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ABSTRACT 

The benzylidene groups of the di-0,O-benzylidene derivative of D - X ~ ~ O S ~  diethyl dithio- 
acetal have been located a t  the 2,4:3,5 positions, and ?lot a t  the 2,3:4,5 positions suggested 
by Zinner, Rembarz, Linke, Ulbricht. Partial hydrolysis yielded the 2,4-0-benzylidene con-  
pound, from which 3-0-P-D-xylopyranosyl-D-xylose (rhodymenabiose) was prepared. 

INTRODUCTION 

An attempt \\ras made to synthesize 4-0-P-D-s)rlopyranosyl-D-xylose by condensing 
tri-0-acetyl-a-~-x)i~opyrallos~il bromide under standard Icoenigs-Icnorr conditions with 
a D-xylose derivative which had all the hydroxyl groups substituted with the exception 
of that a t  C4. I t  was also desired that this substance be in the open-chain form since 
experiments have indicated ( 2 )  that such reactants give greater yields than those in a 
ring form due to a lessening of steric hindrance in the Icoenigs-Knorr reaction. I t  was 
decided that such a derivative might be synthesized using as starting material the 
rnono-0,0-benzylidene-~-xylose diethyl dithioacetal prepared by Zinner et al. (1). This 
\\as obtained in low yield by the partial hydrolysis of a di-0,O-benzylidene-D-xylose 
diethyl dithioacetal formed by condensing D-xyloSe diethyl dithioacetal with benzal- 
dehyde in the presence of hydrochloric acid. The above worlcers (1) assigned the 2,3- 
linkage to the mono-0,O-benzylidene compound and gave the 2,3:4,5-linkage to the 
di-0,O-benzylidene compound. 

Xccorclingly, the crystalline 0-benzylidene derivative was prepared and was acetylated 
to yield a crystalline di-0-acetyl-1~~o1~o-O,O-be1~zylide1~e-~-xlose diethyl dithioacetal, 
\vhich nlas then demercaptalated with mercuric chloride and cadmium carbonate in dry 
methanol, yielding a crystalline di-0-acetyl-1~~ono-O,O-benzylidene-~-xylose dilnethyl 
acetal. Deacetylation of the latter compound produced a crystalline mono-0,O-benzyli- 
dene-D-xylose climethyl acetal, which was then partially benzoylated using one equivalent 
of benzoyl chloride in pyridine a t  low temperature. This reaction yielded a crystalline 
0-benzo)rl-0,O-benzylidene-D-xylose dinlethyl acetal. From the reaction sequence, this 
co~iipouncl shoulcl be 3-0-benzoyl-2,3-0-benzylidene-D-xylose dimethyl acetal, \\-hich has 
all its hydro\~.l groups substitutcd cxccpt that a t  C4, a position which is sterically un- 
hinclered owing to the absence of a hemiacetal ring. Hence, it was a suitable i~ltermediate 
for the desired synthesis of 4-O-P-D-~yl0pyran0~yl-D-~)il0Se. 
0-Benzoyl-O,O-be11z~7lidenc-~-sylose dimethyl acetal was therefore condensed with 

tri-0-acetlll-a-D-x~~lop)ranosyl bromide under standarc1 Icoenigs-I<norr co~lclitio~ls (3). 
The reaction product was cleacetylated and debenzoylatecl by warming it with sodiurn 
h>-clrosicle solution, ancl be~lzyliclene and acetal groups were subsequently renlovecl by 
h!-clrolysis with \varm dilute sulphuric acid. There resulted a syrup which, from chromatog- 
1-ap11ic esaminatio~l, consisted mainly of xylose and a disaccharide with an ~~~iespecteclly 
high  nobility on chro~~~atograms.  The mixture ~vas  separated by chro~natographg- on a 
cellulose colunln, and the disaccharide component was isolated as a syrup which crystal- 
lizecl. The disaccharide she\\-ed on chronlatograms a single spot with an unexpectedly 

lAIn?zt~soipt  ~erezocd AIarrh 26, 1960. 
Co?ztrib~~lio~z from the Depnrt~i~enl  of Chemistry, Queen's Unizle~sity, k'i~igslon, Ontario. 
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high nlobility (R,,1,,, 0.53, solvent A ;  0.64, solvent B),  whereas the mobility of the  
expected ~-O-/3-~-~yl~pyrall0~y~-~-S~l0~e:~ was much lower (I<,,,l,,, 0.20, solvent A ;  0.38, 
solvent B). T h e  disaccharide was, in fact, shown to be 3-O-~-xy~opyra11osyl-~-x~~~ose,  
from its oxidation with sodium periodate and the formation of a n  osazone. T h e  specific 
rotation (-35' + -22' (constant)) shon7ed the compound to be 3-0-/3-D-sylopyranosyl- 
D-xylose. 3 - O - f f - ~ - ~ y l o p y r a ~ 0 ~ ) . l - D - ~ y l o ~ e  has a specific rotation of +106' + +118' 
(constant) ( 5 ) .  

I-Ioward (6) has obtained a sylose-containing disaccharide by partial hydrolysis of a 
xylan produced by Rhodymenia palmafa. This disaccharide, "rhodymenabiose", has the 
same physical constants as the synthetic xylobiose, which is no\v identified as :i-O-B-D- 
xylopyranosyl-D-xylose. T h e  structure of "rhodymenabiose" was tentativelj- suggested 
to be 3-O-~-D-~yl0pyra110~yl-D-s) lose but  no attempts were lilade to characterize it ( 6 ) .  

*As the disaccharide obtained in the ICoenigs-I<norr sy~lthesis was not tha t  expected, 
i t  was decided to re-examine the structure of the 0-benzoyl-0,O-benzylidene-n-s).lose 
dimethyl acetal (VII) used in the condensation. Con~pound VII  was methylated using 
silver oxide and methyl iodide. T h e  compound proved difficult to methylate, but ,  after 
three repetitions of the methylation procedure, a crjstalline monomethyl ether \\-as 
isolated. Debenzoylation yielded a cr)-stalline mono-0,O-benzylidene-0-methyl-n-sylose 
dimethyl acetal which, on acid hydrolysis, nras converted into crystalline 3-O-methj.l- 
D - X ~ ~ O S ~  ('7). 

Con~pounds VI and VII u7ere then treated with toluene-p-sulphonyl chloride, and 
rnono-0,0-benzylidene-di-0-tosyl-~-x~lose dimethyl acetal and 0-benzo~rl-0,O-benzyli- 
dene-0-tosyl-D-xylose dimethyl acetal \\rere formed, respectively. Reaction of the first of 
these two tosyl derivatives with sodium iodide ~111der standard conditions (8) she\\-ecl the 
presence oi one primarj. hydroxyl group, n-hile, ullcler the same conditions, the second 
co~npound showed primary hydroxyl groups to be absent. 

These da ta ,  together with the formation of 3-O-m€!thyl-D-xylo~e, characterize 1.1 as  
2,4-0-benzylidene-n-xj~lose dimet11)~l acetal and VII  as  3-0-benzoyl-2,4-0,0-benz~-lidene- 
D - X Y ~ O S ~  dinlethyl acetal. Compound VI was not oxidized b\.sodium metaperiodate under 
standard conditions (9) and this is consistent with the benzylidene group in the 2,4 
position, there being no free hydroxyl groups on adjacent carbon atoms in 2,4-0- 
benzj'lidene-D-xylose dinlethyl acetal. If the benzylidene group were attached in the  
2,3 position a consumption of one equivalent of periodate \vould be expected. Reaction of 
VII with tri-0-a~etyl-ff-~-~y1opyran0~?-l bromide would therefore be expected to yield a 
(1 + 3)-linked xylopyranosyl-xylose and not the (1 + 4)-1inl;ed disaccharide originally 
expected in the condensation. 

3-0-/3-D-Sylopyranosyl-D-sylose nlas obtained in llyo yield, \vhich is less than might 
be expectecl fro111 a condensation iilvolvi~lg an open-chain sugar (2). I-Iomever, although 
the sugar mas in the open-chain form, the h\~droxyl group i~lvolvecl in the reaction-th,lt 
a t  CSj-was part of a ring system urhich involved the benzylideiie group, and, thus, 
reactioil was sterically llinclered to some extent. T h a t  the hydroxyl group a t  C3 n-as not 
very reactive was sI~o\vn by the difficulties encountered in methylating and tos\.lating 
this group. 

In  order to deterlnine if the mono-O,O-benz>7lidelle derivatives 111, IV, and Y had the 
benzylidene group in the 3,4 position or if the group had \\-andered during one of the 
interconversions, the structure of mono-0 ,0-benz)~ l idene-~-~ lose  diethyl dithioacetal 

*Prepared by  partial hydrolysis of a he~~ticellzrlose f rom aspelt ( P o p z ~ l u s  trelitlrloides) ( 4 )  
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(111) \\as exrumincd. The forn~ulation of this as the 2,3-0-benzylidene isoiner (Zinner et al. 
( I ) )  rests upon its oxidation with lead tetraacetate, whell one equivalent of the oxiclizing 
agent was consumed and formaldehyde (amount not stated) was liberated. This con- 
sumption of osida~lt  was interpreted to  meaI1 that the compound contaiiled hydrosyl 
groups 011 adjacent carbon atoms. I t  is kno\vn, however (10, l l ) ,  that  lead tetraacetate 
oxidation of thioacetals is an unreliable guide to  the presence of hydroxyl groups 
on adjacel~t carbon atoms, due to the oxidation oi the clithioacetal groupiilg. I11 
particular, I-Iuebner et al. (10) have examined the leacl tetraacetate oxidation of the 
analogous mono-0,O-benzylidene clerivatives of L-arabinose diethyl dithioacetal. With 
the fully substituted di-0-benzyliclene-L-arabinose dieth5,l dithioacetal, one equivalent 
of osiclant was consumed rapiclly (3 minutes) and a further one ecluivalent \\ras consumed 
slowly (2 110111-s). This consun~ption they assumed to be due to  oxidation of the clithio- 
acetdl group-a rapid oxidatio~i oi one sulphur atom follo\vecl by a slower oxiclation of 
the second. With mono-0,O-benzylidene-L-arabinose cliethyl clithioacetal, a consumption 
of two ccluivalcnts (rapid) plus two equivaleiits (slow) of leacl tetraacetate per mole was 
observecl, which, it \\;as assumed, was due partially to  oxiclation of the thioacetal groups 
(one fast plus one slow) and partially to oxidation of hyclrosyl groups on adjacent carbon 
ntoms (also, one fast plus oiie slow). I t  \\~ould, therefore, seem from these observations 
that the data reported ( I )  for the lead tetraacetate oxidation of rnono-0,0-benz)7lidcne-~- 
sylose cliethyl dithioacetal \vould support the view that  this compound does not possess 
hydroxyl groups on adjacent carbon atoms, rather than the reverse. 

By clemcrcaptalatioi~ of 11, Zinner et al. (I)  obtained a 2,3,4,5-di-0-benzyliclene- 
aldeliydo-D-sylose which, by heating with ~nethanol,  they convertecl into a cr\.stalline 
2,3,4,5-di-O-benz~7lidene-~-x~71ose methyl heiiiiacetal. They point out that  the pl~ysical 
constants (melting point and specific rotation) of this compound are very similar to those 
of a 2,3,4,5-cli-0-benzylidene-L-xylose methyl hemiacetal, whiclz was prepared by lead 
tetraacetate oxidatioil of a 1,2,3,4-cli-0-be1izylidene-~-glucitol and subsequent treatment 
\\-it11 methanol (Wolfe, I-Iann, and I-Iudson (12)). Hourever, although the structures of 
these 1,-xylosc and D-glucitol derivatives were a t  first in doubt, di-0,O-benzylidene-D- 
glucitol was later shown by Angyal and Lawler (13) to  have the benzylicle~ie groups 
spanning the 1,3 and 2,4 hydroxyl groups. These workers isolated, by partial hyclrolysis, 
2,-1-O-benzyliclene-~-glucitol, the structure of which \vas pi-eviously kno\\;n. I t  therelore 
tollows that the 2,3,1,5-di-O-benzylidene-1,-x~~lose ~iiethyl hemiacetal must, in fact, have 
the 2,4:3,5 structure, and the identity of physical constants of this and di-0,O-benz)-lidene- 
D-xylose methyl helniacetal would indicate that the latter compound too has the %,4:3,5 
structure. 

Finally, to characterize compouncls 11, 111, and IV, c~i-0-acetyl-0,0-bei1z~-lic~e1ie-~- 
xylose dicthyl dithioacetal (11') was cle~nercaptalated, using mercuric chloricle and 
caclmium carbon,lte in aqueous acetone (14), to  yield cli-0-acetyl-O,O-beiiz~7licIe1ie- 
aldel~ydo-11-sylose. This compound was reduced with sodiunl borohydride in aqueous 
methanol, and the resulting al1;aline solutio~i was heated on a water bath to  complete 
removal of the acetyl groups. The solution was cleionized ancl evaporated to  a crystalline 
residue \vhich was shown to be the \\lell-characterized, sym~netrical 2,4-0-benzylidene- 
s!.litol (XI)  (15, 16). Compound 11' is, therefore, 3,5-cli-0-acetyl-2,4-O-benzylidene-~- 
sylose cliethyl clithioacetal, whereas compouncls I1 and 111 must be 2,4:3,5-di-0-benzyli- 
clene-D-xylose cliethyl dithioacetal and 2,4-0-benzylidene-D-sy-lose diethyl dithioacetal, 
respectively. 
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The  real sequence of reactions in the synthesis of the disaccharide was therefore: 

D-XYLOSE 

ACETOBROM 

-D-XY LOSE 

ba= ACETYL 

BZ =BENZOYL 

ET = ETHYL 

Mr=METHYL 

Pn = PHENYL 

Dell~ercaptalatioll of 2,4:3,5-di-0-benzylidene-D-sylose tliethyl dithioacetal (11), ~ ~ s i l l g  
mercuric chloride and cadmium carbonate in dry methanol, yielded crystalline 2,4:3,5-di- 
0-benzylidene-D-xylose dimethyl acetal (XIII). This was shown to be identical with the 
di-0,O-benzylidene-D-xylose dimethyl acetal prepared by Breddy and Jones (17) by 
condensi11g D - X Y ~ O S ~  with benzaldehyde and methanol in the presence of hydrochloric 
acid, and used by them for the estimation of xylose. The structure of this compound was 
not previously 1in0wn. 

Zinner et al. (I) ,  in addition to preparing the ino~~o-0,O-benzylidene (111) and di-0,O- 
benzylidene (11) derivatives of D-xylose diethy1 dithioacetal, also prepared, in the same 
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way, a mono-0,O-benzylidene-D-xylose dipropyl dithioacetal, and di-0,O-benzylidene 
derivatives of the methyl, propyl, n-butyl, isobutyl, and benzyl dithioacetals of D-sylose. 
These, lilce I1 and 111, were assigned the 2,3-linlcage (in the case of the mono-0,O- 
benzylidene-D-xylose dipropyl dithioacetal) and the 2,3:4,5-linkage (in the case of the 
di-0,O-benzylidene derivatives of the various D - X Y ~ O S ~  clithioacetals). No at tempt  has 
been made to  investigate the structures of these clerivatives, but  it would seem lilcely that  
they, like I1 and 111, have the di-0,O-benzylidene groups in the 2,4:3,5 positions and the 
mono-0,O-benzylidene group in the 2,4 position. 

EXPERIMENTAL 

Optical rotations were measured a t  21°& 2' C and in water unless otherwise stated. 
Solutions were concentrated under reduced pressure a t  40' C. The following solvent 
systems (v/v) were used to  separate sugars on paper chromatograms: (A) 1-butanol: 
ethanol:water, :3:1:1; (B) ethyl acetate:acetic acid:water, 9:2:2. Sugars were detected 
with the p-anisidine hydrochloride spray (18). Infrared absorptions were measured either 
as  solutio~is in chloroform or as a powder (mulled in a potassium bromide pellet) on a 
Perlcin-Elmer XIodel 21 spectrophotometer. 

D-Xylose Diethyl Ditltioacefal (I)  
D - X ~ ~ O S ~  (100 g) ,  ice-cold ethanethiol (100 g) ,  and ice-cold hydrochloric acid (100 ml) 

were shalten together in a stoppered flask and the resulting mixture was left overnight 
a t  room temperature. The  solution was diluted with water (200 ml) ancl then cleiol~ized 
by passage through Amberlite I R  400 (OH) resin. The  eluate was concentrated to  a 
syrup which was cliluted with ether (200 ml) and relrigerated. The procluct crystallized 
and was filtered and washed with ether. Yield: 140 g (82y0), 111.p. 63-64' C. 

Z,/t:3,5-Di-O-be~zzyIzde~~e-~-xylos~ D~etkyl Ditl~ioacetnl (11) 
D-Sylose diethyl dithioacetal (50 g) was clissolved in redistilled benzaldehyde (300 ml) 

with warming and after being cooled to  3" C in ice, dry h ~ d r o g e n  chloricle was bubblecl 
through the solution. After 3 minutes a semisolicl mass \\.as formed which was diluted 
with ethanol (400 ml), shaken, ancl filterecl under suction. The  crude crystalline 111-ocluct 
was dried ~n aacuo and recrystallized from boiling ethanol. Yield: 40.6 g (48%), m.p. 
1S1-1S2° C, [a]" -3G0 (6, 4.93, chloroform). Literature ( I )  gives n melting point of 
1S1-182° C ancl [ a ] D  -36.7" (c, 2.53, chloroform). 

2,4-0-Benzylidene-D-xylose D'iethyl Dithioacetal (111) 
The conditions given by Zinnel- et al. ( I )  (hydrolysis with ethanol (3 parts) plus SOY0 

acetic acid (4 parts) for 1 hour) were fo~ind to produce only a small yielcl of mono-0,O- 
benzylidene compound. After various hydrolyzing mixtures were tried, the following 
conclitions were found to  be most satisfactory. X rnisture of di-0,O-benzylidene-D-xylose 
cliethyl dithioacetal (80 g), acetone (1800 ml), and 807; acetic acid (1200 ml) was refluxed 
for 3 hours. The  resulting solution was cooled to  10" C in ice water, and unhydrolyzed 
di-0-beilzylidene material was removecl by filtration. The  filtrate was concentrated to  a 
small volunle and the acid was ~leutralized with cold potassium hydroxide solution 
iollo\ved by sodium bicarbonate solution. The  aqueous solution was extracted with 
chloroform ( 3 x 1 0 0  ml) and the combined extracts were washed once with water, dried 
(3/IgS04), and filtered. Evaporation of the filtrate yielded a crystalline residue which was 
extracted \\lit11 boiling water. The  aqueous extract was cooled and mo~lo-0,O-benzylidene- 
D-xylose diethyl dithioacetal was re~noved by filtration. Yield: 5.5 g (43y0 after recovery 
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of unchanged di-0-benzylidene compound). After recrystallization froin water and from 
ether it had a melting point of 146-147" C and [aID -22" (c, 2.0, methanol). Literature 
( I )  gives a melting point of 147" C and [a],, -23.3" (c, 2.76, methanol). 

3,5-Di-O-acetyl-2,~-O-be~zzylidene-~-xylose Diethyl Ditlzioacetal (IV) 
2,4-0-Renzylidene-D-sylose diethyl dithioacetal (29.4 g) i tas dissolvecl in dry pyricline 

(300 ml), and acetic anhydride (250 ml) iilas added dropwise to  the solution while this 
ivas cooled and stirred mechanically. After the addition (1 hour) stirring was continued 
for 1 hour Inore and the solution was then left a t  room temperature (16 hours), aftel- ivhich 
it was poured with stirring into ice ivater (1200 ml). The product precipitated from solution 
and was collected, washed with water, and air-dried. After reel-ystallization from methai~ol 
it iveighed 35 g (96%) and had a melting point of 92.3-93" C and -2" (c, 4.33, 
chloroform). Anal. Calc. for C201-12806S2: S ,  14.95. Found: S ,  14.96. 

S,;i-Di-O-acetyl-2,/t-0-benzylidene-~-xyose Dimethyl ;l cetal (V) 
3,5-Di-0-acetyl-2,4-O-be11zylidene-~-xyose diethyl dithioacetal ( l og )  was dissolved in 

dry methanol (300 ml). Cadmiuin carbonate (90 g) was added to  the solution, which was 
stirred vigorously, and a solution of mercuric chloricle (90 g) in dry 1-11eth:unol (100 ml) 
was added portionwise a t  room temperature. After the addition (1 hour) stirring was 
continued for a further 15 hours a t  room temperature and the mixture was then reflused 
(40 minutes). The solution was filtered through a Celite pad and the precipitate was 
ivashecl with methanol. Filtrate and washings were concentrated to  ca. 200 ml and this 
solution was poured into 500 1111 each of chloroforn~ and water. The chloroform layer was 
extracted with water until chloride-free, dried (MgSO4), filtered, and evaporated to a 
syrup (9.6 g). This crystallized when allowed to stand in the desiccator. The crude 
product was recrystallized from methanol. Yielcl: 6.5 g (76%), 1n.p. 82.5-83.5" C ,  [aID 
4-34' (c, 4.3, chlorofori~l). Anal. Calc. for ClSH24O8: C, 58.71; 1-1, 6.52; S, nil. Found: C, 
58.94; I-I, 6.34; S, 0.07. 

2,4-0-Benzylidene-D-xylose Dimethyl Acetal (VI) 
3,5-Di-0-acetyl-2,4-0-benz\ilidene-D-xylose dilnethyl acetal (1.45 g) ivns dissolved in 

dry methanol (30 ml) and the resulting solution was coolecl to 5" C. 3lIethanolic sodium 
methoside (0.88 N, 1 1111) was added and the solution ivas then stored a t  7" C (22 hours) 
in a stoppered flask. The solution was ~leutralized (glacial acetic acid and then sodium 
bicarbonate solution) and then evaporated to  dryness, to  yield a white crystalline residue. 
This \\:as recrystallized from ether. Yield: 0.90 g (81%), m.p. 142-143" C,  [a],, +32" 
(c, 1,  methanol). Infrared examination showed no absorptioil for carbonyl group (1700- 
1750 an-'). Anal. Calc, for C1~11200~: C ,  59.16; I-I, 7.04. Found: C,  59.41; 1-1, 7.15. 

5-O-Benzoyl-2,~-O-benzylidene-~-xyIose Dimethyl Alcetal (VII) 
The iuethod usecl was similar to  that  described by Zinner et al. (19). 2,4-0-Benz~~lidelle- 

D-xylose dimethyl acetal (4.8 g) was dissolved in dry pyridine and the solution was cooled 
to - 13" C and stirred mechanically. A solution of redistilled benzoyl chloride (2.3 g) in 
dry pyridine (10 1111) was then added dropwise iilhile the temperature was kept beloii- 
- 10" C (40 minutes). The solution was stored a t  - 5" C (4 hours), then a t  0" C (16 hours), 
and fillally a t  rooin temperature (2 hours), after which the product was precipitated by 
pouring the solution into ice water (700 mi). The mixture was left a t  room temperature 
(2 hours) to complete hydl-olysis of excess benzoyl chloride and was then filtered. The 
precipitate was washed with \\rater and after drying i n  aaczlo it iveighed 4.5 g (69%). The 
n~aterial  was recrystallized from methanol and then had a melting point of 120-121" C 
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ancl [a],, +44" (c, 4.06, chloroform). Anal. Calc. for C ? I H ? ~ O ~ :  C, 64.94; 11, 6.19. Found: 
C, 63.21; I-I, 6.40. 

Condensation o j  5-O-Benzoyl-2,4-O-bemylzde~ze-~-xylose Dilxethyl .lceta& with 
Tri-0-acetyl-a-D-sylopyranosyl Bromzde 

t5-O-Benzo~71-2,4-O-bei~zylidene-~-xylose dimethyl acetal (8 g) was dissolvacl in dry, 
alcohol-free chloroform (80 1111) and to the solution were added Drierite (10 g) and silver 
o d e  (10 g). The solution was s11al;en in the dark to dry the reagents. After 1 hour 
tri-0-acetyl-a-D-xylopyranosyl bromide (20) (14.4 g) in dry, alcohol-free chloroform 
(30 ml) and a feu- crystals of iodine were added and the shalting was contiilued a t  roo111 
tempel.ature. After 48 hours a test for ionizable bromine was negative. After a further 
48 hours the solutioil was filtered through a Celite pad, and evaporated to a syrup which 
\\-as dissolved in a solution of water (4 parts) plus methanol (1 part) (200 1111) coiltai~ling 
sodium hydroxide (8 g). The solution was warmed on a water bath a t  70" C (4 hours), 
after ~vhich it  was cooled and deionized by passage through coluinns of Amberlite I R  400 
(01-1) aitd IRC 50 (H) resins in series; the former resin also reinoved the bull; of the free 
sylose. The neutral eluate was concentrated to a syrup (5.4 g) which was dissolved in 
aqueous N/100 sulphuric acid, and the resulting solution was warmed a t  70" C (5 hours). 
The solutioil was cooled and deionized by passage through Duolite A-4 (OH) resin. 
Concei~tration of the eluate yielded a syrup which \vas sho\vn by paper chroinatography 
(sol~rent B) to consist, in addition to xylose, of a main compo~~ent  with R,ylos, 0.64 and 
smaller components with R,ylos, 1.23 and 0.38. 

The sq rup was partially fractionated by chromatography on a colu~un of Dowex 50W 
1-esin ( 9 4 ~ 3 . 3  cm) (21) and fractionation ancl concentration of the eluate yielded a syrup 
(2.3 g) which was enricheel with the cl~romatographicall~ slo\ver-moving colnponents. 
Part of this (0.9 g) ~ v a s  fractionated by chroinatography on a cellulose column ( 4 0 x 3  cm) 
(22) using as eluent 1-butanol half saturated with water. 

Fractioiz 1 :  A syrup (0.62 g) which chroma tog^-aphic examination showed to consist 
mninl>. of xylose, plus a much smaller component wit11 R,ylose 1.23 (solvent B). This 
latter was presumed to be a partially unhydrolyzed xylose acetal or ester. 

Fraction 9: X syrup (0.255 g) which crystallized on stancling. Chromatography showed 
a single spot with R,,lo,, 0.53 (solvent A) and 0.64 (solvent B). 

Fractio~z 3 :  X syrup (0.0-L g) which chroinatographic examination showed to consist 
of a major component with Ii,,lo,e 0.26 (solvent A) and 0.38 (solvent B) and a minor 
coinpo~leilt wit11 RXy1090 0.53 (solvent A) and 0.64 (solvent B). This fraction was not 
esalnined further. 

Fraction 2 \vas recrystallized from methanol and then had a melting point of 192-193° C 
ancl [a],, - 33" (4 minutes) + -22" (constant) (c, 2.3). 

Xcicl hydrolysis (N sulphuric acid a t  80' C for 12 hours) showed only xylose to be 
present. rlnal. Calc. for CloI-11909: C,  42.53; H ,  6.43. Found: C,  42.71; H ,  6.56. 

Periodate Oxzdation of Fraction 2 (XI I) 
Portions (ca. 10 mg) of fraction 2 were oxidized with aqueous sodiuill metaperiodate 

using standard procedures, (a) in acid PI-I unbuffered conditions, and (b) in solution 
buffered a t  PI-I 8. The periodate uptake was estimated b17 the method of Neumuller and 
l'dsseur (9) and the formic acid liberation by that of Andrews et al. (23). 

The molar periodate consumptions per mole of clisaccharide were as follo~vs: (a) in 
unbuffered solution, 1.38 (after 14 ~ninutes),  1.73 (39 ~ninutes), 2.36 (1.2 hours), 2.41 
( 2  hours), 2.78 (4 hours), 2.97 (7.3 hours), and :3.04 (21 hours); (b) in solution buffered a t  
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pH 8, 1.48 (after 13 minutes), 2.88 (38 minutes), 7.11 (4 hours), and 8.73 (21 hours). The 
inolar production of formic acid in unbuffered solutioil was 0.47 (after 39 minutes), 0.58 
(1.2 hours), 0.82 (2 hours), 0.99 (4 hours), 1.20 (7.5 hours), and 1.33 (21 hours). Estra- 
polation of the flat part of the curve to zero time gave values for the experinlent in un- 
buffered solution : uptake of metaperiodate, 2.95 moles per mole of sugar ; forinic acid 
production, 1.05 moles per mole of sugar. 

The theoretical results for oxidation of a xylobiose in acid PI-I unbuffered conditiolls 
are: for (1 + 2) and (1 + 3)-linked disaccharides, 3 nloles of periodate coilsuined per 
mole of sugar and 1 mole of forinic acid liberated per lnole of sugar, and for ( I  + -1)- and 
(1 + 5)-linlted disaccharides, 4 moles of periodate per mole and 2 moles of forinic acid 
per mole assuming hydrolysis of forilly1 ester is slow. The extrapolated values obtained 
therefore indicated that the glycosidic linltage was either ( I  + 2) or ( I  + 3), and the 
overoxidation values showed that i t  was in fact the latter. There was very little over- 
oxidation in unbuffered solutioil (only 3.05 moles of periodate were coilsulned after 21 
hours) and this is typical of (1 + 3)-linlted disaccharides where initial oxidation produces 
a fornlyl ester-containing residue which is stable under the acid pIH which results in un- 
buffered conditions. With ( I  + 3)-linked sugars overoxidatioil is rapid in allcaline solution 
as the forinyl ester is unstable under these conditions, and fraction 2 showed a rapid 
overoxidatioil in solution buffered a t  pH 8. I t  is lcilow~l (25) that with ( I  + 2)-linked 
disaccharides overoxidatioil is rapid even in acid conditions because the residue resulting 
from initial oxidation does not contain a forlnyl ester and hence is unstable. 

~ - O - ~ - D - X ~ ~ O ~ ~ Y U ~ O S ~ ~ - D - X Y ~ O S ~  Plzenyl Osazone 
The sugar (50 mg) was dissolved in water (0.5 ml) and acetic acid (0.2 1111) plus pheilyl 

hydraziile (0.15 ml) were added. The solution was warnled a t  70" C (1.5 hours) and then 
cooled and diluted with water (3 ~n l ) .  An oil separated ~vhich crystallized on standing. 
This was recrystallized froin hot water and then hacl a melting point of 194-196" C 
and [aID +47" (c, 1.25, pyridine). Anal. Calc. foi- C2214?s07x\r;4: N ,  12.18. Found: S, 12.28. 

5-O-Be~zzoyl-2,4-0-benzylidenc-S-0-~methyl-~-sylose Dimetlzyl Acetul (VIII) 
5-0-Benzoyl-2,4-0-benzylidene-D-xylose dimethyl acetal (1.19 g) was dissolved in 

methyl iodide (25 1111). Silver oxide (2 g),  Drierite (2 g), and a few crystals of iocline were 
added to the solution, which was then shake11 in the clarl; (21 hours) and finally boiled 
under reflux ( 5  hours) with exclusion of moisture. The solution was filtered and the 
residue was nrashed with acetone. Filtrate and \vashings were evaporated to dryness, 
yielding a partially crystalline residue nrhich was finally dried i ~ z  vac~to. I t  then weighed 
1.17 g and, on iilfrared analysis, sho\ved appreciable amounts of hydroxyl group to be 
still present. The above methylation procedure \vas repeated t~vice (the illaterials \17ere 
boiled under reflux for a total time of 70 hours), after which a crystalliile product (1.17 g, 
total yield i.e. recovery, 96y0) \\:as obtained which, \vhen subjected to infrared analysis, 
showed oilly a sinall peak correspondiilg to free hydroxyl group. The product was dissolved 
in warm ethanol and cooling the resulting solutioil induced partial crystallization. The 
crystalline material was filterecl, washed with ethanol, and dried. I t  weighed 0.37 g and 
had a melting point of 137-138' C. Further cooling of the solutioil produced a secoild crop 
of crystals (0.16 g, n1.p. 137-138' C),  after which a third crop was obtained ~vhich had 
a ineltiilg point of 90-98" C and was presumably a mixture of inethylated and 11011- 
inethylated materials. The material with a ineltiilg point of 137-138" C was combined 
(0.53 g, 43%) and recrystallized from ethanol. I t  then had a melting point of 138-139' C 
and [ ( Y ] ~  +40° (c, 2.5, chloroform). Infrared exainination showed there to be no peak for 
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free hydroxyl group present. Anal. Calc. for CP2H2G0,: OX'Ie, 23.14. Found: OWIe, 23.32. 

2,G-0-Benzylidene-3-0-methyl-D-xylose Dimethyl ,lcetal (IX) 
3-0-Benzo~-l-2,4-O-benzylidene-3-O-methyl-~-xylose dimethyl acetal (0.34 g) was 

dissolved in a solution of ethanol (10 ml) plus aqueous N/10 sodiunl hydroxide solution 
(10 ml) and the nlaterials were then xvarmed on a water bath a t  70" C (2 hours). The  
solution mas cooled and concentrated to dryness and yielded a residue which was dissolved 
in chloroforlll (20 ml). The resulting solutioll nras washed twice with water, dried 
(MgS04), filtered, and evaporated to dryness. A crystalline resiclue was obtained (0.22 g, 
88%) xvhich after recrystallizatioll from ether had a melting point of 134-133" C and 
[&ID +go (c, 1.55, methanol). ,\rial. Calc. for C~BII??OG: OMe, 31.2. Found: ORIe, 31.0. 

3-0-_lfetlzyl-D-xylose (S) 
2,4-O-Bei1zylidene-3-O-~~~ethyl-~-splose dimethyl acetal (0.22 g) was added to aqueous 

f\T/60 sulphuric acid (10 1111) and sufficient methanol was then added to dissolve the 
material. The solution mas xvar~ned a t  70" C (3 hours), cooled, and deionized by passage 
through Duolite A-4 resin (OH form). Concentratioll of the eluate yielded a colorless 
syrup (0.12 g 957;), which crystallized completely after ilucleatioll xvith authentic 
3-O-meth~11-~-s~~lose. -qfter recrystallizatioll from acetone the material had a melting 
point of 96" C and mixed lllelting point with authentic 3-0-methyl-D-xylose 93-96' C,  
[&ID +37" (4 minutes) -, +19" (constant) (c, 1.6). Literature gives a melting point of 
103-104" C ancl [&ID +32.2" -+ + 14.8" (constant) (7), m.p. 95" C, and [&ID +45 "-+ + 19" 
(constant) (26). The infrared spectra of this material and of authentic 3-0-methyl-D-xylose 
were identical. 

2, 4-0-Benzy l ide lze-3 ,5-da- tosy l -D-xyo  Dimethyl ,lcetal 
2,4-0-Benzylidene-D-splose diiuethyl acetal (1.07 g) was dissolved in dry pyridine 

(4 1111) and the solution was cooled to 10" C. A solution of toluene-P-sulphonyl chloride 
(1.6 g) in pyridine (3 1111) was then added and the nlaterial was left in a stoppered flaslr 
a t  roo111 temperature (2 hours). Excess tosyl chloride was hydrolyzed by the slow drop- 
wise acldition of water, and the mixture was then poured into an excess (100 ml) of water. 
The resulting solution was extracted with chloroform and the colllbilled chloroform 
extracts mere n~ashed successivelp with solutions of dilute sulphuric acid and sodiulll 
bicarbonate, and finally with water. The solution was dried, filtered, and evaporated to 
a hard glass (1.97 g). Infrared examination of this showed a slight peak for free hydroxyl 
group so the tosylation procedure was repeated; a colorless glass (1.93 g, 86%) was thus 
obtained. This shoived no peal; correspollding to free hydroxyl group on infrared examina- 
tion, [&ID +14" (6, 3.4, chloroform). Anal. Calc. for C?8H&0S?: S,  10.77. Found: S,  10.80. 

Reaction of R,~-O-Benzylidene-3,5-di-0-tosyl-~-xylose Dimetl~yl ilcetal with Sodizlm Iodide 
The conditions used were those recommended by Tipsoil (8). 2,4-0-Benzylidene-3,5- 

di-0-tosyl-~-xylose dimethyl acetal (0.23 g) plus a 10yo solution of sodiulll iodide in 
acetone (2.3 ml) were sealed in a glass tube, which was the11 placed in a boiling water 
bath (2 hours). After being cooled to roo111 temperature the materials were filtered and 
the precipitated sodium toluene-p-sulphonate was washed with acetone. Yield: 0.03 g, 
which, allomillg for the solubility of sodium toluene-p-sulphonate in acetone (S), represents 
44% reaction fro111 one tosyl group. 

5-0-Be~zzoyl-2,~-0-benzylide~ze-3-0-tosy-~-xyose Dimethyl ilcetal 
3-O-Benzoyl-2,4-O-benzylidene-~-xylose dimethyl acetal (0.30 g) was treated with 
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tosyl chloride using the procedure described above. After three repetitions of the tos!rla- 
tion process a colorless glass (0.41 g, 97%) was obtained which showed no peal; corre- 
sponding to free hydroxyl group on infrared examination. I t  had +4" (c, 4.62, 
chloroform). Anal. Calc. for C ~ B I - I ~ O O ~ S :  S ,  5.90. Found: S ,  5.88. 

The material was heated with sodium iodide in acetone as  described for 2,4-0- 
benzylidene-di-0-tosyl-D-xylose dimethyl acetal. After 2 hours in the boiling water bath 
no sodiunl toluene-9-sulphonate was produced. 

2,J-0-Benzylidene-xylitol (XI)  
3,5-Di-O-acetyl-2,4-O-benzylide1~e-~-xyIose diethyl dithioacetal (IV) (3.13 g) \\-as 

dissolved in a solution of acetone (4 parts) plus water (1 part) (80 ml). Cadmium carbonate 
(12 g) was added to the solution, which was stirred vigorously while a solution of mercuric 
chloride (12.3 g) in acetone (40 ml) was added portionwise a t  room temperature. After the 
addition (3 hours) stirring was continued for a further 15 hours a t  room temperature and 
the mixture was then boiled under reflux (40 minutes). The product was worked up as  
described for 2,4-O-benzylidene-3,5-di-0-acetyl-~-sylose dimethyl acetal, a clear s)-rup 
(3.7 g) being obtained. 

The above crude 3,5-di-0-acetyl-2,4-O-benzylidene-alclehydo-~-xylose (3.0 g) was 
dissolved in 50% aqueous methanol (100 1111) and to the cooled solution was added an 
excess (2.2 g) of sodiurll borohydride. The solution was left a t  room temperature (3  hours) 
after which excess sodium borohydride was destroyed with glacial acetic acid. The solution 
\vas deionized by passage through a column of Amberlite IR-400 (01-1) resin and the 
acidic eluate was shaken with Amberlite IR-120 (I-I) resin in the cold. The neutral solution 
was evaporated to  dryness and boric acid was removed as methyl borate by codistillation 
with methanol ( 4 x 4 0  ml). A residue remained (1.05 g, 46% over-all yield) which crystal- 
lized on standing and was recrystallized from water. I t  had a inelti~lg point of 142-143" C 
and showed no optical rotation. Literature (16) gives a llleltillg point of 143-144" C. The 
material formed a crystalline triacetate which had a nlelting point of 9-1-93" C and she\\-ed 
no optical rotation. Literature (16) gives a melting point of 94-93" C. 

2,J:3,5-Di-O-benzylidene-~-xylose Dimethyl -1cetal (XIII)  
2,4:3,5-Di-0-benzylidene-D-xylose diethyl dithioacetal (5 g) was denlercaptalatecl using 

mercuric chloride and cadmium carbonate in dry methanol as described for 3,s-di-0- 
acetyl-2,4-0-benzylidene-D-xylose diethyl dithioacetal (IV). The product \\-as extracted in 
the same way yielding a ~vhi te  crystalline residue (3.1 g, 72%) which was recr3-stallized 
from chloroform/light petroleum. I t  had a ~nelting point of 210-211" C and [aID -9" 
(c, 2.2, chloroform). 

Di-0-benz>~lidene-D-sylose dinlethyl acetal was also prepared as  described b\- Breddy 
and Jones (17) by allowing D-xylose to react with methanol and benzaldehyde in the 
presence of hydrochloric acid. The  mhite crystalline product was recrystallized from 
chloroform/light petroleum and had a melting point of 210-211" C undepressecl by 
admixture with 2,4: 3,5-di-0-benzylidene-D-xylose dinlethyl acetal and [aID - 9" (c, 2.25, 
chloroform). Literature (17) gives a melting point of 211" C and -9" (c, 1.2, chloro- 
form). The  infrared spectrum of this nlaterial and that  of 2,4: 3,5-di-0-benzylidene-D-sylose 
dimethyl acetal were identical. 
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