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GLYCOSIDIC CONSTITUENTS OF POMOZM Z’ARASZTZCA SEED 

C. R. SMIT& Jr., L. H. Nmcz,* H. F. ZCIBBL, and I. A. WOLFF 
NaReOionrl=Lnbo=to~,twIlliaair 

(RacaiwdW AU#nSI 1963) 

A~~groupofcomplur~~is~~r~~~amongmembersoftheplant 
family Convolvulaceae.l n * These glycosides may occur in di!Terent parts of the convolvula- 
ceous plants-in tubers, stems or seeds. They vary considerably in the components they 
yield on complete hydrolysis, but they have definite unifyins features. Ou alkaline hydrolysis, 
tneyrieldshort-chainaliphaticacidsplusglycosidicacids. Whensubjectedtoacidhydrolysis, 
these glywsidic acids in turn yield hydroxylated fatty acids as aglycons in addition to aldo- 
hexose sugart3.j” The sugars most often obtaiued on hydrolysis of the convolvulacwus 
~~~~havebeenn-glucose,~rhamno~and~-fucose(r~).~~~ 6-Deoxy-~-glucose 
(isorhodeose; D-qdnovose) also has been reported at least ouc~.~ 

The aglywns most frequently obtained from convohwlaceous glycofiidic acids have beeu 
(+>ll-hydroxyhe acid (jalapinolic a&Q6 and convolvulinolic a&-or&&ally 
described as a C&compou.nd,7 but later proved to be 11-m acid.8 
Dihydroxy derivatives of wg hexadeca~+,‘~ and oct&canoicll a&& * 
toin~castarbytrivialnames,alsohavebano~fromtbesesu~asaglycons. 

Convohwlaceous glywsides occur as mixtures of components that cau be sepa&ed by 
means of select& solvent extra&ions. 3*4 Relatively little has been established concerning 

l PrwntaddlB& DqwtmentofOlamistrv.Univemityof~,Cohunbin,Mi. 
~AlabcmturyoftheNortbmUtikationlkearchand DcdopmmtMnlsbon,Agricul~Reaearch 

savlcs, U.S. Depaemt of Agrialltm. 

~kTslcIIwcaandRSmcn,~B~,Vd.II,part5P.1618, oeknder~tmFG-(1936). 
2 B. J. fbu.um, Chemkr und &IQ&H 176,219 (1961). 
3H.A-PH. DBaaramrrra, Artits*#ch. 5, 4ca (1955). and rekrenmcital~. 
4 B. J. -, pIant Med. 9, la 141,146 (l%l), and rekwlmcitedtbarstn. 
5 E. Vmdmc, Ber. Deut. C&m. C&w. 43,476 (1910). 
aL.A.D~~andR~J.A~.Cknn.Soe.58,1749(1928). 
7Y.~and~.~,J.~.Soc.J~Mo.~779(1923);C.A.a0,365(1916). 
* T. UWASAQ J. Phrm. Sm. Jtqam 70.485 (l950). 
~Y.AmmtuandS.Nmwusm, J. pkorm. Sot. Juptn No. 52@, 515 (1925); CA. 19.3479 (1923). 

10 E. VumbK and v. PRELm, Cdl. CZCCR. Ch comm. 1,s (1929). 
11 A. L. MXSRA and J. 1). Tmwm, J. In&m Chm. &JC. 30,391(1953), and rcfemmm thaain. 
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their finer points of structme. Batter and Junge l* obtained some evidence as to the sequence 
of sugar units in scammonic acid, a product of the alkaline hydrolysis of scammony min. 
Using a crude emulsin preparation, they partially degraded this te tmsac&aride and surmked 
the sequence: 

u-ducose --f ~-glucose + brhamnose + o-fucose -+ 1 1-hydroxyhexadecanoic acid 

Jaretxky and Bisse13 later tried to repeat this work, with negative results; their enzyme 
preparation was more highly purified and, therefore, probably more selective than the one 
used by Batter and Junge. The carboxyl groups of the aglycon acids are evidently esterSed 
in some way.0*r4 On the basis of the colloidal properties of jalap resin, Man&h and Schu- 
mann14 postulated a polymeric structure in which the carboxyl of one glycosidic unit was 
esterified with a hydroxyl on a sugar of a similar unit, thus forming a polyester-type chain. In 
contrast, Misra and Tewari stated that the glucosidic acid constituent of Ipomoea m&utu 
seed was present as an ethyl ester. I1 The experimental basis for this observation was not made 
clear. 

Evidently it has not been recognized that certain glycohpid backrial metabolites that have 
beendiscoveredcomparatively recently are strikkgly similar to the glycosides of the Convol- 
vulaceae in their general makeup. Is. I6 A rhamnolipid produced by Pseudbmonas aeruginma 

also bears some resemblance to the glycolipids of the Convolvulaceae.17 
The present paper is concerned with the characterimtion of the previously uninvestigated 

glycosides of Zjomoea parasitica seed. 

CHARACTERIZATION OF IPOMOEA PARASZTZCA SEED GLYCOSIDBS 

The glydipid constituents obtained in the petroleum ether extractof~parasilicrr 
~werereadily~~fromtheaccompanyingtriglycerideoilby~~tioning~mixture 
between hexane and a polar solvent, e.g. 90% ethanol. The polar phase yielded a resinous 
material whose i.r. specuum showed very strong hydrogen-bonded hydroxyl absorption 
(2.9 f4), moderate ester or other carbonyl(5*78 p), and a very strong peak (9*35 P) suggesting 
ether linhage~.~~ Thin-layer chromatography suggested that the material was a mixture of 
at least four components. These were only partially resolved by a 30-stage coun@rcmrent 
distribution. Comparison of the i.r. spectra of selefzted fractions from this distribution 
indicated that these components differed in their relative content of ester and free hydroxyl 
groups. 

Hydrolysis of the unfmctionated glycoside mixture with ethanolic potassium hydroxide 
yielded a glycosidic acid (or acids) as the main product. A steam-volatile acid fraction was 
also obtained, which was shown by gas-liquid chromatography to consist mainly of a branched 
C&cid. This was identifkd as D or cat-methylbutyric acid by application of the permangan- 
ate degradation technique suggested by Murray. lg The formation of other low-molecular 
weight products (e.g. water-soluble alcohols) in the alkaline hydrolysis was not excluded. 

12 K. I-I. BAUXE and R. JUMB, Arch. Phrm. 272,841(1934). 
13 R JAREIZKY and B. RISE, Arch. l’harm. 278,379 (1940). 
“C.MANNKxandP. -, Arch. I%urm. 276,211(1938). 
1s R. U. LJMEUX, Gmatf. /; Chum. 29,415 (1951). 
16 P. A. J. GOMU, J. F. T. SPENCER and A. P. TULUXH, Cd J. Chum. 39,846 (1961). 
“W.R.JARVIS~~~J.R.J OHNSOXV, J. Amer. Ckm. Sot. 71,4124 (EM). 
‘8 L. J. BELLAMY, !h Ifffrarccrspcctra ofComp&x Mcuiwdes, p. 115, John Ww, New York (1958). 
19 K. B. MURRAY, hrrah J. Chem. 12,657 (1959). 



Ekuentary analyses of the deacylated glycoside tkction indicated the empirical com- 
position ~sHs2011. Approximately two moles of periodate were consumed per equivalent 
of glycoside, calculated on the basis of this formula-one rapidly, the second much more 
slowly. The neutral equivalent did not indicate that this acidic glycoside contained more than 
one such unit. Acid hydrolysis ultimately split this glycosidic acid fraction into a hydroxy 
acid and three sugars. However, a good deal of difference was found among the three 
glycosidically bound sugars in their susceptibility to acid-catalyxed hydrolysis. One sugar 
fraction was obtained free by treating the deacylated glycoside, for example, with 1 N aqueous 
hydrochloric acid at retlux for 6 hr; it was accompanied by a chloroform-soluble product 
found to be partklly degraded glycoside. Practically no sugar-free aglycon was obtained under 
these conditions. This acid-labile sugar fraction was liberated under even milder conditions, 

Mixaa&dY-id@ 

1 1 N KOH/EtOH 

Deacylatcd + CH3-CH2-CH-C&H 
glycQsidicncid5 

C21Hdh I 
h3 

! 

INIiumo.rcBux6br 

e.g.byahowingthedeacylatedglyco&letostandincu. 1Nhydrochloricacidatroomtem- 
perature for 2 hr. In contrast, rather diSkrent and fairly rigorous conditions were required 
to complete the hydrolysis of the partia@degradedglycoside-refiuxing with 1 Nmethanolic 
hydrochloric acid or with 1 N hydrochloric acid in 50 % aqueous dioxane for 18 hr. 

The sugar fraction liberated under mild conditions was shown to be a mixture of approxi- 
mately equal amounts of two sugar5 (A and B) by paper chromatography with the solvent 
system ethyl acetate-pykhne-water (120:50:40). so Chromatography of the more difhcultly 
hydrolysable sugar fraction gave a single spot (Sugar C) haying an & ahnost identical with 
that of B (the faster moving of the acid-labile sugars), and also with the 4 of rkamnose. 
The observed R/values as well as the Disch&hettles21 and vaniUin-perchloric acid= color 
reaction5 indicated that all the sugar5 were 6deoxyaldohexoses. Further paper chromato- 
graphic studies, in which solvent 5y5tcm5 V a&VII of Krausset&*3 wereused, suggc5ted that 
Sugars B and C were different from crhamnose; preparation of their diethyl dithioacetals 
proved this, and also showed that they differed from each other. Sugars A and B were found 

20 I. fhmm, cv Flkhiqm, pp. 166,169, Illtmciella Plhuus, New York (1958). 
*~Z.Dxsc~~ztndJ.B.S~ J. J3bL Chum. 175,595 (1948). 
22 A. P. MA&ENNAN, H. M. -ALL and D. W. Smm, Anal. Chun. 31,2Ml(l959). 
23 M. T. KMUSS, H. JXGEU, 0. hUNDIZRandT.M,J._. $63 (1960). 
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on& in the aci&labilc sugar fraction, and Sugar C was obtained on& froxn the acid-resistant 
CO~~~~~ 

S~Awas~~tobc~fu~~bywm~nofthemelting~andX-Byron 
pattern of its dietbyl dithioacetal with those of the corresponding derivative of its optlcal 
anti& L-fucose. Sugar C was similarly characterized as ddeoxy-~-glucose (u-quinovose) 
by mms of its die&y1 dithioacctal. Sugar B yielded a diethyl dithioacetal whose melting 
point (147-1479) difkred from any recorded for a 6dwxyhexosc to our knowledge. The jrz, 
values obmved in paper chromatography pointed to one of the euantiomers of 6deoxyallose 
or 6deoxygulose as the most likely possibility for Sugar B. bDeoxy-D- and dose were 
largely ~~ as ~~~ti~ by portion of the diethyl dithioaeetal of the u-isomer, 
m.p. 99-100”. The diethyl dithioacetal having m.p. 99-100” aud tbe oue having lap. 14% 
1473” could not be interconverted by cross-seediug experimeuts, and so are not likely to be 
polymorphic forms of tbe same compound. Sugar B is tentatively considered to be either the 
u- or L-isomer of 64leoxygulose. Unfortunately a sample of the dietbyl ditbioacetals of 
neither was available for comparison. 

The aglywn was obtained either as a crystalline methyl ester or free acid, depeuding on the 
method of hydrolysis of the degraded glycoside. Wared spectra and gas ~~~~~ 
analyses indkated that the aglycon was mostly a Crs-monohydroxy acid. Oxidative cleavage 
of the methyl ester with chromium trioxide-acetic acid yielded pentanoic and hexauoic acids, 
together with halfesters of undecauedioic and dodecauedioic acids. These fragments located 
the hydroxyl at Cr r of a normal C,s carbon chain. The melting points of the free acid and its 
methyl ester, together with the optical rotation of the ester, indicated that the aglycon is 
(+)-ll-hydroxyenoic acid and very probably is identical with the jalapinolic acid 
chara&&& by Davies and Adams.6 

DISCUSSION 

The ukimae hydrolysis products of l@ommaparusitica seed glm can be related to 
ona another within the fiamc of refereuce of findings on related glycosides. It seems reason” 
able tu assume that the c+methylbutyric acid is preseut as acyl groups on sugar hydroxyis. 
The i.r. spectra of the various glycoside fractions and eon products support this 
assumptioa but other antic are not ruled out by our results. Th8 low aeid value of the 
seed extract indicates most of the carboxyl groups of the aglycon must be ester&d in some 
manner. Appareutly they are ester&d witb hydroxyls of sugar units, as in couvolvulinic 
acidaocordingtothelkiingsofMaunichaudSohumauu. l4 TheelementaryaualyWsu@ort 
the conclusion that the deacylated glycosidic fraction is a mixture of disaccharides of hydroxy- 
hexadecauoic acid having the empirical formula CZsHssOrl. Other glycoside species +.g. 
mono- and triodes) could possibly be preseut in combinations such as to give this 
empirieal ~rn~tion fo~~to~y. Formula I ~~~ the other ~~~~ 
observatious on the deaeylated glycosides-not uniquely, but as a likely possibility for one 
species preseut. D-Fucose and Sugar B are comb&red iu the glycosides exclusively by very 
acid-labile linkages and tberefore must be cud units iu the disaccharides. The eud unit is 
depicted as P;fucose iu I, but an analogous structure haviug a 6deoxygulose as the terr&al 
sugar would also be appropriate. Siuce 6deoxy-u-glucose is obtained only from the more 
acid-resistaut portion of the molecule, it must be joiued directly to the bydroxyheate 
moiety. A~~ this higbly selective release of the sugars iu ~~01~~ glycosides 
by graded acid hydrolysis has not beeu observed previously. 
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In view Of the greater Stability Of glucopyrangsides compared to ghtcofurano8ides,24~ 25 
the 6deoXy-~-glucose unit must be in the pyrano8e form. The maximum at 1123 p in the i.r. 
spectrum of the degraded glycoside indicate8 an axial hydrogen at C-l (&D-ghtcosidic 
linkage).a6 In contra8t to the large dilkence8 in hydrolysis rate between pyratto8ides and 

furanosides, the difference in hydrolysis rate between anomeric glyco8ide8 with the same ring 

form is 8malL2s~27~28 The very bulky secondary alkyl subgtituent in the glycoside from 
Ipomwa probably causes steric hindrance to the protonation stage invoived in the hydrolysis. 

A8 depicted in I, the ghtcopyrano8ide ring ha8 the preferred chair conformation (Cl in Reeves’ 
notation29 having all substituents equatorially oriented. 

The ease of hydrolysis of the termimd 8Ugars sugge8t8 that they are in the furanoside 
form.250 s0 The observed con8umption of two moles of periodate would permit them to be 

joinedtotheglucopyranosideringbythecommon 1+4linkage,a8inI,orbya1-+2linkage, 

l’arelyellcOUnteredinnature. Thi8htlkagemightthenbeeitheraor~. Itha8been8hown 
that furano8ides having a cis relationship of 8ubstituents at C-l and C-2 are more easily 
hydrolyzad under acidic conditions than those having the8e 8ubstituents rrun.~~l The differ- 

ences are relatively amah, however, and afford no basis for a choice between an a or @ furano- 
sidelinkageinFormula1. Thereisabothepossibilityofa1+3linkagebetweenthetwo 

sugar U&S; thi8 would require apyranoaide ring for the terminal sugar to accommodate tW0 

mole8 uptake of periodate. 
The glycosides of I’~ pararitica: resemble a number of other 8uch constituents of 

convolvulaceousplant8thathavebeenstudied. Theyareuniqw,however,inthenatureof 
theirs~constitwntsinoontainingntitherD_~~nortrhamnose. Theywouldrepre- 
sent the tit eXample Of glycoside8 Of thi8 group that contain a 6deOXygulose. &lkOXy-D- 
gulose ha8 been found in nature only as a constituent of a few cardiac glyco8kk~;~~~ the 

L&nner has not been encountered. 

24 W. N. UwoXrn and B. L. Hntsr, J. C&S Sot. 2615 (1930). 
=F.SlimzmminMvQnesrin ckhhyha amiwy (EIditd by M. L. wolfram), vol. 13, p. 9. Aaulcmic 

Plw& New York (1958). 
26 S. A. BARKER, B. J. BOURNE, M. STACEY ad D. H. Wnwre~, J. ckcm. Sot. 171(1954). 
27 R. m, ~0m8, Lasrrl. 176,870 (1950). 
28 J. T. l?.nw~~U. Chwn. cmdl#l. 1102 (1955). 
29 R. L. RaavBs, J. Am ck. sec. 72, i949~(1950). 
~oH.C.B~own.J.H.Bn~wswaandH. gw!cnwR J. Anrat. c&m. sot. 76.467 ms4h 
31 I. A&x~~AD &d E. BXRNER, Acta C&m. S&and. ie, 911(19%). - - 
32~.~orrsa~.~ !Zb1~mmdT.~,He~.~rdcra31,688(1~ 
33 W. NAOATA, Ch. TAMM and T. RzKmfmN ill Fmschr. Artlirrr shq p. 715, Blrkhhm A.G, Bmel(19n). 
J*RRB~~,C.RGAVILANB$W.~A.~,K,~~T.~, a&. CMm. Acta & 1607 

(1961). 
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EXPERIMENTAL 

Mdting points were detenninad with a Fisher-Johns blockJs and are uncorrected. 
I&a.& spectra were determined with an lnfracord Model 137 spectrophotometer. Gas 
chromatographic analyses were carried out with a BurreU Kroma-tog K-5 instrument as 
descnii by Miwa and co-workers,36 except that free acids were analyxed in some cases 
instead of methyl esters. 

Isolation of G1ycosi.A 

CoarseIy-ground seeds (81.2 g) of Ipomocu parasitica (HBK) Don. were extracted over- 
night in a Soxhlet apparatus with 30-60” petroleum ether. The solvent was removed i& ~cao, 
leaving 13.8 g of light yellow extract having a gelatinous consistency; free acid content 
(calculated as Crs acid), 2.3%. A 930-g portion of this extract was partitioned between 
petroleum ether and 90% ethanol in a separatory funnel. The combined petrokum ether 
layers were dried over sodium sulfate and evaporated ; 6.05 g of fluid oiIy material thus 

I I I I I I I I 
0 4 6 12 16 20 24 26 

Tuba Numbm 

FIG. 1. cbuhm3RcuRRENT -mop~~oLyco81Dlg. 

obtained had an i.r. @ectrum typical of ordinary unsaturated glycerides. The combined 
alcoholic layers, upon evaporation, yielded 350 g of resinous glycosidic material whose i.r. 
spectrum (in 1% chloroform solution) included maxima at 290 p (very strong, broad); 
5-78 p (strong) and 9.35 p (very strong, broad-ether linkage ls). Thin-layer chromatographic 
amdyses of the glycosidic material were carried out with plates pmpared as described by 
Stahl,37 using the sohrent system chloroform-methanol (9 : 1) 38 and 50 % sulfuric acid 8pray.jg 
The presence of three or four components was indicated. 

Countercurrent Distribution of Gijmskies 

A 0.19-g portion of the glycosidic material was subjected to a 30-t&e coun&current 
distribution in the solvent system 95 % ethanol-water-h exane-chloroform (7:7: 12:2). The 

‘STbamantionoftrrdsnrunesorprodncrs~notcanstitute~~tbythtDspartmantofAgniculture 
oWrtho3ellctnamed. 

MT.K.Mnv~,K.Lhdrrcourcwr, F. R E.~LE and I. A. WOLPP, And. C&m. 32,1739 (1960). 
3’ E. ST~L, G. f4cdhm, G. KUUT, and R RBNZ, Phamuzk 11,633 (19%). 
3* H. wmuER# pcttr &?&?I Aifdcha&i62,1115 (1961). 
39 L J. Momus, R T. HOLIUN and K. Fomm~~, J. Lipid- 2,68 (1961). 
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materialwas~lydis~b~~~~ther~~,as~~~inFig. 1. Thin-layerehromato- 
graphic analyses of mate&l from seketed tubes indicated only partial sepamtion of at least 
4 components with ~0~0~~~~ mobilities eorrespomi.ing to their #licit 
rno~~~~g ~vahtes of O-25,0-63,0*73 and 0.83 in ehlorofo rm-me%nol(9 r 1). The 
i.r. spectra of materials from tubes 3 and 20 resembled that of the startkg mixture but differed 
considerably in the relative intensities of OH and C===O peaks (tube 3 had more OH, tube 20 
more carbonyl). 

Isoliztio* of Dt?iac_Ylat@d tqpsid@ 

Petroleum ether extract of @mfxwpwitica wed (334 g) was refiuxed under nitrogen 
1 hr with 600 ml of 1 N etbanohc potassium hydroxide. Theeooledmixturewasdilutedwith 
1200 ml of water and then extracted with (5 x 200 ml) portions of ethyl ether. The combined 
ether extracts were, in turn, washed with water; the aqueous wa&ings and the alkaline liquor 
were combined. The ether layer was dried with sodium sulfate and evaporated, and l-02 g 

of baby was obtained. The alha#ne liquor was aeidi9ed with hydro&lorie acid, 
saturated with sodium ebloride, and immediately extracted with ethyl ether. The ether 
extracts, after being dried with sodium sulfate and evaporated, yklded 31.7 g of aeidio 
material having a sharp odor. A lG2-g portion of these acids was partitioned between 
acetonitrile and hexane in a separatory funnel. ‘Ihe acctonitrile layer was re-extraetedwith 
fresh portions of hexane. Combined hexane layers yielded upon evaporation O-67 g of free 
acids. The aeetonitrile layer yielded 025 g of dcucy&ated glyc&&; this gave negative tests 
(sodium fusion) for nitrogen, sulfur, pbospborus, and halogens.* 3IMemkiW of neutral 
equivaleut gave rather erratic results and suitable conditions for obtain& good replkability 
were not established. There were strong ir. maxima at 290 ~,5-82 p and 9.35 fi ; them was no 
!sckctive absorption in the U.V. region. (Found: C, 59.7; H, 9.3; neutral equivalent, 612. 
CssHSaOll requires: C, 59.6; H, 9.3; neutral equivalent, 567.) 

Quantitative periodate oxidation of the deaeylated glyeoside was carried out by the 
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procedure of Jackson and EIudsor~~~ somewhat mod&L An 0.915-g portion of deacylated 
glycosidewaadissolvedin 155mlof5O%Hnttanol;4Omlof@1 Mperiodicacidwasaddcd. 
A blank ‘solution was prepared simultaneously, s-ml aliquots of each were withdrawn at 
various intervals of time, mixed with 12 mLof 04152 M arsenious acid, 4 ml of saturated 
sodium bicarbonate, and 1 ml of 20% potasgCum iodide solution in saturated bicarbonate. 
The aliquots were then cooled over ice and titrated dvith 0.0151 M iodine to the starch end- 
point. Approximately 1.8 moles of periodate per mole of substrate was consumed. Results 
are summa&& in Fig. 2. 

Akahae Hjd~oi’ysis of GIycosidks and Imiation of Hj&olysis Prodkts 
A 3.3-g portion of the mixture of glycosides was refluxed 1 hr with 1 N potassium hydrox- 

ide. The mixture was then a&ii&d with hydrochloric acid (to 1 N) and extracted repeatedly 
with chloroform. The combined chloroform extracts vvere distilled to remove most of the 
solvent ; the residue was steam-distilled. The steam distillate was extracted with ether, from 
which was obtained, after drying with sodium sulfate and evaporation, O-34 g of liquid acidic 
mateliaL 

The residual aqueous liquor was extracted repeatedly with chloroform. The combined 
chloroform extracts, after drying with sodium sulfate and evaporation, yielded 235 g of 
deacylated and &g&d glycosides whose i.r. spectrum (as a liquid film) had strong maxima 
at 2.91 p, 3.41 p, 5.78 p, 9.35 p, 13.22 p and a moderate peak at 11.23 p (&lycoside).26 

The acidic aqueous liquor remaining after chloroform extractions was neutrahxed with 
silver carbonate, filtered, and then treated with hydrogen sulfide to remove excess silver ion, 
lItered again, and evaporated to dryness in vacua. An acid-labile sugar fraction (1.00 g) was 
thus obtained as a viscous syrup. 

Characterization of the Steam Volatile Acid 
The acid fraction obtained by steam distillation was analyzed by gas-liquid chromato- 

graphy on a Resoflex 446 column (+ in.). A number of known acids were run under the same 
conditions. The retention timers (min) observed for known acids were : acetic, 0.30; propionic, 
l.O3;isobutyric, 1.00; butyric, 1.40; isovaleric, 1.49; az-methylbutyric, 1~55;valeric, 245. The 
unknown acid mixture contained 3.5 % of a component emerging in 120 min and 96.5 % of 
one emerg@ in 160 min (a branched Cracid 42r43). A portion of this (0.30 g) was dissolved 
in 10 ml of dry, purilkd acetone; 1.0 g of potassium permanganate was added in small portions 
to the solution while heating at reflux. lQ After refItming the mixture overnigh& water was 
added and su@ient sodium bisuhite to reduce the manganese dioxide and wte. 
The resulting solution was acidified with hydrochloric acid and extracted repeatedly with 
ether. Combined ether extracts were dried over sodium sulfate and evaporated, leaving 
0%9 g of degradation products. Gas-liquid chromatographic analysis of these products as 
describedaboveindicatedaceticacidto~beemajoracidic&~dationgtoduct;noPobutyric 
acid was found. Thus the major volatile acid must be D- or L-&-methylbutyric acid. 

Partial Degmddon of Deacylated Glycoside by Acid Hyahlysis 
An 0.42-g portion of deacylated glycoside was refiuxed 6 hr with 1 N aqueous hydrochloric 

acid. The resulting mixture was then extracted several times with chloroform Combined 
chloroform extracts, after drying with sodium sulfate and evaporation, yielded 0.30 g of 

‘1 E. L. JACXEDN and C. S. HUDSON, J. Amer. Chm. Sue. 59,994 (1937). 
“J.C.HA~KB,R.P.I-I~~~~~~P.B.S EKnamD, J. C%vi?Ww. 2,547 (19591. 
a R. A. L~DOWNE and S. R. LIPSKY, Biockm. ef Bbphys. Acttz 47,569 (Ml). 



~~y~~&~~rtiir,s~~tothat~ntio~iatha~scction. 
~~d~~to~~c~softhemethyf.rrttrofthis~~~(pFqrared~diazo- 
methane treatment) as well as its blues in CC& indic&ed the absence of free aglycune 
(hYdroM=ad ecanoate). The residual aqueous liquor, upon evaporation tn vacua, Yielded 
013gofsu8urs(AandB). 

A 3+)-g portion of degraded &zoside was SW in 130 ml of 1 N hy~o~~ acid 
for 2 hr. The product isolated by repeated extraction with ,chloroform was similar in its 
spectral aud cbromatographic properties to that described in the pmceding paragraph. It 
yielded only Sugar C on more rigorous acid hydrolysis. 

AcidHydrok@is if 3lqru&d Gl_ya&& 
(u) ~~~~~ffCZl~eU~.16 f)egraded~~de(1~35gfwas~~18br’llvith1oOmf 

of~ol~dl2*5~of~n~.H~. ~e~~~~~~~~~~d~~ 
repeatedly with chloroform. Combined Ghloroform extracts were dried with sodium sulfate 
andevaponrted;~59gofcrudeaglyconwasobtajnadasawaxym~ylester. 

The~d~aq~usliquorwasneu~with~v~~~~~and16ltertd. TheiBtrate 
was treated with hydrogen stide, f&red, and evaporated to dryness in vucuo. The more 
acid-resistant sugar was obtained as a methyl glycoside, O-94 g. An 0950-8 portion of this 
glycoside was refluxed overnight witb O-5 N aqueous HCl, then evaporated to dryness in 
wcuo afkr treatment with silver carbonate and hydrogen sulfide as previously described; 
~~gofS~C~o~~a~p. 

(b) ~~~~~~Cl~~Q~~~.l’ ~~~~~~~~~2~~~ 1N 
HClin5O%aqueousdioxane. ~e~~~~~~~~~ol~~ (30-609. 
Combined, tied petroleum ether extra&s yielded upon evaporation PO9 g of m 
a&con. Tbe residual liquor was treated with silver carbonate aml hydro8en sul&ie as 
described previously and evaporated to dryness in WZCMO. The acid-resistant sugar fraction 
(c)was obtained as 8 syrup (l-00 g). 

Characteriza~~ of the A&con 
(a) As a metkylaptcr. An 057-g portion of the crude methyl ester was muy&&ed from 

. 

~;0~148~ Obtained,Itlp41*~*fRef.6,~~~y~~~Of~~O~~~ 

46-47"); [&+@8 (c S-4, EtOH); ix. maximum (1 “/o in CC&) at 268 p (OH). Gas-liquid 
~hromatographican~~asdescribtd~MiwaetCJ.~~~~thiSCIP6ea~r;~~a7%pure 
n=ohYdroXY beW&atnoatehavinganormaicarbonskeletoIL 

Oxidative cleavage of the methyl ester (O+l sr) with Ghromium trioxiM @d was 
carried out essentially as described by Meakins and Swindelk” At the compktion of the 
oxidation, the reaction mixture was diluted with ‘ice water and extracted with petroleum 
ether-ethyl @er (1: 1). The combined ex%rac& were, in turn, extra&d with 5% potassium 
carbonate, The combined carbonate extra&s were acid&d with HCI and extmckd re- 
peated& with etbyl ether. Combined $ber extracts were dried with sodium stiate and 
evaporatbdca~o~ysoauptoretain~~~,acids. ~~~~~~~(~13~ 
were w by gas-liquid c~~~p~ analyses ‘(both More and after ester&&on 
with to be mainly C, aud C, monocarboxYlic acids together witb Cl0 and Cl; 
dicarboxYliG acids (or esteTs)-all straight chain+ 

(b) AS u fa adi. A 1-05-g portion of ~*~n‘~ ~~ from he==; 
0-n g, m.p. 63-640, was <jbtainod. This was wsr~~talli=d fkom h#wledld~than 

“G.D.I+hmmraBLLdR.SW J. tT/wf?. stx. 1044 (1959). 
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from aqueous acetone; 045 8, m.p. 64-W’, was obtairwd (Ref. 6, m.p. for jalaphtolic acid, 
65+6&50). (Found: C, 7@8; H, 11*7. Calc. for CrsH&: C, 7@5; H, 11%) 

ThenssidneoMai~~by~a~m~gthe~~from~~~~tio~(~~g)was 
ester&d with 1% methanolic H2S0+ The ester obtained was subjected to gas chromato- 
graphic analysis. No bydroxy ester other than hydroxyhexadecanoate was found; small 
amounts ofhnoRa&~ and palmitate tobepresent. 

Chamcterizution of Acid&abik &gar .&Won @gurs A and B) 
The acid-labile sugar fraction was subjected to paper chromatography on W&man No. 

4 paper with the solvent system ethyl acetate-pyridim+watcr (120 : 50 : 40). The papers wm 
sprayed with the silver nitrate~acetone reagent. 20* 45 TWO well-separated spots (A and B) of 
nearly equal intensity were developed (Table 1). Solvent systems V and VII described by 

~ussetai.23werealsaappliedbutgtaveless~ti~~~iution. Sprayingspotsofthese 
sugars with the vaniUin+emhlo& acid reagent of Ikkkmn~ et a1.= gave a light orange 
color that faded to gray and closely -bled spots of crhamnose and L-fucose developed 
simultaneously. Sugars A and B gave light olive colors when sprayed with o-aminobiphenyi 
as described by Timell et al.,& * in contrast to pentoscs, which gave a yellow-orange color. 

An 0-33-g portion of the crude syrup was treated with cont. HCl and ethyl marcaptan 
essentially as described by Zinner .47 AcrudeyieldofO.lSgof~~~yldi~~ 
m.p. 145+&F’, was obtained. Two different derivatives were obtained when &is mixture was 
recrystallimd from water. Thefirst crop O-033 g derived from Sugar A, had m.p. 166-167”; 
after recrystallimtion from chloroform it gave O-021 g, m.p. 1665-167’. On admixture with 
authentic L-fucose dietbyl dithioacctsl (rap. 166-167”; lit4 m.p. W-3670), the m.p. was 

*5 W. R TRBWLYAN, ID. P. -and J. S. E%wq A&we, LOPIB. 166,444 (1950). 
~T.K~~P.J.~A~ and A. L. Cum, A&. C&em. 2%,1916 (1956). 
4’ H. Zmm, C’iem. Ber. 84,780 (1951). 
4* L. H. STEENBACH, S. Kmm and M. W. C+cxmmw, J; Am. Chem. Sot. SO, 1639 (1958). 
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depressed to 158-163”. The two substances had identical X-ray diffraction patterns however 
and thus must be optical antipodes.* 

The second crop from the above qstalkation mixture, 0415 g derived from Sugar B, 
had m.p. 147-147.5” and was recrystalbzed from chloroform-hexane without observable 
change in melting point. (Found: C, 44.6; H, 8.3. CIOH,sO& requires: C, 44.4; H, 8.2.) 
No change iu m.p. was observed when O-5 mg of this derivative was crystalked from chloro- 
form in the presence of a seed crystal of 6deoxy-r&lose diethyl dithioacetal (m.p. 99-lOOo), 
or when the latter substance was similarly crystalIiz,ed in the presence of a seed crystal of 
Sugar B diethyl dithioacetal. 

Characterization of Acid-ResMant Sugar Fraction (Sugar C) 
The acid-resistant sugar fraction was subjected to paper chromatography by the same 

methods used for Sugars A and B. A single spot was obtained in all cases. Results are sum- 
marized in Table 1. The Disch&hettles color test 21 suggested that Sugar C was a kleoxy- 
hexose; the color yield for Sugar C in the Disch-Shettles procedure was about 2.3 times that 
obtained for cfucose. The vanilhn-perchloric acid color test22 also indicated a 6&oxy- 
hexose. 

The diethyl dithioacetal of Sugar C (0.257 g) was prepared essentially by the method of 
Zinner4’ The product would not cqstalk from the reaction mixture. The aqueous acidic 
mixture was extracted repeatedly with chloroform. The combined chloroform extra&, 
after drying with sodium sulfate and evaporation, yielded 0.115 & m.p. 925-94”. This 
product was recrystalhzed from chloroform-hexane; OG75 g of derivative, m.p. 94-97”, was 
obtained. (Found: C, 448; H, 8.2; S, 23.6. Calc. for CI&220$2: C, W4; H, 8.2; S, 23.7.) 
The mixed m.p. with authentic 6deoxy-r~ghtcose diethyl dithioacetal (m.p. 97*5-98.5”; 
Ref. 49, m.p. 97-98’) showed considerable depre&m. The two die&y1 dithioacetals had 
identical X-ray di&action patterns however and thus must be optical antipodes.* 

The optical rotation of crude Sugar C was [a% + 23” (c 6.7, HsO) (lk50 value for 6deoxy- 
D-glucose, + 29.7”). 

Diethyl Mthioacetal of 6-&oxy+allo~ 
6-Dcoxy-D-&MC (5.6 mg) was stirred 10 min at 0” with W5 ml of cont. HCI and 041 ml 

of ethyl mercaptan. The reaction mixture was extracted several times with small portions 
of chloroform. The combined extracts were dried with sodium sulfate and evaporated; the 
yield was 3.5 mg of diethyl dithioacetal, m.p. 85-89”. Recrystallization from chloroform- 
petroleum ether raised the m.p. of this product to 99-100”. Because of the sti of the 
sample, elementary analyses could not be obtained 
a4hmde&w+We am hdebtcd to Professor T. R&b&in, University of Base& and Dr. N. K. Richt- 
~kN=er~tutss of Heal? for gifts of- specimn$andtoDr.Q.Jones,IGwOopSReacarcb 

R##ruchservlce,u.s.Dept.ofAgriculture,forprovidinp~ssedsand~MQlti- 
fying+nbot+cally~ Wealsotbanlr:Mr.J.Hodge,Dr.J.H..~andDr.H.L.T~for~ 
~~~~~~;MgM.J.W.~~K.L.M*olB1QBLf~paPchmmatogrspbic~; 

wok 
~~;andMr.Marvln~forcarryinpout~asopthau~ 

*TheringsobtainedintheX-raydiffmctionpattemsofthetwo ~areidentic&bothinregard 
to8pn&gaudintensity. Fnrm~baric~ofX-mycrystallographyit~~fo~thatthatwo 
compoundsmusteitherbeidentlcalor~~amicror-imagerelationship. [Cf.S.C.Nybur%X_nr~~ 
ofOrga& structures, p. 134, Academx Press, New York (l%l).] It would be expected that optical anti- 
poaeswoarhl~~~o~smdtins~[cf.L.ZShriner,R.A~andC.S.MarwlinOrgmrZc 
chanfstry, 2nd Editii (Edited by I-I. Gilman), Vol. 1, p. 246, John Wiley, New York WWI. 
~B.ZltiSl&N.K.RI- and C. S. HUDSON. 1. her. C’hwn. Sot. 73,4714 (1951). 
50 w. PIOMAN, nte car&hydrates, p. 80, Acndemk Press, New York (1957). 


