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SYNTHESIS OF N-GLYCOCONJUGATES OF GLYCYRRHETIC ACID

S. R. Mustafinal L. A. Baltina, Jr.,*?R. M. Kondratenko,*? UDC 547.598.458.22+582.736
L. A. Baltina,* F. Z. Galin,* and G. A. Tolstikov?

New N-glycoconjugates that are analogs of glycyrrhizic acid were synthesized by condensation of
a-L-rhamnopyranosylamine arfitD-lactosylamine with acid succinate and phthalate of glycyrrhetic acid
methyl ester usinfy,N'-dicyclohexylcarbodiimide (DCC) or DCR-hydroxybenzotriazole.
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Synthetic analogs of bioactive natural triterpene glycosides are of interest in studies of structure—activity relationships.
We synthesized previously triterpene conjugates of D-glucoseamine that were modified analogeoizityagid (GA), the
principal component of licorice root&lycyrrhiza glabralL. andG. uralensisFisher) that possesses a broad spectrum of
pharmacological activity (anti-inflammatory, antiulcer, antiviral, antiallergic, antidotal, antioxidant, etc.) [1-3].

In continuation of this research we synthesized for the first Mrgl/coconjugates with spacerk 8, and4) using
unsubstituted glycosylamines-{-rhamnopyranosylamine an#D-lactosylamine) as the amino components. The triterpene
components were glycyrrhetic acid methyl est@-Bemisuccinate and -phthalate, which were prepared previously [4]. These
were condensed with the glycosylamines uird-dicyclohexylcarbodiimide (DCC) in dimethylformamid@NIF):pyridine
(Py).
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The target compoundsand3 were isolated by column chromatography (CC) over silica gel (SG}0gAhd purified
further by acetylation using A©:Py. The low yield (49%) & was explained by losses during chromatography and formation
of N-acylurea as a side product [5]. The starting material methytghgtgte 3O-hemisuccinate was isolated as an impurity
(30%) during chromatography and identified by TLC a@ NMR spectroscopy [4]. The yield bfglycoconjugates was
higher (62%) if methylglyayheate acid phthalate was dated with 3-D-lactosylamine using DCC in the presence of a
nucleophileN-hydroxybenzotriazole (HOBL).
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The formation of the CONH bonds1n3, and5 was confirmed by the appearance of a strong peak at 1540-1530 cm
in the IR spectra. THEC NMR spectrum of contained signals for C atoms of tiné.-rhamnopyranosylamine at 68-88 ppm.
The PMR spectrum of acetylatRehlycoconjugat@ contained three singlets for the acetyls at 2.0-2.1 pprhofitie anomeric
center ofa-L-rhamnopyranosylamine resonated as a broad singlet at 5.5 ppm.

The C1 atom had a chemical shift (CS) of 88.0 ppm in*#&NMR spectrum of, of 95.9 and 91.2 ppm in those
of the 3-D-lactosylamine8 and6 (3-configuration), respectively. The signal for'@ithe first sugar monomer (GIcN) in the
13C NMR spectrum ob was shifted to stronger field because of shielding by the aromatic spacer. The PMR spectrum of
peracetatd showed seven acetyls in the range 2.0-2.1 ppm, the succipiat@38 ppm, and the NH proton at 7.2 ppm. The
triterpene parts of thE5C NMR spectra o2, 3, and6 were identical to those of the starting3acylates [4]. Signals in the
13C NMR spectra of newly synthesiziefjlycoconjugates were assigned based on literature data farpltiy acid deriatives
[4, 5] and starting3-glycosylamines [6-8]. The CSs of C8 and C14 were defined more accurately using our pdbliahdd
13C high-resolution spectra (600 and 125 MHz) for gislaizic acid and its derivatives [9].

EXPERIMENTAL

IR spectra were recorded on a Specord M80 spectrophotometer as vaseline oil mulls; PRIRNMR spectra, on
a Bruker AM 300 instrument at working frequency 300 and 75.5 MHz in €@ TMS internal standard. Electronic
absorption spectra were recorded on a Specord UF-400 instrument in MeOH. Specific rotation was determined on a

Perkin—Elmer 241 MC polarimeter in a 1-dm tube. Melting points were measured on a Boetius microstage.

TLC was performed on Silufol (Czech Rep.) plates using benzene:methanol (5:1, A) and benzene:ethanol (10:1, B);
CC, over silica gel L (40/100m, Czech Rep.) or AD5 (Brockmann neutral). Spots were developed by phosphotungstic acid
solution (20%) with subsequent heating at 1102C2for 2-3 min.

DMF and Py were purified as before [10]. DCC (Aldrich) was purchaséeRhamnopyranosylamine and
[B-D-lactosylamine were prepared by the literature methods [6, 8] in 80-82% purity and were used without further purification.
Acid succinate and phthalate of methyl@ycyrrheate were synthesized as before [4].

Methyl Ester of 3-O-[3-N-1-Deoxy-2,3,4-triO-acetyl-a-L-rhamnopyranosyl-1-yl)-carbamoyl]propionyl-18 3
glycyrrhetic Acid (2).

1. A solution of methyl glycyrrhtate hemisuccinate (0.58 g, 1 mmoldMF (10 mL) and Py (5 mL) at 0°& was
treated witha-L-rhamnopyranosylamine (0.6 g) and DCC (0.24 g, 1.2 mmol) and stirred®&t for51 h and at 20-2€ for
18-20 h. The solitl,N'-dicyclohexylurea was filtered off. The filtrate was diluted with cold water (50 mL) and acidified with
HCI (5%) until the pH was about 4. The solid was filtered off, washed with water, dried, and chromatographed over a column
of SG or ALO; with elution by ethylacetate:MeOH (200:1, 100:1, 50:1, v/v, stepwise gradient). Fractions that were
homogeneous by TLC witR; 0.3 were combined and evaporated. Yield 0.47 g (58.8%).

IR spectrumy, cntl): 3600-3200 (NH), 1730 (COOGH 1660 (G1=0), 1530 (CONH). A more mobile fraction with
Rf 0.5 (A) turned out to be starting@G-acylate (0.2 g).

2. N-GlycoconjugateX, 0.4 g) was acetylated by 40:Py (1:1, 10 mL) at 20-2Z for 48 h. The mixture was diluted
with cold water. The solid was filtered off and recrystallized from aqueous EtOH. Yield 0.48 g (92;.8%2, (B), mp 128-
130°C, [0]p2° +135 (¢ 0.02, MeOH).

IR spectrumy, cnl): 3400-3200 (NH), 1740-1720 (OAc, COOQH1600 (G1=0), 1540 (CONH).

UV spectrum (MeOHA .. NM, loge): 248 (3.95).

PMR spectrum (300 MHz, CDg13, ppm, J/Hz): 0.80, 0.86, 1.02, 1.10, 1.12, 1.24, 1.28 (all s, 21H;)7CH5 (s,
1H, CH; Rha), 1.55-1.80 (m, CH, GHbf aglycon), 2.00, 2.04, 2.08 (all s, 9H, 3Ac), 2.32 (s, 1H, H9), 2.72 (s, 4H,) 2866
(s, 3H, OCH), 4.16 (m, 1H, HY, 4.25 (d, 1H, H2 J, 3 = 4.5), 4.50 (dd, 1H, H3% » = 4.9, & 4 = 10.3), 4.95 (d, 1H, H4
Jy3=91, ) 5=9.1),546 (br.s, 1H, M1 5.62 (s, 1H, H12), 5.75 (s, 1H, NH).

13C NMR spectrum (75.5 MHz, CDgI5, ppm): 38.9 (C1), 23.6 (C2), 80.7 (C3), 38.1 (C4), 55.1 (C5), 17.4 (C6), 33.9
(C7),45.4(C8), 61.8 (C9), 37.0 (C10), 200.1 (C11), 128.5 (C12), 171.1 (C13), 43.4 (C14), 26.5 (C15), 25.6 (C16), 32.0 (C17),
49.2. (C18),42.1 (C19), 44.1 (C20), 31.6 (C21), 37.5 (C22), 28.1 (C23), 16.4 (C24), 16.7 (C25), 18.8 (C26), 23.6 (C27), 28.1
(C28), 28.6 (C29), 177.0 (C30), 51.8 (C31), 169.4 (C32), 32.8 (C33), 33.2 (C34), 174.7 (C35), §812(T1C2), 70.7
(C3), 74.1 (C4), 68.0 (CYH), 23.3(CH), 169.3, 169.2, 169.0 (C=0, Ac), 21.3, 20.6 (&d). Found, %: N 1.52. FHg,043N.

Calc., %: N 1.65.
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Methyl Ester of 3-O-{[3-N-1-Deoxy-2,3,6-triO-acetyl-4-O-(2,3,4,6-tetraO-acetyl-3-D-galactopyranosyl)3-D-
glucopyranosyl-1-yl]-carbamoyl}propionyl-183-glycyrrhetic Acid (4).

1. Analogously td.. above, methylglyayheate acid succinate (0.58 ¢} D-lactopyranosylamine (0.8 g), and DCC
(0.24 g) produced crudd-glycoconjugate3 (1.1 g) that was chromatographed twice over a SG column with elution by
CH,CI,:MeOH (200:1, 100:1, 50:1, v/v, stepwise gradient). Fractions that were homogeneous by TLC were combined. Yield
0.45 g (49.5%).

IR spectrumy, cntl): 3600-3200 (OH, NH), 1730 (COOGH 1660 (G1=0), 1540 (CONH).

UV spectrum (MeOHA ... NM, loge): 250 (4.10).

13C NMR spectrum (75.5 MHz, CDgI5, ppm): 39.2 (C1), 23.4 (C2), 81.4 (C3), 37.8 (C4), 55.1 (C5), 17.6 (C6), 33.8
(C7),45.5(C8), 61.8 (C9), 37.1(C10), 200.2 (C11), 128.6 (C12), 169.5 (C13), 43.3 (C14), 26.3 (C15), 25.6 (C16), 31.9 (C17),
48.5 (C18), 41.2 (C19), 44.1 (C20), 31.2 (C21), 37.8 (C22), 28.2 (C23), 15.7 (C24), 16.4 (C25), 18.8 (C26), 23.6 (C27), 26.3
(C28), 26.5 (C29), 177.0 (C30), 51.9 (C31), 169.4 (C32), 28.6 (C33), 28.4 (C34), 173.4 (C35), 9588(21C2), 71.5
(C3), 83.9 (C4), 78.9 (C5 C5"), 61.9 (C6H), 97.5 (C1), 65.9 (C2), 71.2 (C3), 68.0 (C4), 61.8 (CB).

2. 3(0.40 g) was acetylated by 4@:Py as described above. Yield4p0.44 g (84%),c[]D20 +85° (¢ 0.02, MeOH).

IR spectrumy, cnl): 3400-3200 (NH), 1740 (OAc), 1720 (COOQH1660 (G1=0), 1540 (CONH).

UV spectrum (MeOHA ... NM, loge): 250 (4.13).

PMR spectrum (300 MHz, CDgI8, ppm, J/Hz): 0.71,0.81,1.13, 1.15, 1.15, 1.26, 1.37 (all s, 21Hy)7284, 2.06,
212, 2.15, 2.17, 2.19 (all s, 21H, 7Ac), 2.34 (s, 4H,2CB.70 (s, 3H, OC}), 4.50 (d, 1H, H1Gal, J = 7.9), 4.56 (d,
H1' GIcN, J = 7.9), 5.30 (s, 1H, M¥ 3.60-5.10 (m, H2 H2", H3, H3", H4, H4", H5, H5"), 5.58 (s, 1H, H12), 7.20 (s, 1H,
NH). Found, %: N 1.00. £Hg7O,3N. Calc., %: N 1.16.

Methyl Ester of 3-O-{[3-N-B-D-1-Deoxy-2,3,6-tri-O-acetyl-4-0-(2,3,4,6-tetra-O-acetyl-3-D-
galactopyranosyl)glucopyranosyl-1-yl]-carbamoyl}phthalyl-18-glycyrrhetic Acid (6).

1. A solution of methylglycyrrhtate acid phthalate (0.62 g, 1 mmol)DMF (10 mL) and Py (2 mL) at 0°& was
treated with3-D-lactosylamine (0.8 g), DCC (0.24 g), and HOBt (0.2 g). The mixture was stirrgd frd h and at 20-22
for 20 h. The reaction mixture was worked up as abou& fQ@C over A}O5 with elution by ethylacetate:MeOH (200:1, 100:1,
50:1, vlv, stepwise gradient) produce@.76 g, 62%).

IR spectrumy, cntl): 3400-3200 (OH, NH), 1740 (COOGH 1660 (G1=0), 1540 (CONH).

2. 5(0.7 g) was acetylated by A@:Py (1:1, 20 mL). Yield of acetate 0.87 g (86%), mp 133AJEtOH),
[0]p2° +92 (c 0.04, MeOH).

IR spectrumy, cnl): 3400-3200 (NH), 1750-1730 (OAc, COOQH1660 (G1=0), 1540 (CONH), 1510 (Ph).

UV spectrum (MeOHA .., N, loge): 249 (4.3).

PMR spectrum (300 MHz, CDgI3, ppm, J/Hz): 0.80, 0.95, 1.10, 1.14, 1.19, 1.32, 1.43 (all s, 21Hy)7CH5-2.15
(all's, 21H, 7Ac), 2.36 (s, 1H, C9), 2.75 (s, 1H, H18), 3.10 (s, 1H, H3), 3.68 (s, 3H)ACH-5.10 (m, H2 H2", H3", H4,
H4", H5, H5", HE, H6"), 4.48 (d, 1H, H1, J=7.8 Gal), 4.52 (d, H1, H = 7.4 GIcN), 5.34 (s, 1H, My 7.40-7.54, 7.80-7.90
(M, Harony-

13C NMR spectrum (75.5 MHz, CDgI5, ppm): 38.4 (C1), 23.2 (C2), 82.9 (C3), 38.0 (C4), 54.8 (C5), 17.0 (C6), 33.6
(C7),45.1(C8), 61.3 (C9), 36.6 (C10), 199.6 (C11), 128.7 (C12), 170.6 (C13), 43.7 (C14), 26.1 (C15), 25.7 (C16), 31.5 (C17),
48.0 (C18), 40.7 (C19), 42.7 (C20), 31.5 (C21), 37.4 (C22), 27.8 (C23), 16.1 (C24), 16.5 (C25), 18.3 (C26), 23.0 (C27), 28.0
(C29), 28.2 (C28), 176.6 (C30), 51.4 (C31), 166.2 (C32), 139.4, 134.6, 132.2, 131.3, 130.7, 129.6 (C33-C37), 153.4 (C38),
91.2 (C1GlIcN), 70.6 (C2, 73.0 (C3), 82.5 (C4), 75.3 (CH), 60.7 (CH), 100.8 (C1 Gal), 66.3 (C2), 70.2 (C3), 68.8 (C4),
75.3 (CB), 60.5 (C8), 170.0, 169.9, 169.8, 169.7, 169.0, 168.8, 168.6 (7C=0 Ac), 20.7, 20.6, 20.5, 20.3, 2Q. A¢y.CH

ACKNOWLEDGMENT

The work was supported financially by the RFBR (grant 03-03-20004 BNTS-a) and Russian Science (Roshauka) grant
02.434.11.7060 (2005-RI-12.0/004/088).

69



REFERENCES

=

10.

70

G. A. Tolstikov, L. A. Baltina, E. E. Shid, and A. G. PokrovskiBioorg. Khim, 23, 691 (1997).

R. M. Kondratenko, S. R. Mustafina, L. A. Baltina, F. Z. Galin, and G. A. Tolsttom. Prir. Soedin.7
(2005).

R. M. Kondratenko, L. A. Baltina, S. R. Mustafina, E. V. Vagd, R. Pompei, D. Deidda, O. A. Plyasunova,
A. G. Pokrovskii, and G. A. TolstikoBioorg. Khim, 30, 308 (2004).

R. M. Kondratenko, S. R. Mustafina, L. A. Baltina, N. G. Vagd, A. F. Ismagilova, E. V. Va&a,

Kh. M. Nasyrov, F. Z. Galin, and G. A. Tolstikd¢him.-Farm. Zh.35, 10 (2001).

G. A. Tolstikov, L. M. Khalilov, L. A. Baltina, R. M. Kondratenko, A. A. Panasenko, and E. V. &easKhim.
Prir. Soedin, 645 (1985).

L. M. Likhosherstov, O. S. Novikova, V. A. Derevitskaya, and N. K. KochetkevAkad. Nauk SSSR, Ser.
Khim., 1663 (1986).

S. T. Cohen-Anisfeld and P. T. Lansbury, JrAm. Chem. Sqcl15 10531 (1993).

L. M. Likhosherstov, O. S. Novikov, V. N. Shibaev, and N. K. Kochetlkaw,Akad. Nauk, Ser. Khijrl848
(1996).

L. A. Baltina, O. Kunert, A. A. Fatykhov, R. M. Kondratenko, L. V. Spirikhin, L. A. Baltina, Jr., F. Z. Galin,
G. A. Tolstikov, and E. KhaslingeKhim. Prir. Soedin.347 (2005).

A. J. Gordon and R. A. Ford, Chemist's CompanioiViley-Interscience, New York (1972).



