
AN ALTERNATIVE SYNTHESIS O F  5-0-METHYL-L-ARABINOSE' 

ABSTRACT 

5-0-Methyl-L-arabinose has been synthesized by an unambiguous route in which 0-benzyl 
groups were used to bloclc positions 2 and 3 in the L-arabinose molecule. In addition to  the 
usual indirect proofs of structure, a direct proof is described involving isolation of the product 
from periodate oxidation of the 5-0-methyl-L-arabinose. Two new derivatives, the phenyl- 
hydrazide and anlide of 5-0-methyl-L-arabonic acid, were prepared. 

The probable occurrence of 5-0-methyl-L-arabinose among the hydrolysis products of 
methylated wheat bran hemicellulose (1) prompted the synthesis of this compound by 
Dutton et al. (2). These authors used 0-acetyl groups to block positions 2 and 3 in 
ethyl a-L-arabinofuranoside during inethylation by Purdie's reagents and stated that 
"although sugar acetates may undergo acetyl migration even in the presence of such a 
weak base as silver oxide there was no indication of such migration in the preparation 
described here" (2). This result indicated that 0-acetyl migrations, which are known to 
occur in the hexopyranoside series (3-6) and in D-glucose diethyl thioacetal tetracetate 
(7), may not happen in the pentofurailoside series. 

Authentic samples of mono- and di-0-methyl ethers of L-arabinose were required in 
conilection with another problem (8) and were obtained from various laboratories. 
Examillation of the methyl glycosides of these compounds by gas-liquid partition 
chromatography (9, 10) revealed that all of the samples that were syrups contained more 
than one component. These sanlples had been obtained by chromatography on cellulose 
and the results showed that pure methyl ethers of arabinose may be difficult to isolate 
by that method. 

Because of the uilexpected absence of 0-acetyl migration in the synthesis of Dutton 
et al. ( 2 ) ,  the apparent difficulties in purification of these con~pounds by cellulose chroma- 
tography, and the urgent need for an authentic sainple of this important reference sugar, 
an alternative synthesis of 5-0-methyl-L-arabinose seemed desirable. The present paper 
reports such a synthesis together with a proof of structure and two new derivatives of 
this sugar, nanlely the phenylhydrazide and the amide of 5-0-methyl-L-arabonic acid. 

The route followed in this synthesis was similar to that used by Dutton et al. (2) 
except that 0-benzyl rather than 0-acetyl groups were used to bloclc positions 2 and 3 
in the L-arabinose molecule. The sequence of reactions was as follows. Ethyl a-L-arabino- 
furanoside was tritylated and the product was benzylated to yield ethyl 2,3-di-0-benzyl- 
5-0-trityl-a-L-arabinoside. This compound was successively detritylated, methylated, 
debenzylated, and hydrolyzed to yield 5-0-methyl-L-arabinose. Purities of the con~pounds 
obtained in each step of the synthesis were checked by analysis and, where possible, by 
gas-liquid partition chromatography and paper chromatography. 

Collfirinatioll that the syrupy mono-0-methyl-L-arabinose froin the above synthesis 
was 5-0-methyl-L-arabinose was obtained from the following evidence. Complete methyla- 
tion of the inethyl glycosides, prepared by refluxing the mono-0-methyl-L-arabinose in 
inetlianolic hydrogen chloride, yielded methyl 2,3,5-tri-0-methyl a- and P-L-arabinosides, 
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readily distinguished from the methyl glycosides of 2,3,4-tri-0-methyl-L-arabinose by 
gas-liquid partition chromatography (8). Oxidatioll of the mono-0-methyl-L-arabinose 
by bromide yielded a lactone that crystallized from the chloroforn~ extract of the reaction 
mixture. This lactone showed a very slow change in rotation in aqueous solution and 
had carbonyl absorption a t  1773 cm-I in the C=O stretching frequency of its infrared 
spectrum. Barker et al. (11) have shown that ?-lactones of aldonic acids have their 
carbonyl absorption bands in the range 1'765-1790 cm-I while those of 6-lactones are 
between 1726 and 1760 cm-I. This was confirmed here by observation of the infrared 
spectra of the followillg lactones, which showed carbonyl absorption as indicated: 
D-gluconic acid d-lactone (1720 cm-I); 2,5-di-0-methyl-L-arabonic acid-?-lactone (1777 
cm-I); and 3,5-di-0-methyl-D-galactonic acid-y-lactone (12) (1'786 cm-I). The  results of 
methylation and the isolation of the ?-lactone showed that the parent mono-0-methyl- 
L-arabinose was capable of existing in the furanose form and therefore that the 0-methyl 
group could not be located a t  C4. 

The mono-0-methyl-L-arabonic acid-?-lactone provided a crystalline phenylhydrazide 
and a crystalline amide on reaction with phenylhydrazine and an~monia respectively. 
The  amide gave a positive Weerman (13) reaction showing the presence of a free hydroxyl 
a t  C2. This conclusion was supported by isolation of an osazone fro111 the mono-0-methyl- 
L-arabinose without loss of methoxyl and by the large AdG value of the parent sugar on 
paper electrophoresis in borate buffer (14). 

On oxidation by periodate the methyl glycosides of the mono-0-methyl-L-arabinose 
consulned one molar proportion of oxidant and released neither formic acid nor form- 
aldehyde. This result could not have been obtained from methyl 3-0-methj-1-L-arabino- 
side, which would not be oxidized in either the furanoside or pyranoside form, and showed 
that C3 in the mono-0-methyl-L-arabinose must carry a free hydroxyl. 

The foregoing evidence showed that free l~ydroxyls existed on Cp, C3, and C4 of the 
mono-0-methyl-L-arabinose and constituted indirect proof that the 0-methyl group was 
located on Cg. 011 periodate oxidation the mono-0-methyl-L-arabinose j~ielded meth- 
oxyacetaldehyde, isolated by azeotropic distillation with water and identified as its 
9-nitrophenylhydrazone (15, 16). The  isolation of this product, which could have arisen 
only from the 5-0-methyl isomer, constituted a direct proof of structure. 

The physical constants of the 5-0-methyI-1~-arabinose, 5-0-methyl-L-arabonolactone, 
and 5-0-methyl arabinosazone isolated in the present study are in reasonable agreement 
with the values reported for these derivatives by Dutton et al. (2) except for the specific 
rotations of the free sugar and of its osazone. Although certain partially methylated 
reducing sugars are known to give anomalous results when oxidized by perioclate (17, 18), 
Dutton et al. (2) have shown that 5-0-methyl-I*-arabinose behaves normally under these 
conditions, a conclusion supported bv the present work. 

Paper chromatograms were run by the descending method on Whatman KO. 1 paper 
using the organic phase of butanone saturated with water containing 3% of concentrated 
ammonium hydroxide. Paper electrophoresis was done on Whatman 3hI3I paper a t  
700-800 v for 2 hours using 0.2 M borate buffer, pH 10. Sugars were detected on the 
papers by the p-anisidine hydrochloride spray reagent (19). Infrared spectra were 
measured in the frequency range 3800-699 cm-I either on cl~loroform solutions or by the 
Nujol mull technique. Gas-liquid partition ch romatograms were done on a Pye Argon 
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Chromatograph using straight, 4-ft colunlns with the following packings: 
(a) butanediol succinate polyester on Chromosorb W, 60-80 mesh (1: 9 w/w), 
(b) polyphenyl ether, m-bis(m-phenoxyphenoxy)-benzene, on Celite 545, 80-100 

mesh (1 : 6 w/w). 
Flow rates and temperatures were as  cited for individual analyses. Evaporations were 
carried out a t  35' C under diminished pressure unless otherwise stated and melting 
points are corrected. 

Etlzyl 5-0-Trityl-a-L-arabinoside 
Ethyl a-L-arabinofuranoside (10.8 g, 111.p. 48-49' C, [ c ~ ] D ? ~  - 1 1 7 ' ~  1.5' (c, 1.7% in 

water) (20)) was dissolved in dry pyridine (100 ml) and triphenylchloromethane (16.85 g) 
was added. After the solution had been kept a t  room temperature (25-26' C) for 41 lloui-s 
isolation of the product (21) yielded ethyl 5-0-trityl-a-L-arabinoside as a syrup (yield 
25.0 g or 98Y0), -51.4' (c, 3.170 in methanol). Anal: Calc. for C?6H2805: trityl, 
59.8%; C, 74.26%; H ,  6.71%. Found: trityl (22), 59.67y0; C, 74.99y0; I-I, 6.92y0. 

Etlzyl 2,S-Di-0-benzyl-6-0-trityl-a-L-arabinosidc 
Ethyl 5-0-trityl-a-L-arabinoside (23 g) was benzylated according to the procedure of 

Dennison and RIIcGilvray (23). The syrupy product showed very weak hydroxyl absorp- 
tion in its infrared spectrum but the high yield (35.0 g, 106y0) indicated incomplete 
removal of benzyl chloride or benzyl alcohol from the reaction mixture. [ci]D2? -40.5' 
f 1' (c, 1.7y0 in chloroform). Anal: Calc. for C40H1005: C, SO.Oyo; H ,  6.71y0. Found: 
C,  81.170; H ,  6.71%. 

, Etlzyl 2,S-Di-0-benzyl-a-L-arabinoJuranoside 
Ethyl 2,3-di-O-benzy1-5-0-trityl-a-1~-arabiioside (34.8 g) was dissolved in dry cllloro- 

form (100 1111) and the solution was saturated a t  0' C with dry hydrogen chloride. After 
1 hour, the solution was neutralized with silver carbonate, silver salts were filtered, and 
the filtrate was evaporated to a syrup. A inethanolic solution of this syrup yielded crystals 
of triphenylcarbinol when kept a t  0' C. The crystals (4.0 g) were reinoved and the filtrate 
was evaporated to dryness. The residue, slurried in petroleuin ether (65-110' C), was 
added to a column of alumina (3.5>(28 c111) which was then eluted with petroleunl 
ether (700 ml) to remove triphenylinethane (10 g,  m.p. 93' C). Elution of the column 
with methanol (500 ml) and evaporation of the eluate then yielded the syrupy product 
(14.66 g, 74.5y0), [a]D24 -28..5'=t0.5' (c, 2.4% in chloroform). Anal: Calc. for C211-I2f,05: 
C, 70.37y0; 1-1, 7.31y0. Found: C, 70.53%; 1-1, 7.10%. 

Ethyl 2,S-Di-0-benzyl-6-0-methyl-a-L-arabinoside 
Ethyl 2,3-di-0-benzyl-a-L-arabinofuranoside (14 g) was n~ethylated with methyl 

iodide (125 ml) and silver oxide (19 g). Filtration and evaporation of the filtrate yielded 
a product which still had hydrosyl absorption in its infrared spectrum. One more methyla- 
tion yielded a product (1.4.1 g, 96%) with 110 hydroxyl absorption in the infrared and 
having [ff]D2"22.3'=t0.5' (c, 2.0y0 '011 chlorofornl). Anal: Calc, for C2?H?805: C, 'i0.9470; 
I-I, 7.58%. Found: C, 71.58Y0; I-I, 7.08%. 

Ethyl 5-0-Methyl-a-L-arabinoside 
Ethyl 2,3 -di -0-benzyl-5-0-met11~~1- a-I>-arabinoside (13.0 g) was debenzylated by 

reduction with sodium in alcohol (24) to yield a syrupy product (4.66 g, 78.5y0). Analysis 
of this product by gas-liquid partition chromatography, column A,  170' C, 300 nll 
argon/min, showed the presence of one major coinpoilent (68.9y0) and four minor 
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components. The minor components were undoubtedly partially benzylated products 
that were soluble in water. Because of this evidence of a mixture, no analyses or measure- 
ment of specific rotation were done. 

Hydrolysis of Ethyl 5-0-i>fethyl-a-L-arabinoside 
The syrupy glycoside obtained above (2.5 g) was heated with 0.05 N sulphuric acid 

(50 ml) a t  100" C and the hydrolysis was followed by gas-liquid partition chro~llatography 
using the conditions just described for examination of the products fro111 debenzylation. 
The glycosides gradually disappeared and none could be detected after 2 hours of 
hydrolysis. The hydrolyzate was neutralized with barium carbonate, filtered, and the 
filtrate was evaporated to dryness yielding a syrup (1.9 g, 91.2%). Paper chron~atography 
of this material showed the presence of a ~najor  component of RG 0.39 and minor com- 
ponents of RG values 1.1, 1.0, 0.77, 0.22, and 0.12 (RG = ~novement relative to 2,3,4,6- 
tetra-0-methyl-D-glucose). 

Isolation o j  6-0- Methyl-L-arabinose 
The syrupy mixture from the hydrolysis (1.9 g) was resolved by chron~atography on 

22 sheets of Whatman No. 3i\lIM paper (46x57 cm) and elution of the appropriate areas 
yielded the major component (I-, 0.39), which was recovered as a syrup (0.90 g, 47.4%). 
The yield was corrected for material lost on the guide strips used to locate the sugars. 

Dutton et al. (2) reported [a]D2' -32.0" (c,0.484Y0 in water) for 5-0-methyl-L-arabinose. 
The sugar isolated in the present work had [CI]~?~ -25.3"~!~1.5" (c, 1.0% in water) and 
a inethoxyl content of 18.7%; a mono-0-methyl pentose requires a methoxyl content 
of 18.9%. On paper chromatography and paper electrophoresis this sugar gave RG, 
RF, and n!tG values of 0.39, 0.32, and 0.74 respectively. Gas-liquid partitioil chromatog- 
raphy of a methanolyzate of this compound on column B showed only two pealts, which 
corresponded to the anomeric glycosides of 5-0-methyl-L-arabinose. These results show 
that 5-0-1nethyl-~-arabi11ose is readily purified by chromatography on cellulose despite 
the apparent difficulties, referred to in the discussion, in obtaining pure samples of 
arabinose methyl ethers by that procedure. 

Methylation of 5-0-Methyl-L-arabinose 
The mono-0-methyl pentose (ca. 2 mg) was heated a t  100" C in a sealed tube with 

2% n~ethanolic hydrogen chloride (1.0 ml) for 12 hours. Acid was neutralized with silver 
carbonate, and the filtrate from removal of silver salts was evaporated to a syrup which 
was shaken overnight with silver oxide (20 mg), methyl iodide (0.2 inl), and dimethyl 
formamide (0.2 ml) (25). The reaction mixture was examined by gas-liquid partition 
chromatography using colum~l B, 200" C, 85 ml argon/min. Two co~nponents were 
found, in the methylation reaction, with retention volumes (VR), which were made 
relative to methyl 2,3,5-tri-0-methyl-a-L-arabinoside, of 1.00 and 1.28 corresponding to 
the a- and /?-methyl glycosides respectively of 2,3,5-tri-0-methyl-L-arabinose. Under the 
conditions used, the a- and /?-methyl glycosides of 2,3,4-tri-0-methyl-L-arabinose ran 
as one component with Vn = 1.75 and none was found in the methylated product. 

5-0-Methyl-L-arabonolactone 
A mixture of 5-0-methyl-L-arabinose (300 mg), water (3 111l), barium carbonate 

(300 mg), and bromine (30 drops) was kept in the dark a t  room te~nperature for 70 hours. 
Bromine was removed by aeration and the aqueous solution was extracted coiltinuously 
with chlol-oform for 5 days. The lactone crystallized fro111 the chloroform solution aild 
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SIDDIQUI ET AL.: SYNTHESIS OF 5-0-METI-IYL-L-ARABINOSE 1599 

evaporation of the solution left more of the lactone as a crystalline residue. Recryst a 11' ~ z a -  
tion from ethanol - petroleum ether (30-60" C) yielded 5-0-methyl-L-arabollolactone 
(170 mg), 111.p. 137-138°C; [a]D2"79.10+1" -+ -71.3°+10, 6 days incomplete (c, 
1.0% in water); VZ?' 1773 cm-l. Reported (2) values are rn.p. 135" C, [aID2' -76.2" 
(c, 0.22% in water). Anal: Calc. for C6H1005: C, 44.44%; H,  6.22%; OCI-I,, 19.3%. 
Found: C ,  44.12y0; H ,  5.99%; 0CH3,  19.1y0. 

5-0- Methyl-L-arabonamide 
5-0-Methyl-L-arabonolactone (50 rng) was dissolved in saturated methanolic ammonia 

and stored a t  5" C for 20 hours. Evaporation of the solutioll and recrystallization from 
ethanol-ether yielded the arnide, n1.p. 141-143" C, [a]D2' f40.7"+2" (c, 0.8% '011 

methanol). Anal: Calc. for C6H1305N: C, 40.22%; 11, 7.31%; N,  7.82%. Found: C, 
39.98y0; H ,  7.09%; N,  7.76%. 

A portion of the amide (ca. 5 mg) was oxidized with sodium hypochlorite and on 
addition of sernicarbazide hydrochloride (13) gave a white precipitate of hydrazodi- 
carbonamide. 

5-0-Methyl-L-arabonic Acid Phenyllzydrazide 
5-0-Methyl-L-arabonolactone (40 mg) was dissolved in inethanol (3 inl), and freshly 

distilled phenylhydrazine (30 111g) was added. The solutioil was refluxed for 3 hours and 
then evaporated to a syrup which crystallized from ethanol-ether to give the phenyl- 
hydrazide, n1.p. 176.5-178" C, [a]D2j +23.6"+3" (c, 0.38y0 iin methanol). Anal: Calc. for 
C12H1805N2: N, 10.37%. Found: N ,  10.58%. 

5-0-illethyl-L-arabinose Phenylosazone 
A mixture of 5-0-methyl-I>-arabinose (50 mg), 20y0 acetic acid (3 ml), sodium bisulphite 

(50 ing), and phenylhydrazine (0.5 ml) was heated for 1 hour a t  80" C and was then 
left for 24 hours a t  rooin temperature. The yellow, crystalline precipitate (25 mg) was 
recr)lstallized from aqueous acetone to give 5-0-methyl-L-arabiilose phenylosazone, 
m.p. 153-155' C, [a]D'"f3°+10 (c, 0.97% in methanol). Reported (2) values are m.p. 
154.5" C, [a],?' -16.6" (c, 0.4% in methanol). Anal: Calc. for C181-12203N.~: C,  63.14%; 
H ,  6.48%; N, 16.4%; 0CI-13, 9.05%. Found: C, 63.08%; I-I, 6.51%; N, 16.577,; OCI-I,, 
9.11%. 

Periodate Oxidation of 5-0-AletJ1yl-~-arabinose 
5-O-Methyl-1~-arabinose (90 mg) was dissolved in 0.10 M sodium metapel-iodate 

(20 ml) and the solution was stored in the dark a t  room temperature for 21 houi-s. The 
solution was then distilled and to the distillate was added an aliquot (4 1111) of a solution 
of 9-nitrophenylhydrazine (0.4 g) in water (23 ml) and concentrated hydrochloric acid 
(0.4 1111) (15). The dense yello~v precipitate was filtered after 5 minutes and recrystallized 
from ethano1:water (2:3) to yield m e t l ~ o x y a c e t a l d e l ~ y d e - ~ i t r o p l ~ e i ~ y l y d - a ,  n1.p. 
114-116" C. Reported (1.3, 16) values are 1n.p. 116" C and 115-1 15.5" C. Anal: Calc. for 
C9H110dN3: C,  51.67%; I-I, 5.30%; N ,  20.097,. Found: C,  51.30%; H ,  5.39%; N,  19.95%. 

Periodate Oxidat i o ~ ~  of Methyl 5-0-illetlzyl- (a@)-L-arabinoside 
5-O-Methyl-~-arabii1ose (40 mg) was refluxed with 2y0 inethallolic hydrogen chloride 

(3 ml) for 8 hours. The solutioil was neutralized with silver carbonate, filtered, and the 
filtrate was evaporated to a syrup. The syrup (33.7 mg) was oxidized in aqueous solution 
(25 n ~ l )  containing 0.3 211 sodium metaperiodate (10 ml); a blank was run concurrently. 
The consumption of periodate, estimated by the arsenite method (26), was 0.96 mole 
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per mole of glycoside, collstailt after 24 hours. No formic acid or for~naldehyde could be 
detected. 
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