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ABSTRACT

A new trisaccharide, ornose (1), has been isolated from the dried twigs of Or-
thenthera viminea (Family: Asclepiadaceae). On the basis of chemical and spec-
troscopic evidence, the structure of 1 has been established as O-a-L-
cymaropyranosyl-(1—-4)-O-a-L-cymaropyranosyl-(1—4)-8-L-cymaropyranose.

INTRODUCTION

In a chemical investigation of the dried twigs of Orthenthera viminea, four
novel oligosaccharides, isolated as amorphous products, were provisionally desig-
nated A, B, C, and F, in the order of decreasing mobility in p.c. In a preliminary
communication', one of these reducing oligosaccharides, namely, C, [a]p +31°,
which gave color reactions®? characteristic of 2-deoxy sugars. was reported to af-
ford, on mild hydrolysis with acid®, only one sugar. having the same mobility in p.c.
as cymarose (2.6-dideoxy-3-O-methyl-ribo-hexose)”. This oligosaccharide of
cymarose has now been named ornose (1). Its mass spectrum (c.i.) shows the high-
est-mass peak at m/z 406 (42%), and, by assuming this fragment to be (M —
CH,CHO), the molecular formula of 1 was derived as C,H330y, (m/z 450),
suggesting that 1 is a cymarotriose. Although, from plants. a few oligoglycosides
containing 2-deoxy sugars exclusively have been reported®’. the isolation of their
oligosaccharides has not been described in the literature. This situation therefore
prompted us to elucidate the structure of 1, reported in the present communica-
tion.

RESULTS AND DISCUSSION

Mild hydrolysis* of 1 with acid afforded monosaccharide 6, which showed the
same mobility in p.c. and t.l.c. as cymarose®, and was characterized as L-cymarose”
on the basis of its optical rotation, [alp —46°.

Oxidation of 1 with bromine—water furnished 7, {a]p +26°. Product 7
showed in its i.r. spectrum a strong absorption band at 1780 cm ™', indicative of a

*Doctoral candidate in the Department of Chemustry, University of Lucknow, Lucknow, India.
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y-lactone grouping®. The formation of a y-lactone by oxidation of 1 containing -
cymarose units in the pyranoid form is not possible. as the 4-hydroxyl group of its
reducing residue is engaged in a glycosidic linkage (see later discussion). The y-lac-
tone 7 is. therefore, presumably a monosaccharide lactone. The 'H-n.m.r. spec-
trum of 7 indicated that 7 was a dideoxyhexono-1.4-lactone, as the spectrum con-
tained a 3-proton singlet at 8 3.28 and a 3-proton doublet at 8 1.13 (J 6.5 Hz), re-
spectively indicating a methoxyl group and a secondary methyl group. A two-pro-
ton multiplet in the region 6 2.40-3.0 was assigned to the methylene-group protons
at C-2, and a narrow multiplet at §4.17, to H-4.

This monosaccharide lactone 7 was eventually identified as L-cymarono-1.4-
lactone®. [a]p +26° ([a]p hitherto unreported), by p.c. comparison with an au-
thentic sample. Its identification was confirmed by conversion of 7 into crystalline
L-cymaronic phenylhydrazide® 8, m.p. 153-156°, [@];, +5°. The formation of 7 dur-
ing bromine-water oxidation of 1 could be explained by acid hydrolysis of trisac-
charide 1 to the monosaccharide 6. was due to HBr present in the reaction mixture,
and subsequent oxidation of 6 to 7.

Close analysis of the 400-MHz, 'H-n.m.r. spectrum of 1 in CDCI; not only
confirmed that it was a trisaccharide of L-cymarose, but also permitted ascertaining
the configurations of the two glycosidic linkages. For convenience, the three L-
cymarose units of 1 are designated a, b, and ¢. A two-proton, double doublet (J 4
and 1 Hz) at § 5.37 could be assigned to two anomeric protons, those of b and c,
the configuration of C-1 in both being identical. Its small coupling constant (4 Hz)
was typical of an equatorial proton of a 2-deoxyhexopyranose in the ' C4(L) confor-
mation”, also suggesting that units b and ¢ were both linked through an a-L-(1—4)
glycosidic linkage. The assignment of these two equatorial, anomeric-proton sig-
nals is also in agreement with the splitting pattern of their adjacent methylene
groups. Their equatorial, two-proton multiplet appeared in the region § 2.34-2.29,
and the axial, two-proton multiplet in the region 6 1.54-1.47. A one-proton, dou-
ble doublet centered at § 4.83 (J 10 and 2 Hz) was attributed to the anomeric pro-
ton of cymarose residue a. The larger coupling-constant (10 Hz) of this anomeric
proton is typical of an axial proton of pyranoid 2-deoxyhexoses, suggesting that
unit a is a B-L-cymaropyranose residue in the 'C,(L) conformation”. In view of the
chemical shift and splitting pattern of the one-proton multiplet in the region § 2.45—
2.41, it was attributed to the equatorial proton of the methylene group of unit a,
whereas the splitting pattern of its axial proton in the region & 1.38-1.33 was
obscured by the secondary methyl-group signals of the molecule. In the higher
field, a three-proton doublet centered at 8 1.37 (J 6 Hz) was attributed to the secon-
dary methyl group of cymarose unit a, whereas another six-proton doublet for two
secondary methyl groups at 8 1.30 (J 6 Hz) was assigned to the two methyl groups
of cymarose units b and ¢. A nine-proton singlet at & 3.43 was assigned to the three
methoxyl groups present in the molecule.

A more-direct, chemical support for the hypothesis that 1 is an L-cymaro-
triose was provided by the results of its very mild hydrolysis with acid'’, which af-
forded partially and completely hydrolyzed products. Under these conditions, 1 af-
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forded three spots in p.c. within 7 days. The fastest spot had the same mobility as
the monosaccharide I-cymarose (6), which was taken as the reterence The slowest
spot (Reym 01.21) was identical in mobility to the starting material 1. whereas the
third spot (R m 0.74) was. presumably, cymarobiose (5). tormed by partial hydro-
lysis of 1. The'hydmlysis was complete in 15 dayvs, when the hvdrolyzate contamed
only one sugar. [«];, —48°. identical in mobility in p.c. to 6, confirmmg that T s
composed of L-cymarosce units only.

This conclusion 1s also in good agreement with the msensitivity of 1 to'!
NalO,, and with formation ot two O-acetyl dernvatives (t.l.c.} On reaction of 1
with acetic anhvdride—pyndine. the major product was 2. [a]y +448 (R} 0 76).
and the minor product was 3. |af;, +9° (R 0.660) When hyvdrolvzed by the
Zemplén method!=, both of these acetates atforded the original sugar 1 indicating
that 2 and 3 are the two anomeric acetates of 1. As the anomeric acetates ongi-
nated from the t-cymaropyranose unit ¢, the major acctylation product 2, exhibit-
g the higher optical rotation. is taken to be the 8 anomer. and the other (minor)
acetvlation product 3 (of lower optical rotation). to be the « anomer

The 90-MHz, "H-n.m.r. spectrum of the major acetyvlation product (2) had
promincnt signals for three methoxyl groups as a nine-proton singlet at 8 3 27, for
two acetyl groups as two three-proton singlets at & 2.02 and A 2 03, and for three
secondary methyl groups as a nine-proton doublet centered at & 1.16 (J 6 Hz).
However. other signals (tor anomeric protons. methine and methslene groups.,
ete.) did not allow any conclusive imterpretation.

Further chemical support of the decsion that both 2 and 3 are diacetates ot
1 came from their very mild hydrolysis at room temperature with 0 5 KOH n
methanol. Within 3 h. the hydrolvzate of 2 exhibited three spots in t Le . the fastest
spot being identical in mobility with the starting matenal (Ry 11.76). The ~lowest
(Re 0.11) was identical in mobility to I, whereas the third spot. of imermediate mo-
bility (R 0.37). is presumed to be that ot the monoacetate 4 In 7 h, 2 was com-
pletely converted into 1. Similarly. the acetate 3 (R U.60) also cxhibited three
spots within 3 h under 1dentical conditions of hydrolysis. The fastest spot (Ry (0.66)
was identical in mobility with the starting material 3. whereas the two other spots,
of lower mobility (R} 0.37 and 0.11). were identical with the products 4 and 1
formed during the hydrolysis of 2. This acetate was also completely hydrolyvzed to
1 within 7 h. These results indicated that the monoacetate from 2 i dentical with
that from 3. Obviously. in the first stage of hydrolysis, the reactive anomeric acetyl
groups of 2 and 3 underwent hydrolysis, both diacetates affording the same 4-¢)-
acetyl derivative (4)

In light of the foregoing evidence. the structure of ornose was estabhshed as
O-a-1 -cymaropyranosyl-t 1 —4)-0)-¢-1 -cvmaropvranosyl-(1 —4)-8-1 -cx maropyra-
nose (1).

FXPERIMENTAL

General. — Melting points were determined on a Boetius micro melting-
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point apparatus and are uncorrected. Optical rotations were measured in a 1-dm
tube with a Jasco-Dip 180 automatic polarimeter. Sugars were made visible in t.l.c.
with 50% aqueous H>SO,. In p.c., the sugars were detected with the vanillin—per-
chloric acid reagent'®. Lactones were detected in t.l.c. and p.c. with the NH,OH-
FeCl; reagent'®. The adsorbent for t.l.c. was silica gel G (B.D.H.) and, for column
chromatography, Silica gel for column (B.D.H.; 60-120 mesh) developed by Dun-
can’s method'®. Paper chromatography was performed on Whatman No. 1 filter
paper, using 4:1 toluene—butanol saturated with water. I.r. spectra were recorded
with a Perkin~Elmer 1.R.-177 spectrophotometer. 'H-N.m.r. spectra were re-
corded with a 400-MHz and a 90-MHz Perkin—Elmer R-32 spectrometer for solu-
tions in CDCls, with Me,Si as the internal standard. Mass spectra were recorded
with a Jeol high-resolution J.M.S.-300 mass spectrometer.

Plant extraction. —— Shade-dried, powdered twigs (10 kg) of Orthenthera vim-
inea were extracted by the method'® employed for pregnane glycosides, using 50~
95% aqueous ethanol. The ethanolic extracts were combined, and concentrated
under diminished pressure, and, without treatment with Pb(OH),, the concentrate
was exhaustively extracted successively with light petroleum (5 x 500 mL), ether
(5 X500 mL), chloroform (5 X 500 mL), 4:1 chloroform~ethanol (5 x 500 mL),
and 3:2 chloroform—ethanol (5 X 500 mL). The residues from the last two extracts
(9 and 3 g, respectively) were rich in glycosides. They were combined and hydro-
lyzed with 25mM H,SO, in 50% methanol’, in order to obtain the genins and
sugars. The sugars (2.2 g) exhibited in p.c. 8 spots, designated A, B, C, D, E, F,
G, and H, in the order of their decreasing mobilities. This sugar mixture was
chromatographed on silica gel (220 g). using 19:1 chloroform-methanol as the
eluant, and collecting 250-mL. fractions. Fractions 41-48 contained mainly A, frac-
tions 54-63 contained B, fractions 72-84 contained C, and fractions 117-126 were
rich in F. Repeated chromatography of these fractions on columns of silica gel af-
forded pure A (14 mg), [a]3’ +66.3° (c 0.63, methanol); B (41 mg), [a]3’ +47.5°
(c 0.63, methanol); C (40 mg), [a]3® +31.0° (¢ 0.63, methanol); and F (12 mg),
[a)y +36.25° (¢ 0.70, methanol). Each of them failed to crystallize, and they were
characterized only by their mobility in p.c., and optical rotation.

Amorphous C, [a]3 +31°. named ornose (1). reduced Fehling solution,
gave positive tests in the xanthydrol® and Keller—Kiliani reactions®, and a blue col-
oration with vanillin-perchloric acid"?; 400-MHz. 'H-n.m.r. data (CDCls): 6 5.37
(dd, 2 H, J 4 and 1 Hz, H-1 in b and c), 4.83 (dd. 1 H. J 10 and 2 Hz, H-1 in a),
3.91-3.96 (m.3 H, H-5ingq, b, and ¢), 3.54-3.64 (m,3H,H-3ina, b, and ¢), 3.43
(s.9 H, 3 OCH;),3.22-3.14 (m, 3 H, H-4 in q, b, and ¢), 2.45-2.41 (m, 1 H, H-2e
in @), 2.34-2.29 (m. 2 H, H-2e in b and ¢), 1.54-1.47 (m. 2 H, H-2a in b and ¢),
1.38-1.33 (m, 1 H, H-2a in @). 1.37 (d, 3 H. J 6 Hz, sec. CH; in a), and 1.30 (d,
6 H.J 6 Hz. 2 sec. CH;in b and c); m/z 450 (M™, not observed), 406 (42%. M —
CH,CHO), 366 (71). 320 (10), 308 (20). 290 (80), 273 (27). 210 (12), 178 (30), 162
(44), 148 (9). 145 (15), 130 (45), 128 (17), 113 (100), 101 (19). 97 (50), 95 (39), 86
(94). and 78 (13).
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Periodate oxidation of 1. - - To a solution of (2 my) in methanol (0.2 mi)
was added a solution o} sodium metaperiodate (6 mgy m water (0.1 mb), and the
mixture was kept for 2 h at room temperature. diluted with water (0.4 ml), and
evaporated under diminished pressure. The residue was unteacted Firle Ul
chioroform- methanol).

Mud hvdrolvsis of ¥ with acid — To usolutton of E(3mg)min | twater- F.4-
dioxane (0.5 mL) was added SmM H.SO, (0.5 ml i, and the solution woas warmed
for 30 mun at 307, cooled. and made nentral with freshly precipitated batum carbo-
nate; the suspension was filtered. and the filtrate was cvaporated o disness under
diminished pressure. The restduc wis extracted with hot acctone: Gvaporation of
the extract yielded a syrup {4 mg) that exhibited one spot i tic (1% 1 chloro-
form-methanol). and that. 1n p.o . had the same mobility as cymarose For purnti-
cation, it was distilled under high vacuum. viclding colorless. svrupy 6 (3 me): [al)y
~46.8 (¢ 0 63, methanoly, Tt reduced Fehhing solution. gave positive tests tor a 2-
deoxy sugar in the xanthydrol” and Keller—Kiliunt reactons”. and did not undergo
periodate oxidation Sugatr 6. obtained from the hyvdrolyzate of 1. was thus wden-
tified as L-cymarose”,

Very mild hvdrolvses of with acid. - To a solution of 1(2 mg) i methuanol
(0.5 mL) was added 0,016 HOT(0.5 mlL.) in 99.57% aqueous methanaol, and the solu-
tion was kept at room temperature. After 7 days, it showed three spots mpe., two
of them having mobilities identical to those of 6 (R ., F Oyand T(R(,,, 1 21}, re-
spectively: the third spot {R, ,,, 1.74) was, presumably . the parhalhy Indrohvzed
product 5. After 15 days. the hydrolvzate showed only one <potl which had the
same mobility as 6. Evaporation of the solution atiorded w colotoss sveup (2 mg)
having [a]5 —48.4° (¢ 0 63 methanoly, which 1s comparable to that of 1-cvmarose.

Oxidation of 1 wuh bromine-water —— A <olution of (1 mg)in water (U8
mL) was mixed with bromine (13 wl ) and shaken in o stoppered fask m the dark
for 24 h at room temperature. The excess of bromine was then renwsed wnder di-
muished pressure. the acidic miture was made neutral with treshiy preapitated
silver carbonate. and the suspension was filtered. H-S was passed through the
filtrate to remove Ag’™ rons. and the suspenston was filtered  FPhe hltrate was
evaporated to dryness under diminished pressure. vielding svrupy lactone 747 mg).
la]y +26.57 (¢ 11 63, methanol). showmg onhy one spot with the NFLOH - FeCl,
spray-reagent’ ¥, and having the same mobihty 48 1-cymatono-i d-lactene m ¢

g~

(19: 1 chloroform-methanol} and p.c.: i,/ 33850 (as, OH 2980 178000 =0 y-
lactone), 1582-1568, 1190, 1165, 1100, 1015955 and S50 eme . 'Henm o data 8
A7 (mo T HH- . 3.5 600 TH)L Y28 (6 3 HLOCH . 3 0=-2 30 (el 2 HL ) and
T3 (. 3H. J6 5 Hz see. CHL

Phenvihvdrazide (8). -- - A solution ot 7 (6 mg) m absolute ethanol (.03 ml.)
was mixed with Ireshly distilled phenyvihydrazine (0.04 mLy, and the mintore was
heated for 30 min at 1007 The viscous mass was cooled. and repestedly inturated
with absolute ether (1o remose the oxcess of phenylhydrazines. vieldmg o brown
powder. This residue {4 mg) crystallized from methanol-crther as colorless needles
(2mg):m.p 153321567 [e]iy ~5.07 (¢ 0 9. methanol)
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Di-O-acetylornose (2 and 3). — A solution of 1 (15 mg) in pyridine (0.3 mL)
and acetic anhydride (0.3 mL) was kept for 48 h at room temperature. The pyridine
and the excess of acctic anhydride were then evaporated under diminished pres-
sure. A solution of the viscous residue in chloroform was successively washed with
2M HCI, 2M Na-SO; solution, and water, dried (Na,SO,), and evaporated, afford-
ing a mixture of two di-O-acetyl derivatives of 1 (t.1.c. 99: | chloroform-methanol)
as an amorphous residue (15 mg); these acetates were separated on a column of
silica gel (15 g). using 99:1 chloroform methanol as the eluant. The major product
2 (R 0.7. 10 mg), [@]5 +448.5° (¢ 0.63, methanol), and 3 (R 0.66, 3 mg), [a]Z’
+9.0° (¢ 0.63, methanol), were obtained as amorphous products; '"H-n.m.r. data
for 2 (90 MHz; CDCl,): 65.65 (m, 3 H), 5.5 (m, 2 H). 3.27 (s, 9 H, 3 OCH3), 2.03
(s,3H, OAc).2.02 (s,3H, OAc).and 1.16 (d,9H ,J 6 Hz, 3 sec. CH3).

Deacerylation of 2. — To a solution of 2 (1 mg) in methanol (0.3 mL) was
added sodium methoxide (0.3 mL), and the solution was kept at room tempera-
ture. After 10 min, it showed only one spot (t.l.c.; 9:1, chloroform-methanol),
which had the same mobility as 1.

Deacetylation of 3. — Compound 3 (1 mg) in methanol was treated with a sol-
ution of sodium methoxide as in the deacetylation of 2; after 10 min, it showed only
one spot (t.1.c., 9:1 chloroform—methanol), which had the same mobility as 1.

Very mild hydrolysis of 2 with alkali. — To a solution of 2 (1 mg) in methanol
{0.5 mL) was added 0.5% KOH (0.5 mL) in 99.5% aqueous methanol, and the sol-
ution was kept at room temperature. After 3 h, it showed three spots (t.l.c., 99:1
chloroform—methanol). The Ry (0.76) of the fastest spot was identical with that of
2, and the two other spots had mobilities identical to those of 4 (R 0.37) and 1 (Rg
0.11), respectively. After 7 h, the hydrolyzate showed only one spot, which had the
same mobility as 1.

Very mild hydrolysis of 3 with alkali. — Similarly, 3 (1 mg) was hydrolyzed
with 0.5% KOH in aqueous methanol, as for 2. After 3 h, it showed three spots
(t.l.c., 99:1 chloroform—methanol). The R (0.66) of the fastest spot was identical
with that of 3, and the two other spots had mobilities identical with those of 4 (Rg
0.37) and 1 (Ry: 0.11), respectively. After 7 h, 3 was completely hydrolyzed. and
showed only one spot, which had the same mobility as 1.
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