
THE SYNTHESIS OF 5-0-METHYL-L-ARABINOSE' 

A B S T R A C T  

5-0-Methyl-L-arabinose is thought to  occur in the  hydrolysis products of methylated wheat  
bran he~liicellulose. This  sugar has now been synthesized from ethyl  2,3-di-0-acetyl-5-0- 
trityl-a-L-arabinoside by detritylatiol?, methyla t io l~ ,  and  hydrolysis. T h e  free sugar was 
obtained a s  a s irup and  was charactenzed b y  periodate osidation together with the  prepara- 
tion of a crystalline osazone and a c r y s t a l l i ~ ~ e  lactonc. 

In 1955 Adams (1) reported the probable occurrence of 5-0-methyl-L-arabinose, 
together with another inonometl~ylarabinose, in the hydrolysis products of methylated 
wheat bran hen~icellulose. It  was not ~~ossible  to separate these compounds and no con- 
stants foi- 5-0-methyl-L-arabinose were available so that positive identification was not 
possible. 

\Vc have now synthesized this compound from I>-arabinose cliethylmercaptal in 16% 
over-all )+Id b). the following series of reactions: 

I.-arabinosc clicthl I niercaptal ( I )  + ethyl  a-I.-arabofuranoside (11) + eth? l 2,s-di-0-acctyl-5-0-trityl- 
a-I.-arctbi~iosicle (111) + ethyl 2,~l-di-O-acctyl-a-1~-nrabinoside (I\/) + e t h j  l 2 ,3-di-0-acetyl-5-0-~~~et1~~~l-  
a-I*-aral)inosicIe (V) + 5-0-methyl-I.-arabinose (VI). 

Trit).lntion and acetylation of (11), which was readily obtained from (I) by the action 
of ethanol, mercuric chloride, and mercuric oxide, affordecl (111) in high yield as a sirup. 
Although cletritylation of (111) with hydrogen bromicle in acetic acicl was not satisfactory 
and gave positively rotating sirups the use of 80% acetic acicl gave (IV) in high yield. Two 
treatments with Purclie's reagents gave a sirup which showed no hydroxyl band in  the 
infrarecl. Successive hydrolyses with alltali and acid gave a sirup which showed a strong 
!I-anisicline positive spot with X, 0.30 (butanone-water azeotrope) and several weak spots 
~ ~ h i c h  were not further examined. By chromatograph\. on a column of cellulose-hydro- 
cellulose (2) the component of R, 0.30 was obtained pure. 

A s:umple of this conlpound was oxiclized with sodium metaperioclate and rapidly 
consumecl 3 moles of periodate yielding 3 moles of formic acid. These results can be 
espected only froin the 5-0-methyl derivative. Confirmation of this structure was obtained 
froni the iiifrared spectrum of the lactoile obtained by broinine oxidation. It  has been 
reported that y-lactones of aldonic acids show their C=O band in the range of 5.59- 
5.68 p while for 6-lactones this is in the range of 5.68-5.79 p (3). The C=O band of our 
inono-0-methyl-L-arabonolactone was at 5.62 p ,  in agreement with the assigned structure 
of 5-0-methyl-1,-arabinose. This was further supported by the fact that the lactone showed 
no change in rotation in aqueous solution after 20 hours. 

I t  may be noted that the 5-0-methyl ether has a much higherR,value than the corre- 
spo~idil~g 2-0-methyl clerivative and that this is consistent with sugars which can only exist 
in the furanose form. Although sugar acetates may undergo acetyl migration even in the 
presence of such a weak base as silver oxide ( 4 5 )  there was no indication of such migration 
in the prepardtion described here. I t  is obvious that this preparation inight be shortelled 

' i lfar~lrsc~.ipt received Jzltre 22, 1969. 
Contribzrtio?t front tlte Departnterrt of Chemistry, University of Britislt Colz~mbia, Varrcouver, Britislt 

Coltrn~bia. Presented at the iS6tlt Anterican C l ~ e ~ i ~ i c a l  Society ?izeeli?tg i ~ t  Atlaxtic City, New Jersey, Septen~ber, 
1969. 
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by starting from an equilibriuin mixrure of arabofurailosides but  we preferred to use .L 

pure anomeric form in the hope that  any intermediates would be crystalline. This hope 
was not realized. The ethyl furanoside was preferred to the methyl because of the hygro- 
scopic nature of the latter (6, 7). 

The related 2- and 3-O-rneth~~l-1~-arabiiloses have beell known for some time ailcl oilly 
the 1-isomer remains to be synthesized. 

ESPERI AIEN'rAL 

Ethyl a,~-ilrabofz~ranoside ( 6 )  
L-Xrabinose diethylmercaptal (1.90 g) was shal<en for 1 hours a t  room temperature i l l  

absolute ethanol (30 inl) with mercuric chloride (11 g),  yellow inercuric oxide (1.7 g) ,  ancl 
drierite (1.5 g). The  inorganic salts were reinoved by filtration and the filtrate was co~i-  
centrated i n  vacuo to sirup. The sirup \\-as dissolved in chloroform (60 1111) to I-cmove 
inorganic salts and evaporation of the solution gave a light yellow sirup (3.03 S ,  !lOTO) 
which crystallized slowly on standing after seeding. I?, values of the sirup I\-el-c 0.042 
(very weak), 0.386 (very weak), and 0.513 (sti-oiig) (butanone-\\rater azeotrope). 11.1,. 
66-69" C, [a]: -111.1' (c, 0.918 in water). Lit. (6) m.p. 68-69' C ,  [a]: - 116.0' (c, 7.033 
in water). 

Ethyl 2?,S-Di-O-acetyl-5-O-trityl-a,~-arabinoside (8)  
Ethyl a,~-arabofuranosicle (3.05 g, 0.0172 niole) was dissolved in dry pyridine (2;) 1111) 

and the solution was kept a t  room temperature for 21 hours after addition of trit) 1 
chloride (5.25 g, 0.0188 mole). During this period pyridine l~ydrocl~loride precipitated out 
of the solutioil. Acetic anhydride (20 1111) was added and the solution was kept at r.oolil 
temperature for a further 21 hours. The acetylated solutioil was poured into ice \\,atel- and 
extracted with chloroform (20 1111 X 5). The cl~loroform solutioil was washed with nqucous 
socliuill bicarbonate solution, ~vashed with water, dried over anhydrous sodium sul~)li:~tc, 
aiicl evaporated i n  vaczLo to give a yello\v sirup (8.30 g, 96y0), [a]: -82.9' (c, 0.362 
in cl~loroform). 

Ethyl R,S-Di-0-acetyl-a,~-arabi?zoside (8)  
T o  ethyl 2,3-di-0-acety1-3-0-trityl-a,~-arabinoside (8.30 g) were aclded water (62 1111) 

and glacial acetic acid (230 1111) and the mistui-e was heated for 1 hour i l l  boiling \\-,itel-. 
The solutioil was concentrated i?z vacuo to give a inixture of tritanol and yellow sirup. The  
mixture was dissolved in chloroforill (10 1111) and adsorbed on an alumina colunln 
(3.5x20 cm) \vhich was washed with benzene. 'Tritanol was eluted first with benzelie 
(800 ml) and the detritl-lated compound was eluted with cl~loroform (1300 1111). Evap:)ra- 
tioil of the eluate gave a yellow sirup (3.59 g, 83%) [a]: -58.8' (c, 0.218 in chlorofortn). 
Lit. (8) [a]: -30' (c, 1.7 in cl~loroform). Infrared spectruni of the sirup showed complcte 
lack of aroniatic character. 

Etlzyl 2,s-Di-0-ncetyl-5-0-1netl~yl-a,~-ni.nbi?zoside 
Ethyl 2,3-di-0-acetyl-a,~-arabinoside (3.50 g) and drierite (5 g) were stirred unc1c1- 1-cflus 

in inethyl iodide (50 1111) for 6 hours. Silver oxide (10 g) was aclded in 10 portio~is at about 
30-minute intervals. Excess methyl iodide was I-emoved by distillation and the resitluc \Y,LS 

estracted five tinles \\lit11 50 ml each of chlorofoi-in. Evaporation of the solvent 2,ive a 
yellow sirup (2.99 g). 

The  procedure was repeated again under the saille coilditioils and the yello\\r sirup 
(2.48 g, 65.5y0), [a]: -19.0' (c, 0.306 in chloroform), showed 110 free hydroxyl band 011 

the infrared spectrum. 
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IIytErolysis of Ethyl 2,S-Di-0-acetyl-5-O-met1~yl-cY,~-arabi~~oside 
Ethyl 2,3-di-O-acetyl-5-O-inetl~yl-cr,~-arabinoside (2.48g) was heated in a mixture of 2 N 

sodium hyclroxide (20 inl), water (20 ml), and methanol (40 ml) for 1 hour in boiling 
water, and then neutralized with IR-120 resin (Rohm and Haas). The neutral solutio~l 
\\as concentratecl ,in vacuo to a volume of G5 rnl ancl 1 N hydrochloric acid (G5 1111) was 
aclclecl. The mixture was heated in boiling water and the hjrdrolysis was followed polari- 
nietl-icrtllj.. The initial rotation ( -  1.440' in 1-dm tube) changed after 4 hours to a constant 
.iralue (-0.155' in 0.5-dm tube). The acidic solution was neutralized with Duolite A-4 
resin (Chemical Process Co.) and then concentratecl in  anczio to a sirup (1.10 g, 7470). 
P,~per  c l~romatograph~~ (butanonc-water azeotrope) of the sirup showed a strong spot of 
X, 0.30 and weal; spots of Rf's 0.64, 0.53, 0.32, and 0.12. 

Scpnratiol~ of 5-O-ll~ethyl-~-arabinose by Chromatograplzy 
'Thc h~.drolysis product (1.1 g) was cl~ssolved in illethanol (2 1111) and was chroinato- 

graphecl on a cellulose-hydrocell~ilose colun~n (3 X40 cm) using butano~le-water azeotrope 
as clcveloping solvent (rate of flow, 10 m1/30 minutes). Each fraction (10 ml) was checlced 
b!. paper c l~ ro rna tog~-ap l~~~ .  I11 tubes No. 13-23 a compound with 12, 0.30 was fouild with 
others having X j  0.G4 and Ii, 0.53, but in tubes No. 24-40 only the compo~ind with 
1<,0.:30 \\.as observed. On evaporation of the fractions No. 24-40 a colorless sirup (387 mg) 
\\-:LS obtained. Rechromatography of fractions No. 13-23 under the saine coilclitions gave 
a furthcr cluantity of sirup (120 mg). Both were chromatographically pure (R j  0.30) and 
the total !,ield of the sirup ~ v a s  507 mg (4GY0). Anal. calc. for C6H1205: Oh'Ie, 18.9%. 
1;ouncI: OMe, 18.8, 19.0%. [a]: -32.0" (c, 0.484 in water). The R, value in butan-l-ol- 
etha~iol-~vater-ammonia (40:11:19:1) \\-as 0.48. 

I'r,riotkt~te Oxidation of 5-0-iMetlzyl-L-arabinose 
-All reactions were carried out in the darlc and a t  5' C. 
(i) Detcrminntion of periodate co)zsumed.-3-0-l~lethyl-L-arabinose (7.5 mg) was dis- 

solved ill water (10 ml), and 0.23 iV sodium metaperiodate solution (1 1111) was added to 
the solution. A blank was run concurrentl~.. .%liquot portions (1 ml) were withdraw11 a t  
intervals ruid the consumption of periodate was determined by means of the arsenite 
nlethocl (8). The results are sho~vn in Table I. 

(ii) Estimation of formic acid produced.-After reacting overnight, an aliquot was 
titrnted with 0.01 N sodium hydroxide solution using methyl red as an indicator. The  
1-es~llts are shown in Table I .  

TABLE I 
Periodate oxidation of the mono-0-methyl-L-arabinose 

- 

Formic acid 
Periodate cons~~nrption production 

Time, h o ~ ~ r  0 1 2 3 Overnight Overnight 

hIoles 1 97 2 68 2.70 2.86 2.86 3.09 

6-O-~LI~tlzyl-~-arabinose Pheny1osazo)ze 
5-0-Methyl-L-arabiilose (111 mg) was dissolved in 20% acetic acid ( 5  ml), and sodium 

bisulphite (110 mg) and phenylhydrazine (1 ml) were added. The solution was kept for 
1 hour a t  80' C and then a t  room temperature overnight. The precipitated yellow crystals 
(50 rng) \\-ere filtered and recrystallized from aqueous acetone, 111.p. 154.5', [a]:' -16.6' 
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(c, 0.4 in methanol). Dilution of the filtrate with water gave a further 70 mg of the crystals 
which showed m.p. 154.5" after recrystallization from aqueous acetone. Total yield of the 
phenylosazone was 120 nlg (52%). Anal. calc. for C18H2203N4: C, 63.1; H,  6.5; N ,  16.4; 
OMe, 9.1y0. Found: C,  62.9; H ,  6.4; N,  16.3, 16.6; OMe, 9.0, 9.2%. (C, H ,  and N by 
Drs. Weiler and Strauss, Oxford). 

5-0-ilfethyl-L-arabo~zolactone 
5-O-R4ethyl-~-arabinose (120 mg) was dissolved in water (2 1111) and liept a t  room 

temperature in the darli, after addition of bromine (10 drops). The oxidation was conz- 
plete after 30 hours (paper chromatography) and water (10 1111) was added. Excess bromine 
was removed by aeration, and the solution was treated with silver carbonate and centri- 
fuged. After hydrogen sulphide was passed through the solution and after centrifugation, 
the solution was concentrated in vaczro to dryness to give a solid (77 mg) which by 
recrystallization from acetone-petroleum ether gave colorless needles, m.p. l%X, 
[a]: -76.2" (c, 0.22 in water) (no change after 20 hours); [a]: -43.7" (c, 0.27 in 
acetone); -y Nujol max. 5.62 p. Anal. calc. for C6H1005: Oh4e, 19.2%. Found: OlIe ,  
19.1, 19.3y0. 

The financial support of the Kational Research Council is gratefully aclii~owledged. 
\Ve wish to thanli Dr. F. Smith lor a gift of ethyl a-L-arabofuranoside. 
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