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Reaction of fluoronietliyloxiriine ( I I I )  wilt1 heterocyclic h s c s  iii l l i c  presence of potassium carbonate 
afforded N-(3-l'luoro-3--liydroxypropyl) derivatives o f  adci i i i ie (Vl) ,  3-dc:iza:idcninc (VI I ) ,  2-amino-6-chlo- 
ropu r i  ne ( M I ) ,  6 -ni tro- 1 -dcaz;i purine (/X), 4 - m c i  Iiox y-2- 1) y r i  111 i done (XVIII)  ii nd i ts 5-nie 111 yl deriva t i ve 
(MX). Acid hydrolysis of compounds X I I ,  XVIII.  and X f X  g ive  Y-(3-f luoro-2-l iydr~xy~iropyl)Eunnine (XU), 
l-(3-fluoro-2-hydroxypropyl)ur;lcil ( X X )  and -thymine (XXI). 'l'lic intcrniedi:iIrs XVIII and X I X  were ammo-  
nolyzed to give 1-(3-fluoro-3-liyJroxypropyl)~y~osioe ( X X / l )  iiiid -5-nielliylcytosine ( X Y I I I ) .  Reaction of 
chloro derivative X f I  with sodium azide followed by hydrogcniilioii o f  (lie formed 2-amino-6-azidopurine 
( X I V )  led to 9-(3-fluoro-2-hydroxypropyI)-3-,6-~iaiiii1iopuriii~ (XV).  9-(3-I~luoro-7,-liydroxypropyl)-l-deaza- 
adenine ( X )  was obtained by 1iydrogen:ition of coiiipouiid 1X. Uciizyloxynietliyloxiriine (XUrV) was reacted 
wi th  pyridine-hydrogen fluoride :idduct to give 3 - b c i i z y l o x y - ~ - f l ~ o r o ~ ~ r o ~ ~ a 1 i o 1  (XUV)  whose tosylate xM/I 
on reaction wi th  sodiuni salt o f  adenine ;ind subsequent liydrogcnolysis of the intcrnicdi;ite Wff afforded 
9~(7,-fluom-3-liydroxypropyl)iidc1iine ( X X W r ) .  The Siiiiie conipound was obtained by reaction of 3-benzoyloxy-l- 
hronio-2-f1uoroprop:inol (XW) with sodium salt of adenine followed by niethanolysis. Condensation of 
sodium salt of XI, XVI, and XVII with syntlion X Y X  and  subsequciit acid deblocking g i v e  9-(7,-fluoro-3- 
hydroxypropy1)guanine ( X W I I I ) ,  1-(3-fluoro-3-liydroxyprol,y~~yl)uriicil (XUXVI).  and 1 -(2-f luoro-3-hydro- 
x y pro p y I )  thy ni i ne (XXXVII) .  1 -( 2 -PI uo r o -3 - t i  y d rox y p r o p y I) dc r iv:i t i  vcs o f c y t osi n e ( W l f )  a n d 
5-methylcytosine (XXYIA') were obtained by  animonolysis O F  the corresponding 4-rnethoxypyrirnidine 
intermediates XYxlV and Xk". 

The acyclic a ~ i i i l o g ~ e  of iidc1iosiIiC, 9-(S)-(2,3-dihydroxypropyl)adcni1ic~ ( I ) ,  inhi- 
bits S-adenosyl-L-ho~iiocystcinc hydrolase (SAH hydrolilse), ill1 ciizyiiie involved in the 
regulation i n nict h y la  lion rcii d o n s  which u I i I izc S-i~ dc nosy 1 -L- iiiclh ioiii ne (SAM) as a 
methyl donor. Since such reactions are p i l r I i~~ l i~ r ly  iiiiportiiiit i n  prolikrating systems, 
this ~ o ~ i i p o u ~ i d  exhibib ii whole spcclruni of iiilcrcsliiig biologiciil cffccls'. One of them 
is the important nonspecific iilitiviriil cffcct which is directed priniitrily against rhabdo- 
viruses, rota- iilid rhcoviruscs, but also ilgiliIist t h ~  viicciiiia virus2. The i i ~ i i i l ~ g ~ e  I is 
also used i n  the cliniciil practice iis i ~ ~ i t i h c r p ~ I i ~ ~ t i i .  111 our previous coniniunication of 
this series we studied syste1ii;lticiIIly the slruclurc-i1ctivily rcl;itionships i n  the series of 
acyclic adenosine ~ I I I ~ I ~ O ~ U C S  a n d  provcd tlic connection bctwccii inhibition of SAH 
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hydrolase and the antiviral effect3; thcsc rcsults were 1;itcr coiifiriiicd by others4. The 
presence of hydroxyl functionality in  positions 2 and 3 of the side chaiu of compound 
I (as well as the absolute configuration 2s) rcprcsciils a necessary coiidition for the 
interaction with S A H  hydrolase. The design of an;ilogues of hydroxylntcd bioorganic 
riioleculcs has oftcii and succesfully used the principle of rcpliicing the hydroxyl by 
fluoriiie atom. In this coiiipouwJ, tlic hydroxyl groups liiivc not thc ~ s u i t l  function of 
bearing the phosphoiiioiiocstcr boiids bcciiuse neither conipound 1 nor its analogues are 
phosphorylatcd i n  v i v ~ ~ , ~ .  For this rcasoii, we iiiteiidcd to synthesize aii;ilogucs of 
coiiipouiid I i n  which oiie of the hydroxyl groups is rcpliiccd by ;III iitoiii of fluorine. 
The present s tudy  coiiccriis the iiictltod of prep;ir;itioii of isoiiicric racciiiic coinpounds 
i n  the series o f  purine and  pyrimidiiic derivatives. 

tq- 
HO ?OH 

I 

x - 4  0 

I I  % = CI 

I I I  x = F 
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Analogously to other alkylated guanines, lhe guanin-9-yl derivative XI11 was pnpa- 
red by an indirect method: 2-aniino-6-chloropurine (Xf) was reacted with oxirane 111 
to give intermediate XI1 which was easily convertcd into the guanine derivative 
X.11 by r d d  hydrolysis. It is worth notice that the alkylation of chloro derivative XI 
with oxirane I11 affords only insignificant amounts of the 7-isomer which in alkylations 
with othcr reagents represents a minor but not negligible component of the reaction 
mixture8. Rerdion of the same intermediate XI1 with sodium azide afforded 2-amino-6- 

I Y  X = N  
Y x = c H  

F 

Y I  X - N  

Y I I  X * CH 

I X  X 
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azidopurine derivative XfV which was converted to 9-(3-Ruoro-2-hydroxypropyl)-2,6- 
diaminopurine (XV) by hydrogenation on palladiuiii (Schcnie 3). 

ic 

2 F A F 
xv X I V  

a I l l ,  KICO,, DMF; b HCI, 40; c NaN+ DIJF; d 4, Pd/C, MeOH 
Satwe 3 

Selective alkylation of pyrimidine dcrivativcs in  Ihe position N' is most easily 
effected using O'-alkyl derivatives'. Acid hydrolysis of the obtained N'substituted 
derivatives can lead to uracil or thymine dcrivativcs, whcrcas amiiionolysis wirh alco- 
holic ammonia at elevated teniperaturcs affords cytosiiie or 5-mcthylcytosiac dcri- 
vatives. This nietbod (Schcnu 4) was ciiiploycd in  the preparation of 
1-(3-fluoro-2-hydroxypropyl) derivatives of uncil (xu) and ,cytosine (XXrr) from 
4-metboxy-2-pyrinridone (No, whereas lhe corresponding 5-nietbyl derivaflve p V J J  
gave l~~flu~o-2-byJroxypropyl)lbylnine (AX!) and 5-iiicthylcytosine (XXf'/), It i s  
lmportaat that the ininionolysis Is not accoiiipanied by ckavoge of thc C-F bond in the 
side c h i n  of tbe 3-fluoro-2-bydroxypropyI derivatives XXf and xyI/I. 
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The isoiiicr of conipound V/ ,  raccniic 9-(2-fluoro-3-hydroxypropyl)~1de11i1ic (xyv/II), 
was prepared using the procedure i n  Scheme 5:  cpichlorohydrin ( I f )  was first coiivertcd 
into bcn~yloxynicthyloxir;iiie'o (XXlV) .  This coiiipouiid Wils treated with hydrogen fluo- 
ride-pyridinr adduct  to give 3-bc1i/yloxy-2-lluoropropi11iol~' (XXV)  which was then 
converted into the tosyl derivative XXVI. This syiithoii was used for alkylation of adeni- 
ne sodiuni wit, gciicr;itcd i n  situ from the h s c  with sodium Iiydridc. The obtained 
9-(3-ben~yloxy-2-fluoropropyl);1de1ii11c (XXVII) was isonicrically ho~~iogciicous as 
shown by the 'H NMR sprctruni. Its fiydrogciiolysis over a palliidiuiii calalyst affordcd 
colilpoulld xxvirr. 

X V I  R = H 

X V I I  R = CH3 
F J F J 

X V I I I  R = n XX R = H  

X I X  R = cn, X X I  R = CH, 

F )-"" 
X X I I  R = H 

X X I I I  R = CH, 

a I l l ,  K,CO,, DMF: b HOAc, H,O; c NH,, MeOH 
SCIIEME 4 

Howcvcr, this iiicthod caiiiiot bc applicd to il gcncr;il prcpnrntioli of N-(2-fluoro-3- 
hydroxypropyl) derivatives bcciiusc soiiic heterocyclic bases (e.8. cytosine, thymine 
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etc.) undergo rcductioii under condilions o f  the hydrogcnolytic rciiioval of the beiizyl 
group. For th is  reasoii we prepared a synthon i n  which tlic hciizyl ether protecting 
group is replared by the alkali-labile bcwoyl group: 3-hronio-2-lluoro~~ro~~a1iol (XXlX) 
was prepared by describcd procedure12 f r o m  iillyl alcohol by rciictioii with N-broiiio- 
succiniiiiide and hydrogen fluoridc-pyridiw adduct. BcllzoyliltioI1 of coi~ipouiid x x / X  
with be nzo y 1 c ya iiid e afforded be l i m y  l dc r ivii t ive XXX. This coin p o u  iid was co ndc nscd 
with adenine sodiuni salt to give the il\tctnlcdiiite X X X I  whose acid hydrolysis gave 
raceniic 9-(2-fluoro-3-hydroxypropyl);ldcninc (XXVllr) (Schcaie 6), identical with the 
product obtained according to Scheiiic 5. 

Ade 

XXIV 

Ade 

an0 

xxv 

OTs 

HO RnO BnO 

X X V I I ' I  XXVII XXVI 

a BnOH, BF,.Et20; b NaOH, H20; c (HF),py; d TsCI, py; 

e IV, NaH, DMF; f H,, Pd/C, MeOH 

The synthon XXX W;IS siiuiliirly used i n  the rr;iclion witti sodium Si i l t  of 2-aiiiino-G- 
chlo ro pu ri Lie (Xq. The p red o 111 i n n  11 t product , 9- isomer X f i l l ,  wiis acid - h y d ro l y zed to 
9 - (2-  fl uo ro-3 - h y d rox y pro p y I ) ~ u ~ I  II i lie (XxUllr)  ( Sc hc liie 7). Also p y ri lnid i iie d cri- 
vativcs were obtiiiiicd by reaction of the syiithoii XXY: rcaction with sodium siilts of 
4-mcthoxy-2-pyrimidone (XVr) or its 5-iiicthyl derivative X V l l  giive the protected deri- 
vatives XXYIV a n d  XXXV which 011 acid c1c;iv;igc lost siiiiultaiicously the iiwthoxyl and 
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Br 
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benzoyl functionalities and afforded 1-(2-fluoro-3-hydroxypropyl) derivatives of uracil 
(I'IWXM) and tbymine (XXXVtl). Compounds XxYlV and AXXV were then amnro- 
nolyzed to give the rcspcctive derivatives of cytosine (XXXVU) and 5-inethylcytosine 
(AXYM) (Scheme 8). 

All the conipounds preparcd in this study have been charwtcrized by their 'H N M R  

L ___c 

020 HO 

X X X V I  R = H 

X V I  R - H 
X V I I  R - CHa 

xxxrv R = H 
X X X V  R 9 Cna xxxvr I  R = w, 

I c  

xxxvIrr R - H 
X X X I X  R - CH, 

o X X X ,  NOH. DMF; b HCI, H,O; c NH, MeOH 

SCHEME 8 

spectra and iiiolccular peaks and fragmentation in their lliilss spcctra. Their W spectra 
corresponded to N-alkyl derivatives of the corrcspondiny hctcrocyclic bases. 

Biofogicul properties. The isoirictic fluorohydroxypropyl dcrivativcs were tested on 
ant iviral  activity against selectcd group of RNA viruses (VSV, Reovirus type 1, 
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p a r a i n f l u e n z a  type 3, Siiidbis virus, poliovirus t y p e  1, c o x s a c k i e  B4) and DNA viruses 
(HSV-1, HSV-2, vacc in ia ,  VZV :tnd CMV) on (issue cu l tu res  undcr standard condi- 
tions13. Neithcr of thc studied conipounds had any extraorditiitry an1ivir:tl c f e c t  up to 
200 &nil of the iiiediuni. 

E X P E R I M K N T A L  

Melhods. Melting points wcre dctcrniincd on a Koflcr hlock and are uncorrectcd. Optical rotations were 
measured on a Perkin-Elmcr 141 polarinicter at 25 Y'. N M R  spcctra wcre taken on a Varian 200 XL 
instrument in fT mode at 200 MIIz ( ' 1 1  spcctra) i n  hexadcutcriodiniethyl sulfoxide with tetramcthylsilane 
as internal standard. Chcmical shifts arc given in ppni (6-scale) and coupling constants ( J )  in 112. Thin- 
layer chromatography was carried out 011 Silufol [JV~S,,, column chrotiiatography on silica gcl Silpcarl 
(hoth Kavalicr. Votice. Czrchoslovakia). Solvent systcms for ' I ' l l ' :  S 1  chloroform-methanol (3 : I ) ,  S 2  
chloroform-methanol (4 : I ) ,  S3 chloroform-mctlianol (5 : I ) ,  S4 chloroform-inrllianol (6 : I ) ,  S5 chlo- 
roform-mcthanol (10 : 1). S6 chloroforin-nicthaiiol ( L O  : I ) .  S7 toluene-ethyl acctatc (3 : I ) ,  S8 toluene- 
ethyl acetate (15 : 1). S9 ctliyl acetate-acctonc-ctlianol-watcr (10 : 2 : 2 : 1). III'LC was carried out on 
columns (250 x 4 mm and 250 x 17 nim) packed with Scparon S ( i X ( . ' I 8  (5 pi and 10 I'm, respectively; 
hhoratorni  piistroje, Prague, Czechoslovakia). IJV absorption spectra wcre measured on a Pye Unicam 
8800 U V N l S  spectrophotomctcr. wavclcnyths of cxtrcnia arc givcn in nm. 'Ihc solutions were evaporated 
on a rotary vacuum evaporator at  40 'C. Analytical samples wcre dried a t  25 'c' and 6.5 Pa for 8 h. 

M n l r r i n l s  ntrd rmgr / r ts .  Adcnine, epirlilorohydria, and palladium on carhori wcre purchased from 
Janssen (Belgium), 2-amino-6-chloropurine was a Mcrck ((icrniany) product. All tlic othcr chemicals were 
ohtaincd from I-achcma (('zcrhoslovakia). 4-Mrthoxy-2-l ,yri i i i id~nc and 4-1iicthoxy-5-mctliyl-2-pyrimidone 
were prepared as describcd in 3-deazaadcninc according to ref.", and 6-nilro-I-dcazapurine 
according to rcf.l6. Dinicthylforinamide was dricd hy distillation from phosphorus pcntoxidc and stored 
ovcr molecular sicvcs (5A). 

Epifluorohydrin6 (114 

A mixture of finely ground potassium fluoridc (77.0 g, 1.33 mol) and 18-crown-6 (5.0 g. 18.5 mmol) was 
heated (together with the stirring har) to 100 Y' at 10 Pa in a flaqk equipped with reflux condenser for 4 h. 
Frcshly distilled cpichlorohydrin (I/; 100 nil. 1.28 niol) was added and the reaction mixture was stirred 
undcr exclusion of moizture a t  190 "c' for 18 h. The product was diqtillcd from the mixture and fraction 
boiling a t  84 - 86 'c' was collrctcd. Yicld 41 g (42%) of compound 111. For C'311sF0 (76.1) calculated: 
47.37% C', 6.628 11, 24.97%~ I:; found: 47.47% ( ' %  6 68% I I ,  24 85% I:. 

9-(3-Fluoro-2-hydroxypropyl)adcnine (VI)  

A stirred mixture of adcninc ( fK 1.35 g, 10 niniol), anhydrous potassium carbonate (70 nig, 0.5 mmol), 
epifluoroliydrin ( / / A  0.9 nil. 12.6 nimol), and dimctliylforni.imide (30 nil) WAS l icatrd to 70 - 75 "C for 6 h. 
The dimethylformamide was evaporated and the residue was boiled with ethanol (100 ml), filtcred while 
hot and the filtrate was coilcentrated to ahout 100 nil. After standing a t  -20 "C-, the product was collected, 
yielding 1.33 g (63%) of compound VI, m.p. 202 - 205 *V (ethanol), 1(,0.30 (S3). For C,I~loI."SO (211.1) 
calculated: 45.49% C, 4.77% I I ,  8.99% F, 33.16% N; found: 45.51% C, 4.69% I I ,  9.07% F, 31.91% N. 'H NMR 
spcctrum: 4.18 m. 3 II ( I f - I '  and 11-2'): 4.38 ddd, 2 I 1  (FC'Il2, J(3',F) = 50); 5.55 d. 1 I I  (OH, J(OH,2') = 5); 

(M - CI12F, 20): 148 (M - CIIOIICH2F, 41); 135 (Adc, 20); 108(17). U V  spectrum (A,nax (E)): pH 1: 257 
(12 400); pH 7: 254 (6 700); plI 13: 259 ( I ?  640). 

7.20 S, 1 f l  (NIIZ); 8.08 S, 1 11 (11-8); 8.14 S, 1 !I (fl-2). MS   mi^): 211 (M*, 18); 194 (M - NIIJ,  15); 178 
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9-(I~S)-(3-FIuoro-2-liydroxypropyl)-3-dcaz~~adc1ii iic (VII)  

A mixture of 3-deazaadenine (V; 1.34 g, 10 nimol), potassium carbonate (73 mg, 0.5 mmol),  
dimethylrormamide (30 nil), and fluoronirthyloxir;ine (0.9 nil) was hcatcd to 100 "C for 5 h (the starting 
base not detectable by IIPLC (5% acetonitrile in  0.05hl-TEN3)). The rcactioo mixture was separated by 
preparative HPLC using water-methanol gradient (0.5% methanol/niin, 60 min). The product-containing 
fraction was evaporated and the residue was codistilled with ethanol and  crystallizrd from ethanol (ether 
added to turbidity). Yield 0.33 g (16%), m.p. 178 - 180 'C, k = 8.1 (from 2% to 10% acetonitrile in  0 . 0 5 M - W ,  
0.3 %/min). For C9HIIFN,O . 2 1120 (346.2) c;ilculatcd: 7.72% P. 22.74% N; found: 7.54% F, 22.17% N. 
'H NMR spectrum: 8.00 s, 1 I I  (11-8 aroni.); 7.67 d,  1 I I  (11-2, 5(7,3) = 5.7); 6.82 d, 1 I I  (li-3,5(2,3) = 5.7); 
6.11 brs, 2 11 (NZI,); 5.54 hr, 1 I {  (011); 4.60 d, 2 I 1  (11-1'. J(I',2') = 4.0); 3.80 - 4.40 ni, 3 H (2-1-2' and 
H-3'). UV spectrum (A,,,,, (E)): p l l  2: 262 (10 700); p l i  13: 266 (11 600). 

9-(RS)-(3-Fluoro-2-hydroxypropyl)-6-nitro-l-d~~1~;~puri1ie (IX) 

A mixture of 6-nitro-1-dcazapurine (VIIl; 1.82 g. 10 niniol), potassium carhonate (73 nig, 0.5 mmol), 
dimethylformamide (30 ml), and fluorometliyloxir:ine (Ill. 0.9 nil) was heated under argon for 6 h (until 
the starting base was not drtcctahle by III'LC (9% acetonitrile i n  U.OSM-TEAB)). I'he reaction mixture was 
adsorbed on silica gel (20 g) a n d  chromatographed on silica gel (100 g). Ilir product was elutrd with chlo- 
roform-ethanol (95 : 5 )  and crystallized from eth:inol (ether addcd to incipient turbidity). affording 0.90 g 
(43%) of nitro derivative IX. n1.p. 144 - 145 'C, k = 3.8 (9% acrtonitrile i n  0 . 0 5 ~ 1 E A B )  For C&FN,O, 
(240.2) calculatrd: 7.91% F. 23.31% N; found: 7.74% F. 23.12% N. 'I1 NMR sprctrum: 8.75 s, 1 I I  (11-8 
arom.);8.65d, 1 l l (11-7,5(?.I)=5.4);7.98d,  I l l ( l l - l . 5 ( 1 , 2 ) = 5 . 4 ) ; 5 . 5 9 d .  I II (C)II ,5=4.9) :4 .15-4 .70  
unresolved m (othrr protons). IJV sprctrum (A,,,,, (E)): 1111 3: 318 (5 600): p l l  13: 295 (6 1rK)). 

Y-(R,S)-(3-Fluor0-2-hydr~xypro~~yl)-l -deazaadeniiir ( X )  

A solution of compound IX (0.5 g. 2.1 mniol) in  nirlhanol (10 nil) was hydrogrnatrd ovrr 10% Pd/C (0.3 g) 
for 2 h. Aftcr filtration of the rraction inixturr through a layrr of ('rlitc and rvaporation of thr solvent, the 
residuc was crystallized from cthanol; yirld 0.32 g (73?6), ni.p. I 2 0  - 122 Y'* R,0.3 ( S 5 ) .  For C,IItIFN,O 
(210.2) calculatrd: 9.04% F, 26.64% N; found: 9.32%) I:, 26,XI% N. ' I 1  N M R  sprctrum: 8.32 s, 1 I 1  (11-8 
arom.): 8.01 d. 1 I1 (11-2, 5(2,1) = 6.8): 6.67 d. 1 I 1  (11.1. . I (  1.1) = 6.8): 8.26 hrs. 2 11 (NI12): 5.30 hr, 1 F I  
(OFI); 4.00 - 4.70 unrrsolvrd ni (othrr protons). IJV slx'ctruni (J,,,,, (F)): 1111 2: 1SI (17 OW), 260 (15 8(K)); 
p l l  13: 275 (10 300), 263 (12 800). 

9-(3-Fluoro-2-hydroxypropyl)-2-a1iiino-6-rliloropurinr ( X I / )  

A stirrcd mixture of 2-amino-6-chloropurinc (XI; 7. I g. 41.9 nimol). anhydrou.; pota.;sium carhonate (380 mg, 
2 mmol), cpifluorohydrin (Ill; 6 ml, 84.2 mniol), and  diiiiethyl~~~rmaniide (150 nil) was hcatrd to 80 "C for 
6 h. The solvrnt was evaporatcd i n  vacuo (oi l  pump) at 40 '(', thc reaction niixlure was dissolved i n  
methanol and evaporated with silica gel (50 g). This matrrial was applied on a column of silica gel (800 ml) 
and chromatographed in  SS, affording 6.2 g (60%) of compound XI/, m.p. 180 - 182 'C. R, 0.56 (S2). For 
C8HqCIFN@ (245.6) calculated: 39.11% C, 3.69% I I ,  14.43% C'l, 7.73% F, 28.51% N; found: 35.45% C, 
3.28% H, 14.45% CI. 6.32% F, 27.89% N. 'I1 N M R  spectrum: 4.15 m,  3 I I  (11-2' t 11-1'); 4.38 ddd, 2 H 
(FC2-12, J(3',F) = 50); 5.55 d, 1 tI (OH, J(Ot1.2') = 5 ) ;  6.91 s, 2 I I  (NII?); 8.05 s, 1 I I  (H-8). MS (m/e):  

146(70); 134 (C5FIjN5, 62): 119(20); 104(20); 92(13);  S3(19); 69(22); 57(31); 40(62). IJV spcctrum (50% 
methanol) ( h  ,nDX (E)): p l l  2: 30s (8 850); pII 7: 308 (5 900); p l l  12: 305 (8  900). 

245 (M, 100); 228 (M - NH3, 20); 212 (M - C'I1?P, 45); 183 (M - CllOllCtl2F, 90); 169 (C5H,CIN5, 44); 

Collect. Czech. Chem. Commun. (Vol. 57) (1992) 



1476 Jindfich, DvoMkovi. Ho lk  

9-(3-Fluoro-2-hydroxypropyl)guanine (NU) 

A aolution of compound Xfl (9.0 g, 36.7 mmol) in 80% acetic acid (100 ml) was refluxed for 3 b. Tbe 
reaction mixture was taken down, the dry rcsidue codistilled with ethanol, dissolved in  water and applied 
onto a column of Dowex 50x4 (ti*-form; 90 ml). The column was washed with water to negative reaction 
to chloride ions and the product was eluted with 2.5% aqucous ammonia. The obtaincd solution was evapo- 
rated 80 dryness and the rcsidue was crystallized from methanol; yield 5.6 g (67%) of X M ,  m.p. 260 - 265 ‘C, 
RF 0.10 (Sl). For C,Hl,FN@2 (227.2) calculated: 42.28% C, 4.43% 11, 8.36% F, 30.82% N found: 
42.31% C, 4.89% H, 7.95% F, 31.20% N. ‘11 NMR spcctrum: 3.99 m, 3 H (NCH2 t OCH); 4.34 dd, 2 H 

(NH). W spectrum (LaI(e)): pH 7: 248.5 (12 800); p l l  1: 252.5 (14 500); p l l  13: 266 (12 600). 
(FCHB 1(3’,F) = 50); 5.52 d, 1 H (011 1(011,2’) 5); 6.44 bs, 2 11 (NIfz); 7.63 S, 1 t i  (H-8); 10.59 bo, 1 H 

2-Aminob-azid0-9-(3-fl uoro-2-hydroxypropyl)purine (XIV) 

A stirred mixture of compound XU (4.00 g, 16.3 mmol), sodium wide (6 g. 92 mmol), and dimethylforma- 
mide (80 ml) was heated to 100 ‘C for 6 h. The solvent was evaporated and the residue extracted with 
water (2 x 15 ml). The solid residue was crystallizcd from mcthanol; yield 2.80 g (68%) of compound XIV, 
m.p. 208 ‘C (decomp.), RP 0.61 (SI). For C8tl$N8O (252.2) calculated: 38.10% C, 3.60% H, 7.53% F, 
44.43% N; found: 37.16% C, 3.52% f l  8.26% F, 43.87% N. ‘ I 1  NMR spcctrum: 4.20 m + 4.65 bs, 4 H + 1 H 

(NH3. MS (n/e): 252 (M, 50); 224 (M - N2, 100); 209 (M - NJI, 7); 193(11); 163(25); 148(80); 119(25); 
108(13); 94(18); 81(18); 68(40); 57(9); 43(21); 28(37). 

(FCIlz + NCl12 t OCII, J(3’,F) = 40); 5.53 d. 1 II (011, J(Ol1,2’) = 4); 8.11 5. 1 I I  (11-8); 8.38 I, 2 H 

2,6-Diamino-9-(3-fluoro-2-hydroxypropyl)purinc (XV) 

Compound NV (255 me, 1.0 nimol) was hydrogenated over 10% PdK’ (150 mg) in mcthanol (30 ml) (the 
reaction was monitored by TLC in S3). The mixture was filtcrcd through Cclite and the material on the 
f i l ter was washcd with methanolic ammonia. Evaporation of the filtrate gave compound XV (201 mg, 
88%), m.p. 219 ‘C (decomp.), RF 0.30 (SI). For C81frlFN,,0 (226.2) calculated: 42.48% C, 4.90% H, 
8.40% F, 37.15% N; found: 41.2216 C, 5.21% 11, 8.06% F, 38.99% N. ‘ I1  NMR spectrum: 4.03 m t 4.56 dd, 

(NH3; 7.63 s, 1 t i  (H-8). UV spectrum (50% methanol) (&,(e)): pl l  2: 290.5 (11 750); p l i  7: 279 (12 OOO); 
pH 12: 279.5 (1 1 850). 

4 H + 1 H (CFz t NCI12 + OCH, J(3’,F) = 50k 5.56 d. 1 t l  ( O l t  J(Oti.2’) 4); 5.78 S, 2 H (NH& 6.65 S, 2 H 

1-(3-Fluoro-2-hydroxypropyl)-4-mct hoxypyri midone (XVIII) 

A stirred mixture of 4-methoxy-2-pyrimidone (XVI; 6.0 g, 47.6 mmol), anhydrous potassium carbonate 
(320 mg, 2.3 mmol), epifluorohydrin (111; 5.2 ml. 72.9 mmol), and dimcthylformamide (100 ml) was 
heated to 85 ‘C for 5 h. The solvcnt was evaporatrd under diminished pressure, the residue was codistilled 
with toluene and separated on a column of silica gel (800 nil) in chloroform-mcihanol (25 : 1) to give 9.0 g 
(93%) of compound XVlll as a sirup, RF 0.20 (S6). For C8111,FN203 (202.2) calculated 47.52% C, 5.48% H, 
9.39% F, 13.88% N found: 45.96% C, 5.82% H, 4.35% F, 13.36% N. ‘H NMR spectrum: 3.42 - 4.10 m, 
3 H (H-1’ + H-2’); 3.81 s, 3 H (OCH,); 4.36 ddd, 2 H ( I  L3‘, J(3’,F) = 48); 5.43 d, 1 H (OH, J(OH,2’) = 6); 
5.97 d, 1 H (H-5,5(5,6) = 7); 7.84 d, 1 H (H-6, J(6,5) = 7). MS (m/e): 207, (M, 5); 185 (M - OH, 5); 169 

spectrum (50% methanol) (LU (e)): pH 2: 273.5 (8 OOO); pll  7: 273.5 (8 050); pH 12: 273 (7 950). 
(M - CHzF, 25); 139 (M - CHOtICH2F, 91); 127(100); 109(26); 87,(30); 70(14); 55(15); 47,(15). UV 
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1-(3-Fluoro-2-hydroxypropyl)uracil (xu) 

A solution of compound XVlff (300 nig) in 80% acetic acid (10 nil) wiis refluxcd for 0.5 h. The solution 
was evaporated to dryness  and  the residue was codistilled with tolucne, yielding 190 mg (68%) of 
compound XY. m.p. 110 - 115 "C. RF0.70 (Sl). For C711JN203 (188.2) calculated: 44.68% C, 4.82% H. 
10.09% F, 14.88% N; found: 44.88% C, 4.84% H, 10.18% F, 14.54% N. ' 1 1  NMIi spectrum: 3.50 - 4.16 m, 

(H-6, J(6,5) = 8); 11.2 bs, 1 I-1 (NIi). MS (m/r) :  188 (M. 27); 168 ( M  - IIF, 19); 155 ( M  - CH2F, 16); 
149(10); 126 (M - CHFCllOIi, 50); 82(100), 69(15); 57(16); 43(11); 28(68). W spectrum (Lax (E)): pH 7: 
265 (6 600); pfl  1: 263 (6 300); pH 13: 263 (4 900). 

3 H (11-l', H-2'); 4.36 dd, 2 I I  (ll-3', J(3',F) = 50); 5.52 dd, I I-I (Il-5,5(5,6) = 8, J(5,Nll) = 2);  7.52 d, 1 H 

l-(3-Fluoro-2-hydroxypropyl)cytosine (Hfq 
A solution of compound XVfff (9.0 g, 44.5 mmol) i n  3.3M nie1h;lnolic aninionia (100 m l )  was heated to 
100 'C for 24 h in a sealed ampoule. The  reaction mixture was conccntr;itcd to a minimum volume and the 
residue was crystallized from methanol; yicld 6.1 g (73%) of X Y I f ,  m.p. 200 'C- (methanol), RF 0.16 (Sl). 
For C7H,,,N3O2(187.2) calculated: 44.91% C, 5.3S% El, 22.45% N ,  10.15% found: 44.45% C, 5.59% H, 
24.68% N, 10.19% F. ' I 1  NMR spectrum: 3.46 m, 1 I I  (11-2'); 4.32 ddd, 2 I I  (FC'Il2+ J(3',F) = 48); 5.40 d, 

M S  (m/ r ) :  187 (M, 9); 167 (M - I-IF, 11); 124 ( M  - CII,FCIIC)II, 58); I12 (C,II,N,O, 100); 96(10); 
81(91); 69(28); 57(22); 43(19). UV spectrum (A,,aaK(c)): p l l  7: 272 (8 350); plI 1: 280.5 (12 750); pH 13: 
272 ( 8 700). 

1 H (Ofi, J(OI-1,2') = 6); 5.63 d, 1 I-I (11-5, J(5,6) = 8); 6.96 bs, 2 I 1  (Nll2) ;  7.42 d,,l I I  (li-6, J(6,5) = 8). 

1-(3-Fluoro-2-hydroxypropyl)-4-methoxy-5-nicthyl-2-pyri~nidone ( X f X )  

A mixture of 4-methoxy-5-niethylpyrimidone (XW1; 513 mg, 3.6 nimol), epilluorohydrin (ffk 394 id, 5.5 mmol), 
and potassium carbonate (26 mg, 0.2 mmol) i n  diniethyl~oriiiainidc (15 ni l )  was hcated to 70 "C for 19 h. 
The  reaction mixture  w a s  fi l tered and  concentrated to a mininiurii volume. T h e  residue was chro- 
matographed on silica gel (70 g) i n  chloroform-niclliaiiol (30 : 1); yicld 622 nig (78%) of XfX, n1.p. 95 - 
105 'C. For CqI-II3FN203 (216.2) calculatcd: 49.99% C, 6.06% I I ,  8.78% F, 12.95% N;  found: 50.43% C, 
6.19% H, 8.75% F, 13.13 N. MS (ml r ) :  216 (M, 17); 196 (M - ]IF, 11); 183 (M - CIIzF, 32); 165(8); 
153(82); 141(100); 123(40); 112(12); 96(32); 82(13); 7q11); 55(20); 42(25). UV spcctrum (50% methanol) 
(A,,,aK (E)): pH 2: 281 (6 100); p1-I 7: 281.5 (6 150); p t l  12: 281 (6 200). 

1-(3-Fluoro-2-hydroxypropyl)-5-methyluracil (xu!) 

A solution of compound XfX (200 mg, 0.9 nrmol) in 80% acetic acid (5 nil) was refluxcd for 2 h. The  
reaction mixture was evaporated to dryness and chrom;rtogriiphcd on a column of silica gcl (20 g) in chlo- 
roform-methanol (30 : 1); yield 112 mg (60%) of product X Y I ,  m.p. 119 - 121 'C, RF 0.27 (S5). For 
C,H1,FN203 (202.2) calculated: 47.52% c', 5.48% 11, 9.39% F, 13.85% N; found: 46.26% C, 5.65% H, 
8.35% F, 14.20% N. 'I1 NMR spectrum: 1.75 s, 3 I 1  (c'C'I13); 3.41 - 4.10 m, 3 I I  (Nc'Il2 t H-2'); 4.35 dd, 
2 H (FCfi,,J(3',F) = 45); 5.45 d, 1 €1 (011); 7.41 s, 1 I I  (11-6); 11.21 s, 1 I 1  (NtI ) .  MS (m/e):  202 (M, 22); 
182 (M - HF, 13); 169 (M - CIIZF, 9); 139 (M - CI121~C'HOIl, 31); 126 (MeUra, 14); 96(100); 83(7); 
69(12); 55(17); 41(29). W spectrum pl I  7: 265 (10 450); p l l  1: 270(13 500); p l l  13: 268 (10 400). 

1-(3-Fluoro-2-hydroxypropyl)-5-me~hylcytosine (XyIff) 

A mixture of compound XIX (113 nig, 0.5 mmol) and 3.3M mcthanolic aiiinionia (2 nil) was heated to 100 'C 
for 21 h i n  a sealed ampoule. The reaction mixture was evnporzitcd to dryness and the residue was crystal- 
lized from ethanol-ethcr; yield 41 mg (39%) of compound Xyfff,  n1.p. 201 - 203 "C, RF 0.25 (S9). For 
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C&,,FN302(201.2) calculated: 47.75% C, 6.01% I I ,  9.44% F, 20.88% N; found: 9.59% F, 22.11% N. UV 
spectrum (50% methanol) (L,,,,,): p l l  2 :  290; pl I  7: 281; 1 1 1 1  12: 278. 

Benzyl Glycidyl Ether (MV, 

Epichlorohydrin (30 ml, 383 mniol) was added dropwise during 4 I1 at 55 'C to a stirred mixture of benzyl 
alcohol (41 g, 380 mniol) and 1.5% solution of boron trilluoride etlierate i n  ether (7.6 ml). After cooling 
to 25 'C, a solution of sodium hydroxide (19 g, 475 niniol) i n  water (19 nil) was added under stirring 
during 1 h. Tlie reaction mixture was waslied with water and fractionated on a column, fraction 54 - 56 'C112 Pa 
being collected; yield 24 g (38%). b.p. is 257 'C. For CIOH1202 (164.2) calculated: 73.14% C, 
7.36% II;; found: 72.59% C, 7.21% H. 'I1 NMIt spcctruni: 2.58 dd, 1 I I ;  2.78 dd, 1 I I ;  3.18 m, 1 H (H-2); 
3.43 dd, 1 tl; 3.76 dd, 1 I I ;  4.57 s, 2 I I  (C611&119; 7.33 s, 5 I I  (C6t15). MS ( m k ) :  164 (M, 11); 1w7 (BnO, 50); 
91 (Bn, 100); 79(40); 65(30); 57 (M - BnO, 10); 51(15); 39(15), 29(10). 

3-Benzyloxy-2-fluoro-1 -propano1 (XUV)  

Benzyloxynietliyloxirane ( W V ;  8 g) was added at -5 'C to 70% adduct of hydrogen fluoride and pyridine 
(10 nil). The mixture was stirred for 15 niiii and poured into a solution of sodium hydrogen carbonate (35 g) 
i n  water (500 nil). "lie aqueous layer was extracted with chloroform (3 x 100 nil), tlie combined chlo- 
roform extracts were dried over sodium sulfate and the solvent was evaporated i n  VRCUO. The residue was 
chrotnatopraphcd on a column of silica gel (200 g) i n  toluene-ethyl iice~iite (10 : 1, 5 : 1); yield 1.57 g 
(17%) of conipound XXV, Rp0.14 (S7). For Clo l l13F02  (184.2) calcul;itcd: 65.19%) C, 7.11% 1-1, 10.31% F; 
found: 66.49% C, 7.54% H, 9.41% I:. ' I 1  NMR spectrum: 3.30 - 3.81 ni, 4 I I  (11-1, 11-3): 4.41 m t 4.91 rn, 1 H 
(11-2* J(2,F) = 50); 4.51 s, 2 I I  (C6115Cl12); 7.34 s, 5 I I  (C6115). MS (mlc):  184 (M, 15); 165 (M - F, 3); 
107 (BnO. 53); 91 (Bn, 100); 79(13); 65(11). 

l-Benzyloxy-2-fluoro-3-p-colueiicsul~onyloxy~~ro~1~ine (XXVf)  

A mixture of compound XXV(85L mg. 4.6 niniol), p-iolucnesulfonyl chloride (1.0 g, 5.25 mmol), and pyri- 
dine (3 ml)  was allowed to stand at room temperature for 18 h and tlieii piirlilioncd between an ice-water 
mixture (90 nil) and toluene (50 nil). Tlir organic layer was separated, washcd with water (3- x 50 ml) and 
dried over sodium sulfate. After evaporation of tlic solvent. the residue wiis rlironi;itograplied on silica gel 
(50 g) in toluene-cthyl acet;ite (25  : 1); yield 630 iiig (40%). Rp0.54 (SS). For CL7lf,JO4S (338.4) calcu- 
lated: 60.33% C, 5.65% I I .  5.61% I:, 9.47% S: found: 60.33% c', 5.66% I I ,  6.05% F, 9.21% S. 'I1 NMR 
spectrum: 3.32 s, 3 I I  (C(,".,C"j); 3.60 dd. 1 I I  (11-1. J(I,F) = 23); 4.14 dd, 2 I I  (11-3, J(3,F) = 23); 4.46 s, 
2 I I  (C6115Cl12); 4.62 in t 5.12 ni, 1 I t  (11-1. J ( 2 , F )  = 49): 7.30 ni, 5 I I  (V6Il5); 7.48 in t 7.80 m, 2 H t 

107 (Bn, 16); 91 (Bn, 100); 65(15). 
2 I I  (Cbfl4). MS ( m / ~ ) :  338 (M, 3); 202(5); IS3 (M - Ts, 3); 165 ( M  - I'SOII, 21); 153 (M - TsOCH2, 7); 

9-(3-Be1izyloxy-2-fluoropropyl)adenine (XWff) 

A mixture of adenine ( fR 111 mg, 0.8 nimol) and  sodiuni hydride (19.8 mg, 0.85 mmol) i n  
diniethylrormaniide (10 ml) was heated to 80 "c' fur 15 min. 'I'osylate XX"1 (306 mg, 0.9 mmol) was 
added and the mixture was heated to 100" for 3 h. After evaporation of the solvent, the residue was chro- 
matograplied on a colunin of silica gel (10 g) i n  ~ ~ l i l ~ r ~ f o r i i i - n i ~ t l i ; i i i o l  (20 : I ) ,  allording 120 mg (48%) of 
c o n i p o ~ n d d W ,  m.p. 135 - 144 'C, 0.69 (SI). For C,511t,FNS0 (301.3) caleulatcd: 59.78% C, 5.35% H, 
6.30% F, 23.24% N; found: 59.80% C, 5.36% I I ,  6.96% I:, 24.04% N. MS (mlc): 301 (M, 7); 284 (M - NH,, 4); 
256(7); 224 (M - Ph, 11); 210 (M - En, 30); 195(100); 175(15); 149(56); 135(Ade, 42); 108 (BnOH, 12); 
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91 (Bn, 89): 81(22); 69(40): 55(22);  41(26): 28(40). UV spectrum (50% methanol) (k,,,,,, ( E ) ) :  pH 2: 257 
(13 500); pII 7: 260 (14 200); 1'1-1 12: 257 (13 472). 

3-Bronio-2-fluoro-l-propanol (XYIA') 

Adduct of hydrogen fluoride and pyridine (7096, 120 g). fol lowrd by iillyl alcohol (40 g, 690 nimol) was 
added under stirring and ice-cooling to N-bromosucciiiiniide (120 g. 674 niniol) in  ether (240 ml). The 
mixture was stirrcd at 0 "C for 2 h and then at room tcnipcr;iturc for 2 11, dilutrd with ether (500 rnl), 
neutralired with anhydrous sodium carbonate (450 g) and filirrcd. Tlie solvrnt was evaporated and the resi- 
due was fractionated on a column in v;icuo; yield 5.3 g (5%) of cotnpound XXIX, b.p. 85 'C/2 kPa. For 
C311,BrF0 (157.0) calculated: 22.95% C, 3.85% I I ,  50.90% Br, 12.10% F; found: 22.46% C, 4.08% 11, 
50.24% Br, 11.72% F. '11 NMR spcctruni: 3.47 - 3.84 m, 4 I I  (BrCIIz t OCll3; 4.09 bs, 1 H (010; 4.41 m 
t 4.89 m, 1 I f  (FC-11, J(2',12) = 48). MS ( d e ) :  136 ( M  - IIF, 10); 77 ( M  - Br, 71); 57(17); 46(26); 
31( 100). 

3-Menzoyloxy-l-brooio-2-ll uoropropane ( X W  

'Trictliylaniine (0.5 nil) was addcd at room tcinpcr.iturc to :I stirred niixturr of compound XXIX (4.4 g, 28.3 
niniol), bcnzoyl cyanide (4.7 g. 35.8 mtiiol), and dicliloiomrt1i;iiir (4 nil). Aftrr stirring for 15 min, the 
reaction mixture was clironi;itograI)licd on silicii gel (200 g) i n  clilorol'ortii: yirld 5.73 g (78%) of 
compound XYX. For Clol l toBrl 'O~ (261.1) c:ilcul:itrd: 46.00% c', 3.86% I I .  30.60% Br, 7.28% F; found: 
44.54% C. 4.67% 11- 31.57% Ur, 9.00% I:. 'I1 NMR slrctruni: 4.14 ddd t 4.85 ddd, 2 I I  + 2 II (OCII2 + B I C H ~ ;  
4 . 0  i n  t 5.W m, 1 11  (FC'II. J(?',F) = 52); 7.62 i n  t 7.97 in, 3 I I  + 2 I I  (13~). MS (ndc): Xfi (M, 2); 181 (M - Br, 12); 
122(13): I05 (Uz, 100); 77(48): 51(25). 

9-(3-13enzoyloxy-2-fluoropropyl)aJrni ne (XXXI) 

A mixture of adenine (W; 335 nig, 2.5 niniol), sodium liydridc (72 nigq 3.0 niniol), and dinietliylformamide 
(5 nil) was heated to 100 "C lor 15 min. C70nipound XXX (974 nig, 3.7 niniol) was t h r n  added and the 
mixture was furtlrcr hrated to 100 "C for 3 11. l'lic S O I V ~ I I I  W:IS cv;ipor;ilcd iind tlir rrsidur cliromatographcd 
on a column of silica gel (150 g) in chloroforni-iiictli;iiiol (25  : 1); yield 250 rng (32%), m.p. 205 - 207 "C, 
R, 0.53 (S4). For C'lSIII,I'N502 (315.3) calcul;itrd: 57.13% C', 4.47% 1 1 .  6.02% I:, 22.21% N; found: 
58.07% C, 5.18% l l q  6.23% F, 21.30% N. 'I1 N M I t  spcctruni: 4.26 - 4.91 in ,  4 I I  (NCIl1 + OCII,); 5.13 
ni t 5.60 ni. 1 I I  (FCII. J ( 2 ' , F )  = 49.1); 7.25 s. 2 I I  (Nil?): 7.45 - Y.(J? in. 5 I I  (Uz); 8.15 s t 8.18 s, 2 H 
(H-2 t 11-8). MS ( ~ I / c . ) :  315 (M, 31); 210 ( M  - EL, 72); 194 ( M  - BzO, 44): 191 (M - BZ - F, 43); 174 
( M  - BzO - ]IF, 78); 148 (AdeCIIz, 22):  135 (Adt, 21); 105 (lk, 100): 77 (Ph- 36): 51(6); 28(12). UV 
sprctruni ( 5 0 8  mcthanol) (k,,,,, (E)): p l l  2: 257 (14 200): 1 1 1 1  7: 259 (14 850); p l l  12: 258 (15 000). 

9-(2-Fluoro-3-hydroxypropyl)adeniac (XXVII I )  

A )  From compound XXVII. Compound XYVll (120 mg, 0.4 niniol) i n  nictli:inol (6 nil) was hydrogenated 
over 5% I'd on ch:irco;il (50 mg) i n  the presence of colic. hydrochloric acid (0.2 nil) at room temperature 
for 20 h. The reaction mixture w,is neutr;ilircd with trirthyl:iiiiinr. concriitr;ikd to ii minimum volume and 
the product was crystallizrd from mrth;inol; yirld -10 ing (4SX) of compound U V I I I ,  m.p. 240 'C, RF0.47 
(SI). For C, l l lol~N50 (211.2) c;ilculatrd: 45.45% c', 4.77% I I ,  8.99% I:, 33.16% N; found: 45.85% C, 

174(10); 162(6); 148(25): 135 (Ade, 100); lOY(41). UV spcciruiii (50% nirtlianol) (A,,,,, (E)): p l l  2: 257 
(15 500); pl I 7: 259 (16 000); pl I 12: 259 ( I5  700). 

5.21% 11, 9.46% I:, 33.70% N. MS (~I /c ) :  211 (M. 20): 191 (M - 111'. 33); 19-1 ( M  - NII,. 7): 181 ( M  - ClI20, 10); 
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B )  From compound X X M .  To a solution of compound Xyxl (111 g, 0.35 mmol) i n  methanol (20 ml) 
was added 0.1~ methanolic sodium mcthoxide (2 nil) at room temperature. After 15 min the solution was 
neutralized with a cation-exchanging resin (Dowcx 50; II'-form), filtered, the resin was washed with 
methanol and the filtrate was evaporated to a niinimum volume. The residue was washed with acetone to 
give a product (59 mg, 80%) identical with compound XYVIII prepared under A).  

2-Amino-9-(3-benzoyloxy-2-fluoropropyl)-6-chloropurine ( W l )  

A stirred mixture of 2-amino-6-chloropurine (Xh 546 mg, 3.2 mmol), compound X Y X  (1.266 g, 4.8 mmol), 
sodium hydride (116 mg, 4.8 mmol), and dimethylformamide (14 nil) was heated to 100 'C for 6 h. The 
solvent was evaporated and the residue was chromatographed on a column of silica gel (130 g) in chlo- 
roform-methanol (30 : 1). Crystallization from toluene afforded 714 mg (63%) of compound AXXll, m.p. 
167 - 168 'C (toluene), R~0.64 (S4). For C t 5 I l 1 ~ C I F N ~ O ~  (349.8) calcul:itrd: 51.51% C, 3.75% 11, 10.14% CI, 
5.43% F, 20.E% N found: 52.79% C, 4.19% I I ,  10.44% CI, 5.7S% F, 20.22% N. ' I 1  NMR spectrum: 4.17 -4.90 m, 
4 H (NCH, t OCH2); 5.09 m t 5.57 m, 1 I1  (FCII, J(2',l') 45); 62.9 s, 2 I1  (NII?); 7.44 - 8.06 m, 5 H 
(Bz); 8.16 s, 1 N (H-8). MS (mle):  349 (M, 41); 244 (M - Bz, 10); 208 (M - UL - CI, 7); 105 (Bz, 100); 
77 (Ph, 29). W spectrum (50% methanol) (A,,lDx (E)): p I I  2 :  308 (6 900); p I 1  7: 308 (7 000); 307 (7 200). 

9-(2-Fluoro-3-hydroxypropyl)guanine (XWllI) 

A solution of compound X X M l  (200 mg. 0.6 mmol) i n  ~ M - H C I  (5 ml) was refluxed for 6 h. The reaction 
mixture was extracted with chloroform (3 x 2 ml) and the aqueous phase was applied onto a column of 
Dowex 50 (H'-form, 5 ml). The column was wasllcd with water to negative reaction to chloride ions, then 
with methanol. The product was eluted with 2.5% ammonia. Evaporation of the ammonia eluate to dryness 
and crystallization of the residue from niethaiiol illfordcd the drsired product X Y x l I I  (102 mg, 78%), m.p. 
220 "C, RF 0.25 (Sl). For C81110FN502 (227.2) c;tlculatcd: 42.29% C, 4.44% H, 8.36% F, 30.82% N; 
found: 43.30% C, 4.808 H, 7.07% F, 31.42% N. ' I 1  NMII spectrum: 3.37 - 4.37 in. 4 I I  (NCII, t OCH,); 
4.57 m t 5.11 m, 1 H (FCH, J(2'QF) = 54); 5.17 I. 1 11 (011, J(011.3') = 6); 6.47 s. 1 I I  (N11,); 7.69 s, 1 H 
(H-8); 10.57 bs. 1 H (NH). MS ( m / e ) :  227 (M, 71); 210 (M - 011, 3); 197 (M - c'H20, 10); 179(4); 
164(29); 151( 100); 134(13); 109(47); 96(3): 54(9); 43(38); 25(68). UV spectruni (50% n i e h n o l )  (h,,,, (E)): 
pH 2: 253 (14 900); pll 7: 251 (15 850); p l l  12: 266 (11 700). 

1-(3-Benzoyloxy-2-fluoropropyl)-4-niethoxy-2-~~yriniido1ic (XXY/V)  

A mixture of 4-methoxy-2-pyrimidone ( X V I ;  1.0 g, 7.9 mmol), compound X Y X  (2.5 g, 9.5 mmol), sodium 
hydride (190 mg, 7.9 mmol), and dimcthylformnmide was healed to 80 'C for 6 h. The solvent was evapo- 
rated and the residue was chromatographed on a column of silica gel (150 g) i n  chloroform; yield 1.39 g 
(57%). m.p. 104 - 109 "C, HF 0.72 (S5). For ClsH,51:N204 (306.3) calculated: 5S.82% C, 4.94% H, 6.20% F, 
9.15% N found: 58.07% C, 5.07% ti, 7.55% F, 9.25% N. 'I  I NMR spectrum: 3.81 s, 3 I I (OCH,); 4.00 - 4.75 m, 
4 H (NCH, t OCH3; 4.88 m + 5.38 in, 1 I 1  (FC'II, J(2' ,F) = 50); 6.03 d, 1 I I (I{-5, J(5.6) = 7); 7.60 m t 7.96 m, 
3 H + 3 H (Bz t H-6). MS ( m k ) :  306 (M, 4); 286 (M - IIF, 8); 256(12); 201 (M - Bz, 21); 185 (M - BzO, 32); 
139 (M - BzO - C,H,F, 35); 105 (Bz, 100); 77(45); 57(50); 41(48). W spectrum (50% methanol) (hmsx(~)): 
pH 2: 273 (7 100); pH 7: 273 (7 200); pII  12: 273 (7 300). 

1-(2-Fluor0-3-hydroxypropyl)uracil (XXYW) 

A solution of compound X X M V  (244 mg, 0.8 mniol) i n  ~M-IICI (5 ml) was refluxed for 8 h. The reaction 
mixture was neutralized with sodium hydrogen carbonate, extracted with chloroform (2 ml), the aqueous 
layer was evaporated and the residue was chromatographed on silica gel (10 g), first i n  chloroform, then i n  
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chloroform-methanol (10 : 1); yield 115 mg (77%) of compound XYXM, m.p. 170 - 175 'C, RF 0.35 (S4). 
For C 7 w N 2 0 3  (188.2) calculated: 44.68% C, 4.82% 11, 10.10% I:, 14.89% N; found: 45.23% C, 5.41% H, 
9.65% F, 14.69% N. I11 NMR spectrum: 3.40 - 4.20 m, 4 I I  (NCI-I, t OCtI,); 4.44 m t 4.96 m, 1 I1 

( m k ) :  188 (M, 18); 158 (M - C1I20, 6); 149(12); 125 (UraCII2, 15); 112 (Ura, 61); 82(100); 73(22); 
55(26); 43(31); 32(23). UV spectrum (50% methanol) (A,,,lsx ( E ) ) :  p l l  2: 262 (11 500); pH 7: 262.5 (11 
550); pH 12: 261 (7 900). 

(FCH2, J(2',F) = 52); 5.06 bs, 1 I1 (OH); 5.57 d, 1 I 1  (11-5, J(5,6) = 7); 7 55 d, 1 11 (11-6, J(6,5) = 7). MS 

1 -(2-Fluoro-3-hydroxypropyl)cytosine ( W I I f )  

To a solution of compound XXYIV (250 mg, 0.8 mmol) in  methanol (4 ml) was added 3.3U methanolic 
ammonia solution (6 ml) and the mixture was heated to 100 'C for 5 h. After evaporation, the residue was 
chromatographed on a column of silica gel (20 g) i n  clilorororni-methanol (10 : 1 and then 4 : 1); yield 98 mg 
(64%) of compound XIYXVIII ,  R p  0.23 (Sl). For C711toPN~02 (187.2) calculatcd: 44.92% C, 5.38% H, 
10.15% F, 22.45% N; found: 47.87% C, 5.77% H, 10.28% F, 21.66% N. 'I1 NMR spectrum: 3.56 - 4.25 m, 
4 H (NCH2 t OCI13; 4.42 m t 4.96 m, 1 I1 (FCIt, J ( 2 ' J )  = 50); 5.04 bs, 1 I1 (011); 5.67 d, 1 H (H-5, 
J(5,6) = 7); 7.08 bs, 2 H (Nll2); 7.50 d, 1 11 (11-6, J(6,5) = 7). MS ( m k ) :  187 (M, 7); 167 (M - HF, 73); 
156 (M - CI-120, 15); 124 (M - C2114F0, 32); 111 (Cyt, 98); 96(11); Sl(100); 69(19); 55(20); 41(26). UV 
spectrum (50% methanol) (A,,,lax (E)): plI 2: 281 (12 600); p l l  7: 272.5 (8 250); pl l  12: 272 (8 100). 

1 -(3-Benzoyloxy-2-fluoropropyl)-4-niethoxy-5-nirthyl-2-~1yrimidone (XWV) 

A mixture of 4-niethoxy-5-niethyl-2-pyriniidonc (XVII; 500 nig, 3.5 mniol), compound X Y X  (1.12 g, 4.3 
mmol), sodium hydride (85 mg, 3.5 mniol), and dimethylformamide (10 ml) was hcatrd to 80 "C for 6 h. 
The solvent was evaporated and the residue was chromatographed on a column of silica gel (70 g) i n  chlo- 
roform, affording 405 mg (35%) of compound XUXV, m.p. 112 - 124 'C,  RF 0.60 (S5). For C,,Ht7FN204 
(320.3) calculated: 60.00% C. 5.35% H. 5.93% F, 8.75% N; found: 59.80% C. 5.51% 11, 5.99% F, 8.63% N. 
'H NMR spectrum: 1.87 s 3 I1 (C-Ct 13); 3.85 s, 3 t1 (U'I 1,) 3.97 - 4.72 m, 4 1 I (NCI I2 t o( ' I  Id 4.91 m t 5.41 m, 1 H 
(FCH,J(Z',F) = 50); 7.62 m t 8.00 m, 5 11 (Bz); 7.83 s, 1 I 1  (11-6). MS ( m k ) :  320 (M, 11); 300 (M - IIF, 4); 

140(21); 123(11); 105( Bz, 100); 77 (Ph, 40); 57(27); 41(18). W spectrum (50% methanol) (A,l ,ax(~)):  pH 2: 
279 (6 800); p l l  7: 279 (6 850); p l l  12: 279 (6 800). 

215 ( M  - BZ, 44); 199 (M - BZO, 49); 195 (M - B ~ O  - iir:, 33); 18s ( M  - B ~ O C I I ~ ,  23); m(28); 

1-(2-Fluoro-3-hydroxypropyl)-5-methyluracil (XyxWf)  

A solution of compound XYXV (406 mg, 1.3 mmol) i n  ?M-IICI (10 nil) was refluxed for 2 h. The reaction 
mixture was washed with chloroform (10 ml), and the ac~ueous phase was neutralized with sodium hydro- 
gen carbonate. After evaporation to dryness, the residue was chromatographed on a column of silica gel 
(20 g) in chloroform-methanol (10 : 1); yield 195 mg (76%) of compound X y x V f f ,  m.p. 150 - 154 'C, RF 
0.20 (S5). For C8HttFN203 (202.2) calculated: 47.52% C, 5.4S% H, 9.40% F, 13.86% N; found: 48.12% 
C, 5.70% H, 8.76% F, 14.0096 N. 'H NMR spectrum: 1.76 s, 3 tI (CIIJ); 3.35 - 4.23 m, 4 H (NCtI, t OCH3; 
4.45 m t 4.96 m, 1 H (FCtI, J(2',F) = 51); 5.07 1, 1 11 (OII,J(3',011) = 6); 7.45 s. 1 II (11-6); 11.27 s, 1 H 
(NH). MS ( m k ) :  202 (M, 30); 172 (M - CII,O, IS); 139 (M - C2Il4IT), 18); 126 (McUra, 85); llO(3); 
96(82); 83(7); 68(5); 55(17); 41(18); 28(100). UV spectrum (50% nictlinnol) (A,,,,, (E)): pll  2: 269 (9 950); 
ptl 7: 268.5 ( 9 600); pH 12: 266.5 (6 900). 
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1-(2-Fluoro-3-hydroxypropyl)-5-niethylcytosine (Xxurx)  

Compound XyXv (390 mg, 1.2 mmol) in a mixture of 3.3M mcth;inolic ammonia (5 nil) and methanol (5 nil) 
was heated in a sealed ampoule to 100 “C for 24 h. The solvent was evaporated and the residue was crys- 
tallized from methanol (4 ml) to give 140 mg (57%) of compound X%XlX, m.p. 210 - 213 ‘C, RF 0.35 
(Sl). For C8H,2FNj02 (201.2) calculated: 47.75% C, 6.01% I I ,  9.44% F; 20.88% N; found: 47.50% C, 
5.3046 H, 9.63% F, 20.77% N. ‘ I1  NMR spectrum: 1.82 s, 3 I I  (Cl13); 3.57 - 4.25 m, 4 I I  (NCI12 t OCIId; 
4.42 m t 4.96 m, 1 I1 (FCH,J(2’,F) = 54); 5.06 I, 1 I I  (Oll,J(Oll,3’) 6); 6.93 bs, 2 tI (NI12); 7.36 s, 1 H 
(H-6). MS (m/e): 201 (M, 20); 181 (M - HF, 45); 170 ( M  - Cl12011, 12); 149(10); 138 (M - C,H,FO, 15); 
125 (MeCyt, 100); 110 (Cyt, 10); 95 (Cyt - NII, 70), 81(18); 70(19); 54(21); 41(19). UV spcctrum (50% 
methanol) (knx ( E ) ) :  pli  2: 289 (13 371); p l l  7: 278 (8 800); pl l  12: 278 (8 700). 
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Balzaritri, atid R. Stioeck (Rrga liistitiitr, Kritholic Utiivrrsity Lriivrti, Ilrlgiiiin) for prrformiiig the airtiviral 
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