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1-(Adenin-9-yl)-I-deoxy-oL-ribitol (III), -o-arabitol (IX a), -L-arabitol (XI Va) , -o,L-xylito l 
(XXI Va), 1-(cytosin-L-yl)-I-deoxy-o-arabitol (IXb), -L-arabitol (XI Vb), 1-(uracil-l-yl)-l-deoxy
-o-arabitol (IXc), -L-arabitol (XIVc) and -oL-xylitol (XX/,,Vb) were prepared by react ion of 
1-0-p-toluenesulfonyl-2,3:4,5-di-O-isopropylidenealditols Ib, VlIb, XlIb and XXlIb with sodium 
salts of adenine, N4 -benzoy1cytosine or 4-methoxy-2-pyrimidone followed by removal of the 
protecting groups. Condensation of the mentioned sodium salts with methyl 5-0-p-toluene
sulfonyl-2,3-0-isopropylidene-~-o-ribofuranoside (IV) with subsequent acid hydrolysis and reduc
tion with sodium borohydride afforded 1-(adenin-9-yl)-I-deoxY-L-ribitol (VIa) and l-cytosin
-1-yl)-I-deoxY-L-ribitol (Vlb). 1-(Adenin-9-yl)-I -deoxy-o- lyxitol (XVII), -L-lyxitol (XVII!) and 
-2-0-methyl-o-Iyxitol (XXI) were prepared analogously. Acid hydrolysis of 5-(adenin-9-yl)-5-de-
oxy-4-0-benzyI-l ,2-0-isopropylidene-a -o-xylofuranose (XX Va), followed by reduction with 
sodi um borohydride and catalytic hydrogenation, gave 1-(adenin-9-yl)-I-deoxY-L-xylitol 
(XXVIb). 

In previous communications of this series we describfd an unexpectedly strong 
inhibitory effect of some aliphatic adenosine analogues on S-adcnosyl-L-homocystfine 
hydrolase! ,2 which can be correlated with the antiviral activity of these compounds 3 

- 5. 

Within the framework of detai led investigations of structure-activity relatioships 
these effects were studi(d on a series of structurally modifi(d hydroxylatfd 9-a lkyl
adenine derivatives6 , particularly substitute d iwmeric di- and trihydroxybutyl deriva
tives 7 ,8. This communication concerns general methods of preparation of the next 
higher homologues, the isomeric 2,3,4,5-tetrahydroxypentyl derivatives of nucko
bases, i.e. compounds formally derived by replacement of one of the primary hydro
xyls in the alditol by a heterocyclic base. ** Although adenine derivatives are the most 
interesting in the above-mentioned context, the study was extended also to uracil 

Part VI in the series Studies on S-Adenosyl-L-homocysteine Hydrolase; Part V: This Journal 
47, 1392 (1982). 

For a better understanding, we use for the mentioned compounds the nomencla ture 
derived from aldopentoses, in which the heterocyclic base is attached to the carbon of the original 
aldehyde function. 
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and cytosine compounds. As far as molecular size and number of primary and second
ary hydroxyls are concerned, tetrahydroxyalkyl derivatives of nucleobases resemble 
natural nucleosides: some of the related compounds, such as l-alkoxy (alkylthio)
-1-deoxy-l-purin-9-yl-alditols, exhibit also interesting biological effects9

. 

The method based on building the heterocyclic ring from the corresponding sugar 
amine 10 is not suitable for the present purpose. Therefore, we used two independent 
and general methods: a) condensation of reactive alditol derivatives with the hetero
cyclic base, and b) condensation of a reactive aldofuranose derivative with the 
heterocyclic base, followed by red uction of the aldehyde function of the intermediate. 
The first method cannot be used for preparation of enantiomeric compounds from 
meso-alditols. As reactive derivatives we used invariably p-toluenesulfonates of prim
ary hydroxyl groups in alditols or aldofuranoses; because of extraordinarily facile 
intramolecular cyclization of these compounds the protection of other hydroxyl 
functions in the alditol was necessary. The p-toluenesulfonyl derivatives reacted 
in dimethyJformamide directly with sodium salt of adenine whereas for the prepara
tion of cytosine derivatives sodium salt of N4-benzoylcytosine was tlnployed. (It is 
worth notice that preparation of N4-benzoyJcytosine from cytosine and benzoyl 
cyanide ll is better than fusion of cytosine with an excess of benzoic anhydride.) For 
preparation of the uracil derivatives it is advantageous to exclude the reaction 
at the N 3 position using salt of 4-methoxy-2-pyrimidone12 and the subsequent 
transformation of the intermediate into the uracil derivative by acid hydrolysis 
or dealkylation. 

The mentioned reaction types are represented by pn.paration of the ribitol deriva
tives. DL-Ribitol was transformed by reaction with acetone into the 2,3:4,5-di-O-iw
propylidene derivative I a and further into the p-toluenesulfonyl derivative I b; 
this was condensed with sodium salt of adenine to give the blocked derivative which 
on acid hydrolysis afforded 1-(adenin-9-yl)-1-deoxY-DL-ribitoJ (Ill). Hydrolys i ~ with 
dilute sulfuric acid at room temperature proved to be the method of choice acd was 
used throughout this work; sulfuric acid was easily removed with barium hydroxide 
and the product was not contaminated with N- and O-acyl derivatives arisirg When 
the hydrolysis was performed with acetic or formic acid. The L-ribitol derivatives VI 
were obtained from methyl 5-0-p-toluenesulfonyl-2,3-0-isopropylidene-~-D-ri1::o

furanoside 13 (IV) whose condensation with sodium salt of the c~rrespondil1g hetero
cyclic base afforded intermediates of the type V Their hydrolysis gave 5-substituted 
D-ribofuranoses which without isolation were reduced smoothly with sodium boro
hydride to give 1-substituted I-deoxY-L-ribitols. In this way we pnparcd the ade
nine and cytosine derivatives Via and Vlb, respectively. Naturally, application 
of this method to preparation of substituted I-dcoxY-D-ri1::itols requires preparation 
of L-ribose or enantiomer of the compound IV 

Both the cnantiomcric derivatives of I-deoxyarabitol can be prepared by asym
metric synthesis according to the first variant: as described14, arabitols react directly 
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with acetone to give distillable 2,3:4,5-di-O-isopropylidene derivatives VIla and 
XIl a which were transformed into crystalline l"O-p-toluenesulfonyl derivatives 
VI I b and XII b; these compounds on condensation with sodium salts of nuc1eobases, 
followed by acid hydrolysis, afforded both series of enantiomeric I-deoxyarabitols 
IX and XIV, derived from adenine, uracil and cytosine. In order to check the purity 
of the compound J)( a, its independent synthesis from 3,4-0-isopropylidene-D-manni
tol (Xa) (ref.1 S

) was carried out: tritylation of Xa afforded the monotrityl derivative 
Xb which on reaction with sodium periodate and subsequent reduction with sodium 
borohydride gave 5-0-trityl-2,3-0-isopropylidene-D-arabitol (Xla) as the sole reac
tion product; reaction of its mono-p-toluenesulfonyI derivative Xlb with sodium 
salt of adenine, followed by acid hydrolysis, afforded the compound IXa, identical 
in all respects with material prepared directly from compound VIlb. Also its di
isopropylidene derivative was identical with the compound VIlla, prepared by the 
above-mentioned procedure. This proved indirectly also the stereochemical purity 
of the compound14 VIla. 

The second synthetic variant was preferable for stereospecific synthesis of enan
tiomer ic I-deoxy-l-lyxitols XVII and XVIii. It started also from L- or D-arabinose 
derivatives but in this case the reactive p-toluenesulfonyl group (and hence also the 
heterocyclic base) was introduced into the position 5 whereas when starting from the 
compounds VIla and XIIa, the position of the base corresponded to the original 
aldehyde function , i.e. C(l). 1,2-0-Isopropylidene-5-0-p-toluenesulfonyl-~~D-ara

binofuranose (XVa) and its enantiomer XVIa (ref. S
) were transformed by the de

scribed procedures,1s into the respective 5-(adenin-9-yl)-5-deoxy derivatives XVb 
and XVlb which on hydrolysis, followed by reduction of the free 5-substituted 
arabinoses with sodium borohydride, afforded pure 1-(adenin-9-yl)-1-deoxy-D-Iyxitol 
(XVIl) and its enantiomer XVIlI. An analogous procedure was used in the prepara
tion of the 3-0-methyl-D-Iyxitol derivative XXI from the p-toluenesulfonate XVa 
by methylation to the O-methyl derivative XIXa (ref.16), and subsequent condensa
tion with adenine to the compound XIXb, acid hydrolysis and reduction with sodium 
borohydride. 

The preparation of I-deoxyxylitol derivatives is analogous to that of ribitol deriva
tives: DL-xylitol was transformed into the 2,3:4,5-di-O-isopropylidene derivative 
XXlIa al'ld its l-O-p-toluenesulfonate XXJJb. Reaction of the latter with sodium 
salt of the corresponding base and subsequent acid hydrolysis afforded l-(adenin
-9-yl)-1-deoxY-DL-xylitol (XXIVa) and the analogous racemic uracil derivative 
XXIVb. Synthesis of the opticalJy active derivatives started inevitably from a D-xylo
fu ranose derivative. 5-( Adenin~9-yl)-5-deoxy-3-0-benzyl-l ,2-0-isopropylidene-cx-D
-xylofuranose (XX Va ), accessible from 1,2:5 ,6-di"O-isopropylidene-cx-D-glucofuranose 
(ref. 8

) , afforded on acid hydrolysis and reduction with sodium borohydride the 
3-0-benzyl derivative XXVla. This lI1termediate was catalytically reduced to l-(ade
nin-9~yl)-1-deoxY-L-xylitol (XXVlb), identical in all (except chiroptical) properties 
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with the racemate XX/Va. This also confirmed the stereospecific course of the con
version of DL-xylitol into the diisopropylidene derivative XXIIa according to the 
published 14 procedure. Similarly, it would be possible to convert L-xylose into the 
enant iomeric l-deoxY-D-xylitol derivative. 

Collection Czechoslovak Chern . Cornrnun. [Vol. 47] [19821 



2790 

XI/a, R= H 
X//h, R = Ts 

1 ;gj~' 'W 
HO 

XVa, R = OTs 
XVb, R= A 

-alC 
CH, 

ROO 

o 

CH ,O 

X/Xa, R= OTs 
X/Xb, R= A 

XIII a, B = A 

XII/b, B = C 

is Oil 

HO 
HO 

CH,OH 

X/Va, B = A 
X/Vh, B = C 

X/Vc, B = U 

Holy: 

HO OH 
HOt

A 

lA Oil 

~ OH HO 

XV/a, R= OTs 
XV/b, R = A 

AVO~ 
Iy-OH 

CH)O 

XX 

CH,OH CH ,OH 

XVII XVIII 

XXI 

In addition to the mentioned four configurationally isomeric groups of 1-substitut
ed aldopentitols of the ribo-, arabo-, lyxo- and xylo-configuration, we prepared 
also erythro-9-(3,4,5-trihydroxypentyl)adenine XXX from 2-deoxycD-ribi tol 
(XX VIla), Reaction of the compound XXVIIa with benzoyl chloride afforded the 
1,5-di-O-benzoyl derivative XXVlIb which on reaction with acetone and debenzoyla
tion was transformed into the 1,3-dioxolane derivative XX VIlla. Its tosylation 
gave compound XXVIIIb which was benzoylated with benzoyl cyanide to give 
the derivative XXVIII c. Condensation with adenine afforded compound XXIX 
whose acid hydrolysis led to the desired compound XXX. The formation of XXX 
as the homogeneous product confirms at the same time that the tosylation proceeds 
only at the sterically more accessible of the two hydroxyalkyl groups in the 4,5-di
substituted 1,3-dioxolane XXVIIla. 
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XX VlIJa , RI= R2= H XXIX XXX 
XX Vllib , RI = Ts, R2 = H 
XXVJJ/c, RI = Ts, R2 = Bz 

In the attempts to find an easier access to substituted D-ribitol derivatives by utiliz
ing the original aldehyde group of D-ribose for substitutions with the heterocyclic 
base we observed an anomalous reaction course. Tritylation of 2,3-0-isopropyli
dene-D-ribofuranose (XXXIa) (refY) afforded the compound XXXIb which was 
reduced with sodium borohydride to the expected D-ribitol derivative XXXIIa. 
Its tosylation in pyridine resulted in sterically preferred intramolecular cyclization 
leading to 5-0-trityl-2,3-0-i~opropylidene-l,4-anhydro-D-ribitol (XXXIIIa). This 
product was formed (instead of the expected isomn of XIa) even under very mild 
conditions. Acid hydrolysis of this compound, followed by reaction with acetone, 
gave 2,3-0-isopropylidene-l,4-anhydro"D-ribitoI (XXXIII b) which was transformed 
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into the p-toluenesulfonate XXXlIIc. The 5"(adenin-9-yl) derivative XXXI Va, 
obtained from this compound, was hydrolyzed to give 5-(adenin-9-yl)-5-deoxy
-1 ,4-anhydro~D-ribitol (XXX/Vb) which was of interest because some other adenine 
derivatives of hexose anhydroalditols are known to possess biological activity18. 

XXX/a, R = H 
XXX/b, R= C(C.Hsh 

*
CH~O~CH' 

o CH, 

OH 

CH,OC(C. H5)J 

XXXI/u, R= H 
XXXllb, R= Ts 

XXXIII a , R= C(C.H s») 
XXXII/b , R= H 
XXXJ!fc, R= Ts 

t 

AlW 
RO OR 

XXX/Va, R, R = (CH)hC 
XXX/Vb, R = H 

In 'formulae I-XXXIV, A = adenin-9-yl, C = cytosin-I-yl, U = uracil-I-yl, Ts = p-toluene
sulfonyl, Bz = benzoyl, Bn = benzyl residue. 

In addition to the usual criteria, the purity of all the prepared substituted I-deoxy
aldopentitols was checked also by 1 H NMR spectra and UV absorption spectra 
which w.::re consistent with behaviour of 9-alkyladenines, l-alkylcytosines or uracils. 
The stereochemical homogeneity was checked further by electrophoresis and HPLC. 
Paper electrophor~sis in an alkaline borate buffer 7 separated some groups of com
pounds; the mobility of all the studied adenine derivatives was higher than, or com
parable with that of adenosine: this is in accord with the easier formation of bo
rate complexes. The electrophoretic mobility increases in the order lyxo < ribo ~ 
~ xylo < arabo. Even better for separation of stereoisomers and checking theil 
homogeneity proved to be HPLC which allowed to separate all the four configu
rational groups of compounds. For adenine derivatives the elution times increased 
in the order xylo < arabo < lyxo < ribo (Table I). 
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All the derivatives were tested for antibacterial activity against Escherichia coli B 
(synthetic medium with glucose). Neither of them showed any growth inhibition 
at concentrations up to 1 mg/ml (3'7 . 10- 3 M) . The antiviral activity of these com
pounds and their inhibition of S-adenosyl-L-homocysteine hydrolase wiJI be the 
subject of another communication in this series. 

EXPERIMENTAL 

The melting points were determined on a Kofler block and are uncorrected. Unless stated other
wise, the solutions were taken down at 40°C/2 kPa and the compounds dried at room tempera
ture and 13 Pa over phosphorus pentoxide. Paper chromatography was performed on a Whatman 
No 1 paper (descendent arrangement) in the system SI 2-propanol-conc. aqueous ammonia
-water (7 : 1 : 2); thin-layer chromatography was carried out on Silufol UV 254 plates (Kavalier, 
Czechoslovakia) in the systems S2 chloroform, S3 chloroform-ethanol (95 : 5), S4 chloroform
-ethanol (9 : 1), S5 chloroform-methanol (9 : 1), S6 chloroform-methanol (4: 1), S7 benzene-
-ethyl acetate (95 : 5), S8 benzene- ethyl acetate (4 : 1). Spots were detected in UV light or in the 
case of sugars by carbonization. Paper electrophoresis was carried out on a Whatman No 1 paper 

TABLE I 

1-(Adenin-9-yl) and 1-(pyrimidin-l-yl)-I-deoxyaldopentitols 

Configura- Ultraviolet spectra 
Formula R a E( ;rd 

b 
T

C
, min [a]i,0 d 

tion F 

Amax, nm G'ilax 

III oL-ribo 0·48 0'58 13-6 262 12500 
VIa L-ribo 0·48 0'58 13·6 +28'4° 262 13 400 
VIb L-ribo 0·42 0'80 +143'1° 286 11 400 
IXa o-arabo 0·39 0·71 10·0 + 32'0° 262 13 500 
IXb o-G/'abo 0·44 0·83 + 79'8° 285 11800 
IXc o-arabo 0·44 0·80 + 69'6° 264 10500 
XIVa L-arabo 0·39 0'71 10·0 32'6° 262 13000 
Xl Vb L-arabo 0'44 0·80 77'2° 286 11200 

XIVc L-arabo 0·44 0·83 n·oo 264 10500 
XVII o-lyxo 0·36 0'55 12·2 + 19'2° 262 13 000 
XVIII L-lyxo 0·36 0'55 12·2 18'2° 262 12800 
XXI o-lyxo 0·60 0·44 262 13000 
XXI Va oL-xylo 0·52 0·60 9-6 262 14000 
XXI Vb OL-XY[O 0'50 0·82 261 10500 
XXVIb L-xylo 0'52 0·60 9-6 + 24'7° 262 13 500 

XXX o-ribo 0·54 261 13 800 
XXXI Vb o-ribo 0'48 0·60 + 53'2° 262 14200 

a in SI; b electrophoretic mobility in El referred to uridine; C elution time in HPLC; d in IM-HCl. 

Collection Czechoslovak Chern. Commun. [Vol. 471 [1982) 



2794 Holy: 

in 0'05M sodium tetraborate (system E1) at 20 V fcm (1 h). Preparative chromatography on silica 
gel was performed on a column (particle size 30-4011; 200 g; Service Laboratory of this Institute) 
or on loose layers (50 X 15 X 0'3 cm) of silica gel, containing a fluorescence indicator (the same 
provenience). Solutions of the adenine and cytosine derivatives were deionized on a column 
of Dowex 50X8 (H+ -form; usually 100 ml) by elution with water till the UV absorption and 
conductivity dropped. The products were then eluted with 2'5% aqueous ammonia with continu
ous monitoring the UV absorption. The UV spectra were measured in aqueous solutions on a Spe
cord UV-VIS (Carl Zeiss, Jena) spectrometer, the IH NMR spectra on a Varian 100 instrument 
in deuteriochloroform or in hexadeuteriodimethyl sulfoxide (chemical shifts in ppm, coupling 
constants in Hz). High performance liquid chromatography was carried out on Separon SI C18 
(1O~; column 250 X 4 mm), elution (1 ml jmin) with O'OIM ammonium dihydrogen phosphate, 
containing 5% (vol.) of methanol; detection at 260 nm. The reaction mixtures after hydrolysis 
with sulfuric acid were neutralized to pH 7·00 ± 0·05 with a saturated barium hydroxide solu
tion (pH measured with a digital pH-meter from Developmental Workshops of Czechoslovak 
Academy of Sciences, Prague), the mixture was incubated at 60°C for 1 h and filtered through 
Celite. 

N4 
- Benzoylcytosine 

A mixture of cytosine (5 '6 g; 50'5 mmol), benzoyl cyanide (7'2 g; 55 mmol), acetonitrile (100 m\) 
and triethylamine (2 ml) was stirred overnight at room temperature under exclusion of moisture. 
The separated product was collected on filter, washed with acetonitrile and ether and dried ill va
cuo; yield 8'3 g (76'5%) of chromatographically (S3) homogeneous N4 -benzoylcytosine, identical 
with an authentic sample. 

1,2:3,4-Di-O-isopropylidene-DL-ribitol (fa) 

A solution of sodium borohydride (15 g) in ice-cold water (100 ml) was added dropwise to a pre
-cooled and stirred solution of D-ribose (60 g; 0·4 mol) in water (400 ml), the temperature being 
kept below + 10°C. The mixture was stirred in ice for 3 h, at room temperature for 1 h and the 
excess hydride was destroyed by addition of Dowex 50X8 (H+). The mixture (pH 6) was taken 
down and the residue codistilled with methanol (3 X 100 ml) and toluene (2 X 200 ml) . The 
residue was mixed with anhydrous potassium acetate (16'5 g) and acetic anhydride (500 ml) and 
warmed tiII an exothermic reaction began. After the reaction had ceased, the mixture was re
fluxed (calcium chloride protecting tube) for 90 min and taken down ill vacuo. The residue was 
codistilled with toluene (3 X 100 ml), dissolved in chloroform (500 ml), the solution washed 
with water (4 X 100 ml), dried over magnesium sulfate, filtered and taken down ill vacllo . The 
residue was dried at 70°Cj13 Pa for 1 h, dissolved in methanol (500 ml) and treated with a 1M 
sodium methoxide solution until the alkaline reaction persisted (moist pH-indicator paper). 
The mixture was set aside at room temperature overnight, acidified by addition of Dowex 50 X8 
(H + -form), filtered and the filtrate taken down ill vaclIo. Crystallization from ethanol afforded 
44·9 g (74%) of DL-ribitoI. 

This product (40 g; 0·263 mol) was stirred with a mixture of acetone (150 ml), 2,2-dimethoxy
propane (100 ml) and p-toluenesu1fonic acid hydrate (3 '5 g) until it dissolved, the solution was 
set aside at room temperature overnight, made alkaline with triethylamine and taken down 
in vacuo. The residue was dissolved in ethyl acetate (200 ml), the solution washed with water 
(2 X 25 ml), dried over magnesium sulfate, filtered, the solid washed with ethyl acetate and the 
combined filtrates taken down ill vacuo. Distillation of the residue gave 52·0 g (85%) of la, b.p. 
99-102°Cj13 Pa. 
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l-O-p-Toluenesulfonyl-2,3:4,5-di-O-isopropylidene-oL-ribitol (lb) 

p-Toluenesulfonyl chloride (63 g; 0·33 mol) was added in one portion to a solution of the com
pound la (69 g; 0·3 mol) in pyridine (300 ml), cooled with ice. After stirring for 1 h at O°C 
and standing for 3 days at room temperature, methanol (50 ml) was added and the mixture was 
taken down in vacuo. The residue was dissolved in ethyl acetate (400 ml), washed with water 
(3 X 100 ml), dried over magnesium sulfate and taken down in vacuo. The residue was codistilled 
with toluene (3 X 100 ml) and crystallized from ethanol (100 ml) by addition of light petroleum 
(700 ml) under stirring and cooling with ice. Yield 71· 5 g (62%) of chromatographically pure 
(RF 0·26 in S2) compound lb, m.p. 44-46°C. For ClsHz607S (386·4) calculated: 55·93% C, 
6·78% H, 8·30% S; found: 56·51% C, 6·60% H , 8·69% S. 

1-(Adenin-9-yl)-1-deoxy-2,3:4,5-di-O-isopropylidene-oL-ribitol (II) 

A mixture of adenine (2·70 g; 20 mmo!), dimethylformamide (100 ml) and sodium hydride (0·48 g, 
20 mmol) was stirred at 60°C for 1 h (calcium chloride tube). After addition of the compound lb 
(7·8 g; 22 mmol), the mixture was stirred at 100°C for 12 h and taken down at 50°C/13 Pa. 
The residue was extracted with hot chloroform (500 ml total), the extract filtered through Celite 
and the filtrate evaporated in vacuo. The residue was chromatographed on a column of silica gel. 
After washing the column with chloroform, the product (RF 0·66 in S6) was eluted with chloro
form- methanol (95 : 5), the eluate was taken down and the product crystallized from ethyl 
acetate (light petroleum added), affording 4·8 g (68·7%) of compound II, m.p. 224-225°C. For 
C16H23Ns04 (349-4) calculated: 55·00% C, 6·64% H, 20·05% N; found: 54·93% C, 6·57%H, 
19·85% N . 

1-(Adenin-9-yl)-1-deoxy-oL-ribitol (III) 

A solution of the compound II (3·5 g; 10 mmol) in 0·25M sulfuric acid (100 m!) was kept at 37°C 
for 24 h, diluted with water (200 ml), neutralized with barium hydroxide solution, and filtered. 
The filtrate was taken down in vacuo and the residue crystallized from 70% aqueous ethanol 
(with addition of ether), yielding 2·3 g (85%) of compound III, m.p. 203-205°C. Mass spectrum: 
M + 269. For CloH15Ns04 (269·3) calculated: 44·60% C, 5·62% H, 26·01% N; found: 43·82% C, 
5·66% H, 25·76% N. 

1-(Adenin-9-yl)-1-deoxY-L-ribitol (VIa) 

A solution of compound Va (ref. 5 ; 6·4 g; 20 mmol) and concentrated sulfuric acid (1·2 ml) in wa
ter (120 ml) was heated to 75°C till the reaction (followed in S5) was complete, cooled, diluted 
with water (200 ml) and neutralized with barium hydroxide. The filtrate was concentrated in vacuo 
to 250 ml, cooled with ice and a solution of sodium borohydride (1·5 g) in ice-cold water (20 ml) 
was added dropwise. After stirring for 1 h at O°C and standing overnight, the mixture was ad
justed to pH 6 by addition of Dowex 50X8 (H+ form), made alkaline with triethylamine, filtered, 
the filtrate concentrated to about 100 ml and de-ionized on a column (300 m!) of the same ion 
exchange resi n. After washing with water, the resin was suspended in water and the mixture made 
alkaline with concentrated ammonia, stirred for 1 h, filtered and washed with boiling water 
(1 litre). The filtrate was taken down in vacuo and crystallized from 50% ethanol, affording 4·7 g 
(87%) of compound VIa, m.p. 212-123°C. For Cl0H15Ns04 (269·3) calculated: 44·60% C, 
5·61 % H, 26·02% N; found: 44·56% C, 5·56% H, 25·73% N. 
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1-(Cytosin-l-yl)-I-deoxY-L-ribitol (Vlb) 

Sodium hydride (0-50 g of 50% dispersion in mineral oil) was added to a solution of N4-benzoyl
cytosine (2-15 g; 10 mmol) in dimethylformamide (30 ml)_ After stirring at 60°C for 1 h, the com
pound IV(ref. 13 ; 3-6 g; 10 mmol) was added, the mixture stirred at lOO°C for IS h under exclusion 
of moisture, taken down at 60°Cj13 Pa and the residue set aside with 0-IM methanolic sod ium 
methoxide (100 ml) at room temperature overnight. The mixture was neutralized by additio n 
of Dowex SOX8 (H:I- form), made alkaline with triethylamine, filtered and the filtrate taken down 
in vacuo_ The residue was extracted with boiling chloroform (3 x 100 ml), filtered through Celite, 
the filtrate taken down and the residue chromatographed on a silica gel column_ Elution with 
chloroform- ethanol (9: 1) gave 2-0 g (67-4 %) of the compound Vb , RF O-SO (S6), which was 
heated inO-2SM sulfuric acid (50 ml) to 70°C till the reaction was complete (S6)_ The mixture 
was neutralized with barium hydroxide, filtered and the filtrate concentrated ill vacuo to SO m!. 
A solution of sodium borohydride (1-0 g) in ice-cold water (20 ml) was added under cooling 
with ice and the mixture allowed to stand overnight. After acidification with Dowex SOX8 (H+ 
form), the suspension was poured on a column of the same ion exchange resin (100 mil_ The 
column was washed with water until the UV absorption disappeared and the p rod uct was eluted 
with 2-5% aqueous ammonia_ The UV-absorbing eluate"was taken down ill vacuo a nd the residue 
was crystallized from 90% aqueous ethanol, yielding ]-S g (91% based on Vb) of the compound 
Vlb, m_p_ ll 8°e. For C9H15N30S (24S-2) calculated: 44-07% C, 6-16% H, 17-13% N; found: 
44-37% C, 6-34% H, 16'76% N. 

2,3:4,S-Di-O-isopropylidene-o-arabitol (VIla) (ref.14) 

A solution of sodium borohydride (25 g) in ice-cold water (70 ml) was added dropwise to a stirred 
solution of o-arabinose (100 g; 0·67 mol) in water (600 ml) under cooling with ice, the temperat ure 
being kept below ISoC. After stirring for 2 h at O°C the mixture was set aside overnight, adjusted 
to pH 6 with Dowex SOX8 (H+ form) and worked up as described for oL-ri bitol (see la). Crystal
lization from ethanol afforded 66'1 g (6S'2%) of o-arabito!. This product was stirred overnight 
with a mixture of acetone (1 litre), anhydrous cupric sulfate (140 g) and concentrated sulfuric 
acid (S ml), filtered , made alkaline with triethylamine and taken down ill vacuo. The residue was 
taken up in ethyl acetate (600 ml), washed with water (3 x 100 ml), dried over magnesium 
sulfate and taken down . Distillation of the residue gave 78·8 g (78%) of the product, boiling 
at 120°C j13 Pa. 

l-O-p-Toluenesulfonyl-2,3:4,5-di-O-isopropylidene-o-arabitol (VIlb) 

A solution of p-toluenesulfonyl chloride (47 '6 g; 0 '2S mol) in pyridine (120 ml) was added drop
wise to a stirred and ice-cooled solution of the compound VIla (46'4 g; 0·2 mol) in pyridine (120 
ml), the mixture was stirred for 2 h in ice, allowed to stand overnight and mixed with ethanol 
(10 ml). After 30 min the mixture was taken down ill vaCllO, the residue dissolved in ethyl acetate 
(500 ml), the solution washed with water (100 ml), dilute (1 : 10) sulfuric acid (100 ml portions; 
to acid reaction), saturated sodium hydrogen carbonate solution (100 ml portions; to alkaline 
reaction), and water (2 X 100 m!), dried over magnesium sulfate and filtered. The filtrate was taken 
down and the residue stirred at O°C with light petroleum (SOO ml). The product which crystal
lized was collected on a filter, washed with light petroleum and dried ill vacuo, affording 47·9 g 
(72%) of compound VIlb, m.p. 79- 80°C, [rxjbO +14'0° (c O,S, chloroform) . For ClsH2607S 
(386-4) calculated: S5'93% C, 6'78% H, 8'30% S; found: 56'47% C, 7'OS% H, 8'51% S. 
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1-(Adenin-9-yl)-I-deoxy-2,3:4,5-di-O-isopropylidene-D-arabitol (VIlla) 

Sodium hydride (1. 5 g) was added to a mixture of adenine (8'1 g; 60 mmol) and dimethylforma
mide (150 ml). After stirring at 60°C for I h the compound VIla (23'2 g; 60 mmol) was added 
and stirring (with exclusion of moisture) was continued for 15 h, this time at 100°C. The mixture 
was taken down at 60°C/2 kPa, the residue codistilled with toluene (2 x 100 ml), extracted 
with hot chloroform (5 x 100 ml), the extract filtered through Celite and taken down in vacllo. 
Crystallization of the residue from ethanol (150 ml) gave 11'7 g (56%) of compound VIlla, 
m.p. 249- 250°C, [a15° + 24'6° (c 0'5, IM-HCl); RF 0'41 (S4). For CI6 H 2 3 N S04 (349-4). calculat
ed: 55 '00% C, 6'64% H, 20'05% N; found : 54'68% C, 6'45% H , 19'45% N. 

1-(Adenin-9-yl)-I-deoxY-D-arabitol (IXa) 

a) A solution of the compound VIlla (12'9 g; 37 mmol) in 0'25M-H 2S04 (250 ml) was kept 
at 60°C till the reaction was complete (S4; 4 h), diluted with water (200 ml), neutralized with 
barium hydroxide, filtered through Celite and taken down . The residue was crystallized from 
50% aqueous ethanol, affording 9·85 g (99%) of compound /Xa, m.p. 225-227°C. For CIO' 
.HIS N s0 4 (269·3) calculated: 44·60% C, 5'61 % H , 26'01 % N; found: 44'74% C, 5·44% H, 
25·53% N . 

b) The compound Xa (ref. ls ; 45'4 g; 0·204 mol) was added to an ice-cooled and stirred solu
tion of trityl chloride (69'6 g; 0'25 mol) in pyridine (300 ml) and the stirring was continued 
till all the material dissolved. After standing overnight the mixture was poured into water (2 I), 
extracted with chloroform (3 X 200 ml), the extract washed with water (3 X 100 ml) and taken 
down. The residue was codistilled with toluene (3 X 200 ml) and applied on a column of silica 
gel (600 g). The column was washed with chloroform (3 I) and the product eluted with chloro
form-ethanol (95: 5); yield 59·5 g (63%) of oily Xb; RF 0·34 (S3). A solution of this product 
in acetone (700 ml) was cooled with ice, sodium periodate (28 g; 0·13 mol) in water (300 ml) 
was added and the mixture was stirred without cooling for 1 h (after this time the reaction ended 
(S3». The mixture was filtered and the solid washed with acetone which was removed from the 
filtrate by evaporation in vacuo. The remaining aqueous portion was extracted with chloroform 
(5 X 100 ml), the extract washed with water (100 ml), dried and taken down ill vacuo. The 
residue was dissolved in ethanol (300 ml), cooled with ice, treated with sodium borohydride 
and stirred at O°C for 1 h (quantitative reaction according to S3). The mixture was decomposed 
with acetic acid (pH 7), made alkaline with triethylamine (pH 9) and taken down ill vacuo. The 
residue was taken up in chloroform (500 ml), the solution washed with water (3 X 100 ml), dried 
over magnesium sulfate, filtered , taken down ill vacuo and the residue dried at 13 Pa, yielding 
54 g (97%) of compound X/a as a glassy substance, RF 0·30 (S3). This product (54 g; 125 mmol) 
was dissolved in pyridine (300 ml), cooled with ice and a solution of p-toluenesulfonyl chloride 
(27 g; 0·142 mol) in pyridine (100 ml) was added dropwise with stirring in the course of 30 min. 
After stirring for 5 hat O°C and standing for 2 days at room temperature, the solution was poured 
on ice (I kg), extracted with chloroform (2 X 400 ml), the extract washed with water (2 X 100 ml), 
dried over magnesium sulfate, filtered and taken down ill vacuo. The residue was dried at 13 Pa, 
yielding 70·5 g (96'5%) of the chromatographically homogeneous (RF 0·20 in S2) amorphous X/b . 

A solution of Xlb (70' 5 g; 0'12 mol) in dimethylformamide (100 ml) was added dropwise 
to a stirred suspension of adenine (13'5 g; 0·1 mol) in dimethylformamide (200 ml) which had 
been stirred with sodium hydride (2-4 g; 0·1 mol) for I h at 60°C under exclusion of moisture. 
The stirred mixture was heated to 100°C for 15 h, taken down at 50°C/13 Pa, the residue was 
codistilled with toluene (200 ml) and extracted with hot chloroform (5 X 100 ml). The extract 
was filtered through Celite, the filtrate evaporated, the residue dissolved in ethyl acetate (l00 ml) 
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and filtered through a column of neutral alumina (200 g). Elution with ethyl acetate and evapora
tion of solvent gave material of RF 0·S3 (S4) which was boiled for 2 h with 80% acetic acid (400 ml). 
The solution was cooled, taken down in vacuo and coevaporated with water (300 ml). The resi
due was mixed with water (200 ml), filtered and the solid washed with water (SOO ml). The filtrate 
was shaken with ether (3 X 100 ml), the aqueous phase taken down and the residue coevaporated 
with water (3 X 100 ml). Crystallization from ethanol afforded 8·9 g (33% based on adenine) 
of compound IXa, identical (SI, El, HPLC) with product prepared according to the procedure a). 

1-(Cytosi n-l-yl)-I-deoxy-2,3 :4,5-di-O-isopropylidene-o-arabitol (VIIIb) 

Sodium hydride (20 mmol) was added to a solution of N4-benzoylcytosine (4·3 g; 20 mmol) 
in dimethylformamide (SO ml) . After stirring for 1 h at 60°C, the compound VIIb (S g; 20·7 mmol) 
was added . The mixture was stirred at 100°C fo r IS h under exclusion of moisture, taken down 
at SO°C j I3 Pa and the residue mixed with O·lM sodium methoxide (100 ml) and set aside overnight. 
The mixture was neutralized with Dowex SOX8 (H + form), made alkaline with triethylamine, 
filtered and the solvent evaporated. The residue was extracted with boiling chloroform (3 X 

X 100 ml), the extract filtered through Celite, the filtrate taken to dryness in vacuo and the resi
due chromatographed on two layers of silica gel in the -·system SS. The product bands (RF 0·21 
in SS) were eluted with methanol (SOO mI), the eluate taken down and the product crystallized 
from ethanol (light petroleum added), affording 3·1 g (61%) of compound VIIIb, m.p. 238 to 
240°C, [al~o - 41 ·4° (c O·S, dimethylformamide). For ClsH23N30S (32S·4) calculated: 55 ·37% C, 
7·12% H, 12·92% N; found: 5S·24% C, 6·9S% H, 13-14% N. 

1-( Cytosin-l-yl)-l-deoxy-o-arabitol (I Xb) 

A solution of compound VIIIb (2·3S g; 7·2 mmol) in 0·25M-H2 S04 (25 ml) was set aside overnight 
at room temperature, diluted with water (50 ml), neutralized with barium hydroxide, filtered and the 
filtrate taken down. Crystallization of the residue from SO% ethanol (with ether added) gave 
1·6S g (93%) of the product IXb, m.p_ 19SoC. For C9Hj 5 N 3 0 S (245·2) calculated: 44·07% C, 
6·1 6% H, 17·14% N ; found 43·97% C, 6·02% H, 16·S0% N. 

1-(Uracil-l-yl)-I-deoxy-o-arabitol (lXc) 

Sodium hydride (o·n g; 30 mmol) was added to a solution of 4-methoxy-2-pyrimidoneI2 (3·S0 g; 
30 mmol) in dimethylformamide (90 ml). After stirring for 30 min at 60°C with exclusion of mois
ture, the compound VIIb (ll ·S g; 30 mmol) was added. The mixture was heated to 100°C for 
15 h, ta ken down at 50°C/ 13 Pa and the residue was dissolved in 0·25M-H2 S04 (70 ml). The solu
tion was kept at 60°C for S h, neutralized with barium hydroxide, filtered and the filtrate taken 
down . The residue was coevaporated with ethanol (3 X 100 ml), dried in vacuo, stirred with 
a mixture of acetic anhydride (150 ml) and 4-dimethylaminopyridine (0·5 g) overnight and taken 
down at SO°C/ 13 Pa. After codistillation with toluene (3 X 50 ml). the residue was dissolved 
in chloroform (100 ml), the solution filtered through Celite and chromatographed on a column 
of silica gel (1S0 g). The product (RF O·SO in S4) was eluted with a mixture of ethanol and chloro
form (S : 95). The residue after evaporation (peracetate of compound IXc) was set aside with 
0-IM sodium methoxide (100 ml) overnight, the mixture neutralized with Dowex SOXS (H+ form), 
filtered , taken down in vacuo and the residue crystallized from water, yielding 3·3S g (45%) 
of compound iXc, m.p. 227-229°C. For C9H14N206 (246·2) calculated: 43 ·90% C, 5·73% H, 
11·38% N; found: 44·27% C, S·7S% H, 11·56% N. 
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2,3 :4,5-Di-O-isopropylidene-L-arabitol (XIIa) 

The title compound, b.p. 118 - 120°C/13 Pa, was prepared in 85% yield from L-arabinose (100 g) 
in the same way as described for the compound VIla. 

1-0-p-Toluenesulfonyl-2,3:4,5-di-O-isopropylidene-L-arabitol (XIIb) 

This compound was synthesized in 65% yield from XIIa by the procedure described for VIIb; 
m.p. 78-79°C (light petroleum), [IX]bo -10'8° (c 0'5, dimethylformamide). For ClsHz607S 
(386'4) calculated: 55 '93% C, 6'78% H, 8'30% S; found: 56-47% C, 7'10% H, 8' 58% S. 

1-(Adenin-9-yl)-1-deoxy-2,3 :4,5-di-O-isopropylidene-L-arabitol (XII/a) 

Prepared from the p-toluenesulfonyl derivative XIIb as described for the compound V/IIa; 
yield 68% (based on adenine). M.p. 249-252°C (ethanol). For C16Hz3Ns04 (349'4) calculated: 
55 ' 00~~ C, 6'64% H , 20'05% N; found : 54'87% C, 6'78~~ H, 20'15% N. IH NMR spectrum 
(CDCI 3 ): HI (s , 3 H) + 1'36 (s,6 H) + 1·47 (s,3 H) (CH3)zC; 3,40-4,70 (m, 7 H) O-CH: 
5·94 (br, 2 H) NHz; 7'97 (s , 1 H) H 8 ; 8·36 (s, 1 H) H 2 . 

1-(Adenin-9-yl)-1-deoxY-L-arabitol (X/Va) 

This compound was prepared in 87% yield from compound XII/a as described for IXa (method a); 
m.p. 225-226°C (50% aqueous ethanol). For CloH1SNs04 (269'3) calculated: 44'60% C, 5'61% 
H, 26'01% N; found: 45'04% C, 5'78% H, 25'97% N. IH NMR spectrum (hexadeuteriodimethyl 
sulfoxide): 3'40- 3,60 (m) CH; 4,0- 4,80 (m) O-CH; 6'97 (br) NHz; 7'98 (s) Hs ; 8·09 (s) H 2 • 

1-(Cytosin-1-yl)-1-deoxy-2,3:4,5-di-O-isopropylidene-L-arabitol (X/lIb) 

Prepared in 59% yield from compound XIIb as described for preparation of VII/b, m.p. 158°C, 
RF 0·21 (S5); [1X]bo + 42'6° (c 0'5, dimethylformamide). For ClsHz3N30S (325'4) calculated: 
55'37% C, 7'12% H, 12'92% N; found: 54'48% C, 7'88% H, n1l % N. 

1-(Cytosin-1-yl)-1-deoxY-L-arabitol (X/Vb) 

Prepared in 96% yield from compound X/lIb by the procedure described for compound / Xb; 
m.p. 183-195°C (80% aqueous ethanol). For C9HlSN30S (245'2) calculated: 44'07% C, 6'16% H, 
17'14% N; found: 44'12% C, 6' 09% H, 16'95% N. 

1-(Uracil-1-yl)-I-deoxY-L-arabitol (X/Vc) 

Prepared in 37% yield from compound XIIb as described for the preparation of /Xc; m.p . 228 to 
229°C (water). Identical (HPLC, SI , E1) with /Xc. For C9H14Nz06 (246'2) calculated: 43 '90% C, 
5'73% H , 11'38% N ; found: 43'97% C, 5'72% H, 11 '45% N. 

1-(Adenin-9-yl)-1-deoxY-D-lyxitol (XVII) 

A mixture of the compound XVa (ref. s ; 1'3 g; 4 mmol), sodium salt of adenine (0' 80 g; 5·2 mmol) 
and dimethylformamide (10 ml) was heated to 100°C for 15 h, taken down in vacuo, the 
residue co evaporated with toluene, extracted with hot chloroform (100 ml) the extract filtered 
through Celite and taken down . Crystallization of the residue from ethanol afforded 0·92 g 
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(75%) of compound XVb, identical with the product obtained according to ref. 5 . A solution o f this 
compound in 0'25M - H 2S04 (25 ml) was kept at 37°C overnight, neutralized with barium hydro
xide, filtered through Celite and the filtrate concentrated in vacuo to about 70 mt. A solution 
of sodium borohydride (0'76 g) in water (20 ml) was added dropwise under cooling with ice. 
The mixture was allowed to stand in ice for 1 h and at room temperature overnight, acidified 
to pH 6 with Dowex 50X8 (H+ form) and the suspension was poured on a column of the same 
ion exchange resin (100 ml). After washing with water the product was eluted with 2'5% ammonia, 
the ammonia eluate' taken down in vacuo and the residue crystallized from 70% aqueous et hanol 
(with addition of ether); yield 0·45 g (55'7% based on compound XVb), m.p. 216-218°C; homo
geneous according to Sl, E1 and HPLC. For CluH1SNs04 (269'3) calculated: 44'60% 5'61% H , 
26'01 % N; found: 44'93% C, 6'00% H, 25'75% N. 

1-(Adenin-9-yl)-1-deoxY-L-lyxitol (X VIII) 

Prepared from 20 mmol of the compound XVIb (ref. s) as described for the compound XVII. 
The yield of XVIII was 2·70 g (56'4%), m.p. 222-223°C (methanol- ether). The product was 
homogeneous (SI , EI and HPLC) and identical with XVII. For CloH1SNs04 (269'3) calculated: 
44'60% C, 5'61 % H , 26'01% N ; found: 45·00% C, 5'54%H, 26'34% N. 

5-(Adenin-9-yl)-5-deoxy-3-0-methyl-1,2-0-isopropylidene-o-arabinofuranose (XIXb) 

Compound16 XIXa (40 g; 0 '125 mol) was added to a mixture of adenine (17'6 g; 0·13 mol), 
dimethylformamide (300 ml) and sodium hydride (3'1 g; 0·13 mol) which had been stirred at 60°C 
for 1 h. The mixture was heated to 100°C for 15 h and taken down in vacllo. The residue was co
distilled with toluene (2 X 300 ml), extracted with boiling chloroform (3 X 200 ml), the extract 
filtered and taken down. Chromatography on a column of silica gel (200 g) in chloroform-methanol 
(95 : 5), followed by crystallization from methanol, afforded 9·0 g (22'6%) of the chromato
graphically pure (Rp 0'40 in S5) product XIXb; m.p. 238-239°C, [:;d6° -18'8° (c 0'5, dimethyl
formamide). For C14H19Ns04 (321'3) calculated: 52'32% C, 5'96% H, 21'80% N; found: 
52'24% C, 5'75% H, 21'56% N. 

1-(Adenin-9-yl)-1-deoxy-3-0-methyl-o-lyxitol (XXI) 

A solution of compound XIXb (1'6 g; 5 mmol) in 0'25M-H2S04 (25 ml) was warmed to 37°C 
for 18 h and neutralized with barium hydroxide. The crude compound XX was reduced with 
sodium borohydride and worked up in the same manner as described for compound XVII. 
Crystallization from ethanol (ether added) afforded 0·20 g (14%) of chromatographically pure 
(E1,Sl) compound XXI, m.p. 225°C, Mass spectrum: M + 283 , 268 (M-CH3), 252 (M-CHzOH), 
234 (252 - H 20), 178 (Ade + CHzCHOH), 148 (Ade - CHz), 136 (BHz), 135 (BH). 

1,2:3,4-Di-O-isopropylidene-oL-xylitol (XXIIa) 

Prepared from DL-xylitol in 72% yield by the procedure described for compound VIla. B.p. 
140°C/25 Pa. 

1-0-p-Toluenesulfonyl-2,3 :4,5-di-O-isopropylidene-oL-xylitol (XXIIb) 

This compound was prepared in 45' 5% yield from compound XXIIa as described for compound 
VIlb; m.p. 103°C. For C18H2607S (386'4) calculated: 56'93% C, 6'78% H, 8'30% S; found: 
56' 12% C, 6'24% H , 8'14% S. 
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1-(Adenin-9-yl)-1-deoxy-2,3 :4,5-di-O-isopropylidene-oL-xylitol (XXII Ia) 

A mixture of compound XXllb (11 '8 g; 30 mmol) and a solution of sodium salt of adenine, 
prepared from adenine (30 mmol) in dimethylformamide (90 ml) by the above-described proce
dure, was heated to 100D C for 15 h. Further work-up procedure was the same as described for 
compound VIlla. Crystallization from ethanol afforded 6·1 g (58'3% based on adenine) of com
pound XXIIIa, m.p. 202-203°C; Rp 0·27 (S4). For C!6HZ3NS04 (349-4) calculated: 55'00% C, 
6'64% H, 20'05% N; found: 54'62% C, 6'55% H, 19'77% N. 

1 -(Adenin-9-yl)-1 -deoxy-oL-xylitol (XXIVa) 

A solution of compound XXII/a (4 g; 11· 5 mmol) in 0'25M-H2 S04 (70 m1) was heated to 70°C for 
3 h, neutralized with barium hydroxide, filtered and the solid washed with hot water. The com
bined filtrates were taken down in vaCllO and the compound XXIVa (2'95 g; 95%) was obtained 
by crystallization from water; m.p. 215°C. It was homogeneous according to S1, E1 and HPLC. 
For C!OH! 7 NsOs (287' 3) (monohydrate) calculated: 41'80% C, 5'96% H, 23· 38% N; found: 
41 '72% C, 5-86% H , 24'42% N. 

1 -(Uracil-1 -yl)-1-deoxy-oL-xylitol (XX/Vb) 

Prepared from compound XXllb (30 mmol) and sodium salt of 4-methoxy-2-pyrimidone 
00 mmol) in dimethylformamide (90 ml) by the procedure described for compound /Xc. Crystal
lization of the deacetylation product from 80% ethanol (ether added) afforded 3·7 g (50%) of com
pound XX/Vb, m.p. 162-163°; homogeneous according to E1, S1 and HPLC. For C9 H14 N Z0 6 

(246'2) calcula ted: 43'90% C, 5'73% H , 11-38% N; found : 44'20% C, 5'64% H, 11'38% N. 

1-(Adenin-9-yl)-1-deoxy-3-0-benzyl-L-xylitol (XXVIa) 

A solution of compounds XXVa (15'9 g; 40 mmol) in 80% formic acid (500 ml) was set aside 
overnight at room temperature and taken down. The residue was codistilled with water (3 X 
X J 00 ml), dissolved in water (100 ml) and made slightly alkaline with ammonia. The separated 
product was collected on filter, washed with water, ethanol and ether and dried in vaCllO, yielding 
12·5 g (87'5%) of the chromatographically homogeneous (RF 0-45 in S6) compound XX Vb. 
A solution of this product (35 mmol) in ethanol (300 ml) was cooled with ice and sodium boro
hydride (5 g) was added in portions with stirring. The stirring was continued for 5 h in ice and 
overnight at room temperature. The mixture was neutralized with acetic acid, filtered, the solid 
washed with ethanol and the filtrate taken down. A methanolic solution of the residue was ap
plied on a column of silica gel (100 g) . Washing with chloroform-methanol (95 : 5) removed 
imp uri ties and elution with chloroform- methanol (9 : 1) afforded the product XXV/a (RF 0·30 
in S6) which was purified by precipitation from ethanol with ether. Yield 7·1 g (63'5%, based 
on XX Va); m.p. 98-99°C, [alisO -4'2° (c 0'5, 1M-HCI). For C1 7HZ! N S0 4 (359 '4) calculated: 
56'81 % C, 5'89% H, 19'49% N; found: 57'03% C, 5'70% H, 19-45% N. 

J -(Adenin-9-yl)-1-deoxY-L-xylitol (XXV/b) 

Compound XXVIa (20 mmol) in methanol (400 ml) was hydrogenated in the presence of 
concentrated hydrochloric acid (2 ml) over 10% Pd/C (4'0 g) under atmospheric pressure. 
After the hydrogen uptake had ceased (30 min), the mixture was filtered through Celite which 
was then washed with methanol and aqueous ammonia (200 ml). The filtrate was taken down 
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in vacuo, the residue dissolved in water (50 ml) acidified with Dowex 50X8 (H+ form) and the 
suspension applied on the same kind ofresin (100 ml). After washing with water the ion exchange 
resin was suspended in water (200 ml), made alkaline with ammonia, filtered and washed with 
boiling water (500 ml). The filtrate was taken down and crystallized from 80% ethanol, 
yielding 4·2 g (78%) of compound XXVIb, m.p. 191-192°C, homogeneous according to SI , El 
and HPLC. For CloH1SNs04 (269'3) calculated: 44'60% C, 5'61 % H, 26'01 % N; found: 43'88% 
C: 5'59% H, 25'97% N. 

1,5-Di-O-benzoyl-2-deoxy-D-erythropentitol (XXVIIb) 

Sodium borohydride (1'5 g) was added during 1 h to a st irred ice-cooled solutjon of 2-deoxy
-D-ribose (5 g; 37·3 mmol) in methanol (150 ml). After stirring for 3 h in ice, the mixture was 
acidified with Dowex 50X8 (H+ form), filtered, the solid washed with methanol and the filtrate 
taken down. The residue was codistilled with methanol (3 x 50 m!) and pyridine (2 X 50 ml) 
and taken up in pyridine (50 ml). Benzoyl chloride (9 ml; 75' 5 mmol) was added dropwise 
to the ice-cooled solution which was then stirred for 2 h at O°c. After standing overnight at O°C, 
the mixture was mixed with water (10 ml), after 30 JIlin taken down, the residue was dissolved 
in ethyl acetate (200 ml) and the solution washed with water (3 X 50 ml). After evaporation 
of solvent and codistillation with toluene (2 X 50 ml) the residue was dissolved in a sufficient 
volume of ethyl acetate. Light petroleum was added to the st irred hot solution until it was per
sistently turbid. The product which crystallized in a refrigerator was collected on filter, washed 
with a mixture oflight petroleum and ethyl acetate (2 : 1) and dried. Yield 6,3 g (49%) of XXVIJb, 
m.p. 93 - 94°C; [a]l>° - 10'1° (c 0'5, chloroform); RF 0·13 (S2). For C19H2006 (344'4) calculated: 
66'27% C, 5'85% H; found: 66' 55% C, 6'06% H. 

1-( Adenin-9-yl)-1 ,2-dideoxY-D-erythropentitol (XXX) 

A mixture of the compound XXVIIb (6'0 g; 17-4 mmol), acetone (50 ml), ethyl orthoformate 
(10 ml) and p-toluenesulfonic acid hydrate (0 '4 g) was stirred until homogeneous and then set 
aside in a stoppered flask. After 4 h the reaction was complete (S2) . Sodium hydrogen carbonate 
(4 g) was added, the mixture was stirred for 2 h, filtered, the solid washed with acetone (200 ml) 
and the filtrate taken down in vacuo, finally at 50°C(13 Pa. The residue (RF 0·62 in S2) was set 
aside with O'IM sodium methoxide (100 ml) overnight, the solution neutralized with Dowex 
50X8 (H+ form), filtered, the solid washed with methanol and the filtrate taken down in vacuo. 

This residue (compound XXVIIIa) was dissolved in chloroform (SO ml), the solution mixed 
with triethylamine (3'5 ml; 25 mmol) cooled to O°C and a solution of p-toluenesulfonyl chloride 
(3'8 g; 20 mmol) in chloroform (25 ml) was added dropwise. After stirring for 1 h at O°C and 
standing overnight, the mixture was washed successively (25 ml) with water, saturated sodi um 
hydrogen carbonate solution and twice with water, dried over magnesium sulfate, filtered and 
taken down. Chromatography of the residue on a column of silica gel (100 g) in chloroform 
afforded as the principal product compound XXVIIIb (RF 0'30 in S2) as a yellowish oil (2'7 g, 
47% based on XXVIIIa). This material (8'2 mmol) was taken up in acetonitrile (20 ml) and treat
ed with benzoyl cya nide (1'3 g; 10 mmol) and triethylamine (0'5 ml). After 30 min the mixture 
was taken down and the residue chromatographed on two layers of silica gel in the system S2. 
The bands of the product XXVIIIc (RF 0-35, S2) were eluted wi th ethyl acetate (500 ml), the eluate 
evaporated and the residue dried in vacuo, yielding 2·9 g (78'7% based on compound XXVII/b) 
of a yellowish foam. 

Compound XXV/IIc (2'9 g; 6,45 mmol) was added to a solution of sodium salt of adenine 
(prepared by the above-described procedure from 10 mmol of adenine in 40 ml of dimethyl-
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formamide). After heating to 100°C for 15 h under exclusion of moisture, the mixture was taken 
down in vacuo and the residue set aside with O'lM sodium methoxide (50 ml) overnight. The 
mixture was neutralized with Dowex 50X8 (H+ form), filtered, the resin washed with methanol 
and the filtrate taken down in vacuo. The residue was chromatographed on two plates of silica gel 
in the system S4, the product bands eluted with methanol (500 ml) and the solvent evaporated. 
Crystallization of the residue from ethanol (light petroleum added) afforded 0·72 g (38%) of com
pound XXIX, m.p. 164-165°C, [o:lbo +32'2° (c 0'5, dimethylformamide); RF 0·40 (S6). For 
C13H19Ns03 (293 '3) calculated: 53'22% C, 6'53% H, 23'88% N; found: 53 ' 54% C, 6'60% H, 
23 '79% N. 

A solution of this compound (0'3 g) in 0'25M-H2 S04 (20 ml) was set aside at room temperature 
overnight, neutralized with barium hydroxide, filtered and taken down in vacuo. Crystallization 
of the residue from methanol (with addition of ether) yielded 0·20 g (77%) of compound XXX, 
m.p. 185°C. For Cl0HlSN503 (253'3) calculated: 47'42% C, 5'97% H, 27'66% N; found 
47-27% C, 5'91% H, 27'50% N. 

2,3-0-Isopropylidene-l,4-anhydro-D-ribitol (XXXIIIb) 

Trityl chloride (64 g; 0·23 mol) was added to a solution of 2,3-0-isopropylidene-D-ribofuranosel 7 

(XXXIa) (36 g; 0'19 mol) in pyridine (80 ml). The mixture was stirred until it became homo
geneous, set aside overnight, poured into water (1 litre) and decanted. The precipitate was taken 
up in chloroform (500 ml), the solution washed with water (2 X 100 ml), dried over magnesium 
sulfate and taken down. A solution of the residue (XXXIb; RF 0'60 in S2, 0·62 in S8) in ethanol 
(500 ml) was cooled with ice and sodium borohydride (5'9g) was added portion wise under 
stirring in the course of 1 h. After stirring at O°C for 2 h (the reaction was complete according 
to S8) the mixture was acidified with acetic acid to pH 6, taken down in vacuo, the residue was 
taken up in chloroform (500 m!) the organic layer washed with water (3 X 100 ml), dried over 
magnesium sulfate, filtered and the solvent evaporated. The remaining compound XXXIIa 
(RF 0·30 in S2, 0'32 in S8) was dissolved in pyridine (300 ml) and a solution of p-toluenesulfonyl 
chloride (47'6 g; 0·25 mol) in pyridine (150 ml) was added drop wise with ice-cooling and stirring. 
After stirring for 2 h at O°C and standing overnight at the same temperature, the mixture was 
concentrated at 30°C in vacuo, diluted with ethyl acetate (600 ml), washed with water (3 X 100 ml), 
dried and taken down in vacuo (50°C/13 Pa). The residue (XXXIIb; chromatographically homo
geneous; RF 0·80 in S2) was mixed with acetone (300 ml), methanol (80 ml) and concentrated 
sulfuric acid (2 ml) and set aside at room temperature till the reaction was complete (disappearance 
of the starting compound, RF 0·27 in S7) (6 h). Calcium hydroxide (20 g) was added, the mixture 
was stirred for 1 h until neutral, filtered, the solid was washed with acetone and the filtrate taken 
down in vacuo. A solution of the residue in ether (200 ml) was washed with water (2 X 

X 50 ml), dried and the solvent evaporated. Distillation gave 13·5 g (40'5% based on XXXIa) 
of the compound XXXII/b, b.p. 112-114°C/13 Pa; [o:lbo + 37'0° (c 0'5, chloroform). For CS H l4 . 
. 04 (174'2) calculated: 55'16% C, 8' 11% H; found: 53'75% C. 7'84% H. IH NMR spectrum 
(CDCI3): 3·68 (2 X dd, 2 H, J S ,4 = 4'34, J5 ',4 = 6.10, J5 ,s' = 11'6) 2 H 5; 4'03 (d, 2 H, JI,2 = 

= 3'12) 2 HI; 4·17 (dq, 1 H, J4 ,3 = 2'0, J4 ' 5 = 4'34, J4 ,s' = 6'10) H 4; 4'68 (dd, 1 H , J 3 ,2 = 

= 6'27, J 3 ,4 = 1'83) H 3; 4·87 (pent, 1 H, J2 ,1 = 3'15, J 2 ,3 = 6'33) H 2 . 

5-(Adenin-9-yl)-5-deoxy-2,3-0-isopropylidene-l,4-anhydrOoD-ribitol (XXXIVa) 

A solution of compound XXXII/b (13'5 g; 77·6 mmol) in pyridine (25 m!) was added dropwise 
during 30 min to an ice-cooled and stirred solution of p-toluenesulfonyl chloride (15 g; 78·7 mmol) 
in pyridine (50 ml). The mixture was stirred for 2 h at O°C, allowed to stand in a refrigerator 
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overnight, decomposed with water (10 ml) and taken down in vacuo. The residue was taken 
up in ethyl acetate (300 ml), the solution washed with water (3 X 50 m\), dried, filtered and the 
solvent evaporated ill vacuo, finally at 50°C j 13 Pa, giving 22·7 g (89'3% based on XXXII/b) 
of the chromatographically (RF 0·35 in S2) homogeneous oily product XXXIIIc. 

A solution of this compound (69 mmo\) in dimethylformamide (50 ml) was added to a sus
pension of sodium salt of adenine (80 mmol) in dimethylformamide (200 mI). The mixture was 
heated to 100°C for 24 h under stirring and exclusion of moisture, taken down in vacuo, the 
residue was extracted with boiling chloroform (5 X 100 ml), the solution filtered through Celite, 
taken down and the product crystallized from methanol. Yield 11 ·0 g (56%) of compound 
XXX/Va , m.p. 187-188°C, [a]bo + 91 ' 5° (c 0'5, dimethylformamide), RF 0'58 (S6). For C13 H 17 . 
. N S0 3 (291-3) calculated: 53'59% C, 5'88% H, 24·05 N; found: 54'06% C, 5'92% H, 24'25% N . 
IH NMR spectrum (CDCI3): 1'23 + 1·34 (2 X s, 6 H) (CH3hC; 3·80 (d, 1 H, '1' 1" = 11 '8, 
'1".2' < 1'0) H 1 ,,; 3·94 (dd, 1 H, '1'.2' = 3'8, '1 ' .1" = 11 '0) H1,; 4·10-4' 35 (m, :3 H) H4, + 
+ 2 H s '; 4 '65 (d, 1 H, '3',2' = 6'0, '3' .4' < 1'0) Hy; 4·83 (dd, 1 H, '2'.1' = 3'8, '2'.3' = 6'0) 
H 2 ,· 

5-( Adeni n-9-yl)-5-deoxy-1 ,4-anhydro-o-ribitol (XXX/Vb) 

A suspension of the compound XXX/Va (5·0 g; 17·6 mmol) in 0'25M-H2S04 (100 ml) was stirred 
overnight at room temperature, the formed solution neutralized with barium hydroxide, fi ltered 
and taken down. Crystallization of the residue from 80% ethanol (with addition of ether) af
forded 3·5 g (79%) of compound XXX/Vb, m.p. 219-220°C; RF 0'16 (S6). Mass spectrum: 
M+ 251. For CloH13Ns03 (251'2) calculated: 47'80% C, 5'21 % H, 27' 88% N; found: 48'00% C, 
5'28% H , 27-61% N. 

The author is indebted to Dr M. Masojidkova for measurement and interpretation of the NMR 
spectra. Dr J. Kohoutova for measurement and interpretation of the mass spectra, Mrs Z. Ledvinova 
for optical rotatioll determinatiolls. Dr / . Rosenberg for the HPLC analyses and Dr / . Votruba 
for the antibacterial tests. The excellent technical assistance of Mrs B. Novakova is acknowledged. 
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