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The present interest in pentose S-phosphates reaches beyond the members of 
the phosphoghrconate pathway and has recently centered on D-arabinose 5-phosphate 
(Sa). D-Arabinose is utilized by certain yeastslV2 , presumably3 via 5a, and by bac- 
teDa l 4. In derobacrer aerogenes, D-arabinose is isomerized to D-erythro-peatulose, 
followed by phosphorylation at O-5 and epimerization at C-3 to produce D-xyIose 
5-phosphate4. Pseudomonas saccharophila metabolizes D-arabinose via D-arabino- 
furanose + D-arabinono-l&lactone + D-arabinonic acid + 3-deoxy-D-glycefo-2- 
pentulosonic acid --, pyruvic acrd and glycolic acid’. The catabolism of D-arabinose 
in Escherichia colt K-12 involves the sequence D-arabinose + D-erythro-penfxlose -+ 
D-erythro-pentulose l-phosphate --, 1,3-dihydroxy-2-propanone l-phosphate and 
glycoIaldehyde6, whereas, in E. coli B/r, the pathway D-arabinose + D-erythro- 
pentulose --, D-eryrhro-pentulose 5-phosphate -+ D-threo-pentiose 5-phosphate has 
been established’. 

Compound 5a is an intermediate in the pathway of cell-wall synthesis in 
Gram-negative bacteria. Condensation of 5a (available, inter alia, from D-efythro- 
pentnlose 5-phosphate via the action of D-erythro- pentulose 5-phosphate isomerase’) 
with enolpyruvate phosphate leads to 3-deoxy-D-manno-octulosonic acid S-phos- 
phateg, which is a constituent of the cell-wall hpopolysaccharide. Consonant with 
this pathway was the isolation of an auxotrophic mutant of Salmonella typhimurium 
having impaired ability to synthesize the 3-deoxy-D-manno-octulosonate region of 
the fipopolysaccharide, and dependent on exogenous 5a for growth”. It has been 
suspected that D-erythro-pentulose 5-phosphate isomerase is generally present in, 
and limited to, those bacteria wherein D-arabinose is a major structural element 
within the polysaccharide chains, as in Mycobacterium tuberculosis, Mycobacterium 
Zeprae, some corynebacteria, and Nocardia *. The limitation of this enzyme system 
to bacteria was thought to have possible therapeutic significance’. To evaluate this 
hypothesis, a ready access to 5a was required that none of the published methods 
seem to provide. 

Starting with D-arabinose, the first synthesis of 5a involved 7 steps”, and the 
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products derived either from direct phosphorylation of D-arabinose or oxidation 
of D-glucose 6-phosphate by lead tetraacetate appear to lack characterizationg. A 
preparation of 5a obtained by ninhydrin degradation of 2-amino-2-deoxy-D-glucose 
6-phosphateX2 was shown to be contaminated with D-eryrhro-pentulose 5-phosphate’, 
and the procedure of Szab6 et aL3, starting with D-glucose, comprises 9 steps, with 
unspecified overall yield. The most recently published synthesis of L-arabinose 5- 
phosphate13 from L-arabinose, although adaptable to the preparation of 5a, is not 
attractive, in view of the 8 steps mvolved. 

Selective phosphorylation of the 5’-hydroxyl group of unprotected nucleosides 
has been actively studied, and accomplished with many reagents14-‘6. Similar 
selective phosphorylation was obtained with other substratesi’, so that economical 
syntheses of pentose 5-phosphates appeared possible by phosphorylation of a suit- 
ably protected pentofuranose with such readily accessible phosphorylating reagents 
as diphenyl phosphorochloridate” or dibenzyl phosphorochloridatel’, followed by ’ 
hydrogenolytic generation of the firranose 5-phosphate derivative, and autohydrolysis. 
We illustrate this approach by the synthesis of the 5phosphates of D-arabinose and 
D-xylose. 

Methyl a-D-arabinofuranoside (l), prepared from D-arabinose dipropyl di- 
thioacetal, was phosphorylated with an equivalent of diphenyl phosphorochloridate. 
The resulting ester (2) was purified by chromatography, and hydrogenolyzed with 
hydrogen in the presence of platinum oxide to give methyl a-D-arabinofuranoside 
5-phosphate (4). The use of diphenyl phosphorochloridate has the advantage of 
stability and commercial availability of the reagent; hydrogenolytic removal of 
the phenyl groups is reportedly only possible with platinum catalysts18*‘g; we have 
cotimed this observation, and find palladium-on-carbon to be ineffective. It is 
surprising, therefore, that successful hydrogenolysis of 1,2,3-tri-O-acetyl-5-O-(di- 
phenylphosphono)-L-arabinofuranose apparently succeeded with palladium chloride 
in et.hanol13. Dibenzyl phosphorochloridate is a rather unstable reagent, and must 
be prepared immediately before use. The phosphorylation yields with this reagent 
are generally low, presumably due in part to instability of the product, but the 
benzyl groups undergo hydrogenolysis with particular ease. Alternatively, therefore, 
ester 4 was also prepared from methyl S-O-(dibenzylphosphono)-a-D-arabino- 
furanoside (3) by hydrogenolysis with palladium-on-carbon; autohydrolysis of 4, 
derived from either 2 or 3, was performed without prior isolation, and yielded 5a, 
isolated as the dilithium salt (5h). 

D-Xylose 5-phosphate was prepared analogously. 1,2-O-Isopropylidene-a-D- 
xylofuranose (6) was phosphorylated with diphenyl phosphorochloridate to give 
crystalline 5-U-(diphenylphosphono)-1,2-O-isopropylidene-a-D-xylofuranose (7) in 
good yield. Hydrogenolysis of 7, however, proved to be somewhat unpredictable. 
In one experiment, 1,2-O-isopropylidene-cc-D-xylofuranose 5-phosphate (9) was 
obtained in 1 h with platinum oxide in ethanol and a hydrogen pressure of 3.4 atm.; 
in another, similar conditions led to the partially hydrogenolyzed and crystalline 
ester 8. At 204 atm, hydrogenolysis was accomplished without formation of 8 as 
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a byproduct. AutohydroIysis of ester 9 gave D-xylose 5-phosphate (lOa) readily 
isolated as the dilithium salt (lob). 

EXPERIMENTAL 

General metho& _ - All evaporations were performed under diminished pressure. 
Methanol was redistilled from magnesium methoxide, and pyridine from powdered 
potassium hydroxide. Melting points are uncorrected. ‘H-N.m.r. spectra were re- 
corded with a Varian HA-100 spectrometer. TLC. was conducted on plates of silica 
gel 60 F254 (E. Merck, Darmstadt) with systems A 8 : 1 (v/v) chloroform-methanol, 
B 9 : 1 (v/v) butanone-water, and C 10: 5 : 1 (v/v) methanol-chloroform-pyridine. 
Spots were detected under U.V. light or with a sulfuric acid spray and subsequent 
charring. Chromatographic columns were prepared by slurrying silicic acid (Mallinck- 
rodt, 100 mesh) in chloroform. 

Methyl a-D-afabinofuranoside20 (1). - To a mechanically stirred, ice-cold 
suspension of D-arabinose dipropyl dithioacetal”’ (5.69 g, 20 mmol) and powdered 
Drierite (3 g) in methanol (i 10 ml) were added mercuric chloride (10.9 g) and yellow 
mercuric oxide (5 g) in one portion. Stirring was continued for 2 h in an ice bath, 
and for 30 min at room temperature. The suspension was filtered, the solids were 
thoroughIy washed with methanol, and the filtrate and washings were combined, 
diluted with pyridine (5 ml), and cooled in an ice bath for 1 h. The pyridine-HgCl, 
complex was removed by filtration, and the filtrate evaporated to dryness; the i :sidue 
was dissolved in water (30 ml), the solution was cooled in an ice bath for 1 h, and the 
suspension was filtered. The filtrate was evaporated to a syrup which was dried under 
diminished pressure, to yield 1 (3.12 g, 19 mmol); R, 0.18 (A) and 0.50 (I?); ‘H- 
n.m.r. data (CDCI,): 6 4.86 (s, H-l, J1,* < 1 Hz). 

Methyl 5-O-(diphenylphosphono)-a-D-arabinofiranoside (2). - Crude 1 (2.89 g, 
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17.6 mmol) as obtained in the previous experiment was dissolved in pyridine (30 ml), 
and the solution was evaporated to remove moisture. The residue was dissolved in 
pyridine (10 ml), the solution was cooled to O”, and a solution of diphenyl phos- 
phorochloridate . ** (5 05 g, 18.8 mmol) in dichloromethane (30 ml) was added with 
stirring during 1.5 h at 0”. Stirring at ice-bath temperature was continued for a 
further 3 h. Water (25 ml) was then added, the mixture was stirred for 30 mm at 
room temperature, and the phases were separated. The organic phase was washed 
with water (2 x 25 ml), and evaporated to dryness. The residue was dissolved in 
chloroform (20 ml) and placed on top of a column of silicic acid (61 g). Chloroform 
(350 ml) eluted minor impurities; the major component was now eluted with 9: 1 
chloroform-ethyl acetate (400 ml) and then solvent A (150 ml). The chromato- 
graphically pure fractions (t.1.c.) were pooled, and evaporated to yield 2 as a syrup 
(3.64 g, 8.64 mmol; 49%) [a]? t49” (c 0.5, ethanol); Rf 0.44 (A), 0.83 (B), and 
0.86 (C); ‘H-n.m.r. data (CDCI,): 6 2.20 (s, 0.5 H, CH,OH), 3.28 (s, CH,O), 3.33 
(s, 0.5 CH,OH), 3.77-4.38 (m, 7 H, H-2-5 and 2 OH), 4.73 (s, H-l), and 7.21 (m, 
10 H, 2 C,H,). 

Anal. Calc. for C,,H,,O,P - 0.5 CH,OH - OS Hz0 (421.37): C, 52.73; H, 5.74; 
P, 7.35. Found: C, 52.60; H, 5.41; P, 7.61. 

MetIryi 5-O-(dibenzylphosphono)-cc-D-arabinofuranoside (3). - N-Chloro- 
succinimide (2.8 g) was added to a solution of dibenzyl phosphite (5.32 g, 20 mmol) 
in benzene (50 ml), and the mixture was stirred for 2 h and filteredz3. The filtrate 
was evaporated, the residue dissolved in dichloromethane (10 ml), and the solution 
added dropwise during 30 min to a solution of anhydrous 1 (3.12 g, 19 mmol) in 
2,6_dimethylpyridine (5 ml) and acetonitrile (10 ml) at ice-bath temperature. The 
temperature was then allowed to rise to room temperature, but a considerable 
quantity of starting material (t.l.c., B) still remained. Therefore, the addition of 
crude dibenzyl phosphorochloridate was repeated at room temperature. After 4 h, 
chloroform (20 ml) was added, and the mixture was successively washed with water 
(2 x 20 ml), saturated sodium hydrogencarbonate solution (30 ml), and water 
(20 ml), and evaporated. To aid removal of 2,6-dimethylpyridine, toluene was 
repeatedly added to, and evaporated from, the residue. The residue was dissolved in 
chloroform, and chromatographed on a column of silicic acid (35 g). Chloroform 
(400 ml) eluted impurities; the major product was obtained with 97 : 3 chloroform- 
2-propanol, affording, after removal of solvenr, pure 3 as a colorless syrup (2.9 g, 
6.83 mmol; 34%); R, 0.55 (A), 0.60 (B), and 0.52 (C); ‘H-n.m.r. data (CDCI,): 
6 3.35 (s, OCH,), 3.66 (s, b, 2 OH), 3.93-4.29 (m, 5 H, H-2-5), 4.84 (s, H-l), and 
5.01 and 5.03 (d, 2 H each, JH,P 8 Hz, 2 OCN,C,H,). 

D-Arabinose 5-(drlithirrm phosphate) (5b) from 3 or 2. - A solution of 3 (650 
mg, 1.53 mmol) in 2-propanol (20 ml) was hydrogenolyzed at a hydrogen pressure 
of 3.4 atm. in the presence of 10% palladium-on-carbon (50 mg) for 2.5 h, to yield 
4 (R, 0.2, C). The catalyst was removed by titration, the filtrate evaporated to 
dryness, the residue dissolved in water (- 1 ml), and the solution heated under 
nitrogen on a steam bath until hydrolysis was complete. The resulting solution of 
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5a (Rp 0.1, C) was decolonzed with activated carbon, and passed through a column 
of Dowex 50-X4 (H+) ion-exchange resin (2oo-400 mesh, 2 ml). The effluent and 
aqueous washings were combined, adjusted to pH 8.1 with M lithium hydroxide, 
and concentrated to -0.8 ml. Addition of methanol and acetone gave a white 
precipitate that was successively washed with ethanol and ether, to yield 5b as the 
monohydrate (310 mg, 1.19 mmol; 78x), [ct];” +11.2” (c 1.0, 0.1~ HCI); lit. 
[aliz f lo”, + 13” (ref. 3, for the sesquihydrate), [a]? - 12.8” for theI L-isomer 
(monohydrate). 

Anal. Calc. for CSHBLi,O,P - HZ0 (259.99): C, 23.10; H, 4.26; P, 11.91. 
Found: C, 23.17; H, 4.29; P, 12.18. 

Hydrogenolysis of 2 (3.40 g, 8.07 mmol) in methanol (30 ml) with hydrogen 
at a pressure of 3.4 atm. in the presence of platinum oxide (200 mg) was complete 
in 2 h. The catalyst was removed by filtration, the filtrate containing 4 was evaporated, 
the residue was dissolved in water (2 ml), and the solution was heated, under nitrogen, 
on a steam bath until hydrolysis was complete. The light-tan solution was decolorized 
with activated carbon, and the acid converted into its dilithium salt as already 
described. The aqueous solution (8 ml) was added to ethanol (100 ml), and the 
precipitate was collected by centrifugation, washed with ethanol, and dried, to yield 
§h as its monohydrate (1.77 g, 6.81 mmol; 84x), having the same properties as 
that from 3. 

5-0-(DiphenyZphosphono)-I,2-O-isopropyZidene-cr-D-xylofur~zose (7). - A so- 
lution of 6 (ref. 24) (3.80 g, 20 mmol) in pyridine (25 ml) was evaporated to remove 
moisture, the residue was redissolved in pyridine (13 ml), the solution was cooled 
in an ice bath, and a solution of diphenyl phosphorochloridate2’ (5.94 g, 21 mmol) 
in dichloromethane (20 ml) was added dropwise with stirring during 90 min. Stirring 
at ice-bath temperature was continued for 2 h, when starting-material (RF 0.45, A) 
was no longer detectable. The mixture was diluted with dichloromethane (35 ml), 
and washed with water (3 x 10 ml). The organic phase was evaporated, and the 
product crystallized immediately. To complete the crystallization, hexane was added, 
and the mixture was refrigerated overnight. The crystals were collected, washed with 
hexane, and recrystallized from chloroform-hexane, to yield 7 (7.1 g, 16.8 mmol; 
84x), m-p. 103-104”; [a]: - 10.8” (c 0.5, ethanol); RF 0.81 (A), 0.90 (B), and 
0.89 (C); ‘H-n.m.r. data (CDCI,): 6 1.26 (s, CHJ), 1.44 (s, CHi’,), 3.66 (s, b, OH), 
4.02-4.39 (m, 4 H, H-3-5), 4.46 (d, H-2, Jl,2 3.4 Hz), 5.85 (d, H-l, J1,2 3.4 Hz)~~, 
and 7.21 (m, 10 H, 2 C6H5). 

Anal. Cak. for C,,HZ308P (422.37): C, 56.87; H, 5.49. Found: C, 57.18; 
H, 5.52. 

1,2-O-fsopropyizdene-a-D-xylofuranose 5-(phenyl hydrogenphosphate) (8). - A 
suspension of platinum oxide (100 mg) in ethanol (2 ml) was prehydrogenated, a 
solution of 7 (I g, 2.37 mmol) in ethanol (5 ml) was added, and the mixture was 
stirred for 2 h with hydrogen at a pressure of 3.4 atm. The catalyst was removed by 
filtration, and the filtrate and washings (ethanol) were combined and evaporated. The 
residue was crystallized from 2-propanol-ether (604 mg, 1.70 mmol, 72x), and 
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recrystallized from 2-propanol, to give 8, m.p. 148-150”; RF 0.74 (C); IH-n.m.r. 
data (Me,SO-d,): 6 1.24 (s, CHs), 1.37 (s, CH& 3.83-4.32 (m, 4 H, H-3-5), 4.39 
(d, H-2, Jr,= 3.5 Hz), 5.85 (d, H-l, .71,2 3.5 Hz), and 7.06-7.56 (m, 7 H, C&s, P-OK, 
0.5 H,O). 

Anal. Calc. for C14H1908P * 0.5 H,G (355.29): C, 47.33; H, 5.67. Found: 
C, 46.90; ET, 5.44. 

In a repetition of this experiment, supposedly under essentially the same 
conditions, 9 was formed exclusively. 

D-Xylose S-(dilirhium phosphate) (lob). - A mixture of 7 (I g, 2.37 mmol), 
platinum oxide (0.5 g), and ethanol (10 ml) was shaken for 24 h with hydrogen at a 
pressure of 204 atm. The catalyst was removed by filtration, and the filtrate was 
evaporated to give 9 as a syrup (RF 0.31, C) which was dissolved in water (1 ml); the 
solution was heated on a steam bath, under nitrogen, for 1 h, by which time, no 
starting material was detectable. The light-tan solution of lOa, RF 0.09 (C), was 
diluted with water, decolorized with activated carbon, the suspension fiLtered and 
the fihrate adjusted to pH S.5 with 0.1~ lithium hydroxide solution. The soIution 
was filtered again, the filtrate concentrated to a small volume, and twenty volumes 
of ethanol were added. The resulting precipitate was collected by centrifugation, 
successively Nashed with ethanol and ether by resuspension and recentrifugation, 
and dried, to yield lob (400 mg, 1.52 mmol; 64%), [cx]“~ +lO.S” (c 0.9, water), 
Iit. [ajgz -j-5” (barium salt). 

Anal. Calc. for C,H,Li,O,P - 0.5 H,O - 0.25 C,HSOH (262.50): C, 25.17; 
H, 4.42; P, 11.80. Found: C, 25.39; H, 4.42; P, 11.79. 

REFERENCES 

1 Yu. N. KARAXVICH, Dokl. Akad Nauk SSR, 173 (1967) 445-446. 
2 Yu. N. KARASEVICH, Mrcrobiology, 39 (1970) 1040-1045. 
3 J. STVERTECZKY, P. SZAEO, AND L. SZA&, J. Chem. Sac. Perkin Trans. 1, (1973) 872-874. 
4 R. P. MORTLOCK AND W. A. WOOD, J. Bacterial , 88 (1964) 838-844. 
5 N. 3. PAUEIZONI AND M. DOUDOROFF, J. Bocreriol ,74 (1957) 180-185. 
6 D. J. L~~LANC AND R P. MORTLOCK. J. Bacterial., 106 (1971) 90-96. 
7 J. BOULXER, B. GIELOW, M. MCFARLAND, AND N. LEE, -7. Bucteriol., 117 (1974) 920-923. 
8 R. LIM AND S. S. COHEN, J. Biok Chem., 241 (1966) 4304-4315. 
9 D. H.. LFXIN AND E. %UXER, J. Brol. Chem., 234 (1959) X32-2539. 

10 P. D. RICK AND M. J. OSBORN, Proc. NatI. Acad. Sci. U.S A., 69 (1972) 3756-3760. 
11 P. A. LEVENE AND C. C. CHRISTMAN, J. Brol Chem , 123 (1938) 607-611. 
12 W. A VOLK, Biochim. Biophys. Acta, 37 (1960) 365-367; Methods Enzymol., 9 (1966) 38-39. 
13 M. M. A. ABD E~4bs-w~~ AND U. HORNEMANN, Carbohydr. Res., 38 (1974) 351X-358. 
14 Y. TAGUCU AND Y. MUSEIKA, Tetrahedron Lett., (1975) 1913-1916, and references cited therem. 
15 Y. TAGUCHI,~. MUSEXIKA, ANDN. YONEDA, Bull. C?lem.Soc.Jpn.,48(1975) 1524-1527. 
16 J.HESAND M.P.MEKENs,J. org. Chem,39 (1974)3767-3769. 
17 C. E. BALLOU, Metho& Carbohydr. Che.m., 2 (1963) 270-272. 
18 I?. BRIGL AND H. Mm, Chem. Ber.. 72 (1939) 2121-2130. 
19 K. SASSE, Methoden Organische Chemie (Houben-Weyl), 4th edition, Vol. 12, Part 2, Georg 

Tbieme Verlag, Stuttgart, 1964, pp. 188-199. 
20 J. W. GREEN AND E. PACXU, J_ Am. Bern. Sec.. 60 (1938) 2056-2057. 
21 H. Z~NNER, H BRAND=, AND G. RJXMFIARZ, Chem. Ber., 89 (1956) 800-813. 
ZZ E. BAER, Biochem. Prep., 1 (1951) 50-56. 



184 NOTE 

23 F. R ATERTON, Biochem. Prep., 5 (1957) 1-4. 
24 P. A. LEVENE AND A. L. RMMOND, J. Biol. Chem., 102 (1933) 317-330. 
25 K. ONODERA,S.H[IRANO,AND N.W, Carbohydr. Res., 6 (1968) 276-285. 
26 P. A. LEVENE AND A. L. RAYMOND, J. Viol. Chem 102 (1933) 347-355. , 


