
Isolation of the Poiysaccharide. After treatment with boiling 82% ethanol (i h), the 
leaves were dried In the air and the polysaccharide mixture was extracted from them with 
water (65°C, 1 h). After dialysis against mains water and distilled water (7 days) and 
evaporation in a rotary evaporator, the polysaccharide mixture was precipitated with ethanol 
(1:4) and was freeze-dried. Then the individual polysaccharide was isolated from the mix- 

ture with the aid of DEAE-cellulose. 

CONCLUSION 

A polysaccharide has been isolated from the leaves of 7;~hytolaooa r~ric~a and has been 
characterized. It has been established that it contains residues of galactose, arabinose, 
xylose.~ and rhamnose in a ratio of 3:4:1:3 together with 85-90% of D-galacturonic acid resi- 
dues. The results obtained permit the polysaccharide to be assigned to the class of pectin 

substances. 
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NEW NATURAL PHENOLIC TRIGLYCERIDES 

S. A. Popravko, I. V. Sokolov, 
and I. V. Torgov 

UDC 547.915 

The composition of the phenolic triglycerides isolated from ethanolic extracts 
of propolis, aspen buds, and wheat roots has been investigated. Two new phenolic 
triglycerides have been identified: 2-acetyl-l,3-diferuloylglycerol, and 2-acety!- 
3-p-coumaroyl- i- fe ruloylglycerol. 

Recently, new natural triglycerides substituted in positions i and 3 by residues of cin- 
namic acid and its derivatives were isolated from the buds of Populus lasiocar$~a [i, 2]. 
Later, glycerides of this type were also found in the fruit of Al~giTops ovata L. [3], and in 
these the hydroxyl group in position 2 remained unsubstituted. 

We have also determined a fraction containing phenolic glycerides in ethanolic extracts 
of the buds of another species of poplar, /Jop~Zus trcmula L. (aspen), and also in tile propolis 
which honeybees collect from the secretions of its axillary buds [4]. Since phenolic tri- 
glycerides are present in tile buds themselves in extremely minute amounts, we used the more 
accessible propolis of the appropriate type. The triglyceride fraction of this product was 
isolated by chromatographing the dry residue of an ethanolic extract on columns of silica 
gel in a n-heptane-ethyl acetate gradient system. The isolation was monitored by TLC on Silu- 
fol. 'line phenolic triglycerides had Rf 0.7 in the benzene--ethyl acetate--methanol (10:4:1) 
system and were readily detected from the nature of their fluorescence in lrq light or from 
the p~nkish color of the spots when the plates were sprayed with concentrated H2SO~. l~le 
subsequent purification of the triglyceride fraction from the phenols accompanying it was 
performed by acetylation with Ac20 in pyridine. The product formed, after the usual working 
up, was separated on preparative plates coated with silica gel by two runs of the ethyl 
acetate-n-heptane (1:2) system. 

Bekow, we give the results of a mass-spectrometric analysis of the acetylated friction 
o f  the phenolic trJglycerides from propolls: 

M. M. Shemy~k-in-]nstittit6 of Bnioorganic Chemistry, Academy of Sciences of t-17e USSR. 
Translated from Khimiya Prirodnykh Soed~nenii, No. 2, pp. 169-173, March-April, 1982. Origi- 
nal article submitted July 2, 198]. 
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Compound [M] + [Yi--CH~CO] + [M--2CH,aCOI + 
m/z  J m !z  J m / z  J 

I l 570 2 528 44 486 42 
V 540 1 498 8 456 3 

VIII 510 1 468 4 426 3 

According to the results of mass spectrometry, the chromatographically homogeneous frac- 
tion obtained included several closely related compounds having m/z values of the M + ions 
of 570, 540, and 510, respectively. The peaks of these ions were of low intensity, but high- 
intensity peaks of the ions formed as the result of the ejection from the initial molecules 
of an acetyl residue (in the form of CH,=C=O) corresponded to them (see above), which is 
characteristic for compounds of the type mentioned [i, 2]. In particular, to the main com- 
poundof this fraction with m/z 570 for M + ion corresponded intensive ejections with the forma- 
tions of ions having m/z 528 and 486. 

0 H 

I. R1=Ra=H, R2=R~=OCHa, Rs=COCHa 
I1. RI=Ra=Ra=COCHa, R~=R~=OCHa 

III. R,=RaCOC=Ha, R2=R4=OCHa, Rs=COCHa 
IV. RI=Ra=Rs=H,  R2=R4=OCHa 
V. R~=OCHa, RI=Ra=R~=H, R~=COCHa 

VI. R2=OCHa, R~=H, R,=Ra=Rs=COCH~ 
VII. R2=OCHa, R~=H, R,=Ra=COCaHa, I~s=COCHa 

VllI. R,=R2=Pa=P~=H, Ps=COCHa 
IX. R2=R~-~H, PI=Pa=P~=COCHa 
X. R~=R~=H, RI=Ra=COC2Ha, Rs=COCH~ 

The amount o{ this substance in the fraction studied rose considerably after additional 
chromatographic purification by the TLC method in the above-mentioned system and then in the 
benzene--ethyl acetate (3:1) system, where the glyceride had Rf 0.7. In the NMR spectrum of 
the substance obtained, taken in CaHCI3 solution, three-proton singlets of three acetoxy 
groups were clearly revealed, two of which had chemical shifts of 2.24 ppm and one of 2.08 
ppm, and also the signals of two methoxy groups at 3.86 ppm. The spectrum also included the 
signals of six aromatic protons forming an unresolved multiplet at 7.06 ppm and of two two- 
proton doublets at 6.46 and 7.64 ppm with J = 16 Hz, which corresponds to the presence of two 
disubstituted Ar--CH=CH--CO-trans groups in the molecule. The NMR spectrum also contained the 
signals of the protons of a sffbstituted glycerol residue: one-proton and four-proton multi- 
plets at 5.3 and 4°36 ppm, respectively~ similar to those described previously for 1,3-diar- 
oyl-2-acylglycerol [2]. 

It follows from these facts that the acetate under consideration is an acetyl deriva- 
tives of a diferuloylglycerol. The NMR spectrum of acetylferulic acid measured in the same 
solvent showed analogous signals, namely: two-proton doublets of a ~-CH=CH=CO group at 6.39 
and 7.64 ppm with J = 16 Hz and three-proton singlets at 3.83 and 2.29 ppm for OCH~ and 
OCOCH3 groups, respectively. 

The proposal of structure (II) for the acetate of the product isolated agrees well with 
the results of high-resolution mass spectrometry. The molecular ion of this substance had 
the composition C29HaoO,= (measured 570~1727; calculated 570.1726) and the ions due to the 
ejection of acetyl groups had the respective compositions C==H2sOI~ (measured 528.1604; cal- 
cu!ated 528.i576), and C5H2~O1, (measured 476.1516; calculated 486.1515). The mass spectrum 

of the acetate also has characteristic high-intensity peaks of ions due to the presence of 
a fe~aiic acid residue in the molecule including those with the composition C~_oH~o04 [(OH) 
(OCH~)--C6H3--CH=CH--COOH; measured 194.0579; calculated 194.0579] and CIoHgOa [(OH)(OCHs)-- 
C6Hs--CII=CH--CO+~ measured 177.0549~ calculated 177.0546]. Similar ions were found pre~ously 

for compound (IX) [i]° 

To confirm the str~cture of the acetate isolated, it was synthesized from acetylferulic 
acid chloride and glycerol in the presence of pyridine under the conditions previously de- 
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scribed [2], followed by acetylation of the product formed. The acetate obtained proved to 
be completely identical in its Rf values and NMR and mass spectra with the acetyl derivative 
that we had isolated and also to the compound obtained by acetylating natural 1,3-diferul- 

oylglycerol (IV) [3]° 

To determine the substitution in position 2, the natural triglyceride fraction was ace- 
tylated by the action of (C2H3CO)~O in pyridine. The NMR spectrum of the trideuteroacetate 
(III) fo_rmed showed a three-proton singlet signal of one acetoxy group at 2.08 ppm but there 
were no similar signals in the weaker field characteristic for aromatic CHsCO groups [2]. 
Consequently, in the initial substance the acetoxy group at C2 is a natural substituent and 
the substance is the previously undescribed 2-acety!-l, 3-diferuloylglycerol (I). 

Analysis of the mass spectrum of the product of the acetylation of the initial fraction 
of phenolic triglycerides isolated from the same source showed the presence in it of two 
other aompounds of similar nature. The m/z values of their molecular and fragmentary ions 
indicated that they were di-p-coumaroyl- and p-coumaroylferuloylglycerols. For the latter 
compound, the strongest fragmentary ion, (M- CH2CO) + with m/z 498, had the composition 
C26H=~O~o (measured 498.1518; calculated 498.1515). The structures of these glycerides as 
(V) and (VII) were confirmed by analysis of the products of trideuteroacetylation -- compounds 
(VII) and (X)~ respectively. In their mass spectra, the m/z values of their M + ions were 
546 and 516, i.e0, shifted by 6 a.m.u, in the direction of higher masses. To these ions 
corresponded fragmentary ions with m/z 502 and 548 for compound (X) and 472 and 428 for com- 
pound (VIi), obviously formed by the ejection of a molecule of deuteroketene (C2H2=C=O), the 
ratio of the intensities of these ions being approximately the same as for the triglyceride 

t T acetate ~II)° This means that in these molecules the first acetyl group is natural and is 
obviously located at C~ of the glycerol residue. In actual fact, the component with a M + ion 
having m/z 510 has previously been detected in the buds of P. l~iocarpa [2] and its char- 
acteri~tic fragmentary peaks (468, 305, 189, 147, 119, 91, 65, and 43) were also readily 
traced in the product of the acetylationof the mixture under investigation. In the spectrum 
of the second component, peaks of ions characterizing the simultaneous presence in it of resi- 
dues of ferulic and p-coumaric acids (498, 456, 219, 189, 147) were observed and, consequent- 
ly, it is the previously undescribed 2-acetyl-3-p-coumaroyl-!-feruloylglycerol (V). 

By making use of a similar method of isolation, we have analyzed the buds of Populus 
tre~l~ rand also wheat roots for the presence of phenolic triglycerides (see below). 

As we expected, the composition of the triglyceride fraction of aspen buds proved to be 
close to that of the fraction of propolis that we studied, but, in contrast to the latter, 
the mixed triglyceride (V) predominated in it. These differences are possibly due to the 
fact that for this analysis we used wintering aspen buds, while bees collect propolis from 
the secretions of summer axillary buds [4]. In actual fact, as we have established previous- 
ly [5] ~ the composition of the phenylpropanoid compounds in these organs varied considerably 
according to the season. 

In wheat roots the main component in the fraction of phenolic triglycerides proved to 
be the diferulate (IV). This compound has an unsubstituted hydroxy group at C2 of the glycer- 
ol residue, as is shown by the mass spectrometry of its trideuteroacetyl derivative: a dis- 
placement of the m/z value of its M + ion by 9 a.m.u, in the direction ,df higher masses (from 
570 to 579). The same substance was previously isolated from Aegilops ovata [3], which con- 
firms the assumption of a phylogenetic affinity of these species. 

Thus, the results obtained indicate that phenolic triglycerides are widespread in various 
natural sources, including those having medicinal and food value. 

C o m p o u n d  Propot i s  Populus  T r i t i c u m  A e g i l o p s  
t r e m u l a  sa t iv  u m  o v a t a  [3]  

I V --  - ~ -k 
V + . . . . . . . . . .  

Attention is attracted by the fact that according to Asakawa et a!. [2], these compounds 
are not cleaved by human lipase and therefore they can pass directly into the blood circula- 
tion of the organism~ 
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EXPE R~4ENTAL 

Propolis of the aspen type were collected in the apiary of the Moscow breeding station 
(village of Uzunovo, Serebryanye Prudy district), and the aspen buds in the environs of the 
village of Podlipki in the same region~ ~Tneat roots of the variety Mironovskaya 808 were dug 
up in 1979 season from the seed-stock plots of the Mos:cow breeding stations 

The mass spectra of the compounds were recorded on a LKB-9000 instrument at a tempera- 
ture of I00-120°C with an ionization potential of 70 Vo High-resolution spectra were recorded 
on a Varian ~T-44 instrument and NMR spectra on a Varian XLI00 instrument. Deuterochloro- 
form was used as the solvent with TMS as internal standard. To synthesis compound (Ii) we 
used ferulic acid from Serva (USA). The ethyl ester of the acetate of this acid~ which was 
necessary for measuring the NMR spectrum, was obtained by the method of Allen and Cyers [6] o 

Isolation of the Phenolic Triglycerides~ A. Propolis that has been cooled to 0°C s11d 
ground into a powder in an electric mill (28 g)~as extracted with 500 ml of ethanol for a 
day. l~ne mixtures was filtered and the filtrate was evaporated in vacuum. The residue (21 
g) was dissolved in chloroform, 50 g of silica gel L 100-160 p (Czechoslovakia) was added~ 
and the mixture was evaporated to dryness in vacuum. The residue obtained was found in a 
mortar and was transferred to the top of 70 x !00 r~n column filled with the same absorbent 
in n-heptane solution. Elution was carried out with a n-heptane--ethyl acetate gradient sys- 
tem. Separation was monitored by the TLC method on Silufol UV254 plates in the benzene-- 
ethyl acetate-nnethanol (10:4:1) system. 

The fraction having as their main components substances with Rf O. 7-0° 75 were combined 
and evaporated, and the residue (150 mg) were separated into two eqbal parts, one of which 
was acetylated by the action of acetic anhydride in pyridine while the other was subjected 
to the action of [D]acetic anhydride in the same solvent° The two solutions were left over- 
night, after which each of the reaction mixtures was diluted with water, transferred to a 
separating funnel, and extracted with ethyl acetate (2 x 20 ml). The organic layer was 
separated off and was washed successively with dilute HCI (2 x 20 re_l), 5% NaHC03 (2 x 20 ml), 
~nd with water and was dried over MgSO~ and evaporated to dryness in vacuum. ~e acetyl and 
[D]acetyl fractions so obtained were subjected to repeated preparative TLC on 20 x 20 cm 
plates coated with silica geJ LL=5~ 5-40 ~ in the n-heptane--ethyi acetate (2:1) system. 

Zones with Rf 0.2 having a characteristic dark violet fluorescence under UV light and a 
peak coloration when the plates were sprayed with concentrated H2S04 were cut out, the ad- 
sorbent was scraped off, and it was eluted with chloroform (2 x 50 ml), after which the ex- 
tract was evaporated in vacuum to dryness. This gave 40 mg of each fraction~ and the material 
was addition&fly purified by PTLC on 20 x 20 cm plates coated with LL254 5-40 ~ silica gel 
in the benzene--ethyl acetate (3:1) system° 

l~e fraction with Rf 0~7 was cut out and eluted with chloroform (2 x 20 ml) ~ and the 
chloroform extracts were dried in vacuum~ This gave 30 mg of each of the fractions con- 
taining the products of the acetylation of the phenolic triglycerides. 

B_. Aspen buds (250 g) were extracted with 500 ml of methanol for three days. The ex- 
tract obtained was filtered and evaporated in vacuum. The residue (22 g) was subjected to 
purification as described in paragraph A. 

C. Freshly d~g-up wheat roots (3 kg) were carefully washed free from soil with cold 
water and were ground and extracted with 6 liters of methanol for three days~ ~e extract 
was filtered and evaporated in vacuum. The dry residue (32.5 g) was purified as described 
in paragraph A. This gave 1.8 mg of acetyl and [D]acetyl derivatives of the phenolic tri- 
glyceride = ~° o o ~.racLl ~ns 

~ne synthesis of 2-acetyl-!,3-diferuloylglycerol was carried out under the conditions 
described previously [2]. For this purpose~ 6 ml of pyridine and 4~r~n! of SOC12 were added 

• i T to 0°5 g of fer~iic acid acetate, and the mixture was boiled until the acid had dlsso±~ed~ 
after ~f~ich 5 ml of freshly distilled CHC!s and 5 ml of absolute pyridine were added~ With 
cooling to 0°C and with stirring~ i g of glycerol was added, after which the reaction mix- 
~.ure was kept at 20°C for 12 h and was boiled under reflux for 4 h. After cooling, it was 
poured into water~ and the aqueous layer was acidified with dilute HCI and extracted with 
ethyl acetate~ <he organic layer was ~ashed with HCI solution, with water, with 5% NaHCOs, 
again with water~ dried over ligSO~, and evaporated in vacuum to dryness. Tile residue so 0b- 
tained was aeetylated amid the triglyceride fraction was isolated as described in parazraph 
A~ This gave 50 mg of substance (II). 
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CONCLUSION 

~e composition of the phenolic triglycerides isolated from ethanolic extracts of pro- 
polis, aspen buds, and wheat roots has been investigated. 

T~o new phenolic trigiycerides have been identified: 2-acetyl-l,3-diferuloylglycerol 
and 2-acetyl-3-p-coumaroy!-l-feruloylglycerol. 
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A STUDY OF THE COL~4ARINS OF Haplophyllum obtusifolium~ 

THE STR~CTUP~ OF OBTUSIDIN AND OF OBTUSIPRENIN 

A~ D. Matkarimov, E~ Kh. Batirov, 
V. M. Malikov, and E o Seitmuratov 

UDC 547.15/17:582o 89 

The epigeal part of Ho~ophyll~ obtusifolium Ledeb has yielded scopoletin and 
the following new coumarins: obtusidin, C~5H~05, mp 165-167°C, and obtusiprenin, 
C~sH160s, mp 139-140°C. It has been established on the basis of chemical and 
spectral characteristics that obtusidin has the structure of 3-(l'-l'-dimethyl- 
al!yl)-7,8-dihydroxy-6-methoxycoumarin, and ob tusipernin that of 5- (3', 3' -di- 
me th y I al ly I) - 7,8 - d ihy droxy -6-me thoxy cougar in. 

Previously, we [i, 2] and other [3] workers have isolated a number of coumarins from 
H~lop>!yllum obtusifolium Ledeb. Conttinuing work in th~s direction, we have studied the 
coumarins of the epigea! part of the plant collected on the Ustyurt plateau in the fruit- 
bearing period on August 16, 1981. The ground raw material was repeatedly extracted with 
ethanol° The concentrated eth~nolic extract was chromatographed on a column of silica gel, 
as a result of which we isolated 7- (3', 3 '-dimethylallyloxy)-6-methoxycoumarin, ohtusinin, 
obtusoside [i], fraxetin, capensin, obtusicin [2], and another three coumarins not previous- 
ly de~tected. 

Coumarin (I) with mp 201-203°C was identified by its spectral characteristics told by 
a direct comparison with an authentic sample as scopoletin. 

Coumarins (iI) with mp 165-167°C, and (III), with mp 139-142°C proved to he new, and 
we have called them obtusidin and obtusiprenin, respectively. The two substances have the 
same composition C~sH~6Os, M + 276. According to their IR spectra and a positive reaetion 
with a solution of FeCI3, coumarins (II) and (III) contain phenolic hydroxy groups. The PViR 
spectrum of (II) contains the signals of protons due to the presence of CH~O (3.72 ppm), H-5 
(6.58 ppm, s), H-4 (7.50 ppm, s), and a l',l'-dimethylallyl grouping [4-7]. The ahsence of 
substituent at C-5 was confirmed by the value of the chemical shift of H-4 [7, 8]. Conse- 
quently, obtusidin is a 3,6,7,8-tetrasubstituted coumarin and contains two phenolic hydroxy 
gr oup s. 

When it was treated with acetic anhydride in pyridine, obtusidin formed a diacetyl de- 
rivative (IX) (2.27 and 2.33 ppm, 3 H each, 2 Ar-OCOCH3, in the PMR spectrum). The forma- 
tion of a methylenedioxy derivative (V) as the result of the reaction of (II) with CH212 
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