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STRUCTURE OF ORTHENTHOSE
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ABSTRACT

A new tetrasaccharide, orthenthose, has been isolated from the dried twigs
of Orthenthera viminea (Family: Asclepiadaceae). By spectral and chemical proce-
dures, this new tetrasaccharide has been shown to be O-a-L-oleandropyranosyl-
(1—4)-O-a-L-oleandropyranosyl-(1—4)-O-a-L-oleandropyranosyl-(1—4)-8-L-ole-
andropyranose.

INTRODUCTION

In a chemical investigation of the dried twigs of Orthenthera viminea, isola-
tion of four oligosaccharides that were provisionally designated A, B, C, and F, in
the order of decreasing mobility in p.c., was reported’. Oligosaccharide C, named
ornose, has already been characterized as L-cymarotriose”. Oligosaccharide B has
now been named orthenthose (1), and its structurce elucidation is reported in the
present communication.

RESULTS AND DISCUSSION

Orthenthose (1), obtained as an amorphous powder, {a]p +47°. had an cle-
mental analysis agreeing with that calculated for the formula CygHgO3. It reduced
Fehling solution, and gave color reactions characteristic of 2-deoxy sugars, viz., the
xanthydrol® and Keller—Kiliani reactions*. To identify the sugar units of 1, it was
hydrolyzed with SmM H,SQ, in 1.4-dioxane®, which afforded only one sugar; this
had the same mobility in t.].c. and p.c. as oleandrose, and was characterized as 1~
oleandrose (2.6-dideoxy-3-(Q-methyl-L-arabino-hexose)® (7) on the basis of its opti-
cal rotation, [a], +15°.

Oxidation of 1 with bromine water {urnished compound 8, [«]p +17°. Prod-
uct 8 showed in its i.r. spectrum a strong absorption band at 1780 cm ™!, suggesting
that it was a y-lactone’. The 'H-n.m.r. spectrum of 8 contained a three-proton
doublet (J 6 Hz) centered at § 1.20, indicating a secondary methyl group. A two-
proton doublet at § 2.50 (J/ 4 Hz) and a three-proton singlet at 6 3.17 were respec-
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tively assigned to the methylene-group protons at C-2 and the methoxyl group, and
a one-proton doublet at § 4.03 (J/ 8 Hz), to H-4. Product 8 was thus charac-
terized as a 2,6-dideoxyhexono-1.,4-lactone. This monosaccharide lactone 8, [a]p
+17°, was identified as L-oleandrono-1,4-lactone ([«]; hitherto unreported) on the
basis of its p.c. comparison with an authentic sample. The phenylhydrazide 9. m.p.
133-135°, [a]p +19°. prepared from the lactone 8, possessed properties the same
as those reported for L-oleandronic phenylhydrazide®. Obviously, the y-lactone
was generated during Br, oxidation ot 1 by concomitant hydrolysis by the traces of
HBr present in the oxidation mixture.

The 400-MHz, 'H-n.m.r. spectrum of 1 in CDCl; not only confirmed that it
was a tetrasaccharide of L-olcandrose but also helped in ascertaining the configura-
tion of each of the three glycosidic linkages. For convenience, the four L-olean-
drose units of 1 are designated S;, S,, S;, and S,. The spectrum contained four
three-proton singlets, at 6 3.56, 3.45, 3.38, and 3.32, attributed to four methoxyl
groups. Two multiplets, two-proton each, in the regions § 3.92-4.02 and § 3.80-
3.86, were assigned to H-5 of the four sugar units, and this was confirmed by sub-
sequent, double-resonance experiments. Two other four-proton multiplets, in the
regions & 3.62~3.72 and 4 3.22-3.30, were presumed to be those for H-3 and H-4,
respectively. A one-proton, double doublet (J 4 and 1 Hz) centered at § 5.11, a
two-proton, distorted double doublet (J 4 and 1 Hz) centered at 8 5.49, and
another one-proton, double doublet (J 10 and 2 Hz) centered at § 5.03, were as-
signed to the four anomeric protons of the molecule. The eight C-2 methylene pro-
tons of these four 2-deoxy sugar units appeared as two sets of four-proton multi-
plets, in the regions & 1.74-2.40 and & 1.36-1.56, for the equatorial and axial pro-
tons, respectively. In the higher field, four three-proton doublets centered at § 1.33
(J6 Hz). 6 1.31 (J 6 Hz), § 1.25 (J 6 Hz)., and & 1.24 (J 6 Hz) were assigned to the
four sccondary methyl groups of 1.

Double-resonance experiments were helpful in confirmation of the assign-
ments of the anomeric protons. Irradiation of the signals at 2.195, 2.045, and 2.008
kHz resulted in the collapse of C-2 methylene multiplets, confirming that all four
of the anomeric protons belong 1o 2-deoxy sugar units. The three anomeric protons
of lower coupling constant were attributable to their equatorial orientation pre-
sumably involved in the glycosidic linkage. They. therefore, were assigned to the
S,. Sz, and S, units, suggesting that thcse L-olcandropyranose units are in the
'C4(1) conformation® and linked through an a-1-(1—4)-glycosidic linkage. The
large coupling constant (J 10 Hz) of the anomeric proton (at 8 5.03) was attributed
to the axial anomeric proton of L-oleandropyranose unit S,. suggesting that the re-
ducing hexopyranose unit also exists in the 'C4(L) conformation®, and that its
anomeric proton is in the axial orientation, as in B-L-oleandropyranose. Itradiation
of the two secondary methyl-group signals, at 8 1.25 and 1.24, caused collapse of
the two-proton multiplet in the region 8 3.92-4.02 assigned to be H-5 of two hexose
units, and irradiation of the other two secondary methyl-group signals, at § 1.33
and 1.31, again caused collapse of the two-proton multiplet in the region § 3.80—
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3.86 assigned to be H-5 of the two other hexose units. The foregoing fact is also in
good agrecment with the decision that orthenthose (1) is a tetraose composed of
2.6-didcoxyhexose units.

The mass spectrum {c.i.} of orthenthose (1) failed to display it« molecular
jon, but contained mass peaks only of smaller fragments comprised of those of
monosaccharide and disaccharide units. The structurally significant ion-peak was
recorded at m/z 306 (69¢), which corresponded to a disaccharide fragment. The re-
latively intense peak in the higher-mass region. at r/z 290 (100¢) . corresponded
to a fragment formed from the disaccharide fragment resulting from rcarrangement
cleavage of 1.

Although very little has been reported on the m.s. of underivatized oligosac-
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Scheme 2

charides, on the basis of the few decomposition pathways studied, fragmentation
routes I and II are presented (see Scheme 2); in these, repeated H transfers in the
oligosaccharide, accompanied by the elimination of terminal sugars, less water, are
visualized®, giving rise to an ion of the same minimal mass as the molecular ion of
the corresponding oligosaccharide with one less monosaccharide residue, until only
the monosaccharide remains.

Fragmentation routes IIT and IV are presented in Scheme 2 for the genesis of
ions to be found in the rearrangement involving migration of methoxyl group after
the radical-ion cleavage of the C-1-C-2 bond, followed by migration of the 3-
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methoxyl group to C-1. resulung in the cleavage of oligosaccharde™ Further trag-
mentation of the smaller and the monosaccharide unis e presumed o arse from
the characteristic fragmentation-pattern of Zo-dideoxyhovoses reported by Pettit
and co-workers”: these account {for most of the muanor peaks in the spectram (that
fully support the structure clucidated tor thas wetrassovhanbae;

Substantial. chemical support tor the L-oleandroterraose structure for or-
thenthose was provided by the results of its very muld hydrolvsis ' o with acid ot room
lemperatare: within 7 dass  the hydrolyzate exhibited tour spots sp poe for the
products of partial and complete hvdrolysis. The fastest-moom mg wpest bt the same
mobility as the product ot complete hydrolysis, 1-oleandrose 171, which was taken
as the reference: the slowest spot (R, 120y was identical s maolnling to the start-

ing material 1, whercas the thad and {ourth spots (R 10.77 and L3581 were pre-
sumably those of oleandrobiose (6) and oleandrotriose (5), respectinely . formed by
partial hydrolysis of ¥ This ndrolysis was complete within 15 daws, when the hy-
drolyzate atforded only one produocet, Ja, + 15, whwehoan p oo showed aomobality
identical to that of 7. conhirming thut 1 i~ composed of [ -oleandrose units only.

Acctylation of 1 with acetic anhvdride 1n pyviidine turnished tw (-acetvl de-
rivatives (1.1.¢.. 99:1 chlorotorm methanol). the major product 20§y -+ FWUR,
0.60), and the minor product 3 [al],; +79° (R, (1 osy When deacerviatesd by the
Zemplén method ', both of these aeetates aftorded the same produed § mdicanng
that the two (2-acetyl dervanves are accetates of the anomicrs of £ 3w the anomenge
acctates originated from the L-olcandropyranose wmwi 5,. the mapr acetylation
product 2. exhibiting the higher optical rotation. was presumed o be the # anomer.
and the other (minor) acetytation product 3 {of lower optical rotation; to be ihe oy
anomer.

The 90-MHz, "H-n.m r. spectrum of the major acety lation product 2 was not
properly resotved to give complete information, Howover, st had proovwecent signals
tfor four methoxyl groups as a twelve- proton singlet at & 3 450 for two acetyl gronps
as two three-proton singlets at 8 2.03 and 8 2.04. and tor four sccomtars methvl
groups as four three-proton doublets (F & Flz) contered o &0 300 1 o000 18, and
1.13

Further chemical support tor the decston that 2 and 3 are diacetates of &
came from very mild. alkahne hydrolvsis (0 57 KOH in methanot o1 2 at room
temperature. Within 3 h. the hvdrolvzare exhibited three spot= oy 1o | the fastest
spot (Rp 0.60) was identical in mobility to the starting matenal the slowest apot
{Ry. 0.13) identical in mobility 1o the completety deaceiviated product 1, and the
third spot. of intermediate mobihty (R 0.24)0 was presumed (o be the monowce-
tate 4. In 7 h. compound 2 was completely converted inte 1 simulariv, the acetate
3 also exhibited three spotsin 3 b under identical hvdrolvtic conditions, The fastest
spot (R 0.68) was identical in mobility to the starting materia! 3, whereas the twa
spots of lower mobility (R 024 and 0.13) were the sume as the products formed
during the hyvdielysis of 2. the Sowest spet possessing the samce mobility as 1R,
0.13). "This reaction was complete within 7 fo when the hvdrolvzatg siowed anly
one product. namely 1,
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These results indicated that the monoacetate 4 from 2 is identical with that
from 3. Obviously, in the first stage of hydrolysis, the reactive anomeric acetyl
group of 2 and 3 underwent hydrolysis, both affording the same 4-O-acetyl deriva-
tive 4. A negative NalQ, reaction'? of 1 precluded the presence of a vicinal diol
grouping in the molecule, and the formation of a di-O-acetyl derivative from 1 is
in agreement with its tetraose structure.

The structure of orthenthose (1) was thus established as O-a-L-olean-
dropyranosyl-(1--4)-O-a-1.-oleandropyranosyl-(1—4)-O-a-L-oleandropyranosyl-
(1—4)-B-L-oleandropyranose. This is the first time that a tetrasaccharide composed
exclusively of 2-deoxy sugars is reported as being obtained from plants, although
oligoglycosides of these rare sugars had been described'*'* earlier.

EXPERIMENTAL

General. — Melting points were determined on a Boetius micro melting-
point apparatus, and are uncorrected. Optical rotations were measured in a 1-dm
tube with a Jasco dip 180 automatic polarimeter. The sugars were made visible in
t.l.c. with 509 aqueous H,8Q,. In p.c., the sugars were detected with the vanillin—
perchloric acid reagent'®. The lactones were detected in t.1.c. and p.c. with the
NH,OH-FeCl; reagent'’. The adsorbent for t.l.c. was silica gel G (BDH), and, for
column chromatography, silica gel for column (BDH; 60-120 mesh) developed by
Duncan’s method'®. Paper chromatography was performed on Whatman No. 1
filter paper, using 4:1 toluene—1-butanol saturated with water, [.r. spectira were re-
corded with a Perkin—Elmer IR-177 spectrophotometer. "H-N.m.r. spectra were
recorded at 90 MHz with a Perkin-Elmer R-32 spectrometer, for solutions in
CDCls, with Me,Si as the internal standard. The 'H-n.m.r. spectrum of orthenth-
ose was recorded with a Bruker 400-MHz instrument. Mass spectra were recorded
with a Jeol high-resolution, J.M.S.-300 mass spectrometer.

Orthenthose (1). — Shade-dried twigs of Orthenthera viminea were extracted
by an earlictr method'. Mild hydrolysis of the isolated glycosides with acid af-
forded a sugar mixture (2.2 g) which was chromatographed on silica gel (220 g),
using 19:1 chloroform-methanol as the eluant, and collecting 250-mL fractions.
Evaporation of fractions 54-63 gave a residue (50 mg). For further purification, the
viscous material (50 mg) obtained from the column was rechromatographed on
silica gel (30 g). Fractions 12-18, eluted with 19:1 chloroform~methanol (collection
of 30-mL fractions), afforded pure, amorphous orthenthose (41 mg); [«]3 +47.5°
(¢ 0.63, methanol). It gave a blue coloration (for 2-deoxy sugar) with vanillin—per-
chloric acid spray-reagent'®, gave positive tests in the xanthydrol® and Keller—Ki-
liani reactions®, and reduced Fehling solution. It also gave a negative NalQy tcst,
and the following 400-MHz, '"H-n.m.r. data (CDCls): § 5.49 (dd,2 H,J4and 1 Hz,
H-1in S, and S3), 5.11 (dd, 1 H, J4 and 1 Hz, H-1 in S,), 5.03 (dd, 1 H, J 10 and
2 Hz, H-1in S)), 3.924.02 (m, 2 H, 2 H-5), 3.80-3.86 (m, 2 H, 2 H-5), 3.62-3.72
(m, 4 H, 4 H-3), 3.56 (s. 3 H, OCH,), 3.45 (s, 3 H, OCH3), 3.38 (5, 3 H, OCH3),
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3.32(s,3 H, OCH3). 3.22-3.30 (m. 4 H, 4 H-4), 220240 (m. 3 H. 3 1§-2¢). 1. 74—
1 82 (m, | H. H-2e), 1.48-1.56 (m, 3 H. 3 1T-2a), 136130 {ru, £ L2000 133
(d. 3 H.J 6 Hz.sec. CI13). .31 (d. 3 H.J6 Hz. ~ec CHy. 1.25(d. 3 H, J6 Hz.
sec. CH3), and 1.24 (d, 3 H. J 6 Hz, sec. CHL): 7z 5394 (M7 not observed). 420
(6% ). 366 (2), 349 (9), 324 (2). 318 (2). 317 (2). 308 (28}, 306 (6). 290 (100), 283
{2). 276 (38), 273 (17). 260 (3), 254(6), 246 (4). 242 (3), 222 (3). 211 (2. 205 (12).
196 (3), 190 (2). 178 (16), 162 (51), 148 (12), 145 (). 130 (21 1E3 (311, 101 (29)
97 (42).95(54). R6 (13). and 78 (3).
Anal. Cale. for CyuHsgO3: C. 56.56; H, 8.42. Found: C, 36 98 H. 8.12.

Periodate oxidaiion of 1. — To a solution of 1 (1 mg) i methenol (G2 mL}
was added a solution of sodium metaperiodate (6 mg) in water (8 1 nib.y. and the

mixture was kept for 2 h at room temperature, diluted with water (0 4 mb) . and

evaporated under diminished pressure. T'he residue was unreacted 1.¢0 e 0 91
chloroform-methanol).

Mild hydrolvsis of 1 with acid. — To a solution of 1 (4 mg)in 1.1 water—-1.4-
dioxanc (0.5 mL) was added 3mm H,504 (0.5 mL), and the solution was warmed
for 30 min at 507, cooled. and made neutral with freshly precipitated barium carbo-
nate: the suspension was filtered, and the filtrate was evaporated to dryness under
diminished pressurce. The residue was extracted with hot acctone: evaporation ot
the extract vielded a syrup (3 mg) that exhubited one spot et o (237 chiore-
form—methanol). and that, in p.c., had the same mobility as an authentic sample of
oleandrose. For puritication. it was distilled under lagh vacuum. vielding colorless,
syrupy 7 (2 mg): (a],"f 4+ 15,07 (¢11.63. methanol). It reduced Fehling selution, gave
pasitive tests for a 2-deoxy sugar in the xanthydrot' and Keller -Kitiam reactions '
and did not undergo periodate oxidation' ", Sugiu 7. obtained from the hvdrolvzate
of ¥, was thus identified as L-oleandrose”

Veery mild hydrolvsys of 1 with acid. — To a solution o 1 (2 mg) in methanol
(0.5 mi.) was added O.0TMHCT (0.5 mll) in 99 57 aqueous methanol. and the sofu-
tion was kept at room temperature. After 7 days, it showed four spotsan poe L two
of them having mobilities identical to those ot 7 (K, B and 1 (K, 0.29) re-
spectively: the third spot (R, 0.77) and the fourth spot (Rey, 1.387 w
ably, the partially hydiolyzed products 6 and 8. respectivels. Adter 15 davs, the hy -
drolyzate showed only onc spot. which had the ~ame maobility as 7 Fyaporation of
the soluton afforded a colorless syrup (2 mg) having ey, =14 (0 0700
methanoly, i specific ratation comparable to that of 1 oleandio«e.

Ovxidarion o} 1 with bronunc-water. —- A solution ot 1 ¢ mg) o water (008
mL) was mixed with bromine (13 pl). and shaken in a stoppered fask in the dark
for 24 h at room temperature. Fhe excess of bromine was then repoved under di-
minished pressure, the acidic mixture was made neutral with treshly precipitated
sitver carbonate. and the suspension was filtered. HAS was passed through the
filtrate to remove Ag "ions, and the suspension was tittered. Fhe filtsate was ovapao-
rated to dryness under diminished pressure. vielding syrupy lactone 8 (5 mg). la]y”
+17.37 (¢ 0.63, methanol), showing only one spot with the NH-OH -FeCly rea-

S PO s
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gent'’, and having the same mobility as L-oleandrono-1.4-lactone in t.l.c. (19:1
chloroform—methanol) and p.c.; »SHEC" 3580 (as. OH), 2980, 1780 (C=0, y-lac-
tone), 1582-1568, 1190, 1165, 1100, 1015, 955, and 850 cm™'; 90-MHz "H-n.m.r.
data (CDCl3): 6 4.03 (d, 1 H, J 8 Hz, H-4), 3.5 (d, not assigned), 3.17 (s, 3 H,
OCH>),2.50(d.2H,J 4 Hz, CH,), and 1.20(d, 3 H,J 6 Hz, sec. CHj;).

Phenylhydrazide (9). — A solution of lactone 8 (5 mg) in absolute ethanol
(0.05 mL) was mixed with freshly distilled phenylhydrazine (0.04 mL), and the
mixture was heated for 30 min at 100°. The viscous mass was cooled, and re-
peatedly triturated with absolute ether (to remove the excess of phenylhydrazince),
yielding a brown powder (4 mg) that crystallized from methanol—ether as colorless
needles (2 mg); m.p. 133-135°, [@|5° +19.4° (¢ 0.73, methanol).

Di-O-acetylorthenthose (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 tempcrature. The
pyridine and the excess of acetic anhydride were then evaporated under diminished
pressure. A solution of the viscous residue in chloroform was successively washed
with 2M HCI, 2M Na,CO; solution, and water, dricd (Na,SQ,), and evaporated, af-
fording a mixture of two di-O-acetyl derivatives of 1 (t.l.c., 99:1 chloroform—
methanol) as an amorphous mass (14 mg); these acetates were separated by pre-
parative t.l.c.: major product 2 (R 0.60; 9 mg), [a]E +149.5° (¢ 0.63, methanol),
and minor product 3 (Rg 0.68; 3 mg), [2]® +79.0° (¢ 0.63, methanol); 90-MHz,
"H-n.m.r. data for 2 (CDCl,): §6.28 (dd, J 4 and 1 Hz, 2 H, 2 H-1), 5.86 (m, 2 H,
2 H-1). 4.40-4.10 (m. not assigned). 3.45 (s. 12 H. 4 OCH,), 2.04 (s, 3 H. OAc),
2.03 (s, 3H. OAc). 1.30 (d. 3 H, J 6 Hz, sec. CH,). 1.26 (d, 3 H, J 6 Hz, sec. CH3),
1.18(d.3H, J 6 Hz, sec. CHj;), and 1.13(d, 3 H,J 6 Hz, sec. CH3).

Deacetylation of 2. — To a solution of 2 (1 mg) in methanol (0.3 mL) was
added sodium mcthoxide (0.3 mL), and the mixture was kept at room temperature.
After 10 min, it showed one spot (t.1.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 one
spot (t.l.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 temperaure. After 3 h, it showed three spots (t.l.c., 99:1
chloroform—methanol). The Ry (0.60) of the fastest spot was identical with that of
2, and the two other spots had mobilities identical to those of 4 (Rg 0.24) and 1 (R
0.13), 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 mecthanol, as for 2. After 3 h, it showed three spots
(t.l.c., 99:1 chloroform-methanol). The Ry (0.68) of the fastest spot was identical
with that of 3, and the other spots had mobilities identical with those of 4 (Rg 0.24)
and 1 (Rg 0.13), respectively. After 7 h, 3 was completely hydrolyzed. and showed
only one spot. which had the same mobility as 1.
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