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New flavonoid oligoside from Aconitum barbatum Pers.

N. N. Pogodaeva, S. V. Fedorov, L. V. Kanitskaya, and A. A. Semenov*

Irkutsk Insiitute of Chemistry, Siberian Branch of the Russian Academy of Sciences,
I ul. Favorskogo. 604033 Irkuisk, Russian Federation.
Fax: +7 (395 2) 39 6046. E-mail: admin@irioch.irk.ru

A new tlavonoid oligoside, viz. 3-0-13.4-(di- O-acetvl-B-xylopyranosyy-a-rhamno-
pyranosyvl|-7- O-(a-rhamnopyranosyiykacmpterol, was isolated from the above-ground par of
the plant Aconitum barbarum Pers. The product was identiticd by spectral methods.
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FAB mass spectrometry.

The plant Aconitum barbanun Pers. (barbate wolfs-

bane) is used in Tibetan medicine for the treatment of

contagious  and gastroenteric discases, nephritic, he-
patic, and gastric colic, and skin parasitic discascs. This
plant produces alkaloids and flavonoeids. b2 Tt has been
reported? that the favonoid content amounts up 1o
1.2%. Howcver. the chemical nature of these com-
pounds has not previously been investigated. The present
study closcs this gap.

An individual compound with the molecular weight
ol 795 |M + HYT. which we named barbaside A (1), was
isolated by chromatography from the ethyl acctate frae-
tion of the mcthano! extract obtained trom the above-
around part of the plant.*

The UV spectra recorded in MeOH containing addi-
tives of fonizing and complex-forming reagents demon-
strated that the compound under study contains a fla-
vonoid fragment® whose free OH groups arc located at
positions 3 and 3°. '

OH

* The absolute configurations of the monosaccharide restdues
were not established: the « and o configurations of the rham-
nose and xylose residues, respectively, are given,

The IR spectrum of compound | has bands typical of
stretching vibrations of the benzopyrone ning. In addi-
tion to the carbony! group of the y-pyrone ring (1634
em™1), the molecule contains two more carbonyl groups
(1719 and 1735 cm™¥).

The "H NMR spectrum has signals for three anomeric
protons at § 3.63, 3.43, and 4.65, which indicates that
the molecule contains three carbohvdrate residues. The
I3C NMR spectrum demonstrates that compound |
containg 36 carbon atoms 13 of which belong to the
flavone moicty. OF the remaining carbon atoms. 12, 4,
and 3 atoms belong 1o two deoxvhexose residucs. two
acctate groups, and the pentose moicty. respectively
(Tablc 1).

The 'H NMR spectrum has doublet signals for the
H(6) and H(8) protons at 8 6.46 and 6.77. respectively.
Conscquently, the ring A contains substitucnts at posi-
tions 3 and 7. The presence of the OH group at the C(3)
atom is cvidenced by the signal for the proton at § 12.3
in the 'H NMR spectrum recorded in acctone-d,. Two
two-proton doublets at § 7.78 and 7.03 belong to the
pair H(2") and H(6") and the pair H(3") and H(3"),
respectively. This fact is confirmed by the UV spectral
data. which are indicative of the presence of a substitu-
ent at position 47 of the ring B.

In the flavone molecule. the saccharide residucs are
most probably attached to the carbon atoms at positions
3 and 7 becausc these atoms do not contain free hydroxy
groups and arc bound 1o the oxygen atoms. Glycosyvlation
occurs at the O(3) position as evidenced by the absence
of a characteristic singlet for the H(3) proton in the
"H NMR spectrum and the presence of a signal (singlet)
at & 136.1 in the '*C NMR spectrum. which can be
assigned to the glveosylated C(3) atom. Glveosylation at
the O(7) atom tollows from the UV spectral data and
the characteristic signals in the 'C NMR spectrum
belonging to the C(7), C(6). and C(8) atoms (sce
Table )4

The first information on the nature of the saccharide
residues was obtained from analysis of the 'H NMR
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Table 1. Data of V’C and 'H NMR spectroscopy (acctone-dy,. 8. J/Hz)y for compound 1

Atom 8 1'C & 'H NOF Atom 3 VC 5 TH NOE
() 1371 — C(3™M T3 3.60 oy
Cih 136.1 - Cie™ 18.2 1.22(d. J = 6.1)
C{3y IS 18090 - C(1™) 192.5 344 ()
(130,29 180.28)** Ci2 7146 4.23 ibr.s)
C(sy 161.2 — C(3) 8365 3.3533(dd. J = 204793 M3 -3
C(6) 99.3 6.46 (d. J = 2.3) H{1")—H(6) 3530 (dd. J = 9" H(3")—H 1)
C(7 1633 — Cied™y 734 3.33(m)
Ci§) 933 6.77 (d, /= 2.3} He Ty — &) 3530 ¢, J = G.4)0F
Ci9 1391 - Ce3") 09,77 3.40 (o)
Cot 107.3 - Ci6™) 13.0 0.97 (d. 4 = 6.1)
el 1224 — Cery 106,13 4.63 (d. J = 7.6) H(177)—H(37)
C(2n 131.8 787 (d. J= 8% HOy—H 3" —H(3™)
Ci3l" 167 T03(d. J = 8.3) Ce2™y 7341 350 co)
Cd4h 162.0 — 350 d. J = 94y
C(37) 116.7 7.02 Ce3my 75.37 SO8 /=95
Cih "y 1318 7.87 Cedy 7084 4785 (d, S = 3.5 7= 104
Cerm 99.66 563 (s5) C(3) 037 395((dd. J =35 /=114
C(2M 71.39 405 (m) 343 (i
C(37) 7204 383 (dd. J = 2500 = 90) HO3M-HE CHy o 200830 20.60 1.95, 2.00
C(4M 73.64 CO 172060, 172.21

355 (m)
{

3.56 (1. J = 04y

“lutegrat intensities of the signals i the TH NMR spectra correspond to the expected values. The total integral intensity of two
signals tor the Cay atom in the C NMR spectrum corresponds to the intensity o the individual signal for the single carbon aton.

** In methanot-dy.

spectra in which the singlet signals for the anomeric
protons of rhamnose at § 5.44 and 5.63 and the signals
for the protons of the methvl 2roups of this monosac-
chande at 3 1.22 and 0.97 were readily identified. Based
on these signals and using the 2D TOCSY spectrum, we
assigned the signals tor the protons to the indi-
vidual monosaccharide residucs. The COSY experiment

allowed us to make the following assignment of

the protons in the carbohydrate residues: Rha-1:
33563 =405 — 383 — 3.533 -» 360 - 1.22: Rha-2:
0544 - 423 = 330 = 3.50 -5 3.40 — 0.97. Taking
into account these data, the spin-spin coupling con-
stants for the nonovertapping signals in the one-dimen-
sional "H NMR spectrum were determined (sce Table 1),
The presence of ¢ross-peaks for the protons H(3")—H{(37)
(Rha-1) and H(3")—H(3") (Rha-2) in the¢ NOESY
spectrum and the absence of NOE for H(1")—H(5")
and H(1”y—H(3”) ar¢c unambiguously indicative of the
a-configurations of both rhamnopyranoside residuces.

It is known3 that the signal for the anomeric proton
of rhamnose bound to the flavone molecule at position

7 is observed at lower field than those in the case of

3- O-rhamnosides. Consequently, Rha-2 and Rha-1 can
be located at positions 3 and 7, respectively. Actually,
the anomeric proton of Rha-1 has cross-pecaks with the
H(6) and H(8) protons in the NOESY spectrum, whereas
the anomeric proton of Rha-2 doces not give cross-peaks
other than those with the protons of its own ring. The
assignment of the signals for the carbon atoms in cach
of the thamnose residucs was made with the use of the
HETCOR procedure (Table 1). The results for Rha-t

agree well with the published data? for 7- O-rhamnosy!
derivatives of kacmpterol. In the case of Rha-2, the
signal for the C(37) atom is shifted downficid by
1151 ppm compared to that observed for 3- O-rhamno-
side of quercetin, Consequently, the third saccharide
residuc is bound to Rha-2 at position 3.

Based on the sigpal for the anomeric proton at
& 4.63, the signals for the protons of pentose and the
refations between them were determined {rom the
TOCSY and COSY spectra: § 4.65 — 3.30 — 5.08 —
4.78 = (3.43 — 3.95). The assignment of the signals for
the carbon atoms of this pentose moicty in the C NMR
spectrum was made using the HETCOR procedure (see
Table 1), The observed chemical shifts of the carbon
atoms of pentose and the spin-spin coupling constants
tor the H(1™), H2™), H(3™). and H(3™) protons (sce
Table 1} in the '"H NMR spectrum are similar to the
corresponding values reported for $-xylopvranose.® The
NOESY spectrum has cross-peaks, which arc indicative
of coupling between the anomeric proton of xvlopyranose
and the axial protons at the C(37) and C(37) atoms
with the chemical shifts of 5.08 and 3.43 ppm. respec-
tivelyv, This suggests that the glveoside bond of
xvlopyranose has the § configuration. The fact that the
NOESY spectrum has cross-peak of the anomeric pro-
ton of xylose with the protons at the C(3”) atom
indicates that xylose is bound to Rha-2 at position 3.
The chemical shifts of the H(3) and H{4™) protons lic
in the region of acvlated hydroxymethine groups. Acyla-
tion of these groups is also confirmed by the fact that
the signals for the H(27) and H(53"") protons arc shifted
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upticld. Acctylation at posttion 4 is also cvidenced by
the fact that the signal for the C(3”7) atom is shified
upficld by 3.5 ppm comparcd to the signal for
B-xvlopyranose”? in the ¥'C NMR spectrum of com-
pound 1. No downficld shifts of the signals for the
C(3™y and C(47) atoms are observed due to the tact
that the a-cffect of acetylation s masked by the B-effect
due to acetvlation of the adjacent OH groups. All the
above-considered data provide evidence that the com-
pound under study, viz.. barbaside AL is 3-0-]3-0-(3.4-
di- O-acctyvi-B-xviopyranosvij-a-rhamnopyranosyl]-7- -
to-rhamnopvranosylykacmpierol (1),

Experimental

The melting pomnt was determined on a Koftler stage, The
optical rotation was measured on a Polamat A potarimeter. The
UV spectra were recorded on a Specard UV-VIS spectropho-
tometer. The TR spectra were mensueed on an TES23 Fourier
spectrometer. The 'H and PC NMR spectra were recorded on a
Varin VXR-3008 instrunient cguipped with a SPARC Si+
computer with the stindard VNMR software. The quantitative
PIC NMR spectrm was measured with pulse defay of 11 s, The
NOESY spectrum was recorded on a Bruker DPX-408 instru-
ment. The FAB mass spectra weee obtamed on a JEOL SX 102
nstrumcnt.

Column chromatography wis performed with the use of

silica pel Lachema L 40770 um. Thun-laver chromatography was
carricd out with the use of sihea gel Lachema L 5/40 pm. The
spots on chiromatograms were visualized by spraving with a 3%
cthanolic solution of AICI; and with a 1% vanilhin solution n
3% arthophosphocic acid.

Fhe plant Aconitum barbarum Pers. was colflected when ot
bloomed in the Shelekhovskin district of the Trkutsk region.
Total flavonoids were isokited according to the following pro-
cedure. Finely divided and air-dricd feaves and Bowers (1,36 kg)
were extracted with MeOH (9 1Ly a1 20 °C. The extriuct was
concentrated. water was added, and the mixture was extracted
successively with CHCH (0.7 Dy, AcOEL (0.6 L), and Bu"OH
ol Ly iIndividual compound 1 was isolated from the cthyl
acetate frucuion (1.3 gy by flash chromatography on
dry column.® Elution was carricd out with the use ol a
CHCl,—McOH mixture with a gradual increase in the concen-

tration of McOH. TLC analysis of the fractions using a
330231 2 CHCli— MeOH -~ H>0 system demonstrated that the
fractions obtained by clution with a CHCl,—MeOH miviure
(80 2 20 and 76 : 24) contined predominantly compound 1
Repeated  chromatography ot cach of these fractions under
walogous conditions afforded a purer substance whose recrys-
tallization gave compound 1 in a vield o 12 my.

3-0-{3- 0-(3,4-Di- O-acetyl-B-xylopyranosyl)-a-rhamno-
pyranosyl]-7- O-(a-rhamnopyranosy!)kaempferol (1), m.p.
224 °C (E1OH), [alsy™ =195 (¢ 0.53. E1IOH). MS. miz 793
IM + HIY CiMgaOy IR (KBry. viem ™! 3423 (OHy, 1654
(C=0y. 1600 (C=C). 1313, 1492, 838 farom), 1719, 1733
(C=0 of the acetate group). UV {MeOH). &, /nm (g £): 263
(4.350 320 (d.10). 343 (dfey: +ACONa 266, 338, 400 sh:
+AcONa +H:BO; 266, 318, 345; +MeONa 245, 273, 38X
+AICL 233, 273, 300, 345, 400: +AICIH; +HCT 275, 300, 338,
396. The 'H oand C NMR spectral data are given in Table |
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Unusual macrocyclic diol from Stellaria media (L.) Vill.

V. V. Tolstikhina, A. A. Semenov,* and S. V. Zinchenko
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A new macrocyelic diol, mediagliveol. was isolated from the plant Srelluric media {(L.) Vill.
(Carvophyllaceae family). The compound was dentified as -1 2-dihvdroxvethyh- |-

isopropylevelononadecane based on spectral data.

Key words: Srellaria media, Carvophvllaccae. macrocyclic metabolites. NMR spectros-
copy. I-t1,2-dihydroxyethvh - -isopropyicyctononadecane.

The plant Srelleria media (Caryophyllaccae family.
chickweed S media Vill) ¢an be found throughout the
whole temperate zone of the North hemisphere. It s
widely used in traditonal medicine as an antirhcumatic,
antiphlogistic. heaiing. and diurctic remedy and as a
tonic.! The chemical composition of the plant has not
been adequatcly studicd. Flavoneids.Z monoacyl-
valactolipids. ferulic acid.3 lipids.*3 f-sitosterol and its
glucoside. and amino acids® have been isolated from
tae above-ground part of the plant.

The purpose of this work was 1o scarch for new
sceondary metabolites that might be responsible for the
physiotogical action of extracts from S. media.

A colorless crvstalline compound with the molecular
tormula CoyH, O, was isolated by liguid—sofid column
chromatography from a hexane cxtract of the above-
ground part of S, media. The clemental composition was
determinced using the data of clementa) analysis, mass
spectromcetry and guantitative measurcments in the e
and 'H NMR spectra.

The clectron impact mass spectrum exhibits a relatively
intense molecular ton peak with mi/z 368, Analysis of this
spectrum provided grounds to suggest that the molecule
contains a saturated hydrocarbon macrocyele.” Indeed. the
ion peak with m/z 330 corresponded to a typical climina-
tion of two carbon atoms as CoH trom the molecular ion.
The ions with m/z 133 1Cy Hay 17 and 127 [CyH 1y} ™ show
a fragmentation pattern typical of hvdrocarbon fragments.,
The characteristic ion peaks comply with the formula
C,Hs,—;. The coctlicient of hydrogen unsaturation indi-
cated the presence of one ring in the molecule.

The structure of the substance was determined from
the '"H and FC NMR spectra (Table 1) recorded using
the COSY and NOESY 2D techniques. The 'H NMR
spectrum (CDCl) contained signals for two magnetically
equivalent methyl groups and for the proton ot a methine
group bound to them. The spin—spin coupling pattern
(sce Table 1) implied the presence of an isopropyl group
attached to a quaternary carbon atom. The spectrum also
exhibited resonance sighals of the CH.OH and CHOH
groups linked to cach other. The signal of the methine

proton at 3.344 ppm was a doublet of doublets, due to the
coupling with two magnetically noncguivalent protons of
the hydroxymethyl group. This group was responsible for
two poorly resolved multiplets at 3.64 and 3.71 ppm.
When CDCly was replaced by deuterated methanol, the
signal of the methine proton shitied downtield 10 3.64 ppm
and appeared as a broad muliiplet. In this solvent, the
protons of the hvdroxymethy! group accounted for two
sharp doublets of doublets at 3.47 and 3.56 ppm with
spin-—spin coupling constants of 11.1, 6.6 and {1.1,
4.3 Hz The 2D COSY spectrum indicated that the
hydroxy groups belonged to an w-glycol group and the
type of the spin—spin coupiing of the mcthine proton
{the spectrum in CDCy) attested that the methine group
was attached o a gquaternary C atom. Most of the ring
carbon atoms accounted for one broad signal at about
29.70—-29.96 ppm in the C NMR spectrum. The use of
the quat pulse sequenced showed that the molecule con-
tains only one guaternary carbon atom responsible for a
sigmal at 2980 ppm and, hence, it is this atom that
carrics both the isopropy! and glveol fragments.

The '"H NMR spectrum of the compound exhibited
two more two-proton multiplets at 1.15 and 1.43 ppm,
which were assigned to C(2) and C(19) methylene groups,
and 2 broadened signal due to 32 protons at .24 ppm.
The '“C NMR and IR spectral data confirmed the
presence of the isopropyl and glycol groups in the
molccule. In the solvents used (CD;OD and CDCly
stabilized by deutcriocthanol), no signals for the pro(on$
of the hydroxy groups at C(1 ") and C(2") were observed
duc to fast deuterium cxchange.

Based on the facts presented above, we assigned the
structure of I-{l.2-dihvdroxycthyl)-1-isopropvicycio-
nonadecane (1) to the compound in guestion. We called
it mediagiveol.

The mediaglycol molecule has a chiral carbon atom.
Cil17). However, a solution of 1 (¢ 2.43) in a chloro-
form-~methanol solvent mixture (3 : 1) showed a zero
optical rotation when mceasurcd using a Polamat instru-
ment. This fact can be explained by assuming that either
compound 1 is 2 natural racemate or the magnitude of
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Table 1. Data of the NMR spectra of compound 1

Atom 5 13C 3 TH (J/Hz)*
(CDCH) oy, CD0D
< 298¢ — -
Ce2y )78 LS tm) 1.23 ()
C(3)--C18) 3‘).7()-—29.96. 1.24 (my 1.39 ()
3354, 27.42
C(19)** 39.09 143 33 omy
Cilh 72.34 34 dd. 3.64 (nm)
J =735 109
Ci2n 66.88 3.64 (nn), 347 (dd.
371 () J=066.111)
3.36 (dd.
=45 1D
C1my 27.99 130 (sepiet, 1.60 {sepret.
J = 6.0) J T 6.6)
gemr Moo 2165 1183 (d. .88 ¢d.
J = 0.6) J 7 6.0)

* The integral tensitics of the 'H NMR signals correspond to
the expected vihues.

“* The signals of the corresponding ring methylene groups can
be assigned alternatively.

the optical rotation is beyond the sensitivity of measure-
ments.

l\lﬁe ¢ (l:H 5—OH
Me—HC!  CH~OH

/ \,
H, CH

) e

— e

(CH
1

.
2 ~-— CH,

~ NOE

The 2D NOESY spectrum of compound 1 s deii-
cicnt in cross-peaks. Only the interactions of the protons
of the methyl and hvdroxymcethyl groups with difierent
protons at the C(2) and C(19) ring atoms can be ob-
served. This means that in a chloroform solution, the
molecule has a conformation in which the side-chain
protons arc removed tar from one another, as shown in
formula 2. In methanol, the intramolecular hydrogen
bond in the a-glveol group is apparently cleaved and the
side chain acquires a greater freedom of internal rota-
tion, which is manifested in the '"H NMR spectrum.

Natural products whose molecules contain saturated
hydrocarbon macrocyeles are very seldom encountered.
Apart from the well-known muscone and civetone, only
macrocyclic hvdrocarbons isolated from the plant
Emperrum nigrum.? are known.

Experimental

Mcliing points were determimed using 2 Kottler hot stage
IR spectrum was recorded in o KBr peliet using o Bruker IFS 23

instrument. NMR speetra were run on o Bruker DRX-300
spectrometer in CDCH; and CDL0D. The operation frequency
wis 40013 MHz for 'H und 100.62 MHz tor BC. Mass
spectrum (B was recorded on a Finnigan MAT 8200 instru-
ment with direct injection Goaization energy 70 ¢V, ion source
temperiature 230 *C).

TLC was pecformed on Situtol plates in the CHCH~MeOH
solvent system (93 1 3) using a 209% cthanol solution ol phos-
photungstic acid for visualization.

The above-ground parts of Srelluria media were gathered
the blooming pertod near irhutsk (Eastern Siberia).

Isofation and purification of 1-(1,2-dihvdroxyethyt)-1-
isopropylcyclononadecane (mediaglycol) (1). Air-dricd crinhed
plant material (2.2 kg) was oxtracted with hexane (24 L oand
2x 18 L) by intusion at <20 »C. The combined extracts were
concentrated i vacuo to drvness. The hexane extract {26 ¢) was
separated mto fracnions by flash chromatography on siiica
gel (130 g, Loachema L 3740 g using succossively the
CHCl~hexane (101, 300 mbL) (), CHCL (700 mbL) (8. and
CHCH—=MCcOH (99 : 1. 200 mL: 97 3400 mly (G sohvent
systems ax cluents. Elution with systems A4 and 8 resubied i the
nolation of orange carotinoids, sterols, ere. Elution with misture
C (97 © 3 gave a fraction (0.3 @) containing compound
contaminated by fats and chlorophylis. Subscquent chromatog-
raphy on silica gel (153 g0 Lachema L 40100 gm) in svstem
(99 1. 230 mby afforded 70 myg of medioglyeol (1) (0.003%)
Recrvstathzation from o CHCL,—hexine muxture gave a color-
tess ervstalline: materiad (30 mg, 0.002%), m.p. 82--84 C.
Found (%) €0 73420 HL 13300 CiyH Oy Caleulated (%)
Co78.200 HU 13120 MSL iz (4 (99 308 ]MI> (20.6), 340
(O 153 (6.3 139 (1130, 1274315 123¢22.7) HI3 (8.8 1
(43.9). 99 (13,53, 97 (76 7). 85 146.1). 83 (72;‘)). TH(73.5. 69
160 1. 37 (100.0). 35 (32,30 43 (66,33 29 (7.1 IR (KB,
voem Tl 3482 (OF 1y 3373 ¢OHy: 2997, 2849 1471, 1340, 71y
1384, 1308 tgem Meay. The duta of TH and C NMR spectia
are given iy Table o,
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for Basic Rescarch (Project No. 99-33-33012).

References

I Rastitel'nye resursy SSSR: Tsvetkovve rasteniva. ikh khimi-
cheskii sostav. ispol Zovanie; semeistva  Magnoliaccae-—-
Limonfaceae | USSR Plune Resources. Flowering Plants, Their
Chemical Composition and Appiications: the Muagnoliaceue—
Limonigeeae  Famifvl. Novka, Leningrad. 1983, 215 am
Russian).
3. Budzianowski and G. Pakulski. Planta medica. 1988, 50, 576,
S Hohnmann, L Toth. and | Mathé, Fitoterapia, 1996, 57, 381
- Go R Jamieson and B H. Reid. Phviochemisiry, 1971, 10,1373
A. Pande, Y. NUShukla. and AL K. Tripathi, Phyiockemistry.
1995, 39, 709.
- R Nawaz and H. Soreusen. Phyviochemisiry. 1977, 16, 399
7RO M Sibverstein, G C Bassler, and T, C. Morrill, Speciro-
merric fdentification of Orgonic Compounds, }. Wikey and
Sons. New York-—~London—-Syduey—Toronto, 1974

AV O W) o

o

5. M. R Bendall and D, T. Pega. J.o Magrn. Reson.. 19835,
53,272,

9. N N. Redianu, O Vo Brvanskii. E. AL Krasnov, AL A
Semenov. and E. V. Ermilova, Khim. Prived. Soedin.. 1989,

719 V Chem. Nui. Compd.. 1989 (Engl. Transl)].

Received December 14, 1999;
m revised form May 3. 2000




