethargy and jaundi€@urrently there are no effective long—term treatinof this
chronic disease of the liver, other than liver salantation. Chemopreventive actions of PXR agsmisty be useful
in the treatment of human cholesta$]. 3-Oxo derivatives act as selective modulators ofmitaD-receptor
(VDR), even through their structure is fundamentalifferent from the natural hormones ofa,125-dihydroxy
vitamin Dy [ 1,25(0H)20)] [7].

Studying the effects of solvents on the vibratlosigectra is used to obtain informations about itlteractions
between the solute (Me-ester ofa,T20—-dihydroxy—3-oxe-53—cholanoic acid and 3-oxo-@2hydroxy—
5B-cholanoic acid) and solven€omparing the absorption spectra of the compoundsolutions of different
polarity, it was found that the position, shapeyth@ensity of the absorption of the bar changepehding on the
type of solvent.These changes are the result of intermolecularaatens dissolved sub-solvent (such as ion-dipole,
dipole-dipole, dipole-induced dipole, hydrogen bpwndhich primarily tend to change the energy differe between
the primary and the excited state of the absorbpegies. The influences of the media, the absosfi@ctrum can be
studied, studying spectral change: a transitioomfthe vapor phase into the solution or changimgrisiture of the
solvent. How often is not possible to obtain abBorpspectrum, the observed compounds (soluteshenvapor
phasethe most commonly used other means to study tleetadf solvents on the absorption spectf@mn

The aim of this paper is a synthesis of methyl restef 7a,120—dihydroxy—3—-oxo—-B-cholanoic acid and
12a-hydroxy—3—-oxo—-B—-cholanoic acid, as well as consideration the bd#yi of creating intermolecular
interactions between the carbonyl groups of Me+este 70, 120-dihydroxy—3—-oxo—8-cholanoic acid and
12a-hydroxy—3—oxo-B—-cholanoic acid with different solvents due proce$sassociation and selfassociation
molecules of bile acids, the building of hydrogemtis by appling IR spectroscopy as well as thenliegtion for
medical purposes.

EXPERIMENTAL SECTION

All chemicals used in the experimental work werecpased from the manufacturer Sigma—-Aldrich anditeetise
are not further purified. The TLC chromatographienitoring reactions were used tiles producers Mékikselgel/
UV 254), with a suitable developer. To elicit a Tlflate was used 430, 1:1 with heating in a hot plate.
Chromatographic purification of the substances pexformed by column “flash chromatography” makirsg wf the
manufacturer Merck silica gel (0.04-0.063 mm). N§lsectra were recorded on a Bruker AC-250 with asratpg
frequency assigned to the protons of 250.13 MHz famdthe carbon—-nucleus £62.9 MHz. IR spectra were
recorded on a FT-IR spectrometer NEXUS 670 SP-HR-IR spectra were recorded on a Nexus Thermo fgen
apparatus 670 using a detector with deuteratelictrigulfat (DTGS) is from 2000 to 1600 ¢hwith a resolution of
2 cmit and 50 scans. The concentrations of Me—-ester 8eketic acid ranged between 0.003 and 0.02 maftim
Samples were during recording were placed intowsndihloride thickness of 0.057 and 0.116 mm anhgtgature
of 298K.

SYNTHESIS OF METHYL ESTER OF CHOLIC ACID

A solution of cholic acid (6) (10g, 2.45*10mol) in absolute methanol (GBH) (100ml) was heated with stirring
the reaction mixture, as long as the substance niatedissolve. Then, the heating was interruptediadded 3 drops
of cc SO, Heating was carried out at reflux for 1h and 30.ndifier completion of the reaction, the volume loé t
reaction mixture was reduced by evaporation ok@H on the rotary evaporator. Then concentratedréaetion
mixture was transferred into 200 ml ob®l NaCl is added, because of salting out of theti@ma mixture. The
crystals were separated by vacuum filtration anelddin the air, whereby a white crystals of Me-estiecholic acid
(7) were separated in a yield of 93.13%. (Schene 1
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CHs

i) absolute CH;OH
ii) cc H,SO,

Sheme 1. Methylation reaction of cholic acid to g&va Me—cholate

SYNTHESIS OF METHYL ESTER I2a-DIHYDROXY-3-OXO-55-CHOLANOIC ACID

To a solution of methyl ester of cholic acid (7)(3.85*10% mol) in cyclohexanone (50ml) was added aluminium
isopropoxide Al(iOPF) (3.63g, 1.78*10" mol). The reaction mixture was heated at °@dor 4 hours. After
completion of the reaction, the reaction mixtures\aaidified with HCI (1:1) and excess cyclohexanoas removed
by distillation with steam. The solid residue aftee distillation in the balloon is separated frtm aqueous layer
and dissolved in chloroform. An aqueous phase iichvithe residual crystals Oppenauer oxidation (yledister
7a,12a-dihydroxy—3-oxo—8-cholanoic acid) is filtered with a Blichner funngherein the crystals from the filter
paper had washed with chloroform and merged wighetkisting crystal products. CHGlWas evaporated on a rotary
evaporator. The residue after evaporation wasipdriin a silica gel wherein the mixture used asethent toluene:
aceton (3:1). The yield of methyl ester,720-dihydroxy—3-oxo—8-cholanoic acid (8) was 66.4%. (Sheme 2).

OH ™ OCH;

O
i) @ . Al (iOPr);,

Sheme 2. Oppenauer oxidation of Me—cholate to Mester of 3—ketocholic acid
Further studies are based to the synthesis of 3-4#e-hydroxy——-cholanoic acid from deoxycholic acid.

FORMYLATION OF DEOXYCHOLIC ACID

To a solution of deoxycholic acid (1) (5.00g, 1.28%mol) in formic acid (35ml) was added perchloricca¢i5

drops) and then the reaction mixture was heat&d)-a55C for 1.5 hours. The reaction was monitored by tairer

chromatography (TLC) on silica gel plates (Kies&lgf/ 254) with the developer systemhloroform-acetone-1
drop of acetic acid, followed by 50%,8l0, challenger and heating. After the expiry of thectiea time, in the
cooled reaction mixture was added acetic anhydiad) and then the reaction mixture was poured thto water

(500 ml), wherein crystallized thea3 2a—diformyloxy—53—cholanoic acid (2) as white crystals (yieRR.76%).

(Sheme 3).

on OH

Sheme 3. . @) HCOOH, HCIQ (CHsCO),0, CHsCOCH;, 50-55°C, 1,5h
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SELECTIVE DEFORMILATION OF@812a-DIFORMYLOXY-5-CHOLANOIC ACID

To a solution of &,12a-diformyloxy—53—cholanoic acid (2) (2.00g, 4.43*10mol) in acetone (22ml) was added
dropwise 8M NaOH (52ml) and the reaction mixtuierastl at room temperature for 7 hours. After theigxof the
reaction time, the reaction mixture was poured exjoeous solution of acetic acid4), wherein crystallized the
3a-hydroxy—-121—formyl-53—-cholanoic acid. The mother liquor was extracte®?@ml) and the extract was dried
with anhydrous N#80,, and afterwards the dried agent was removed anddivent evaporated. Provides compound
(3), wherein the total yield was 98.14%. The reactivas monitored by thin layer chromatography (Tlo@)silica
gel plates (Kieselgel / UV 254) with the system eleper acetorhloroform (16) — 1 drop of acetic acid. As the
challenger was used 50% H2S04 and heating.

Scheme 4. a) 8M NaOH, s.t. 4h, then GEOOH (1:4)

OXIDATION OF 3-HYDROXY-12Z-FORMYL-56-CHOLANOIC ACID USING THE
N-BROMOSUCCINIMIDE (NBS)

The solution of &-hydroxy—-12x—formyl-53—cholanoic acid (3) (1.963g, 4.67*Ffol) in t-butanol (40ml) in

which was added N-bromosuccinimide (NBS, 2.509) diasolved in water (100 ml) and the reaction nmtwas

heated at boiling temperature for 90 minutes. Affter expiry of the reaction time, the reaction migtwas cooled
from room temperature and poured into water (80Gmd then acidified with HCI (1) to a pH of 7, wherein the
crystallized holankabp—formil-12a—0kso-3 acid (4 ) in a yield of 87.58%. (Sheme 5).

Scheme 5. a) 4BuOH, NBS, 30C, 3h

DEFORMYLATION OF 3-OX0O-12-FORMYL-54-CHOLANOIC ACID

3-Oxo-12x—formyl-53—cholanoic acid (4), (1,719g, 4.09 « #@ol) was dissolved in acetone (18,5ml) and
gradually added to an aliquot of the NaOH 8M (62rmhe reaction mixture was stirred at room tempeeafor 4
hours, and then poured into an aqueous solutionaadtic acid (4L, 300ml), wherein the crystallized
holanska5p-hidroksi-120—0kso-3 acid in the form of white crystals (yield: 77,985 (Sheme 6). The reaction was
monitored by thin layer chromatography (TLC) oncsilgel plates (Kieselgel / UV 254) with the systdaveloper
acetorrhloroform (12) — 1 drop of acetic acid. As the challenger, was & H2SO4 and heating.
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OH

OoH ”~

5

Scheme 6. a) 8M NaOH, s.t. 4h, then GBOOH (1:4)
RESULTS AND DISCUSSION

The positions of the vibrating strip of the ketmgps, K (carbonyl of the ester group) and arbonyl from oxo
groups) as well as empirical parameters used anersin table 1. Table 2 shows the results of tlggassion analysis
for the obtained correlation between the positinrthe carbonyl group and the parameters of KBM touaFigure
1 shows IR spectra of the carbonyl of the estengifoom the tape (K and the keto group ¢in the area of valence
vibration of carbonyl groups, Ktape carbonyl group originating from the esterugras at higher frequencies,
K,—tape carbonyl group originating from the keto grasilocated on the lower frequencies. Figure 2xshGraphic
correlation obtained KBM equation. Table 3 presgaisameters obtained using Guttman equation. Figushows
graphic correlation equation obtained by Guttma&able 4 presents parameters obtained by LSER iequ&igure
4 shows overview of the correlation equation ol#dihSER. Table 5 presents location of the vibrasingp carbonyl
groups in 3-oxo—-1@-hydroxy-3-cholanoic acid and used empirical parameters.r€igugraphically shows the
dependence of the position of the carbonyl stripgGutmann acceptor number, while figure 6 grapycshows the
dependence of the position of the carbonyl strips. andn LSER parameters. The corresponding equations and
linear regression coefficients are also fittingegiun graphs.

Table 1. Position the vibratory strip carbonyl groyps and used empirical parameters for the methyl est
7a,120—-dihydroxy—3—oxo—53—cholanoic acid

Solvents Carbonyl 1 Carbonylp AN al o d g n e
Acetonitrile 1735.04 1708.9 | 18.9| 0.19| 04 0 0.75 | 1.3441| 37.5
Benzene 1740.08 1714.3 8.2 0 01| O | 059 | 15011 23
Dichloroethane 1732.07 1708.55 | 16.7 0 0 0.5] 0.81 | 1.4448| 104
CCly 1741.08 1716.03 | 8.6 0 0 05| 028 | 1.4612| 2.2
CH,Cl, 1731.3 1708.41 | 204 | 0.3 0 05| 0.85 | 1.4241| 8.9
Chloroform 1728.75 1707.08 | 23.1|/044| O 05| 058 | 1.4458| 4.8
Dioxane 1738.43 1712.68 | 10.8 0 037 0 0.55 | 1.4224| 2.25
Duethyl ether 1745.38 171754 | 3.9 0 047| 0 | 027 | 1.3524| 4.2
Hexane 1748.83 1722.18 0 0 0 0 -0.11 | 1.3749| 1.9
Tetrahydrofuran| 1741.08 1713.97 8 0 055| 0 | 058 | 1.4072| 7.6
Toluene 1740.95 1715.04 3.3 0 011 O 0.54 | 1.4969| 2.4

Legend: CCj-carbon tetrachloride, CEHCl,—-methylene chlorideAN-acceptor number,a-measure of the ability of a compounds to act as a
proton donor,8-measure of the ability of a compounds to act @saon acceptorg-chemical shift in a particular solvengF-measure of the
polarizability, ie. dipolarity specific solvem;-solvent refractive indexg-electric permittivity solvent;—tape carbonyl group originating from
the ester group is at higher frequenciks;tape carbonyl group originating from the keto gpois located on the lower frequencies.
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Figure 1. IR spectra of the carbonyl of the estermgup from the tape (K;) and the keto group (k) in the area of valence vibration of
carbonyl groups

Table 2. Parameters obtained by KBM equation studié the system Me—ester @,12a—dihydroxy—3—oxo—53-cholanoic acid

N f(e) f(n) R
Carbonyl 1| 1766.8 -44.6%5 -84.93 0.418
Carbonyl 2| 1732.4 -50.04 -36.09 0.512

Legend:vy—starting frequency of carbonyl tagég)—function electric permittivity solvenf(n)—function of solvent
refractive indexR—coefficient of determination.

Table 3. Parameters obtained using Guttman equatioto test system Me—ester of,12a—dihydroxy—3—-oxo—53—cholanoic acid

No a R
Carbonyl 1| 1746.9 -0.771 -0.959
Carbonyl 2| 1719.6 -0.57% -0.95(

[)

~

Figure 2. Graphic correlation obtained KBM equation studied the system Me—ester ofd, 120—dihydroxy—3-oxo—3—cholanoic acid
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Figure 3. Graphic correlation equation obtained byGuttman to test system Me-ester of &,120—dihydroxy—3—-oxo—53—cholanoic acid
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Table 4. Parameters obtained by LSER equation stued the system Me-ester ofd@,120—dihydroxy—3-oxo—$3-cholanoic acid

v(c=0)

1748.83

1738.43 |

™

1732.07 |

1735.04

1731.3 |

Vo a B 0 T R
Carbonyl 1| 17475 -13.8 0.7% -6.45 -13.89 0.952
Carbonyl 2| 17205 -9.5 0.401 -2.18 -12{2 0.9484
v(C=

Figure 4. Overview of the correlation equation obtaned LSER

Table 5. Location of the vibrating strip carbonyl goups in 3—oxo-12—hydroxy-5@3—-cholanoic acid and used empirical parameters

Solvents v (C=0)2| AN o B 5 ]
Hexane 1722.8 0 0 0 0o -0
Carbon tetrachloride 1712.6 8.6 Q q 0.5 0.p8
Chloroform 1709.2 23.1 0.44 0 05 048
Methyl chloride 1709.3 204 0.3 0 05 0485
1.2 dichloroethane 1709.9 167 a [0 0.5 0Bl
Benzene 1713.3 8.2 0 0.1 0.99
Tetrahydrofuran 1715.9 8 0 0.55 D 0.98
Diethyl ether 1718.8 3.9 0 047 ¢ 0.47
Acetonitirle 1711.7 189 0.19 04 q 0.75
Ethanol 1704.8 371 086 0.75 D 0.54
Iso propanol 1707.1 335 076 084 D 0.48
Butanol 1701 368 084 084 0.47
tert— butanol 17115 29.1 042 093 D 0.43

1724
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1720
1718
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1714

0)

1712

1710

v(C

1708
1706
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1702

1700 +—

10 15

20
AN

25 30 35

40

Alcohols, v (C=0)=1720.6-0.53AN, R=0.913,
other solventsv (C=0)=1743.2-1.1AN, R=0.922

Figure 5. Dependence of the position of the carbohgtrips Guttman acceptor number
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v(C=0)=1720.6-7.987-6.025 -1.68 -12.4 0
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Figure 6. The position of the carbonyl strips testd LSER correlation

The reason for the higher susceptibility of estbonyl in the solvent, could be a rotation of $ige chain at which
the group is located. If there is a smooth rotatbthe side chain, the ester carbonyl group haadalitional degree
of freedom relative to the keto group at the 3—{msiand therefore , more easily enters into imdioa with
solvents. The ester carbonyl group is more suddep interaction with the solvent as comparethwcarbonyl of
the keto group, which can be explained on the bafigss steric of protection of said carbonyl frohe ester
functional groups, and based on the more polarghvphbssess due to its inductive effect. Given tiatcoefficients
of determinationR] low, KBM equation indicates that in addition polarization and ruled interactions for the
position of carbonyl group of test compounds resfia some specific interactions (hydrogen bondimglrophobic
interactions or a steric effects). With the inceeas electrophilicity solvent (higher value AN nueth using
spectrum shift to lower frequencies. The solvenwinich the value for a parameter of the solverfed#nt from zero:
chloroform, methylene chloride and acetonitrile @asume the possibility of forming hydrogen bogd@H....O
type. Two different carbonyl groups have differsansitivity to the solvent effect. In our casebearyl (1) of the
ester group has a higher pitch, and also greaisitaaty to the solvent effects compared with tabonyl (2) of the
keto group. On the basis of the value coefficieohtf parametera andrt obtained in LSER model can be concluded
that the greatest contribution to the positionhaf tarbonyl strip the ability of the solvent to dtma protond) and
dipolar interactions and polarizabilitym(Alcohols, such as proton donors show a diffemamtelation with respect
to the non-alcoholic solvent, the reason for tlebdvior is probably forming a hydrogen bond betwienhydroxyl
group to alcohol and a carbonyl group of 3-oxoxiRydroxy—3-cholanoic acid. On the basis of the value
coefficients from parameters and 1t obtained in LSER model can be concluded that teatgst contribution to the
position of the carbonyl strip the ability of thelent to donate protora€4.12) as well as dipolar interactions and
polarizability (=7.98). For non—alcoholic solvents, in which théues for the parameter of the solvent other than
zero: chloroform, methylene chloride and acetdritan assume the ability to form hydrogen bonds. @Htype.

CONCLUSION

In the case of an intermolecular cyclization loé keto group at the 3—position would be more seesto the
interaction with different solvent in comparisontte ester—carbonyl group. The purpose of the itdrito have
better insight into the possibility of creating @ntnolecular interactions bile acid would be verjeiasting and
important to examine compounds similar structurth wlifferent substituents. Information obtainedspectroscopic
studies can be very useful in testing self assiociatnd association of molecules of bile acids tedr application in
medicine to produce beneficial effects on sexuaysmitted diseases, primary biliary cirrhosid]sgianes, cystic
fibrosis, cancer, diabetes and leukemia.
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