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solid showed the absence of OH absorption and closely resembled 
that of 1-0-methy1-2-deoxy-~-ribofuranoside 3,5-di-O-p-toluate. 

The compound failed to react with bromine in carbon tetra- 
chloride, and an osmometric molecular weight determination 
in benzene solution gave a value of 736 g/mole. 

Anal.  Calcd for CI~HOOII (722.76): C, 69.78; H, 5.86; 0, 
24.36. Found: C, 69.88, C, 69.98; H, 5.59, H, 5.97; 0, 
24.75. 

The nmr spectrum in CDCls (TMS) showed the following 
signals ( 7 ) :  2.00, 2.08 pair of overlapping doublets (J = 8 
cps) (four protons, aromatic), 2.76 broad doublet (J = 8 cps) 
(four protons, aromatic), 4.35 multiplet (two protons, CI ,~ ) ,  
5.47 singlet (three protons, C6.6’.,), 7.62 singlet (eight protons, 
2CH3, C2.a’). 

The entire syrupy carbohydrate residue was dissolved in glacial 
acetic acid (550 ml) and added to glacial acetic acid (750 ml) 
saturated with hydrogen chloride. The mixture was further 
saturated with hydrogen chloride and set to a mass of crystals 
which were recovered by filtration, washed thoroughly with 
ethyl ether, and vacuum dried (101.7 g) to give a recovery of 
29% based on the starting weight of halo sugar. This material 
proved to be identical with that obtained by the method of 
Hoffer’ on the basis of melting point, optical rotation, and iden- 
tity of infrared spectra. A portion of the crystalline disaccharide 
(1  .O g) treated in the same manner also yielded the halo sugar 
(0.6 g) identical with an authentic  ample.^ 
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The synthesis of 1-~-~-arabinofuranosy~-5-fluorour- 
acil (1) has been achieved by the coupling of mono- 
mercuri-5-fluorouraci12 (2) with tri-0-benzoyl-D-ribo- 
furanosyl chloride to form 5-fluoro-l-(2’,3’,5’-tri- 
O-benzoy~-/3-~-ribofuranosy~)uracil~ which was subse- 
quen tly debenzo yla t ed, converted to the 5’-0- t ri t y 1 
derivative, and tosylated in the 2’ position. The 
2’-O-tosyl-5’-trityl derivative was converted to the 
2,2’-anhydronucleoside which was opened to give the 
arabinofuranose configuration and detritylated yielding 
(1, 21% yield based on 5-fluorouracil). An alternate 
independent synthesis announced nearly simultane- 
ously with the above,4 and which was somewhat 
more direct in nature, involved the coupling of 2-0- 
acetyl-5-0-methoxycarbonyl-3-0-(p-toluenesulfonyl)-~- 
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xylo-furanosyl chloride with 2. The coupling product 
upon treatment with base was deacylated and formed 
an anhydronucleoside which on ion-exchange purifica- 
tion yielded the desired 1 in 16% overall yield. Con- 
tinued interest in the biological properties of 1 and its 
use as a precursor in the synthesis of the 5-fluorocyto- 
sine analoga has led to the very recent announcement5 
of an improved synthesis from 5-fluorouridine via 
5’-0-trityl-5-fluorouridine which in turn was converted 
to the 2,2‘-anhydrodt-0-trityl derivative with the use 
of N,N-thiocarbonyldiimidazole. Opening of the an- 
hydronucleoside and subsequent detritylation afforded 
1 in recorded over-all yields in excess of 50% (based 
upon 5-fluorouracil). 

The above syntheses are rather indirect in that the 
use of acyl blocking groups on the sugar moiety capable 
of participation in the heavy-metal condensation yields 
a nucleoside product possessing a predominantly 1,2- 
trans configuration.6 Use of an acylated arabino- 
furanosyl halide in this synthesis would therefore yield 
mainly the undesired a anomer. The use of an a- 
haloarabinofuranosyl derivative blocked with non- 
participating (benzyl) groups’ has led to an elegant 
synthetic method for preparing 9-P-D-arabinofuranosyl- 
adenine.s The extension of the use of this intermedi- 
ate to the Hilbert-Johnson reaction for the preparation 
of the l-P-D-arabinofuranosy1 nucleosides of cyto~ine,~ 
5-trifluoromethyluracil,9 and thyminelo has been re- 
ported recently as well as an application of the mercuri 
method to the pyrimidine series in the synthesis of 1- 
~-~-arabinofuranosy~cytosine.~ We have investigated 
the synthesis of 1 by the Hilbert-Johnson method 
utilizing 2,4-diethoxy-5-fluoropyrimidine and 2,3,5- 
tri-0-benzyl-a-D-arabinofuranosyl chloride (3) and 
have found this method to be unsatisfactory in our 
hands.’Oa Use of 2, however, proved a convenient way 
to prepare the desired compound. (See Scheme I.) 
The crude coupling reaction mixture, after removal of 
mercury, was debenzylated by hydrogenolysis under 
acidic conditions to avoid concurrent hydrogenolysis 
of the fluoro group. Excess acid was removed by 
slurrying with Dowex 2 x 8  (HC03-) ion-exchange 
resin, and the rather acidic nucleoside (pKa = 7.633) 
was absorbed on Dowex 2 x 8  (OH-) ion-exchange 
resin by a batchwise pro~ess .~Jl  Adsorption of the 
nucleoside was easily followed by thin layer chroma- 
tography as was the subsequent desorption with dilute 
acetic acid. The acetic acid solution of the nucleoside, 
free of neutral by-products, on concentration in vacuo 
afforded a foamed glass which on crystallization from 
ethanol gave 1 in an over-all yield of 30% based upon 
5-fluorouracil. The product was isolated in a high 
state of purity, was chromatographically homogeneous 
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SCHEME I 
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,(tic, paper chromatography), and had constants in 
good agreement with those appearing in the litera- 
t~re .~-U 

Experimental Section 

1 -( B-D-Arilbinofururory1)-~-fluorourrcil( 1) .-2,3 ,bTri-0-ben- 
zyl-1-( p-nitrobenzoyl)-D-arabinofuranose12 (56.96 g, 0.1 mole), 
prepared in 90% yield from 2,3,5-tri-O-benzyl-fJ-~-arabinofura- 
nose,18 was added to dry methylene chloride (700 ml) which had 
been saturated with hydrogen chloride at 0'. The solution was 
maintained at 0' for 3 hr while protecting from moisture and 
maintaining a slow stream of hydrogen chloride through the re- 
action mixture. The p-nitrobenzoic acid which had separated in 
quantitative yield was removed by rapid filtration through a 
sintered glass funnel and the filtrate was concentrated to dry- 
ness in UQCUO (bath 35') and evacuated (0.1 mm) for 16 hr 
(2!5"). Monomercuri-5-fluorouracil*~14 (16.43 g, 0.05 mole) was 
suspended in toluene (1 1.) and dried azeotropically by the distilla- 
tion of a portion of the solvent (250 ml). A second portion of 
distillate (250 ml) was reserved for use in transferring the chloro 
sugar to the slightly warm, dried suspension of monomercurid- 
fluorouracil. Heating and stirring while protecting from mois- 
ture was recommended upon addition of the halo sugar. The 
mixture was refluxed for 15 min yielding a nearly clear solution 
which was cooled rapidly (ice bath) and filtered from a trace of 
insolubles. The filtrate was washed with 30% aqueous potas- 
sium iodide (two 250-ml portions) and water (250 ml), stirred 
witjh saturated sodium bicarbonate (500 ml) for 30 min, and 
wwhed with water (500 ml). The dried (magnesium sulfate) 
orgttnic layer was concentrated to dryness in vacuo (30' bath) 
yiehding a brown oil (50 g) which was debenzylated without fur- 
ther purification. The residual oil was dissolved in dry methanol 
(400 ml) and hydrogenated in two batches, each being added to 
palladium chloride (10.5 g) which had been suspended in dry 
methanol and prereduced just prior to the addition of the blocked 
nucleoside. The hydrogenation was carried out a t  an initial 
pre3sure of 3 atm, reduction being complete in approximately 
40 min. The hydrogenation mixtures were filtered free of cata- 
lyst and the filtrates were brought to pH 5.5 by stirring with 
Dowex 2x8 (HCOa-) ion-exchange resin. The resin was re- 
moved by filtration and washed with methanol, and the combined 
filtrates and washings were concentrated to dryness in vacuo 
(35' bath) yielding a brown oil (21.6 g). The residue was dis- 
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solved in a 25: 15 methanol-water mixture (400 ml) and stirred 
with freuhly prepared Dowex 2x8 (OH-) ion-exchange resin. 
After 15 min the supernatant appeared free of nucleoside by thin 
layer chromatography (silica gel; benzene-n-butylaminewater, 
15:5: 1). The r e i n  was removed by filtration and washed with 
water until the mhingn were neutral (the filtrate and washings 
being discarded). The nucleoside was eluted from the resin by 
treatment with 5y0 acetic acid (six 200-ml portions) each por- 
tion being rtirred for 10 min and the progress of the elution fol- 
lowed by thin layer chromatography. The combined acetic 
acid solutions were clarified by filtration through Celite and 
concentrated to dryness in vacuo (35" bath). Absolute ethanol 
(two 20-ml portions) waa added to the residue and removed in  
vocuo to effect a final drying of the residue which was obtained as 
a foamed $less (10 g). This material on solution in ethanol 
(40 ml) and chilling afforded the product (I) as colorless crystals: 

[lkSb4 mp 187-188', +l28' (H20)] .  On concentration of 
the mother liquors a second crop (0.282 g, 2.1%) was obtained: 
mp 176-179". The material was homogeneous on paper chro- 
matography (n-BuOH-HZO, Rt 0.42) and showed the absence of 
1-,!?-D-arabinofuranosyluracil (Rr 0.32). A portion of the first 
crop material was recrystallized from ethanol to yield the ana- 
lytical sample: mp 184-186' ~ ] ' O D  $125.0" ( c  0.2, HzO); 
X",~"" '  270 m r  (e 8900), 234 mp (e 1810), Xi:: 270 mp 
$ ls"6pd,l 272 mp (e 7470), 

247 ma( (e 4030) (lit.* Xk: ??O mp (e 9080), A::,' 270 

Anal. Calcd for CsHllFNnOt, (262.2): C, 41.22; H, 4.23; 
F, 7.25; N, 10.68. Found: C, 40.91; H, 4.30; F, 7.41; N, 
10.45. 

3.92 g, 30.2%, mp 183-185', [a]"'D +129.4' ( C  0.2, HzO) 

237 mp ( e  2990) A' 

8670), X",i3 272 mp ( c  7590)l. 
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Crystalline 2-amino-2-deoxy-~-mannose hydrochlo- 
ride* differs from other crystalline 2-amino-2-deoxy-~- 
hexose hydrochlorides4 in that it has not been observed 
to exhibit mutarotation in water or dilute hydrochloric 
acid.*-" The observed specific rotat,ion is about - 3". 
It has been proposed12 that the molecule is stabilized 
as the P-D anomer in the C2 chair conformation (2), by 
the formation of hydrogen bonds between hydrogens of 
the (axial) ammonium group at  C-2 and the equatorial 
oxygen atoms at  C-1 and C-4, with the result that. con- 
version into the CZ-D anomer (1) is prevented. It has 
been pointed outla that a hydrogen bond from the am- 
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