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SYNTHESIS, STRUCTURE, AND MEMBRANE ACTIVITY
OF NEW GLYCYRRHETIC ACID DERIVATIVES
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Derivatives of 3-O-acetyl-18H-glycyrrhetic acid were synthesized. Their structures and membrane
activities were studied.
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The biological activity of glycyrrhizic acid and its aglycone, giyhgtic acid, has been studied thoroughly. However,
the reasons for their wide spectrum of action are not fully understood [1-5]. The biological activity of these compounds may
be due to their membrane activities including the capability to modify selectively the structure and permeability of biological
membranes [3, 4, 6, 7]. There are at least two possibilities for this.

The cellular response to the action of chemical compounds may be a result of their interaction with certain membrane
proteins, i.e., targets (similar teaeptor interaction). Changes in the physicochemical properties of these may be the reason
for the initiation or completion of intracellular biochemical reactions.
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TABLE 1. Asymmetry Parameters for Ringsin

Ring
A p.* A B C D E F G
DC, 3.8 (C2-C3) 5.3 (C5-C6) 7.6 (C13-C14) 4.3(C18-C19) 2.6 (C34-C-35)
DCs 0.4 (C2) 3.5 (C5) 2.3 (C8) 4.0 (C13) 3.9 (C18) 0.4 (C35) 2.6 (C35)
0] 54.2 53.6 39.2 46.5 51.8 57.4 43.0

*Asymmetry parameters

Fig. 1. Molecular structure of N-(@-acetoxy-11,30-dioxo-1Bolean-12-
en-30-yl)cytisine §).

The other possibility involves the interaction of membrane-active molecules with the lipid matrix of biological
membranes. As a result of this the structural-dynamic parameters of lipid molecules (packing, orientation, charge state, etc.)
may change. Also, the membrane conductivity for various iohs (K , N&", ca?’, Mg ) may change. Eventually this destroys
the ionic homeostasis of the cell.

Therefore, we investigated the membrane activities of several newly synthassizied and esters of 3-O-acety|BH3
glycyrrhetic acid.

Derivatives of 3-acetoxyglycyrrhetic aciid10 were prepared by reacting the acylchloride of this acid with the
appropriate amines and aminoalcohols in the presence of triethylamineceptorafor HCI.

PMR spectra of the synthesized compounds were recorded and used to characterize the structures. The base of the
synthesized compounds is 3-O-acetyBdi&jlycyrrhetic acid, for which the most characteristic signals have been askigned
14]. At weak field, the signal for H-12 appears at 5.63 ppm; a multipletfor H -3, at 4.42 ppm. The singlet foraépuation
Hg-1 is shifted out of the methylene region and appears as an asymmetric doublet at 2.76 ppm with J = 13.5 Hz because of the
deshielding effect of the carbonyl on C-11. The solitary peak at 2.33 ppm belongs to H-9. The 3H singlet at 2.01 ppm is
certainly the signal for the C-3 acetate methyl. Unresolved signals for the triterpene framework of the molecule and singlets
for the seven quaternary methyls are found at strong field. Their individual assignments have been previously reported [8, 13,
14].

The PMR spectra df-10 include the signals mentioned above and those characteristic of the addidesiibs
Qualitative and quantitative analyses of the signals are consistent with spectra of the proposed structures.

Syntheses &, 4, 5, and7 have been published [8]. The physicochemical properties of the new compounds and their
PMR spectra are reported in the Experimental section.

A full x-ray structure analysis (XSA) &was performed. The compound consists of two parts, the triterpene (rings
A, B, and C) and the cytisine (rings F, G, and H) (Fig. 1).

Rings A/B, B/C, and C/D arteansfused; D/Ecis. Rings A, B, D, and E have the chair conformation; C, half-chair.

The asymmetry parameters characterizing the degree of deviation of a given conformation from the ideal value were calculated
using the program RING [9] and are listed in Table 1.

Rings F and G in the cytisine have the chair and half-chair conformations, respectively. Ring H is planar within

0.02 A.
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Fig. 2. Crystal structure &

The crystal structure & includes acetone and water of solvation. The asymmetric unit consists of one molecule of
8, one acetone, and two waters. The host molecule lacks proton-donating groups. Therefore, the acetone does not form H-bond
to it and is disordered over two positions with different occupancy factors (0.70 and 0.30 for the dominant and minor ones,
respectively). One of the waters forms a H-bond &jt®1W-H...04 of length 2.72 A. The other water is held in the crystal
structure by van-der-Waals forces (Fig. 2). The crystal structure shows that the structure is rather loosely packed even after
adding the waters and acetone (density only 1.10%/cm ).

The membrane activities of the synthesized compounds were studied by observing their interaction withmbtrikpid
of bilayer model systems. We used differential scanning microcalorimetry (DSC), electron paramagnetic resonance (EPR), and
conductivity measurements of planar bilayer lipid membranes (BLM).

The model systems for the DSC study were multilamellar dispersions of dimyristoylphosphatidyldeir@)( a
synthetic analog of lecithin, the principal structural component of the lipid matrix of biomembranes. During cooperatige melti
(transition from the liquid-crystallindate to a gel), rotation around C—C bonds of acyl chains at a clearly defined temperature
(Tp), called the temperature of the principal phase change, destroys the rigid packing of the lipid moleculedtinghe me
thermogram of multilamellaDMPC dispersions exhibits a maximum at 2€ ith a half-width of 0.8C. A change of B‘
and the peak half-width (12 p) provides an indication of whether any factors have disturbed the cooperative melting process
[10]. If membrane-active molecules insert into the interchain space of theilgjidrb, then they perturb the fundamental
packing of the lipids. As a result, some of the DMPC molecules may be excluded from thatoaopeslting process orpT
may decrease because of the decreased energies of acyl interchain interactions. This destroys the cooperativity.

The relative concerdtion of the studied compounds in the lipid multilamellar dispersions is high and far from
physiological values. We used high concentrations in order to achieve our goal of revealing the nature and properties of the
interaction between the membrane-active and lipid molecules. The guest molecules may be randomly distributed in the bilayer.
This can perturb the local microenvironment of the lipids, which are fully or partially (depending on the depth of intercalatio
of the membrane-active molecules) excluded from the cooperative melting process. As apresult, T decreases.

Regions of increased concentration arise if the membrane-active molecules are distributed unevenly in the bilayer or
on its surface [10]. The thermodynamic properties of the lipids are different in these parts and in parts free of the studied
compounds. This is seen in the thermograms as a high- or low-temperature shoulder on the main melting curve. In fact, this
phenomenon was observed for practically all compounds that we studied.

The values of 1T D increased and those o{)T decreased characteristically for bilayers treated with the compounds
(Table 2).

251



TABLE 2. Temperatures and Half-Widths* of Principal Phase Change (T ) of DMR{ibNayers after Addition of Studied
Compounds (DMPC Conceation 300uM)

ConcentrationpyM Compound
1 2 3 4 5 6 7 8 9 10
Temperature
0 24.1 24.1 24.1 24.1 24.1 24.1 24.1 24.1 24.1 24.1
6 23.6 24.05 23.4 23.5 23.7 23.6 23.6 24.1 24 235
12 23.5 24 23.2 23.2 22.7 23.2 22.5 24.05 23.8 22.9
18 23 23.95 23.2 22.8 22.7 22.5 22.5 24 23
Half-width
0 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
6 1.1 1.1 1.6 2.2 1.5 1.2 1.7 1.1 14 1.4
12 1.3 1.2 1.7 1.8 2.5 2.2 3 31 15 1
18 2.2 1.4 2 2.2 2.6 2.7 3.2 15 1.6
*(1/2 ATp).

It was interesting to determine to what degr%e T andTIlF{Zdepend on the structure of the membrane-active
molecules. Thus, we us@dand3, which differ by the presence of a methyl instead of a hydrogen in the ethylene bi3dge of
as examples. Even at low concentratiorbs, T decreases’y#nd 1/ATp increases by 0°€ compared with the control.

Using3 and4 as examples shows that replacing the morpholine "head" by piperidiredsa reduceslgl' by € and raises
1/2AT, by 0.2C compared with the values f8r Modifying the environment of the N atorh, §, 7) changes significantly ;f
and 1/AT,. Derivative7 causes the greatest increase i\Ij2 1.0°C compared witfi.

An interesting trend in the change Qj T is seen for the s&1€s Increasing the concentration®has no effect on
TIO whereas introducing ethyl and isopropyl bridges significantly decregses T . Such a trend is not observed for the half-width
values.

Thus, increasing the hydrophaobicity of the compound strengthens its membrane activity. Apparently the studied
compounds at low relative concentrations are evenly distributed in lipid bilayers. At high concentrations they tend to form
compound—Ilipid microdomains, the thermodynamic properties of which differ from those of lipids that are not treated with
membrane-active molecules.

Spin probes can be used to determine the effect of membrane-active molecules on the orientation and motion of
phospholipid acyl chains along the bilayer hydrophobic profile [11]. We used the spin probe-bsanzaline, which is
distributed over a different level of the bilayer hydrophobic region. Changes in the EPR spectrum provide indirect information
about the effect of the membrane-active molecule on the membrane [12].

The starting EPR spectrum of the benyzmarbline probe is a superposition of signals from probes located in the lipid
matrix and those for which the nitroxyl group is located in an aqueous microenvironment. The determination of the distribution
of probes at the membrane—water interface is yet another means of estimating the penetration of the studied molecules into the
bilayer because the probes will be expelled into the aqueous phase if the distribution coefficient of the compoundsfat¢he inte
is greater than that of the probe.

Let us examine the results f&10, which have similar structures. The redistribution of probes at the
membrane—water interface as the concentration of the compounds increases is shown in Fig. 3a.

We estimated the redistribution by using the dityak = /1)y, where ) andy} are the signal amplitudes for probes
located in the aqueous and lipid phases, respectively. Curves were constructed in relative units compared with controls
(P = k/ky, where k is the experimental sample apnd k is the control). The ability of the compounds to expel probes followed the
order8 <9 <10, i.e., decreasing length of the substituent on the cytisine N atom.
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Fig. 3. Change of spin-probe distribution in lipids after addition of studied compadisi$-10).

The EPR spectra of the cytisidine derivatives have shown that the low-field peak of the probe signal in the lipid phase
shifts to high-field as the concentrations of the studied compounds are increased. This is consistent with a weak disordering
effect of these compounds on the initial organization of the lipids in the bilayer.

Figure 3b shows the change of probe distribution at the interface caugatdy. The effects caused by them are
similar to those mentionedave.

Thus, the EPR data lead to the conclusion that the studied compounds interact with lipid bilayers by inserting into the
hydrophobic region and perturbing the initial structural organization, at least in their microenvironment.

It is interesting to compare the EPR and DSC data for the cytisine deriv8td@s (We list the relative d 1AZTp,
and D values for final concentrations of added compounds compared with those for controls.

Compound T -FC ATFATC P
8 -1+0.1 0.7+0.1 2.56
9 -1.4+0.1 2.0+0.1 2.73
10 -1.75+0.1 2.610.1 2.84
Control 0 0 1

It can be seen that increasing the length of the hydrocarbon substituent on the cytisine N atom increases the perturbing
effect of these compounds in the ordér>9 > 8. Unfortunately, we could find no rigid correlation between the structures of
the substituents and the changes in the spectral parameters for the other compounds.

Membrane-active molecules can change the physical properties of lipid bilayers to make them more permeable to
various inorganic ions. We studied the effect of the glycyrrhetic acidatisgs on the conductivity of planar BLM.

We found that adding-3, 5, and7-10 at concentrations up to 100 pM had no effect on the conductivity of bilayers
regardless of the composition of the solutions bathing the BLM. Forrgdigtic acid and and6, a dose-dependent increase
in the BLM conductivity was found starting at 2-5 uM in a medium containihg K (10 uM) at pH 7.4. Conductivity for other
ions was not observed. The calculated specific conductivity curves for these compounds behave as saturation curves. This
indicates that these compounds are ionophores (Fig. 4). The specific conductivity at concentrations greater than 4.2, 7.5, anc
64 pM for glycyrrhetic acid4, and6 was 36, 61, and 27.2 pS, respectively. The greatest conductivity was observed for the
glycyrrhetic acid deriative with piperidine.

Thus, DSC, EPR, and BLM unambiguously show that the studied compounds partially or fully penetrate into the
hydrophabic region of a lipid bilayer. Compounds fully intercalated into the bilayer probably act as ionophores. The membrane
activities of the studied compounds depend on the nature of the glycyrrhetic atitdestsThe biological effect of these
compounds may appear because they change the structural organization of branched lipids of intact proteins that are neede
for their normal functioning. However, further research is needed to understand fully the mechanism of action of the
glycyrrhetic acid deriatives.
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Fig. 4. Specific conductivity of BLM as a function of concentration of giyatic acid and its deradives:
glycyrrhetic acid (1) and (2) (a) and (b). Compounds were added to both sections of the experimental cell.
Medium: KCI (10 mM), tris-HCI (10 mM), pH 7.4.

EXPERIMENTAL

PMR spectra were recorded in CRCI and £CI on an XL-100 (Varian, USA) instrument with TMS internal standard.
PMR spectra d?, 4, 5, and7 have been reported previously [8]. Chemical shifts of substituents bonded fbabet@y-1HH-
glycyrrhetic acid framework are given.

2-(N,N-Diethylamino)ethyl-33-acetoxy-188H-glycyrrhetate (1). Yield 84.3%, mp 170-17€&, C;gHy, O5N.

PMR @, ppm, J/Hz): 1.12 (6H,t, J=7.1, €H —CH ), 2.29 (1H, s, H-9), 2.4-2.8 (6H, m, N-CH ), 2.75 (1H, br.d,
J=135,H-1),4.06 (2H, t, J = 6.8, O-¢H ), 4.38 (1H, m, H-3), 5.57 (1H, s, H-12).

2-(N-Morpholinyl)-(1-methyl)ethyl-3-O-acetyl-18-0H-glycyrrhetate (3). Yield 81.4%, mp 204-20€, C;qH;;OgN.

PMR @, ppm, J/Hz): 1.24 (3H, d,J=6.9, C-CH ), 2.31 (1H, s, H-9), 2.4-2.72 (6H, m,N-CH ), 2.75 (1H, br.d,
J=13.5, -1), 3.78 (4H, m, OCH ), 4.41 (1H, m, H-3), 5.06 (1H, m, O—CH), 5.58 (1H, s, H-12).

N-(3-B-Acetoxy-11,30-doxo-183-olean-12-en-30-yl)-anabasin (6).Yield 74.7%, mp 232-23€, C,,HgoO4N..

PMR @, ppm, J/Hz): 2.31 (1H, s, H-9), 2.75 (1H, br.s, J = 135, H -1), 2.81 (1H ) H68 (1H, m, H -6, 4.37
(1H, m, H-3), 5.52 (1H, s, H-12), 5.70 (1H, m, H);Z.14 (1H, dd, J§ =7.9,J =6.5, M)37.54 (1H, dt,J =7.9,,) =138,
H-4"), 8.30 (1H, dd,J =6.5,J =1.8, M)28.35 (1H, d, J = 1.8, H*}.

N-(3-B-Acetoxy-11,30-doxo-183-olean-12-en-30-yl)-cytisine (8).Yield 78.9%, mp 246-24€, C;3H5;,05N..

PMR @, ppm, J/Hz): 2.2-3.2 (2H, m, H -1and H,-13), 2.36 (1H, s, H-9), 2.73 (1H, br.d, J = 13.5, H -1), 3.6-4.7
(4H, m, H,-10, H;10, Hs11', and H-13), 4.1 (1H, m, H-3), 5.68 (1H, s, H-12), 6.1 (1H,dd, J =75,J = 2.0),/6-37
(1H,dd,J =9.1,5) =1.9,H%7.33(1H,dd,J =9.1,] =7.5 K4

2-(N-Cytisinyl)-ethyl-3-O-acetyl-188H-glycyrrhetate (9). Yield 76.3%, mp 278-28TC, C,5Hs,0gN..

PMR @, ppm, J/Hz): 2.33 (1H, s, H-9), 2.4-2.8 (6H, m, NCH ), 2.79 (1H, br.d, J = 13.5, H -1), 3.6-4.4 (24, m}, H -10
and H,-10), 4.10 (2H, t, J = 6.8, OCH ), 4.40 (1H, m, H-3), 5.56 (1H, s, H-12), 6.07 (1H dd, J 7.5, J = 2,06.593
(1H,dd, J =9.0,5) =2.0,H%7.33 (1H,dd,J =9.0,] =7.5 K4

2-(N-Cytisinyl)-(1-methyl)ethyl-3-O-acetyl-188H-glycyrrhetate (10). Yield 72.7%, mp 296-29&, C;5Hz06N,.

PMR @, ppm, J/Hz): 1.27 (3H, d, J= 6.8, C-CH ), 2.35 (1H,-9)H2.3-2.7 (6H, m, NCH ), 2.74 (1H, br.d, J = 13.5,
Hg1), 3.6-4.4 (2H, m, | -10and H,-10), 4.42 (1H, m, H-3), 5.1 (1H, m, OCH), 5.58 (1H, s, H-12), 6.05 (1H,dd, J =7.6,
J,=1.9,H-3,6.48 (1H,dd,J =9.1,J =2.0, ¥57.35(1H,dd, J =9.1,] =7.6, 4

Colorless needle-like crystals ®fwvere grown over three days by slow evaporation at room temperature of an acetone
solution. A crystal of dimensions 0.25x0.10x0.10 mm was selected for the study. Unit-cell constants and the space group were
determined and refined using 25 reflections on a Crystal-Logic diffractometer, which was a combination of a PC-controlled
Syntex P2 diffractometer with a rotating-anode x-ray generator. The unit-cell constantsE8&80(4)b = 30.374(9),
c=11.139(3) A, V =4595(2) B ,Z = 4,p = 1.10 g/cmi , space group P2 2 2, absorption coefficient 5980nm1 , and
F(000) = 1652. Integrated intatiss were measured IBy26-scanning using Cu d«radiation and a graphite monochromator.

254



TABLE 3. Coordinates (XiO ) and Equivalent Thermal Parametérs (ﬁ x10 ) for Nonhydrogen ABoms in

Atom X y z U(eq)
N(1) 3355(4) 697(2) 16675(4) 65(1)
N(2) 1736(5) 79(2) 17757(5) 71(2)
c() 1528(4) 2489(2) 8795(5) 58(2)
c(2) 1358(4) 2768(2) 7671(6) 67(2)
c(d) 796(5) 3181(2) 7993(6) 73(2)
C(4) -215(5) 3095(2) 8580(6) 71(2)
c(5) -36(4) 2783(2) 9652(5) 58(1)
C(6) -960(4) 2686(2) 10387(5) 62(1)
c(7) -706(4) 2518(2) 11613(5) 59(2)
c(8) -36(4) 2104(2) 11618(5) 51(1)
c(9) 818(4) 2169(2) 10694(5) 47(1)
C(10) 567(4) 2354(2) 9434(5) 51(1)
C(11) 1454(4) 1748(2) 10714(5) 45(1)
c(12) 1540(4) 1517(2) 11863(5) 50(1)
c(13) 1085(4) 1623(2) 12887(5) 50(1)
c(14) 409(4) 2037(2) 12913(5) 50(1)
c(15) -398(5) 1987(2) 13854(5) 65(2)
c(16) -55(5) 1784(2) 15039(5) 63(1)
c(17) 422(4) 1329(2) 14880(5) 56(1)
C(18) 1297(4) 1370(2) 14014(5) 49(1)
c(19) 2230(4) 1566(2) 14610(5) 55(1)
C(20) 2536(4) 1386(2) 15851(5) 54(1)
c(21) 1627(5) 1394(2) 16642(5) 65(2)
C(22) 759(5) 1147(2) 16082(6) 64(2)
c(23) -943(5) 2913(3) 7637(7) 89(2)
C(24) -609(6) 3543(2) 9037(8) 90(2)
c(25) 34(4) 2013(2) 8648(5) 60(1)
C(26) 1073(5) 2428(2) 13294(5) 61(1)
c(27) -334(5) 1006(2) 14337(7) 74(2)
C(28) -691(4) 1703(2) 11264(6) 61(1)
C(29) 3347(6) 1701(2) 16307(6) 77(2)
C(30) 2988(4) 917(2) 15701(5) 54(1)
C(31) 876(12) 4043(4) 5619(12) 162(5)
Cc(32) 1230(10) 3769(4) 6656(12) 129(4)
Cc(33) 3438(5) 837(2) 17905(5) 68(2)
C(34) 3090(6) 481(2) 18781(6) 73(2)
C(35) 3688(7) 63(2) 18606(7) 82(2)
C(36) 3530(6) -78(2) 17311(7) 80(2)
Cc@37) 3872(7) 277(2) 16454(6) 80(2)
C(398) 1995(6) 384(2) 18607(5) 70(2)
C(39) 2457(7) -204(2) 17118(7) 89(2)
C(40) 766(8) -20(2) 17509(8) 92(2)
C(41) 67(7) 204(3) 18172(9) 102(2)
C(42) 320(8) 508(3) 19001(9) 103(3)
C(43) 1293(7) 599(2) 19233(7) 81(2)
o(1) 1896(3) 1611(1) 9845(3) 58(1)
0(2) 629(4) 3440(2) 6912(5) 92(2)
0(3) 3034(4) 754(1) 14708(4) 72(1)
0(4) 588(6) -302(2) 16721(6) 124(2)
o(5) 1953(9) 3841(4) 7204(12) 198(5)
C(1A) 1720(30) 3825(11) 12000(40) 400(40)
C(2A) 2330(40) 3521(18) 11240(40) 300(20)
O(1A) 980(30) 3670(11) 12440(40) 380(20)
C(3A) 1960(70) 4298(17) 12250(100) 710(100)
C(1B) 2500(30) 3535(12) 12170(30) 300(50)
C(2B) 2460(50) 3454(19) 13500(30) 230(30)
O(1B) 2730(60) 3900(14) 11810(50) 330(40)
C(3B) 2270(20) 3185(11) 11260(30) 107(11)

o(1W) -1200(30) -333(9) 15630(30) 389(13)

o2wW) 2940(30) 4821(13) 6980(40) 510(20)

The stability of the crystal was monitored using three reference reflections aftdi0facteasurements. The experimental data

set was collected at 293 K. The range of anglesdwa2.91-58.52; indices, -1< h< 15, -33< k< 33, and &1 <12. The

data set consisted of 3009 reflections after removing weak reflections witti(I)< 2 total of 3675 reflections were collected.

The structure was solved by direct methods using the SHELXS-86 programs [15] adapted for an IBM PC. The structure was
refined by full-matrix least-squares techniques using the SHELXTL-97 programs [16]. H atoms were found geometrically and
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refined using ariding model. The agreement factors after final refinement of the positional and thermal parameters were
R; =0.075 (wWR =0.213),R =@B3 (WR, = 0.235). Coordinates of nonhydrogen atoms are listed in Table 3. The molecule
was drawn using XP in SHELXTL-Plus [17].

DSC Method. Samples for multilamellar dispersions were prepared as described before [10]. Thermodynamic
parameters of phase transitions of multilamellar dispersions were determinedD&8M-4 differertial scanning
microcalorimeter at°C/min.

EPR Method. We used benzp-carboline as a spin probe. Its structure is:

g N=O
I
N

|
H

A solution in alcohol was added to the samples such that the probe concentration reacRed 4x10 M. Lipid samples
from egg phosphatidyicholine were prepared by the literature method [11]. EPR spectra were recorded on a Bruker (Germany)
radio-spectrometer at a modulation amplitude less than 1 G and a power on the resonator of less than 20 mW.

BLM Method. Bilayer lipid membranes were formed by the Montal-Mueller method [18] in apertures (diameter 0.35-
0.40 mm) in screens (thickness|2@) of a Teflon two-chamber cell at 25€1 Lipid bilayers were prepared by placing lipid
(azolectin) solution (10-1AL, 0.5%) in octane. Thigans-chamber of the cell was a virtual ground. The sign of the potential
was determined relative to it. The current was taken as positive if cations migrated into this chamber. Derivatives of
glycyrrhetic acid were added to both chambers at coratérts of 1-10QuUM.
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