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kbstract:. A versatile and high-yielding synthesis of racemic carbocyclic ohosphonate nucleosides of 
adenine, hypoxanthine, guanine, cytosine, uracil, and O~ymine has been developed. These newly 
prepared compounds are isosteric (and isoelectronic) with (carbo)cyclic 2',3'-dideoxy- and 2;3'- 
dideoxy-2',3'-didehydronucleoside monophos~ates. 

Dideoxynucleosides like Y-azido-Y-deoxythymidiue (zidovudine) and 2',Y-dideoxyinosine (didanosine) are cturently 

the only licensed drugs for the anti-HIV treatment of AIDS patients[I]. Members of the dideoxy class of compounds, however, 

are perceived to have a number of disadvantages, including toxicity and lability of the glycosidic bond to acidic or enzymic 

cstalysis[ 2]. In an attempt to overeon~ some of these drawbacks, dideoxy- and dideoxy-didehydronucleoside analogues in which 

the t e t r a b y ~  ring has been replaced by a cyclopentaue or cyclopemene ring have been described. The most prominent 

compound in this series is "carbovir" 6a[3], the carbocyclic analogue of 2',3°-dldeoxy-2',Y-didehydroguanosine. Carbovir, llke 

the other nucleoside analogues, is thought to act via its anabolically famed triphosphate as an inhibitor of the HIV reverse 

transcriptase (HIV-RT) [3]. 

We (and others[ 4]) set o~t to synthesize carbocyclic phosphonate nueleosides of the 8enefal structures IH and IV. These 

hydrolytically stable carbocyclic analogues ere unique in that the P-O-C5"-bond of nucleoside monophosphates is exchansed for 

a P-C-O5"-bond affording a carbocyclic phosphonate n~Jcleoslde thus representing isosteric (and isoelac~-onic) analogues of 

nucleoside monophosphates of the (cacbo)ddN- and (carbo)d4N-type. 

In this communication we wish to report on the syntheses of the unsaturated (c-d4N-iso-MP) and saturated (c-ddN-iso- 

MP) racemic carbocyclic phosphonates of adenine, hypoxanthine, guanine, cytosine, uracil, and thymine. The ixeparation of the 

key intermediate of the general formula II looked quite stralghfforw&d in the light of Trost's synthesis of arlsteromycin [5], 

where he was able to add 3,4-epoxycyclopentene 18 to adenine in a 1,4-regio- and 1,4-cis-stereoconlrolled manner using a Pd(0)- 

based catalyst. We hoped to be able to expand the scope of this reaction to the synthe~s of carbocyclic nucleotide analogues of 

type I by using other nucleobases or suitable precursors. 

R 

I II III: C-d4N~so-IdP IV: C-dc:IN4so-MP 
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We first repeated the addition of 18 to adenine (adenine, THF/DMSO, Pd[P(OiPr)3] 4, 18, 0°C-->r.t., 8 h). As with 

normal course of ~cylation of adenine, sad contrary to the published results [5], we isolated two isomeric products (ratio 7:2) 

which turned out to be the N9-isomer lb (major) sad N3-isomer 21) (minor), the s~uctmm of which were confirmed by uv and 

mnr spectroscopy [6]. Protection of lb (DMF-diethyl acetal, dichloromethsae, r.t., 98%) as the exocyclic amidine derivative 3b, 

followed by reaction of the sodium salt (Nail, DMF, r.t.) of the allylic alcohol 31) with diisopropyl p- 

tolylsulfonyloxymethsaephosphonate 8 [7] (24 h, r.t., 54%) yielded the phosphonale ester 3¢ which was first delxotected (aq. 

ammonia, A, 8 h, 98% Ic) and then subjected to reaction with bromotrimethylsilane [8] (TMS-Br) (DMF, TMS-Br, r.t., 3 h; then: 
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acetone/water, 65%) giving the uusatta, ated carbocyclic ~ o n i c  acid id (c-d4A-iso-MP). Hydrogenation of ic (Pd/C (10%), 

H 2, iPrOH, 91%) yielded the saturated ester ie which was transformed to the phosphonic acid i f  (c-¢kIA-iso-MP) as described 

for Id. Thus, in a 6 or 7 step synthesis, respectively, starting with cyclopentediene and adenine, the preparation of carbocyclic 

adenine phospbonate nucleosides was achieved. 

Essentially the same sequence of reaction steps (with some modifications) was applicable to all other carbocyclic 

phospbonate nucleosides prepared: 

Most easily, the c-d41-iso-MP 4d end c-ddl-iso-MP 4t" compounds were prepared by reaction of le and ie with sodium 

nitrite in a mixture of acetic ac/d/IN HCl/water at r.t. (yields: 80 - 86~), followed by phosphonate ester cleavage. 

The guanine derivatives 6d and ~ could not be prepared directly, because guanine itself did not react with 18 and the 

Pd(0)-based catalyst; lwestmmbly because of the extremely low solubility of guanine in the THF/DMSO system used. A chemical 

equivalent, however, 2-amino-6-chkwopurin~ reacted mmmhly using the standard reaction conditions giving exclusively the 

desired N9-substituted 1,4-cis-regiois3mer 5b in 66% yield. Trealment of  Sb with 2N HCI at 70°C for 2 h yielded the guanine 

derivative 6b which after irotection of the amino functionality (giving 7b) was reacted with 8 to give the protected phosphonate 

ester 7e in 64% yield. Deprotection (yielding 6e) and phosphonate ester cleavage pedonned as above gave c-d4G-iso-MP 6d; 

and depfotection (6e), hydrogenation of the cyclopentene double bond (6e) followed by ~ h o n a t e  ester cleavage gave c-ddG- 

iso-MP 6f. 

Having achieved the s y n ~  of the purine nucleotide analogues we turned our attention to the pyrimidine series. No 

problems were accounted for in the s y n ~  of the cytosine derivatives c-d4C-iso-MP 9d (9b --> 10b --> 10e --> 9c --> 9d) 

and c-ddC-iso-MP 9f (9c --> 9e --> 90. The uracil congene~ c-d4U-iso-MP 1 ld and c-ddU-bo-MP 11f were prepared by the 

reaction of the respective cytosine phosphonate esters with sodium nitrite in acetic acid/lN hydrochloric acid/water mixture as 

were the hypoxanthine dedvatives prepared from the respective adenine precursors. 

Several trials were needed to find the best way to prepare the thymine derivatives: When thymine was used directly, 

three products were isolated in low yield: About 1% of the desired Nl-adduct 121) besides 3% of the N3-adduct 13b and 37% of 

a diasteromedc mixture of the Nl,N3-bis-adduct 14b. Finally, similar to the preparation of the cytosine/uracil pair of 

compounds, we tried the detour v/a the 5-methylcytosine derivative. As we had the impression that the known methods for the 

preparation of 5-methylcytosine were too lengthy to perform [9] we tried a method that up to now was applied only to NI- 

substituted uracils or thymines: We reacted thymine with phosphorus oxychlcride or better with diphenyl phosphorochloridate 

(POCI(OPh)2), 1,2,4-triazole and NEt 3 in dry ecetonitrile and isolated (after mild alkaline hydrolysis of the bis-adducts that were 

also formed) the corresponding triazole derivative 15 (RfH) in 49% yield. The triazole group at CA in 5-methyl-4-(1,2,4-triazol- 

1-yl)-pyrimidine-2(1H)-one was susceptible to nucleophilic displacement reactions and gave 5-methylcytosine on reaction with 

concentrated aqueous ~ a  in 79~ yield. This compound added to 18 in the usual way giving the 1,4-cis-disubstituted 

cyclopentene derivative 16b in 48% yield. Protection of the amino function (171)), reaction with 8 (17©), ammonolysis of the 

exocyclic amidine (16c) followed by hydroxy-deamination with sodium nitrite in acetic acid~ydrochloric acid mixture (I2c) and 

subsequent phosphonate ester cleavage gave the c a r ~ c l i c  phosphonate nucleoside c-d4T-iso-MP 12d. Catalytic hydrogenation 

of the respective precursor (12¢) yielded, after phosphonate ester cleavage with TMS-Br, the saturated derivative c-ddT-iso-MP 

12f[I01. 

In summary, we successfully devised a method for the preparation of carbocyclic phospbonate nucleosides of adenine, 

hypoxanthine, guanine, cytosine, uracil, and thymine as hydrolytically stable compounds isosteric (and i s o e l ~ c )  with 

(carbo)cyclic 2',Y-dideoxy- and 2',3'-dideoxy-2',Y-didehydronucleoside monophosphates. The easy to pedofm syntheses 

in high yield and require only 6 - 9 steps starting with c y c l ~ t a d i e n e  and the respective purine or pyrimidine base. A 
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complete description of our investigations in this series will he discussed in a forthcoming full paper. 

Acknowledgement: We gratefully acknowledge Dr. H.-W. Fehlhaher, Dr. H. Kogler and M. Weber of the Analytical Laboratory 

of Pharma Research, HOECHST AG, for the uv, mass, and nmr malyses of the newly prepared compounds. 
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