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Abstract: 

The synthesis of new ff-di- and trifluorornet&l and cz-difluarornethylene pwine and pyritnidme derivatives are 
&scribed. 

The discovery of the potent and selectrve annherpes agents 9-[(2-hydroxyethoxy)methyl]guarune (acyclovir)2 1 and Its 

hydroxymcthyl analogs 9-[(1,3-dihydroxy-2-propoxy)methyl)]guanine (ganctclovtr)3 2a and 9-[(2,3-drhydroxy-l- 

propoxy)methyl)]guamne4 2b has led to an extensive search for novel nucleosides with improved propernes. 

The incorporatron of fluorme atoms into orgamc molecules has often been associated wrth profound changes in the 

biological profiles of the fluormatcd analogs compared to theu hydrocarbon counterparts. Such changes are the consequence of the 

extreme electronegahvity of the fluonne atom as well as its abrlity to replace a hydrogen atom wtthout notable stcnc consequences 

In addition, the fluorine atom ts able to form hydrogen bonds and has been substituted for hydroxyl groups to permtt fluorodcoxy 

analogs of nucleostdes to be recognized by enzymes. which have the corresponding hydroxyl analogs as substrate.5 For mstance, 

3’-deoxy-3’-fluorothymidme, after phosphorylanon by kmases, is a very potent cham tennmator of DNA polymerase.6 
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Mom recently a number of a’-fluoro or carbofluoronucleosides7 have been descnbcd but only two examples of the 

correspondmg acyclo derivatives have been found m the literature8 Since the actrvtty of nucleostde analogs rs highly dependent on 

the selecttvrty of various kineses for the formation of the active nuclcottde spectes, we found it interesting to mvesttgate the anhvual 

potency of fluoroacyclic nucleostdes, in whxh a fluoromethylene group replaces an oxygen atom in enher a hemtacetal functton or a 

carbmol function in a-postuon of the purme or pyrtmrdme base. In all cases the strongly electron wrthdrawmg and inductive effects 

of the fluorine atoms could stabthze the bond wtth the nucleic base, which is known to be very labile.9 
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The strategy for the synthesis of these compounds ts based on the substnuhon of a leavmg group m the fluorinated synthon 

by the vanous nucleic bases rather than the build up of the heterocycle from a prtmary amine. Tlus is m tact the cntical step, smcc 

nucleophrhc substitution is dtsfavored in a-posttion of a fluoromethylene group, due to the electron wtthdtawing effect of the 

fluorine, and the effect is enhanced by the number of fluonne atoms bonded to this carbon atom. The advantage of such an approach i6 

the duect access to the fiiat products from a common precursor in a few steps. The general procedure for the syntheses of compounds 

3,4 and 5 is outlmcd m scheme 1 

Scheme I 
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a Tf,O, CH,CI,, pyndme (a, 83% , a, : 97%), b: 2-amino-6-chloropunne, K&OS, DMF (b, :75% ; b2 63%) 
c: NMNO, OsO,, H,O, acetone (66%); d HCI 2N (d, 96% ; d, : 63%), e: DHP, APTS, CH,CI, (94%) 
f. O,, CH2CldNaBH4, EtOH (71%); g: BnBr, VBuOK, THF (98%); h APTS, MeOH (73%), 
I N4-acetylcytosine, K&O, DMF (20%), j: NH3, MeOH; k Pd(OH), cyclohexene, EtOH (j-k : 81%) 

The readdy accessible 2,2-dtfluoro4-hexen-l-01 (lO)l” was transformed into the correspondmg trdlate and allowed to react 

with 2-ammo-6-chloropurine to produce 12. Oxtdatton of the double bond by a catalyttc amount of osmunn tetroxide in the prcsencc 

of N-methylmorpholme N-oxtdel 1 followed by actdic hydrolysis of the chloroguanme afforded 5 m 39 % averall yteld from 10.14 

The synthesis of the fluorinated carbon cham backbone of compounds 3 and 4 was achieved by a straightforward reactlon 

sequence of 10 to the tnflate 11 m 46 % yield Substitution of the triflate 11 by 2-ammo-6-chloropurme followed by acrd 

hydrolysis afforded the guanine derivative 3 m 18 % overall yteld from 10. The substttution of 11 by N4-acetylcytosme was much 

less effictent and only 20 % of the desucd product 14 was obtained besldes 2 % of the N4-alkylated side product. Deprotectlon of the 

amine by treatment with NH3/MeOH followed by transfer hydrogenanon afforded the cytosme denvative 4 in 7,5 % overall yield 

from 10. l4 
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a: LIAIH~, Et20 (44%), b bP0,; c: BnOCH&H20H,THF; d: MsCI, Et&l (U-a. 69% X-E : 76%) 
c: 2-amino-6_chloropurine, BSA, TMSOTf, CH,CI, (X=H 31%) X=F 8%) 

f. HCOOH 50% (X=H .98% ; X=F 87%) 

g, Pd(OH)a cyclohexene, EtOH (X=H j&fi .39% ; X=F J&Z 87%) 
h : N4-acetylcytoslne, BSA, (CH&I), (X=H ’ 42% ; X=F ’ 29%) I . NH,,MeOH (X=H 2p-8 68 % ; X=F 21-9 ’ 27%) 

The syntheses of the di- and mfluoromethyl acyclonucleosides 6 to 9 are based on the substttution of the mesylates of the 

corresponding hemtacetal 16 or 17, respectively by 2-ammo-6-chloropurine, or N4-acetytcytosine (scheme 2). These alkylaung 

agents were obtamed by condensmg ethyleneglycol monobenzylether with di- or mfluoroacetaldehyde, generated In situ, XL13 

followed by treatment wrth mesylanhydnde. (The triflate denvauves were found to bc too unstable.) The substitution of the mesylates 

16 or 17 was achieved with silylatcd 2-ammo-6-chloropurine, or N4-acetylcytosme m the presence of trimethytsilyloxytriflate as a 

catalyst (TMSOTf). Unfortunately, in both cases a srgmficant amount of the trtmethylsllylacetal 22 (20-30 %) was formed,probably 

by silylaoon of the oxonium intermediate by the catalyst TMSOTf. In the case of the punne analogs, a mtxture of N7 and N9 

alkylatcd products was obtamed in a ratto of nearly 1.1. Nevertheless the various products were eastly separated by flash 

chromatography on stbca gel. Actd hydrolysis to give the guanine derivattve, followed by phase transfer hydrogenolysis, afforded the 

a-dt- and a-tnfluoromethylanalogs of acyclovir 6 and 7 m respccttvely 35 % and 5 % overall ytelds.14 
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In the case of the pyrimidme derivatives, the subsutuuon was achieved in reasonnable yield and the di- aad tnfluoromethyl cytosine 

analogs of acyclovir 8 and 9 were obtamed m 12 % and 6 % overall yield, respecuvely. after ammolysis and phase transfer 

hydrogenolysis.14 

The antiviral activity of these new types of fluorinated acyclonucleosnies was evaluated using MRC-5 cells infected with 

human cytomegalovirus or echovirus 6, Vero cells infected with herpes stmplex vuus 1 or 2, or paramfluenzavirus 2; MDCK cells 

mfected by mfluenzavirus A or B; and in HeLa cells mfected with rhinovirus 2 or coxsachievirus A21. The synthesised compounds 

were found to be less active than the reference drug acyclovrr m these tests. Detarls of their armviral acttvities will be published 

elsewhere 
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