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ASYMMETRIC SYNTHESIS of 3’-CARB~METHOXYM~~HYL=8’-DEOXYTHYMIOINE VIA RADICAL CYCLIZATION 
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Abstract: An efficient asymmetric synthesis of 3’-C-carbomethoxymethyl- 3’deoxythymiUrne 2, using a highly 
stereocontrolled radrcal cycliration from bromoacetal 7 to furanose 8, followed by a drmethylboron bromrde medrated 
nucleos& formattlan: I% described A 98 4 @-selectrvrty was Observed for thronoester-controlled base attachment. 

The discovery of 3’-azido-3’-deoxythymldlne as a therapeutic agent agamst acquired immunodeficrency syndrome 

(AIDS)’ has led to a renewed Interest in the synthesis of nucleosde analogs2 Recently, 3’-carbon-substituted-2’,3’- 

dideoxynucleosdes have been pointed out as attractive synthetic targetss 4 These reports prompted us to publish our 

frndmgs in this field 

The synthesis of thymidme analog 2 starts with the known choral acetylenic alcohol 6, obtarned rn 4 steps from crs-2- 

butene-1,Cdrol in good overall yield and ~97% ee5 After bromoacetalizatrone (90%), the acetylenrc bromoacetal was 

converted to the corresponding acetylenrc ester’,8 In 85% yield, which upon parka1 hydrogenation, afforded 7 The 

subsequent tnbutyltrn hydride mediated radical cyclizationg was stereoselective (S7% trans products) and produced 

dideOXyrlbQfirranOse 6 rh nigh yield The_ c/s double bond. IS cruclartor gooa~siereochemrcal~control in nils cycliiation? The 

stereochemistry at C-3 was confrrmed by the 1H NMR spectrum of the brcyclic compound 5, readily obtained from 8 The 

coupling constant J3,4 of -0 Hz in 5 mdrcates a frans relatronshrp between H-3 and H-41’ Moreover, nOe experiments 

showed that irradiation of H-4 gives a significant enhancement of H-6 In an attempt to control the stereochemistry of 

nucleosrde formation, lactone 5was treated with srlylated cytosine and trimethylsilyl tnflate (TMSrXt) or TiiCi4M in methylene 

chlonde at room temperature Only stanmg matenal or decomposrtron products were obtained When the corresponding 

acetate (13, OEt = OAc) was used as substrate under the same reaction condrtrons, a and p-anomers 1 and 3 (base = CYT) 

wefe obtained in a 45 55 ratio Submitting acetal8 to the same condrtrons gave no nucleosrde 

However, actrvation of acetal 8 could be achieved by the use of dimethylboron bromide The use of drmethylboron 

bromide for the selective cleavage of acetals IS well knowni However, it was reported that the kmetrc product for 

tetrahydropyranyl and tetrahydrofuranyl ethers14 or glycopyranosrdesf5 was that resulting from selective cleavage of the nng 

carbon-oxygen bond Contrary to these results we have observed the selectrve cleavage of the exocyclic carbon-oxygen 

bond of drdeoxyribofuranose 8 after a few minutes at -78X with (Me),BBr. It seems that in our case, the participation of the 

ester group favors a rapid equrlrbration between the cyclic and the acyclrc bromoacetals, leading to the thermodynamic 

product. Tne resuitrng unsiabie cyciic bromoacefai was ireaied wiih his-(tnm~&t~yis~iyi)mymlne in cfrchioroethane ai !X is 

produce a 3’1 drastereomenc mrxture of 1 and 3 in 75% yield The coupling reaction IS perhaps catalysed by residual 

(Me)aBBr or (Me)aBOEt, since the bromoacetal could not be purdied. Finally, hydrogenolysrs over Pd(OH), on carbon in 

ethanol16 gave 2 and 4 (3.1 mixture) in 88% yield These compounds could also be obtained directly from 8, rn 70% overall 

yield and in the same ratio as above, by treatment wrth 3 0 eq of dimethylboron bromide from -78-C to 0°C in methylene 

chloride, followed by bis-(tnmethylsilyl) thymine In drchloroethane at 0”C17 The products were separated by flash 
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a Br,, ethyl vinyl ether, CHzCIz. -35’C, then 6 and EteN, -35°C to r t. (90%) b. LDA, THF. -78°C; then 
methyl chloroform& (85%) 6. H, Lrndlar c_atalyY AcCIEt d (Bu)_&H~ 1 1 eqj AJBN benre~a (g_g26 
M), retlux (92% for c and d), e 1N KCIHIIHF, then PPTS, benzene, reflux (75%) f MesBBr 3.0 eq , 
CH&Is, -78’C to O’C on 8, then brs-(tnmethylsrlyl)thymtne, (CH2)2C12, O’C (70%) g MezBBr 1.3 eq., 
CHsCls, -78-C, brs-(trimethylsrlyl)thymme. h. H2, Pd/C (lo%), EtOH (88%) I LDA, THF, MeaSGI, -78’C; 
then H,S (78%). ] CSA, A%O, AcOH, 75%. 

chromatography on silrca gel (4.3 methylene chloride. acetone) and the relative stereochemrstnes were assigned by nOe 

expenmentsfa 

In order to ImgrQve the B-selectfvity, the oQuplmg reactions of thionoester 11 were studied Tha fatter wea prepared 

from 8 by treatment with lrthfum dfrsopropylamide In THF In the presence of chlorotrlmethylsilanelg at -78’C, followed by 

hydrogen sulffde from O’C to mom temperature20 The resulting thronoester, obtained in 78% yfeld, was treated wtth 

camphorsulfonic acid in acetic anhydride and acetic acid to produce the thronoester acyloxy acetal 11 in 75% yield. The 

results for the glycosylation reaction, using persflylated cytosine as the base, are reported rn the Table 
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Startmg Matenal Condltlons Product ratio*, 9:lO 

11 TMSOTf, (CH&C12, 40-50’ 77 23 

11 TMSOTf, CHsCN, r t. 76’24 

11 SnCI,, CHsCN, r t 67 33 

11 SnCi,, (CH,),&, r t 91 9 

11 #SnCI,, (CH,),CIs, r t 96.4 

12 #SnCI,, (CH,),CI,, r t. 964 

‘Rat!a~_w~e est~matedby NMR # silylat&baso andSnCl~were precomplexed at 2FC for 1 h 

The last two entnes show that precomplexatlon of the srlylated base with SnC14 for one hourst, using 1,2-drchloroethane as 

solvent, gave 9a wrth very high P-selectivity A similar sequence, starlmg from azide 12, gave the correspondrng az1d0 

nucleosde 9b with similar P-selectivity Usrng persilylated Ihymrne as the base, thronoester derivatives oi i and 3 (CCYiE= 

CSOMe) were obtained In a 95’5 ratio 

The S~ESXX&JRI~~ central of theze glyc&ylat!an rear&arts depends upon the equrlrbnum between oxonium ion A 

and brcyclrc Ion B The former can, In pnnciple, produce both Isomers, whereas the latter leads only to the p-isomer Wrth 

BnO BnO 

a 

- Ln 

AM* hue 

(4 (W 

X = 0, the form A should predomrnate On the other hand, when X IS a sulfur atom, the brcyclrc intermediate should 

predominate because the carbon sulfur double bond (1 6 A) IS much longer than the carbon oxygen double bond (1.2 A). 

In conclusion, we report on a new method for coupling I-alkoxyfuranoses with silylated bases using dimethylboron 

bromide as an activatrng agent, and a rational method for controlling the p-selectivity when coupling a 2-deoxynbose 

derivative with sllylated bases 
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