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Abstract—Conjugates of the antituberculosis drug isoniazid (isonicotinyl hydrazine) and isomeric
hydrazides of nicotinic and a-picolinic acid with glycoside steviolbioside from the Stevia rebaudiana plant
and the product of its acid hydrolysis, diterpenoid isosteviol, were synthesized. In addition, isosteviol
hydrazide and hydrazone derivatives as well as conjugates containing two isosteviol moieties joined by a dihy-
drazide linker were obtained. The parental compounds and their synthetic derivatives were found to inhibit
the in vitro growth of Mycobacterium tuberculosis (H3;Ry). The measured minimal concentrations of stevio-
side and steviolbioside, at which the growth of M. tuberculosis was inhibited by 100% (MIC), were 7.5 and
3.8 ug/ml, respectively. MIC values for steviolbioside and isosteviol conjugates with hydrazides of pyridine
carbonic acid were within the ranges of 5—10 and 10—20 pg/ml, respectively. The maximal inhibitory effect
against M. tuberculosis was shown by the isosteviol conjugates with adipic acid dihydrazide (MIC 1.7 and
3.1 pg/ml). Antituberculosis activities of the tested compounds were higher than the activity of antitubercu-
losis drug Pyrizanamide (MIC 20 pg/ml) but lower than that of antituberculosis drug isoniazid (MIC 0.02—

0.04 pg/ml).
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By now nearly a hundred natural compounds
belonging to different classes have been reported that
inhibit Mycobacterium tuberculosis growth at MIC
from 100 to 3 pg/ml. Among them there are phenols,
quinones, coumarins [1—3], peptides [1, 2], alkaloids
[1,2, 4, 5], terpenoids [1, 2, 6—18], steroids [1, 2, 19],
and glycosides [20—22]. The analysis of these data
allows for two essential conclusions. First, diterpe-
noids [1, 2, 6—14] and triterpenoids [1, 2, 15—18] are
most abundant among secondary metabolites isolated
from plant sources. It is noteworthy that they do not
have nitrogen atoms, whereas all known drugs for
tuberculosis treatment (isoniazid, etambutol, pyrazi-
namide, rifampicin, streptomycin, capreomycin, kan-
amycin, and others) [23], as well as compounds under
preclinical and clinical trials [24—26], are nitrogen-
organic compounds. This may imply that, in this case,
we are dealing with a novel inhibitory mechanism of

1 Corresponding author: phone: +7 (843) 231-9160; fax: +7 (843)
273-2253; e-mail: kataev@iopc.ru.

M. tuberculosis growth and, therefore, design of new
antituberculosis terpenoid-derived agents is topical.

Second, glycosides occupy the lowest position in the
list of natural tuberculostatics. According to our data
there are only a few of them. They are saponin isolated
from Colubrina retusa (MIC 10 pg/ml) [20], glycosides
derived from 11-hydroxyhexadecane carbonic acid iso-
lated from a Ipomoea tyrianthina methanol extract
(MIC 25 pg/ml) [21], and glycosides of imberbic acid
isolated from Combretum imberbe (MIC 100—
12.5 pg/ml) [22]. It is interesting that, according to the
published data, the antituberculosis activity of glyco-
sides is lower than that of their aglycones. Particularly,
MIC of triterpenoid imberbic acid was 1.56 pg/ml,
whereas those of its glycosides, 100 to 125 pg/ml [22].
The MIC value of a triterpenoid aegicerin was
3.1 ug/ml [16], whereas the activity of the glycoside
from Scrophularia cryptophila bearing a structurally
identical aglycone was considerably lower (MIC >
100 pg/ml) [27]. Similarly, steroids isolated from Thalia
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multiflora are much more toxic (MIC 1—4 pg/ml) than
their glycosylated derivatives (MIC > 100 pg/ml) [19].

Considering the small number of published data
on antituberculosis activity of natural glycosides, we
studied the potential of stevibioside (I) and steviol-
bioside (IT) to inhibit M. tuberculosis growth. These
glycosides are 250 times sweeter than saccharose
[28] and manifest antihypertensive [29, 30], antihy-
perglycemic, and insulinotropic [31—33] proper-
ties. In addition, taking into consideration the
opinion described in [2] about uncommon antitu-
berculosis agents among conjugates of metabolites
displaying antituberculosis effects with synthetic
mycostatics, another goal of this work was the syn-
thesis of conjugates of steviolbioside (II) and the
product of its acidic hydrolysis, diterpenoid isoste-
viol (16-oxo-ent-beyeran-19-oic acid) (VII) with
an antituberculosis drug isoniazid (isonicotinyl
hydrazine), as well as with isomeric hydrazides of
other pyridine carbonic acids.
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Reaction conditions: i NaOH (10%), 100°C, 1 h; ii Ac,0, Py, 25°C; iii SOCl,, 25°C; and iv RNHNH,, Py/C4Hg, 25°C.
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RESULTS AND DISCUSSION

For the synthesis of steviolbioside-based conju-
gates, we used the acid chloride approach.
Hydrazides of isonicotinic and nicotinic acids were
subjected to interaction with steviolbioside chloride
(Scheme 1), in which sugar hydroxyl groups were
preliminarily protected by acetyl groups to prevent their
reaction with thionyl chloride.

Steviolbioside (II) was acetylated with acetic
anhydride in pyridine under cooling [34]. In the IR
spectrum of product (III), an absorption band at
1751 cm™! corresponding to valence vibrations of
AcO groups appeared. In the 'H NMR spectrum of
compound (IIT) protons, resonances of acetyl groups
at 1.97—2.17 ppm arose in addition to resonances of
steviolbioside (II) protons. Interaction of the result-
ing derivative (III) with an excess of SOCI, led to the
corresponding acyl chloride (IV), which was imme-
diately treated with hydrazides of pyridine carbonic
acids (Scheme 1).

OAc

Scheme 1.

The reaction was carried out in a benzene—pyridine
mixture at 20°C to give products (V) and (VI) in yields

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY Vol. 37

of 66 and 84 %, respectively. In the IR spectra of these
compounds, a band of valence vibrations of the stevi-
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olbioside carboxylic group at 1690 cm~! disappeared,
whereas bands at 3300—3400 and 1590—1680 cm™!,
corresponding to valence vibrations of free NH groups
and amide and aromatic fragments, respectively,
appeared. The band at 1755 cm™! supporting the pres-
ence of acetyl groups and the presence of pyridine
rings in products (V) and (VI) was confirmed by the
aromatic proton resonances at 7.83—8.80 and 7.40—
8.75 ppm in the 'H NMR spectra. In MALDI-TOF
mass spectra, molecular peaks appeared at m/z 1056
[M]*, 1078 [M + Na]*, and 1094 [M + K]*, corre-
sponding to Cs5,HgN;0,,. It is noteworthy that an
increase in the reaction temperature higher than 40°C
led to partial hydrolysis of acetyl groups to give a mix-
ture of chromatographically inseparable products,
including exhaustively acetylated mixed hydrazide of
steviolbioside and pyridine carbonic acid and
hydrazides of the partially deacetylated compounds
(normally primary hydroxyl groups are deprotected
most smoothly).

It seemed interesting to synthesize similar conju-
gates derived from terpenoid isosteviol (VII), a prod-
uct of acidic hydrolysis of S. rebaudiana glycosides
[35], since it displayed not only hypotensive activity
[36] but also an in vitro moderate tuberculostatic
effect (MIC 50 pg/ml, strain Hy;Ry) [14].

Reactions of isosteviol (VII) and its methyl ester
(IX) with hydrazides of pyridine carbonic acids were
carried out in anhydrous methanol in the presence of
p-toluenesulfonic acid (p-TsOH) (Scheme 2). Conju-
gates (X)—(XV) were obtained in 75—85% yields. Isos-
teviol conjugate with two molecules of isoniazid (XVI)
was synthesized in two steps. First, the reaction of isos-
teviol chloride (VIII) with an excess of isoniazid under
heating in pyridine led to the product substituted at the
acyl chloride residue. At the second stage, it reacted
with an excess of isoniazid in boiling methanol in the
presence of p-TsOH to give 55% of compound (XVI).
The formation of derivatives (X)—(XVI) is confirmed
by the disappearance in the IR spectrum of the band at
1740 cm™! corresponding to valence vibrations of the
isosteviol oxo group and appearance of bands of
valence vibrations of C=N bonds and hydrazide
groups (1540—1550, and 1620—1670 cm™!) and the
NH bond (3200—3500 cm™"). '"H NMR spectra of
compounds (X)—(XVI) were similar for resonances of
the isosteviol backbone of (0.7—3.0 ppm); resonances
of pyridine protons were observed at 7.7—8.7 ppm; and
the H1' resonance of the hydrazone residue, at 10.4—
10.5 ppm. For compound (XVI) the resonances of
hydrazone H1', H3' and H4' were seen at 10.43, 10.53,
and 9.34 ppm, respectively.
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Reaction conditions: / 1.5 mmol NH,NH-R, CH;0OH (anhy-
drous), 0.1 mol p-TsOH, 65°C, 6 h; ii SOCI, (5-fold excess),
45°C, 1 h; iii 1 mol NH,NH—-R, C4HsN, 80°C, 12 h, then
0.3 mmol NH,NH—-R, CH30H (anhydrous), 0.1 mol p-TsOH,
65°C, 6 h; iv CH30H (anhydrous), 65°C, 1 h; and v 1.5 mmol
NH,NH-R, CH;0H (anhydrous), 0.1 mol p-TsOH, 65°C, 6 h.

Scheme 2.

It was found earlier that covalent binding of two
isosteviol (VII) molecules with a polymethylene
spacer linked to the C16 atom allowed for the MIC
reduction from 50 to 12.5 pg/ml [14], which corre-
sponded to the activity of antituberculosis drug pyrazi-
namide (MIC 12.5-20 pg/ml) [23, 37, 38]. It was
interesting to find the effect of pharmacophoric nitro-
gen-containing (hydrazide and hydrazone) fragments
introduced in the spacer on the antituberculosis activ-
ity of the bisisosteviol derivatives. With this goal, we
carried out reactions of diterpenoid isosteviol (VII)
and its chloride (VIII) with hydrazine hydrate and adi-
pic acid hydrazide (Scheme 3), and studied the poten-
tial of the products to inhibit M. fuberculosis growth.
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60°C, 6 h; » NH,NHC(O)(CH,),C(O)NHNH,, CH;0H, 25°C, 12 h; yi NH,NHC(O)(CH,),C(O)NHNH,,

dioxane—pyridine, 50°C, 48 h.

Interaction of isosteviol (VII) with an excess of
hydrazine hydrate in methanol yielded azine (XVII)
isolated as a salt rather than isosteviol hydrazone
(XVIII) (Scheme 3). Apparently, this can be explained
by the reaction of the formed hydrazone (XVIII) with
both starting isosteviol and the one resulted from the
hydrazone (XVIII) hydrolysis. Homogeneous hydra-
zone (XVIII) was obtained by the reaction of isosteviol
(VII) with a tenfold excess of anhydrous hydrazine.

Isosteviol hydrazide—hydrazone (XIX) was
obtained by the interaction of isosteviol chloride
(VIII) with anhydrous hydrazine in CCl,. Its NMR
spectrum contained singlets at 3.83 and 6.9 ppm cor-
responding to the resonance of hydrazide protons and
a singlet at 4.75 ppm corresponding to the resonance
of hydrazone protons along with characteristic reso-
nances of isosteviol (VII) protons. It is noteworthy that
although the synthesis of hydrazide—hydrazone (XIX)
as well as that of hydrazone (XVIII) can be performed
without a solvent in an excess of hydrazine, the use of
an aprotonic hydrazine-immiscible solvent makes the
reaction handier.

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY Vol. 37

Scheme 3.

The reaction of isosteviol (VII) with adipic acid
dihydrazide in methanol led to compound (XX), in
which two isosteviol molecules are joined with a dihy-
drazide spacer at C16=0 oxo groups (Scheme 3). In
the '"H NMR spectrum of bisderivative (XX), multiplet
resonances at 1.5 and 2.0 ppm corresponding to the
protons of adipic acid dihydrazide methylene group
and a singlet at 10.1 ppm corresponding to the reso-
nance of hydrazide protons were observed, along with
characteristic resonances of isosteviol (VII). The reac-
tion was carried out at room temperature, since heat-
ing led to hydrolysis of hydrazide—hydrazone (XX)
followed by its transformation into azine (XVII)
(Scheme 3).

The interaction of isosteviol chloride (VIII) with
adipic acid dihydrazide in a dioxane—pyridine mixture
resulted in compound (XXI), in which two isosteviol
molecules are joined with a dihydrazide spacer at car-
boxylic C1900H groups (Scheme 3). In the 'H NMR
spectrum of bisderivative (XXI), singlets at 8.91 and
9.46 ppm corresponding to the resonances of hydra-
zine protons as well as characteristic resonances of
isosteviol (VII) were observed.
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Biological tests of the compounds under study
demonstrated that both starting glycosides (I) and (II)
and terpenoid (VII) and their synthesized derivatives
(V), (VI), and (X)—(XXI) displayed an in vitro moder-
ate antituberculosis activity against M. tuberculosis
(H;;Ry strain). The MIC values for these compounds
were within 1.7—50 pg/ml; the highest value (i.e., the
worst case) (50 pg/ml [14]) was found for isosteviol
diterpenoid (VII). As was proposed in [2], covalent
binding of isosteviol (VII) to the antitubeculosis drug
isoniazid and nicotinic and picolinic acid hydrazides
allowed for a decrease in MIC values to 10—20 pg/ml
from 50 pg/ml [14]. It is noteworthy that we did not
observe a clear relationship between the antitubercu-
losis activity and the nature and position of the
hydrazide fragment in the isosteviol (enf-beyerane)
backbone for conjugates (X)—(XVI): compounds (X),
(XII), (XIII), and (XVI) inhibited M. tuberculosis
growth at MIC 20 pg/ml, whereas compounds (XI),

(XIV), and (XV), at 10 pg/ml.

As was mentioned above, according to limited data
[16, 22, 27], the antituberculosis activity of glycosides
[22, 27] was lower than that of the corresponding agly-
cones or structurally close compounds [22, 16]. On the
contrary, we found that the activities of S. rebaudiana
glycosides stevioside (I) (MIC 7.5 pg/ml) and steviol-
bioside (IT) (MIC 3.8 pug/ml) were higher than that of
isosteviol (VII) (MIC 50 pg/ml) [14]), which is iso-
meric to their aglycone steviol. It is also noteworthy that
unlike isosteviol (VII), covalent binding of steviolbio-
side (IT) to the antitubeculosis drug isoniazid and nic-
otinic and picolinic acid hydrazides did not result in an
increase in its antitubeculosis activity: MIC values for
conjugates (V) and (VI) were 5 and 10 pg/ml, respec-
tively.

We found that approximately tenfold augmentation
of isosteviol (VII) antitubeculosis activity if compared
with its conjugates with hydrazides of pyridinic acids
(X)—(XVI), including the one with isoniazid (X),
(XIII), (XVI), could be achieved by its functionaliza-
tion with hydrazide and/or hydrazone groups. The
maximal activity in the range of the tested isosteviol
derivatives was demonstrated by the compounds
obtained by covalent binding of the two molecules to
azine (XVII) or dihydrazide (XX) and (XXI) spacers.
For example, MIC values for compounds (XVII—-XXI)
were 3.1, 6.3, 6.3, 3.1, and 1.6 pg/ml, respectively. One
can assume that the growth of antitubeculosis activity
of the compounds bearing two isosteviol molecules
linked with diester (MIC 12.5—25 pg/ml [14]), azine
(MIC 3.1pg/ml), and dihydrazide (MIC 1.6—
3.1 pug/ml) spacers, as compared with isosteviol alone
(MIC 50 pg/ml [14]), can be explained by an increase
in hydrophobicity, which can facilitate penetration
into the thick lipophilic cell wall of M. tuberculosis, as
well as introduction of pharmacophoric nitrogen-con-
taining groups. However, this is only a hypothesis,
which requires further research.
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To summarize, we first found the in vitro antitube-
culosis activity (strain H;;Ry) of S. rebaudiana glyco-
sides stevioside (I) and steviolbioside (II), as well as
synthesized conjugates of steviolbioside (II) and the
product of its acidic hydrolysis, diterpenoid isosteviol
(VII), with various hydrazides (V), (VI), and (X)—
(XXTI). The maximal inhibitory properties against
M. tuberculosis were demonstrated by isosteviol conju-
gates with adipic acid dihydrazide (XX), (XXI), (MIC
3.1 and 1.6 pug/ml, respectively). The antitubeculosis
activity of the tested compounds exceeded that of the
antitubeculosis drug pyrazinamide (MIC 12.5—
20 ug/ml [23, 27, 38]), but was lower than that of
another drug isoniazid (MIC 0.02—0.04 pg/ml [38]).
Indeed, the above described results are not sufficient
for design of new semisynthetic antitubeculosis agents
based on structures of diterpenoids and their glyco-
sides isolated from widely spread and regenerated
plant sources. However, this work is the first step in this
direction.

EXPERIMENTAL

IR spectra were recorded on a UR-20 spectropho-
tometer (Germany) in the range of 400—3600 cm™!
and on a Fourier Vector 22 spectrometer (Bruker, Ger-
many) in the range of 400—4000 cm™!. Crystalline
samples were studied as suspensions in mineral oil.
'H NMR spectra were registered on Avance-600
(Bruker, Germany, 600 MHz) and MSL-400 (Bruker,
Germany, 400 MHz, o, J, Hz) spectrometers. The
melting points were measured on a Boetius microta-
ble. Optical rotation was measured on a Perkin-Elmer
M-341 (Germany) polarimeter. TLC analysis was car-
ried out on Silufol UV-254 plates (Kavalier, Czech
Republic). The compounds were developed by treat-
ment with iodine. Column chromatography was per-
formed on Silica gel 60 (0.06—0.2 mm, Alfa Aesar,
England). Mass spectra in the mode of electron
impact were recorded on an MX-1310 (Russia) spec-
trometer with an ionizing voltage of 60 eV, electron
current of 30 pA, and a system of direct inlet into the
ion source at 120°C. The ampoule—vaporizer was
heated to 120—250°C. Accurate values of ion masses
were determined by comparison with reference peaks
of perfluorokerosene. MALDI mass spectra were reg-
istered on a MALDI-TOF ULTRAFLEX III mass
spectrometer (Bruker, Germany). 2,5-Dihydroxyben-
zoic acid served as a matrix.

Isoniazid was purchased from Merck (Germany);
nicotinic and picolinic acids were from Alfa Aesar
(England).

Stevioside (I) was isolated from S. rebaudiana
leaves [39]; steviolbioside (IT) was obtained by alkaline
hydrolysis of stevioside (I), similarly to [40]; pyridine
carbonic acid hydrazides were synthesized as
described in [41]; and isosteviol (VII) was obtained
from a Sweta sweetener (Stevian Biotechnology
Corp., Malaysia), as described in [42]. Isosteviol chlo-
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ride (VIII) and methyl ester (IX) were synthesized
using the method described in [43]. Physicochemical
parameters of these compounds agreed with the pub-
lished data.

13-0-[B-D-Heptaacetylsophorosyl]-ent-kauren-
19-oic acid (IIT). Acetic anhydride (1.75 ml, 18 mmol)
was added to a solution of steviolbioside (II) (0.5 g,
0.7 mmol) in anhydrous pyridine (5 ml) cooled to
0°C, and the mixture was kept at room temperature
for 20 h. The mixture was heated at 60°C for 4 h and
poured out into a cooled solution of 1% AcOH
(40 ml). The precipitate was filtered off, washed with
water, and dried on air to give 75% product (III)

(0.55g); mp 125°C (MeOH); [a]y —39.5° (¢ 0.2,
EtOH). IR (v, cm™!): 1754 (OC(O)CH,), 1664
(C=C), 1230 (C—0). MS MALDI, m/z: 960 (937 + 23)
(M* + Na"). Found, %: C 58.80; H 6.94. C,cH,O.
Calc., %: C 58.95; H 6.89. '"H NMR (C;D;N): 1.19
(3H, s, H20), 1.34 (3 H, s, H18), 1.98,1.99, 2.01,
2.09, 2.1, 2.13, 2.17 (7 x 3 H, 7 s, Ac), 3.97-5.76
(14 H, m, Hg,y,), 5.05 (1H, s, H17), and 5.66 (1H, s,
H17).

13-O-[B-D-Heptaacetylsophorosyl]-ent-kauren-
19-oyl chloride (IV). Freshly distilled SOCI, (1 ml,
14 mmol) was added dropwise to heptaacetylated ste-
violbioside (IIT) (0.3 g) and the mixture was kept at
room temperature for 24 h. The excess of SOCI, was
evaporated and the residue was triturated with light
petroleum and dried on air to give 95% product (IV)
(0.29 g). IR (v, cm™): 1814 (C1C=0), 1755
(OC(0)CHj), 1230 (C-0).

The general procedure for preparation of hydrazides
(V) and (VI). A solution of freshly prepared chloride
(IV) (0.3 g, 0.3 mmol) in absolute benzene (3 ml,
33.7 mmol) was added dropwise to a solution of nico-
tinic or isonicotinic acid hydrazide (0.05 g, 0.3 mmol)
in absolute pyridine (3 ml, 37.2 mmol), and the mix-
ture was stirred at room temperature for 48 h. The sol-
vent was evaporated and the residue was washed with
water several times and recrystallized from methanol.

19-Nor-4a-(isonicotinoylhydrazinocarbonyl)-13-

O-(B-D-sophorosyl)-ent-kauren (V). The yield was
20

0.22 g (66%); mp 140°C (MeOH); [a]p, —36.5°
(¢ 0.5, MeOH). IR (v, cm™"): 3392, 3504 (NH), 1755
(OC(0O)CH,3), 1645 (C=C, amide 1), 1592, 1502 (Ar),
1232 (C—0). MS MALDI, m/z : 1056 (M"), 1079
(1056 + 23) (M* + Na'). Found, %: C 59.11; H 6.58;
N 3.98. C5,HgN;O,. Calc., %: C 59.12; H 6.6;
N 3.98. '"H NMR (DMSO-d;): 0.96 (3 H, s, H20),
1.17 (3 H, s, H18), 1.55-2.08 (21 H, m, Ac), 3.94—
5.24 (16 H, m, Hg,,,, H17), 7.83 (2 H, s, H3", H5"),
8.80 (2 H, brs, H2", H6"), 9.32 (1 H, s, H2"), 10.48
(1 H,s, HI').
19-Nor-4a-(nicotinoylhydrazinocarbonyl)-13-0-
(B-D-sophorosyl)-ent-kauren (VI). The yield was
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0.28 g (84%); mp 135°C (MeOH); [a]5 —33° (0.5,
MeOH). IR (v, ecm™): 3469, 3371 (NH), 1754
(OC(O)CH,;), 1652 (C=C, amide I), 1592, 1502 (Ar),
1231 (C-0). MS MALDI, m/z:960 (937 + 23) (M* +
Na*). Found, %: C 58.12, 58.96; H 6.46, 6.23; N 4.01,
4.04. C5,HggN;0,. Calc., %: C 59.12; H 6.60; N 3.98.
'H NMR (CDCl,): 1.00 (3 H, s, H20), 1.31 (3 H, s,
H18), 1.66—2.06 (21 H, m, Ac), 3.67—5.16 (16 H, m,
Hgppne, HI7), 7.39—-7.41 (1 H, m, H5"), 8.18 (1 H, s,
H4"), 8.21 (1 H,d, J1.6, H6"), 8.75 (1 H, brs, H2"),
9.08 (1 H, s, H2"),9.42(1 H, s, H1").

The general procedure for preparation of com-
pounds (X)—(XYV). Isosteviol (VII) or ester (IX) and
pyridine carbonic acid hydrazide (1.5 eq) were dis-
solved in absolute methanol, a catalytic amount of p-
TsCl was added, and the reaction mixture was refluxed
for 6 h. Methanol was evaporated at reduced pressure.
The residue was washed with water and recrystallized
from methanol.

16-(4-Pyridinoylhydrazono)-ent-beyeran-19-oic acid
(X). The yield was 0.23 g (85%); mp 315—328°C
(MeOH). IR (v, cm™!): 1542 (amide II), 1650, 1664
(amide I), 1714 (C16=0), 3478, 3182 (NH). MS
MALDI, m/z:460 (437 + 23) (M + Na'). Found, %:
C 70.58; H 8.01; N 9.07. C,xH;5sN;05. Calc., %:
C71.3; H 8.0; N 9.6. '"H NMR (DMSO-dy): 0.79
(3 H, s, H20), 1.08 (3 H, s, H17), 1.12 (3 H, s, H18),
2.02(1 H,d,J13.7, H3), 3.02 (1 H, dd, J 18.44,11.3,
Hl15a), 7.68 (2 H, d, J 5.8, H2", H6"), 8.72 (2 H, d,
J 5.8, H3", H5"), 10.50 (1 H, s, H1").

16-(3-Pyridinoylhydrazono)-ent-beyeran-19-oic acid
(XI). The yield was 0.21 g (80%); mp 294—300°C
(MeOH). IR (v, cm™): 1547 (amide I1), 1624 (amide I),
1718 (C16=0), 3055, 3219 (NH). MS MALDI, m/z :
438 (437 + 1) (M* + H*). Found, %: C 71.59; H9.01;
N 9.60. C,xH;sN;0;. Calc., %: C 71.3; H 8.0; N 9.6.
'H NMR (DMSO-dy): 0.79 (3 H, s, H20), 1.08 (3 H,
s, H17),1.12(3H, s, H18),2.02 (1 H, d, J 13.06, H3),
3.02(1 H,dd, J18.9,2.3, H15a), 7.51 (1 H, m, H5"),
8.10 (1 H, m, H4"), 8.71 (1 H, m, H6"), 8.91 (1 H, s,
H2"), 10.43 (1 H, s,H1").

16-(2-Pyridinoylhydrazono)-ent-beyeran-19-oic acid
(XII). The yield was 0.18 g; (80%); mp 290—300°C
(MeOH). IR (v, cm™!): 1515 (amide II), 1650, 1670
(amide I), 1710 (C16=0), 3338, 3106 (NH). MS
MALDI, m/z:460 (437 + 23) (M* + Na'). Found, %:
C 73.48; H 8.86; N 10.00. CyH;sN;0,. Calc., %:
C71.3; H 8.0; N 9.6. 'H NMR (DMSO-d;): 0.79
(3 H, s, H20), 1.10 (3 H, s, H17), 1.13 (3 H, s, H18),
2.07 (1 H, dd, J 17.60, H3), 2.84 (1 H, dd, J 17.60,
2.25, H15a), 7.63 (1 H, m, H5"), 8.03 (1 H, m, H4"),
8.07 (1 H, m, H3"), 8.71 (1 H, d, J 4.5, H6"), 10.48
(1 H,s, HI").

Methyl 16-(4-pyridinoylhydrazono)-enz-beyeran-
19-oate (XIII). The yield was 0.23 g (85%); mp 275—
282°C (MeOH). IR (v, cm™'): 1552 (amide II), 1651,
1667 (amide I), 3200—3500 (NH). MS MALDI, m/z:
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451 (M*). Found, %: C 71.72; H 7.64; N 9.21.
C,;H;;N;0;. Calc., %: C 72.0; H8.0; N 9.0. '"H NMR
(DMSO-dy): 0.67 (3H, s, H20), 1.08 (3 H, s, H17),
1.13 (3 H, s, H18), 2.05 (1 H, d, J 13.3, H3), 2.98
(1 H,dd,J18.44, 1.3, H150), 3.55 (3 H, s, H21), 7.68
(2 H, d, J5.5 H2", H6"), 8.72 (2 H, d, J 5.5, H3",
H5"), 10.48 (1 H, s, H1').

Methyl 16-(3-pyridinoylhydrazono)-ent-beyeran-
19-oate (XIV). The yield was 0.18 g (75%); mp 245—
249°C (MeOH). IR (v, cm™): 1542 (amide 11), 1638,
1653 (amide I), 1719 (C16=0), 3209, 3468 (NH). MS
MALDI, m/z:474 (451 + 23) (M* +Na*). Found, %:
C71.8; H7.7; N 9.01. C;H;,N;0,. Calc., %: C 72.0;
H 8.0; N 9.0. 'H NMR (DMSO-d;): 0.68 (3 H, s,
H20), 1.05 (3 H, s, H17), 1.13 (3 H, s, H18), 2.05
(1 H, d, J 13.06, H3), 2.99 (1 H, dd, J 18.07, 2.1,
H15a), 3.55 (3 H, s, H21), 7.52 (1 H, m, H5"), 8.10
(1 H,m, H4"),8.72 (1 H, m, H6"), 8.92 (1 H, s, H2"),
10.40 (1 H, s, H1").

Methyl 16-(2-pyridinoylhydrazono)-ent-beyeran-
19-oate (XV). The yield 0.16 g (60%); mp 185—190°C
(MeOH). IR (v, cm™"): 1527 (amide II), 1653, 1692
(amide 1), 1719 (C16=0), 3289, 3319 (NH). MS
MALDI, m/z:452 (451 + 1) (M* + H™), 490 (451 + 39)
(M* + K*). Found, %: C 71.9; H 7.9; N 9.00.
C,;H;,N;0;. Calc., %: C 72.0; H8.0; N 9.0. 'H NMR
(DMSO-dy): 0.67 (3 H, s, H20), 1.10(3 H, s, H17),
1.14 3 H, s, H18), 2.82 (1 H, dd, J 5.8, 1.9, H150),
3.58 (3 H,s, H21), 7.64 (1 H, m, H5"), 8.04 (2 H, m,
H4", H3"), 8.70 (1 H, s, H6"), 10.48 (1 H, s, H1").

19-Nor-4a-(pyridinoylhydrazinocarbonyl)-16-
(4-pyridinoylhydrazono)-ent-beyerane (XVI). 4-Pyri-
dine carbonic acid hydrazide (0.15 g, 1.09 mmol) was
added to a solution of isosteviol (VII) (0.18 g,
0.53 mmol) in anhydrous pyridine (10 ml,
0.126 mmol) and the reaction mixture was heated at a
bath temperature of 80°C for 12 h. Pyridine was evap-
orated at reduced pressure and the residue was dis-
solved an anhydrous methanol. 4-Pyridine carbonic
acid hydrazide (0.037 g, 0.27 mmol) and p-TsCI
(0.02 g, 0.12 mmol) were added, and the mixture was
refluxed for 6 h. Methanol was evaporated, and the
residue was washed with water and recrystallized from
ethanol to give 55% of the product (0.08 g); mp 189—
192°C (EtOH). IR (v, cm™"): 1552 (amide II), 1651,
1667 (amide 1), 3200—3500 (NH). MS MALDI, m/z:
556 (M*). Found, %: C 65.10; H 7.62; N 13.64.
C;HyNgO;5. Calc., %: C 61.0; H 6.7, N 13.4.
'H NMR (DMSO-d;): 0.86 (3 H, s, H20), 1.08 (3 H,
s, H17), 1.19 (3 H, s, H18), 2.23 (1 H, d, J 3.9, H3),
3.06(1H,dd,J18.44,11.3, H15a),7.67 (2 H,d, J5.4,
H2", H6"), 7.75 (2 H, d, J 5.4, H2", H6"), 8.70 2 H,
d, J 5.4, H3", H5"), 8.74 (2 H, d, J 5.4, H3", H5"),
9.34 (1 H, s, H4"), 10.43 (1 H, s, H1"), 10.53 (1 H, s,
H3").

Hydrazinium 16,16'-azinodi(enz-beyeran-19-oate)
(XVII). Hydrazine hydrate (0.63 ml, 12 mmol) was
added to a solution of isosteviol (VII) (0.4 g,
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1.2 mmol) in methanol (10 ml, 0.247 mmol). The
mixture was refluxed for 6 h, methanol and an excess
of hydrazine were evaporated, and the resulting pre-
cipitate was dried in vacuum with P,0Os to give 0.32 g
(84%) of the product; mp 129—131°C (EtOH). IR
(v,ecm™Y): 1182, 1264, 1661 (C=N). MS EI, m/z:
632.5 (M*). Found, %: C 72.17; H 10.17; N 8.78.
H9.70; N 8.43. '"HNMR (CDCl,;): 0.84 (3 H, s, H20),
1.06 (3 H, s, H17), 1.23 (3 H, s, H18), 2.16 (1 H, d,
J13.7, H3), 2.65 (1 H, dd, J 18.6, 3.7, H15a), 5.72
(3 Ha S, N(+)H3)'

Hydrazinium di(16-hydrazono-enz-beyeran-19-
oate) (XVIII). Anhydrous hydrazine (0.3 ml,
10 mmol) was added to a solution of isosteviol (VII)
(0.3 g, 1 mmol) in methanol (20 ml, 0.494 mmol). The
mixture was stirred until a complete conversion of
isosteviol (5 h), and methanol and unreacted hydra-
zine were removed. The residue was dried in vacuum
with P,O5 to give 0.30 g (91%) of the product; mp
189—191°C (EtOH). IR (v, cm™"): 1167, 1453, 1662
(C=N), 3366 (NH,). Found, %: C 68.02; H 9.70; N
12.61. C4H NGO, (2 C,0H5,N,0, - N,H,). Calc., %:
C 68.93; H 9.83; N 12.06. '"H NMR (CDCl,): 0.85
(3 H, s, H20), 1.06 (3 H, s, H17), 1.23 (3 H, s, H18),
2.17 (1 H, d, J 13.7, H3), 2.66 (1 H,dd, J 18.6, 3.7,
H150), 3.91 (2 H, s, NH).

19-Nor-40-hydrazinocarbonyl-16-hydrazono-ent-
beyerane (XIX). Thionul chloride (1 ml, 14 mmol) was
added to isosteviol (VII) (0.36 g, 1.1. mmol) and the
mixture was heated to 40°C until isosteviol (VII) was
dissolved. An excess of SOCI, was removed in vacuum,
and CCl, (5 ml, 51.8 mmol) was added to the dry res-
idue. The mixture was stirred and the solvent was evap-
orated. The procedure was repeated until the smell of
SOCI, disappeared. The dry residue was dissolved in
CCl, (20 ml, 0.207 mmol) and anhydrous hydrazine
(2 ml, 63 mmol) was added. The reaction mixture was
refluxed for 4.5 h, and unreacted hydrazine was sepa-
rated. The organic phase was evaporated to dryness,
and the dry residue was dried in vacuum with P,Ojs for
24 h to give 0.30 g (79%) of the product; mp 234—
236°C (EtOH). IR (v, cm™"): 754, 982, 1451, 1629
(C=N), 3354 (NH,). MS El, m/z: 346.3 (M"). Found, %:
C 68.12; H 9.86; N 16.19. C,,H;4N,O. Calc., %:
C69.32; H 9.89; N 16.17. '"H NMR (CDCl,): 0.78
(3 H, s, H20), 1.05 (3 H, s, H17), 1.18(3 H, s, H18),
2.02 (1H,d, J13.7, H3), 2.63 (1 H, dd, J 18.6, 3.7,
H15a), 3.83 (2 H, s, NH,), 4.75 (2 H, s, NH,), 6.90
(1 H, s, NH).

Adipic acid N?,N?'-bis(19-nor-4a-carboxy-ent-
beyerasn-16-ylidene) dihydrazide (XX). Adipic acid
dihydrazide (0.1 g, 0.6 mmol) was dissolved under
heating in methanol (50 ml, 1.2 mmol), the solution
was cooled, and isosteviol (VII) (0.38 g, 1.2 mmol) was
added. The reaction mixture was stirred for 39 h, and
the precipitate of unreacted adipic acid dihydrazide
was filtered off. The filtrate was evaporated and the
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Tuberculostatic activity in in vitro experiments of com-
pounds (I)—(III), (V)—(VII), and (X)—(XXI)

Compound MIC, pg/ml
1)) 7.5
IT) 3.8
(I1D) 5
V) 5
(VD) 10
(VID) 50
X) 20
(XI) 10
(XII) 20
(XTII) 20
(XIV) 10
(XV) 10
(XVI) 20
(XVID) 3.1
(XVIII) 6.3
(XIX) 6.3
(XX) 3.1
(XXI) 1.6
Pyrazinamide 20 [38]
Isoniazid 0.02—0.04 [38]

residue was stirred with chloroform (20 ml,
0.248 mmol). The mixture was filtered off, the filtrate
was evaporated to dryness, and dried with P,O5 for
24 h to give 0.24 g (51%) of the product; mp > 300°C
(EtOH). IR (v, cm™1): 753, 1125, 1453, 1635 (C=N),
1687 (COOH). MS MALDI, m/z: 775 (M*). Found, %:
C 71.00; H 9.55; N 7.18. C4H;)N,Oq. Calc., %:
C71.28; H 9.10; N 7.23. '"H NMR (CDCl;): 0.83
(6 H, s, H20), 1.14 (6 H, s, H17), 1.25 (6 H, s, H18),
1.53 (4 H, m, CH,), 2.01 (4 H, m, CH,), 2.33 (2 H, d,
J13.7, H3),2.91 (2 H, dd, J 18.6, 3.7, H15a), 10.05
(1 H,s, NH), 10.31 (1 H, s, NH).

Adipic acid N?,N?'-bis[(19-nor-16-o0xo0-ent-beye-
ran-4a-yl)carbonyl] dihydrazide (XXI). A solution of
isosteviol chloride (VIII) (0.2 g, 0.6 mmol) in dioxane
(3 ml) was added dropwise to a suspension of adipic
acid dihydrazide (0.11 g, 0.5 mmol) in pyridine
(10 ml), heated to 50°C in the argon atmosphere, and
the reaction mixture was stirred at 50°C in the argon
atmosphere for 24 h. Unreacted adipic acid dihy-
drazide was filtered off, the filtrate was evaporated in vac-
uum, and the residue was recrystallized from isopropanol
to give 0.06 g (25%) of the product; mp 251—253°C (iso-
PrOH). IR (v, cm™'): 1449, 1550 (amide II), 1659, 1737
(COOH), 3244. Found, %: C 71.78; H 8.84; N 6.58.
C4H0N,O4. Calc., %: C 71.28; H 9.10; N 7.23.
'H NMR (CDCl,): 0.72 (6 H, s, H20), 0.87 (6 H, s,
H17), 1.12 (6 H, s, H18), 2.13 (2 H, d, J 13.7, H3),
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2.86 (2 H, dd, J 18.6, 3.7, H150), 8.91 (2 H, s, NH),
9.46 (2 H, s, NH).

Antituberculosis activity of stevioside (I), steviolbi-
oside (II), and compounds (XVII)—(XXI) was studied
in vitro using the bacteriological method of vertical
diffusion in the thick nutrient medium “Novaya.” The
laboratory strain H;;Ry, culture (10 mg) weighed on a
torsion balance was placed in a porcelain mortar and
carefully ground. Based on the bacterial standard, a
culture suspension containing 100 million microbial
particles per ml (10 U) was prepared. The resulting
suspension (0.2 ml) was sown into tubes with the
nutrient medium, and the tested solutions (0.3 ml)
prepared by serial dilutions were added. The tubes
were placed into a thermostat in a vertical position and
incubated at 37°C for 10—12 days. The experiments
were carried out in three repeats for each concentra-
tion. The MIC values are shown in the Table.

Antituberculosis activity of compounds (V), (VI),
and (X)—(XVI) was studied on a BACTEC MGIT 960
system (United States). The Middlebrook 7H9
medium supplemented with BACTEC MGIT OADC
(oleic acid, albumin, dextrose, and catalase) was used.
Experiments were carried out by the method of serial
dilutions on the M. fuberculosis H;;Ry, strain. The cul-
ture (10 mg) weighed on a torsion balance was placed
in a porcelain mortar and carefully ground. Based on
the bacterial standard, a culture suspension containing
100 million microbial particles per ml (10 U) was pre-
pared. The resulting suspension (0.1 ml) was sown into
tubes with the nutrient medium, and the tested solu-
tions (0.5 ml) prepared by serial dilutions were added.
The tubes were placed into a thermostat in a vertical
position and incubated at 37°C. The growth of myco-
bacteria was registered daily for 11 days. The minimal
inhibitory concentration of the synthesized com-
pounds was determined as a minimal concentration,
at which M. tuberculosis growth was delayed a day if
compared with isoniazid. The MIC values are shown
in the table.
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