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ABSTRACT: The fiued oxetane derivative of thymidine 3a inhibh HIV rephdon in A301 
(Alex) c& w’th mnarkubbly low bone mawow toxicity. 

In the pmious communication2 we dmctibcd the preparation and potent HJV-iuhibitory activity of the 

4’modiSed nucleoside, 4’-cyauothymidine. As an extension of this work on 4’mbstituted nucleosides as potential 

therapies for AIDS, we saw an opportunity to ppate 4’-substituted analogs of kuown HIV-inhibitory compounds, 

cuhuinating in the synthesis of oxetane 3a and t&ted compounds. 

Reaction of diol la2 with one equivalent of 4,4’dbmhoxyuityl chloride (dmlIC!l) (CH&!l#HA) gave 

largely a && dmTr ether. Although intuitively one might assign this as the Y-ether lb, later work (see below) 

showed this in fact to be the 4’-hydmxymethyl pmected compound 2b13 The reason for this prefemce remains 

unclear. Relieving this to be the 5’-ttityl ether, we sought to prepate the 4’-ax&methyl analog of the potent 

4’-axidothymidineP Mesylation (2 eq MS tXEADL@d to give 2c and reaction with LiNt (16 eq) @MA, 1 lo’, 

18 h) gave 20% of an axide believed to be Id, but shown to be the epimer 2d after depmtection (TRAP to give 2e 

then 80% AcOI-VI’HF, 61) by NOE experiments on the final product 21. In order to pnpsre the desiml isomer If, 

it was hoped to take advantage of the gmter reactivity of the 4’-hydroxymethyl group seen above. However, 

reaction of la with 1 eq MsCl (TRAD-QQ) gave a 2:l mixtute of mono- and di-mesylates (and nmaining diol) 

with the monmuesylates lgi2g being sepamcd as a 1:l mixtute. Reacdon of this mixtute with LiN3 (8 eq, HMPA, 

RIO“, 5hy gave a mixtute now containing the two axides If (13%) and 21, and a thitd major pmduct identified as 

the oxetane 3a (15%). Sepmtion was achieved by flash chmmatography, M rwe readily by prior conversion of 2f 

to the isopropylidene derivative 2b [~C~~P(O~HOH~O~~C(O~)~~~~].~ The loss of the silyl 

protecting group under these conditions is noteworthy. The stemchemistty of If and 21 wa8 pmved conclusively 

by NOE experiments and by the failure of If to form an isopropylidene derivative. The biological activity of If and 

2f (below) pmupted the synthesis of further analogs. 

Reaction of the mixture of mesylates lg/2g with Nat (10 eq, 2.5hexanedione, 13OT, 2h) gave the mixtute of 

iodonmhyl cm H/21. Depmmtion (CsPiDMP) and flash chromatography gave the pure 4’-k&methyl 

analog lj and its 4Cpimer 2j. Alternatively, catalytic hydxogenation of the icdides lV2i (10% Pd/C, NaOH, 

MeOH, 25’C) to give lk/2k and depmtection (CsF/DMP) followed by chromatography gave 4’-methylthymidine 11 

and its epinmr 21 (32% and 39% respectively from lg/2g). NOE experiments again permitted assignment of 

stereochemistry to these compounds, and therefore their precursors. 
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In the expectation that the above compounds could be incorporated in the newly formed DNA without chain 

termination. we also investigated 3’desoxy analogs. Protection of la as the isopmpylldene derivative lm 

(conditions as above) and desllylatlon (P) gave In. Routine mesylation gave lo which upon heating with NaOH 

(10 eq 4N, EtOH/THP) gave about a 75% yield of the dehydro compound 4a, converted (80% AcOH/I’HP) to the 

diol4b. Mesylation (1 eq M&l, TEA, C!H$l~ gave a mixture of monomesylates 4c/4d which was separated from 

dimesylate and unrtactcd dlol. Heating with LiNs (HMPA, 15 h, 90’) gave the axidomethyl compounds 4e/4P (1:l 

ratio) ln 35% yield, after separation by flash chromatography and reuystallixation. Conversion of the mesylate lo 

to the 3’g&ohol Sa (3-5 eq 2N NaOH/MeOH, 500)’ and reaction with DASTs did not give the desired f’a-fluoro 

analog. Rather, use of DAST in CH&l#mklaxole gave 4a (80%) only. (This compound was also obtained from 

So using 5 eq 1N NaOH/EtOH/‘IHP 8:1 mflux)? Mesylation of 3’g-alcohol Sa and reaction with LlNs (8 eq, DMP, 

90”) gave 15% of the 3’-ax&compound lp (and 30% of C). Deprotectlon of lp (80% AcOm then gave diol 

lq. 

In an attempt to improve the potency of the oxetane 3a, it was converted to the 5’-hydrogen phosphonate 

derivative 3b (24%) by reaction with PCl, and EbN (excess in&k&, MeCN, oO)‘O and puriktion by flash 

chromatography, adsorption on and elutlon from Amberlite XAD-2 (a non-polymeric adsorbant) followed by 

reverse-phase HPLC. The sodium salt 3c was formed using NaClO.+ (0.5 M in acetone). Altbough preparatlon of a 

hydrogen phosphonate of AZT increases the antiviral activity l* by avoiding the often rate-limiting iirst 

phosphorylatlon, this strategy did not improve the activity of 3e (see below). 

In view of the need for larger quantities of oxetane 3n for in vivo studies. a directed synthesis was developed. 

Protection of the diol la (Me$(OMe)~+) to give lm folIowed by N3-benxoylation (PhCOCl/DMAP&r) and 

conversion to the ttiol lr (II’+ then nRyNP) proaceded routinely. Cycllzatlon of trio1 lr under mod&d Mltsunobu 

conditions @$P/DEAD) to give 3d and &protection (NH4oH/MooH gave oxetane 3a in 5% overaIl yield. 

The in vitro anti-HIV activity of the 4’-substituted nucleosides was evaluated using HIV-l LAV 

strain-lnkcted A301 (Alex) cells12 with EG’s @M) of If 0.45-2.1; 113.5; lp 16; lq 12.5; 3a 0.14-0.31; 3c 8.5; 4a 

16; AZT 0.001-0.009. No activity was seen for In, ti, 21,4b, 4e, 4f or Sa (~200). Compound 3a showed partial 

toxicity to Alex cells only at 1090 pM whereas If showed full toxicity at loo0 pM but none at 300 l&i. 

The most potent compound from this series, oxetane 3a, was assayed for its effect on myelopoiesis in vitro 

using nonadherent human mononuclear cells and human bone manow mononuclear cell~.‘~ The 1% values (pIvl) 

relative to AZI’ were found to be 46.41,44.81 (AZT 1.99,1.96) ln 2 experlments for the effect on proliferation and 

dlfkrentiatlon of human myelold precursors in bone marrow (CPU-CM) and 49.59k9.91 (n=8) (AZT 8.09k8.44) 

using perlpheral blood mononuclear cells, umfkming the mlatlve lack of toxicity for this compound. 

In conclusion, we have prepared a series of 4’-substituted nucleoskles as potent inhibitors of HIV. The 

discovery of oxetane 3n showing remarkably low bone marmw toxicity is noteworthy. 
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