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STRUCTURE OF ORNOSE 
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A new trisaccharide, ornose (l), has been isolated from the dried twigs of Or- 

t~e~t~era viminea (Family: Asclepiadaceae). On the basis of chemical and spec- 

troscopic evidence, the structure of 1 has been established as 0-(Y-L- 
cymaropyranosyl-( l&34)-0-cY-L-cymaropyranosyl-( l&4)-/3-L-cymaropyranose. 

INTRODUCTION 

In a chemical investigation of the dried twigs of ~rt~~?zt~zera vi~i~zeu, four 

novel oligosaccharides, isolated as amorphous products, were pr(~visionally dasig- 

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, [~]t, +31”, 

which gave color reactions2*” 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 (2.6dideoxy-3-0-methyI_riho-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 CzrHs80r0 (m/z 450), 

suggesting that 1 is a cymarotriose. Although, from plants. a few oligogiycosides 

containi~lg 2-deoxy sugars exclusively have been reportedh*7. 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 hydrolysis4 of 1 with acid afforded monosaccharide 6, which showed the 

same mobility in p-c. and t.1.c. as cymarose”, and was characterized as L.-cymarose” 

on the basis of its optical rotation, [cr]o -46”. 

Oxidation of 1 with bromine-water furnished 7, [a][, i-26”. Product 7 

showed in its i.r. spectrum a strong absorption band at 1780 cm - ‘, indicative of a 
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y-lactone grouping ’ The formation of a y-lactonc by oxidation of I containing I.- . 

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-l,blactone, as the spectrum con- 

tained a 3-proton singlet at 6 3.28 and a 3-proton doublet at 6 1.13 (J 6.5 Hz), re- 

spectively indicating a mcthoxyl group and a secondary methyl group. A two-pro- 

ton multiplet in the region 6 2.4S3.0 was assigned to the methylene-group protons 

at C-2. and a narrow multiplet at 6 4.17. to H-4. 

This monosaccharide lactonc 7 was eventually identified as L-cymarono-1.4- 

lactone”, [ali, +26” ([a][, 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”, [LY],~ +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 CDC13 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, h, and c. A two-proton. double doublet (J 4 

and 1 Hz) at 6 5.37 could be assigned to two anomeric protons, those of b and c, 

the configuration of C-l in both being identical. Its small coupling constant (4 Hz) 

was typical of an equatorial proton of a Sdeoxyhexopyranose in the ‘CA(L) confor- 

mation”. also suggesting that units h and c were both linked through an a-~-(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 S 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 6 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&oxyhexoses, suggesting that 

unit a is a p-L-cymaropyranose residue in the ‘Cj(t_) conformation’. In view of the 

chemical shift and splitting pattern of the one-proton multiplet in the region 6 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 6 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 S 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 6 1.30 (J 6 Hz) was assigned to the two methyl groups 

of cymarose units b and c. A nine-proton singlet at 6 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 monosacchande I -cymarose (6). which was taken as the rctercncc I he sloucst 

spot (I&-,,, 0.21) was idcntlcat in mobilitg to the starting material 1. bthhcrcas the 

third spot (&,, 0.71) was. prc\umahly. cymarohlosc (5). tormrd 17~ p;irtlal hydro- 

lysis of 1. The.hydrolysis was complete in 15 &I~\. ahcn thr hydroiyzak contanicd 

only one sugar. [u],, -48’. Identical in mobllit!, in p.c‘. to 6, confirmIng that I IS 
composed of I.-cymarosc unltx clnly. 

This conclusion IS ala> 111 good agreement Hith the m\enkltl\lty of 1 to” 

NaI04. and with formation ot tun O-ucetyl derl\ativc\ (t.1.c.) 011 reaction 01 I 

with acetic anhydride-pyrldinc. the major product was 2. [LY],, +I-# (RI 0 76). 

and the minor product HZ 3. In],, +(.r (I?,. (I.hh) When h~drol>/cd bq the 

ZcmpEn method“. hoth of these acetate\ afforded the original sugar I lndlcating 

that 2 and 3 are the two anomcric acetates of 1. A\ the anomrric acetate\ or@- 

natrd from the I -cym;~rc,p~ri~nosc unit 11. the major acct+tlon product 2. c\hlbit- 

mg the higher optical rotation. i\ taken to hc the ,5 anomer. and the other (minor) 

acctylation product 3 (01 Iclucr optkll rotatIonI. to he the (t Jnomcr 

The r)O-MHr. ‘H-n.m.r. spectrum of the major iicrt>latIOn produst (2) had 

prominent qnal\ for thrre methoxyl groups a\ LL nine-proton \lnglct at fi 3 27. for 

two acetyl groups as two three-proton hinglets at iS Z.0’ and 5 2 03. md for three 

seccmd;lrl methyl groups ;IS ii nine-proton douhkt ct’ntcrcd at I< I. I h (.I h H7). 

Howebcr. other signals (for anomc‘rlc protons. mcthine and mcth! Icn( group\. 

etc.) did not allow an> conctusikc mtcrprctatinn. 

Further chemical support t,f the dccAon that both 2 and 3 arc Jlacct:ltes ot 

1 came from their \er> mild hgdroly\k at room tempcrnturc with 0 T’r KOH In 

methanol. Within .? h. the h~drol\z;ttc ot 2 exhihited three spots rn 1 I.c . the f;lsteht 

\pot being identical m mobility uith the starting matznal (R, II.;(\). The 4o\scht 

(RF 0.11 ) was identical in mobility to I. wherea\ the third spot. of rntcrmcctlatc mo- 

bility (RF 0.37). is presumed to hc that ot the mlm<>iicCt:ltC 4 In 7 h. 2 W;IS c~vll- 

ptetely converted into 1. Slmilnrly. the .lcctatc 3 (R,. O.hh) also uuhlbitcd three 

spots within 3 h under Idcntlcat condition\ of hydrol+s. The faste\t spot I R, (I.hh) 
mas identical m mobIlit? with the \t,lrting material 3. whcrc;rs the two other spot\. 

ot lower mobility (RI 0.37 ,tncl 0. I I). were idrntlcat with the products 4 and 1 
formed durmg the h>drolysl< of 2. Thi\ acctatc ~3s also complctcl? h!drol?zcd to 

1 wlthm 7 h. Thr\c result\ indicated thiit the mlmt~acctatr tram 2 I\ Idcntic,ll H ith 

that from 3. Oh~~oust~. in the lir\t >tagc of hydrol>sls. the rcactivc anomcric act’tvl 

groups of 2 and 3 undcrwcnt hydroly\ls. hoth diucctato :lffordinp the \amL* -I-()- 

acetyt derikiatlvc (4) 

FXPERIMIENTAI. 

Gencrol. - Melting point\ were determmed on a Boctlus micro mclting- 
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point apparatus and are uncorrected. Optical rotations were measured in a l-dm 

tube with a Jasco-Dip 100 automatic polarimeter. Sugars were made visible in t.1.c. 

with 50% aqueous H$O+ In p.c., the sugars were detected with the vanillin-per- 

chloric acid reagent’“. Lactones were detected in t.1.c. and p.c. with the NHzOH- 
FeC13 reagent”. The adsorbent for t.1.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. 1.r. spectra were recorded 
with a Perkin-Elmer I.R.-177 spectrophotometer. ‘II-N.m.r. spectra were re- 

corded with a 40O-MHz and a 90-MHz Perkin-Elmer R-32 spectrometer for solu- 
tions in CDCls. with MejSi 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 H2S04 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];’ +66.3” (c 0.63, methanol); B (41 mg), [cy]$ +47.5” 
(c 0.63, methanol); C (40 mg). [LY]$ +31.0” (c 0.63, methanol); and F (12 mg), 
[a]$ 436.25” (c 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, [all’>’ +31”. named ornose (11, reduced Fehling solution, 

gave positive tests in the xanthydrol’ and Keller-Kiliani reactions3, and a blue col- 

oration with vanillin-perchloric acid”; 4OO-MHz. ‘H-n.m.r. data (CDCls): 6 5.37 

(dd, 2 H, J 4 and 1 Hz, H-l in h and c), 4.83 (dd. 1 H. J 10 and 2 Hz, H-l in a), 

3.91-3.96 (m, 3 H, H-5 in a, b, and c), 3.5k3.64 (m, 3 H, H-3 in a, b, and c), 3.43 
(s. 9 H, 3 OCH,), 3.22-3.14 (m, 3 H. H-4 in a, b, and c), 2.45-2.41 (m, 1 H, H-2e 
in a), 2.34-2.29 (m. 2 H, If-2e in b and c), 1.54-l .47 (m, 2 H, H-2a in b and c). 

1.38-l .33 (m. 1 H, H-2a in a). 1.37 (d, 3 H. J 6 Hz, sec. CH3 in a), and 1.30 (d, 

6 H. J 6 Hz. 2 sec. CH3 in b and c); m/z 450 (M’ , not observed), 406 (42%. M - 
CH,CHO), 366 (71). 320 (lo), 308 (20). 290 (80). 273 (27). 210 (12), 178 (30), 162 
(44), 148 (9). 145 (15), 130 (4S), 128 (17), 113 (l(K)), 101 (19). 97 (50), 95 (39), 86 

(94). and 78 (13). 
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LX-Cl-acetylornose (2 and 3). - A solution of I (15 mg) in pyridine (0.3 mL) 
and acetic anhydridc (0.3 mL) was kept for 48 h at room temperature. The pyridine 

and the excess of acetic anhydridc were then evaporated under diminished pres- 

sure. A solution of the viscous residue in chloroform was successively washed with 

2~ HCl, 2M NaGSO solution. and water, dried (Na,SO,), and evaporated, afford- 

ing a mixture of two di-O-acetyl derivatives of 1 (t.l.c, 99: 1 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 (RF 0.7. 10 mg), [(Y]E +448.5” (c 0.63, methanol), and 3 (RF 0.66, 3 mg), [(Y]$~ 

+9.0” (c 0.63, methanol), were obtained as amorphous products; ‘H-n.m.r. data 

for 2 (YO MHz; CDC13): 6 5.65 (m, 3 H), S.5 (m, 2 H). 3.27 (s, 9 L-I, 3 0CH3), 2.03 

(s, 3 H, OAc), 2.02 (s. 3 H, OAc). and 1.16 (d, 9 H , J6 Hz, 3 sec. CH_?). 

Deacetyiation of 2. - TO a solution of 2 (1 mg) in methanol (0.3 mL) was 
added sodium methoxidc; (0.3 rnL), and the solution was kept at room tempera- 
ture. After 10 min, it showed only one spot (t.1.c.; 9:1, chloroform-methanol), 

which had the same mobility as 1. 
Deacetyfation of 3. - Compound 3 (I mg) in methanol was treated with a sol- 

ution of sodium methoxide as in the deacctylation of 2; after 10 min, it showed only 
one spot (t.l.c., 9: 1 chloroform-methanol), which had the same mobility as 1. 

Very mild hydrolysis of2 with alkali. - To a solution of 2 (1 mg) in methanol 
(0.5 mL) was added 0.5% KOH (0,s 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:l 

chloroform-methanol). The RF (0.76) of the fastest spot was identical with that of 

2, and the two other spots had mobilities identical to those of 4 (RF 0.37) and 1 (RF 

O-1 l), 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 RF (0.66) of the fastest spot was identical 

with that of 3, and the two other spots had mobilities identical with those of 4 (RF 
0.37) and 1 (R, 0.1 l), respectively. After 7 h, 3 was completely hydrolyzed, and 
showed only one spot, which had the same mobihty as 1. 
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