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Abstract: Michael addition reactions of rhe 3’mesuifones 5.6 and 18 with ammonia, primary 
amines ~~t~~~, ~n~l~.ne~ &Wine methyl ester), secondary 0tnine.r ~~~~~1~‘~~ 
pyrrolidine, piperidine, ~~~ii~~ Md carbon-nucleophiies @c&m ~t~~~~, conirrgate 
bare of ninome&me nnd pyrrolidin-I-cyclohexene) have been used as means w synthesize new 2; 
3 ‘-di&oxy-2 ‘,3 ‘4subs&uted- or 2 ‘-subs&uted nucleosi&s. Most of these nucieophilic addition 
reactions have given exclusively nans-adducts j7c-j 19d-g & 201 owing w the regiospecific 
proWnut& of the inremrediary chiral a-sUfony1 cabanion ot C-3’; 0 few of the above re5ction.s 
huve however produced a mixture of cis- and trans-adducts , although the her is overwhelntingty o 
major product, upending upon the nature of the 2’-substiiuent and rhe Sype of the 3 ‘-enestifone 
[S, 6 or 18j. The Michael ad&% f?, 9,f9,24] have been deprorected at the 5 *-end w produce 
2 ‘,3’-disubstitured-2 ‘,3’-dideoxy-#-D-nucleosides /84-k, IOa,b,k & 21&g, 22j, 250-c]. 
Some of the Michael adducts have been C-3 ’ desu&onated W produce 5 ‘-protected-l l J *-dideoxy 
2.-s~stit~ed nu~leosides [115-g, 26a,f,g] which are not easily accessible through any other 
routes. Final& these compounds have been also deproreeted w give nucleosides /lZa-g & 33) in 
good yields. Cornpout& described herein, with free 5’-hydroxylfwrcdon, ore porenrial inhibitors 
of rhe HIV-reverse transcriptase promoted c-DNA synthesis. 

Human I~un~e~ci~ncy Virus (HIV) targets itself to the host’s immunological system causing the acquired immune 

deficiency syndrome (AIDS). As a result, several AIDS-relawt complex including scveml opportunistic infections are initiated 

in HIV-infected patients causing death. Our efforts to design inhibitors against AIDS virus are based upon the possibilities of 

targeting suitable synthetic derivatives of nuclcosides to the HIV-specific enzymes. These compounds are intended either to 

interfere specifIcally with an early event during the HIV replication (e.g. reverse transcriptase) or/and a late event in its life cycle 

(e.g. proteasejl-Q. Most of the compounds which have turned out to be active against the reverse transcriptase of HIV are 
2’,3’-dideoxynucleosides and a few 2’,3’-dideoxy-3’~substituted (F, N3) nucleoside anaIogue&Q. Synthetic procedures to 

prepare these compounds and other 2’- or 3’-substituted nucleosides involve one of the following procedures: (i) direct 

nucleophilic (SN2) displacement of a leaving group lo-17, (ii) nucleophilic ring-opening reactions of 2’,3’-@ribo- or lyxo- 

anhydro putine nncleosides or 2’,3’-O&w-anhydro pyrimidine nueleosides 18-32, (ii) ring-opening ieaCti0ns of 2X-O- or 

2,3’-0-anhydro pyrimidine nucleosides or 8,2,-O- or 8.3’-O-anhydro purine nucleosides33-35, (iv) substitution through the 

displacement of 2’,3’-carboxonium ion36*37, and (v) nuclcphilc addition to appropriately protected 2’- or 3’-keto 

nucleosides3g-47, or other procedures involving additions and/or rearrangements a-56. me synthesis of the corresponting 

2’,3’dideoxy-3’-substituted or 2’-substituted nucleosides with an amino substituents [-NHMe, -NMe2, -NHPh, -NHCH2Ph, 

-Na-aminoacyl, -Na-oligopeptides and other N-substituted cyclic amino derivatives such as piperidino, morpholino, 

pyrrolidino etc.] can not be prepared by any of the above synthetic procedures 656 without a series of lengthy and labourious 

transformations. The C-3’ ami~&Q and C-3’ amid019 substituted nucleosides have been however prepared directly from 2’,3’- 

0-lyvFanhydm pyrimidine nucleosides. HeFein we report that appropziateiy protected 3’-enestdfones of both pyrimidine and 

purine nucleosides, such as $6 and 18, conveniently undergo Michael addition reactions with ammonia, primary and 

secondary am&s and with other carbon-nucleophiles to give a variety of 2’, 3’-dideoxy-3’-sulfonyl-2’-substituted nucleosides 

[ 5 --f 7a-k + !h,b,k; 6 + Sa-d + lOa,b; 18 + 19a-g + 24a-c & 201. These derivatives can be easily deprotected at the 

5’-end to give corresponding 5’-hydroxy derivatives ( 8,10,21,X? & 25) which by virtue of their lack of 2’ and 3’- 

hydroxyl functions have the potential to block the HIV-specific reverse tmnscriptase promoted cDNA syntbesisl-3. 
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Alternatively. these compmds have been desulfonated at the C-3’ to give the J”-protected 2’,3’-dideoxy-2*_substjmted 

nucleosides (11 & 26) which have been subsequently deprotected at the 5’ to give the 2’, 3’-dideoxy-2’-substituted 

nucleosides 12 cpi 33 which also have unique potential to block the ~~~-spccifc reverse msniptae proimt& cafe 

synthesisl-3. 

Preparation Of 3’-eneSUlfOne deriVatiVet4 of uridine (5) : The key intermediate, 5'-0-trityl_2',3'_O_anhydro_ 

lyxofu~nosyl uridine I24 [Tr = trityll was prepared in _ 80 5% yield by an alkaline treamnt of 5’-0_trityl-2’,3’~0&nesyl 

uridine. Compound 1 was then reacted with ~toluenethiolate to give an isomeric mixture of i-(2’-(4-tolue~~io)-~-D- 

xylofuranosyl)uracil2 & l-(3’-(4-toluenethio)-~-D-atabinofurattosyl)uracil3 in 1:2 ratio. They were separated by standard 

column chromatography to give the 3’-toluenethio derivative 3 in 55 % yield. Compound 3 was easily oxidized by m- 

chloroperbenzoic acid in dichloromethane at mom temperature to corresponding sulfone 4 in 99 % yield. When a dry pyridine 

solution of 4 was treated overnight with an excess of methanesulfonyl (= mesyl = MS) chloride at 20 Oc and then at 50 aC for 

1 h in presence of water gave a product, which was isolated upon usual work up and c~~to~phy and characterixed as the 

3’-enesulfone 5. The 5’-0-trityl gtoup from 5 could be easily deprotected in boiling 80% aqueous acetic acid for 10 mitt to 

provide the !i’-hydroxy-3’-enesulfone 6 in ca. ‘XX yield upon an usual column chromatogmphic purification step. 

Preparation of N~,N~-dibenzoyl-S’-O~(cl-methoxytrityl)-3”-enesulfone derivative of adenosine (18) : The 

key intermediate, 2’,3’-0-anhydroadenosine 1330 was opened up by a nucleophilic attack with 4-toluenethiolate in hot 

methanol to give 3’-0-tolylthio derivative 14 as the major product. Compound 14 was fast ~~yls~ylat~ (TM!&Cl in dry 

pyridine) followed by benzoylation and a hydrolysis step to give compound 15 in 70 % overall yield. Compound 15 was 

oxidized by m-chloroperbenroic acid in dichloromethane to give the. corresponding 3’-xylotoluenesulfonyl derivative 16 in 

93% yield. The 5’-hydroxy group of the sulfone 16 was subsequently protected with 4methoxytrityl {MMTrJ group to give 

17 in 92% yield. The !i’-protected sulfone 17 was then treated with mesyl chloride in pyridine solution at 0 - 4 oC for 24 h. 

The product that was formed was isolated in 81% yietd and was characterized to be Y-protected-3’enesulfone 18. Clearly, the 

mesylation of C-2’ hydroxyl functions of 4 and 17 gave the corresponding 2’-O-mesylaas as the intermediate which 

underwent instanteneous base catalyzed cis-@elimination to give the J’-enesulfones 5 and 18. 

Nucleophitc addition reaction (Michael reaction) to the 3’-enesulfones [S, 6 & 181 : Nucleophilc addition 

reaction to the electron-deficient double bond constitute the main chemistry of a,&unsaturated sulfones. An extensive series of 

papers describing such nucleophilic additions of amines, thiolates, alkoxides etc. has been pub&he&g-69. The trans-addition 

process giving the cis-adduct is the most commonly encountered pathway in allenic-60, propargyllic-60 and a,@- 

enesulfones@. The rn~h~ism of the st~he~c~ pathways of addition of a nucl~phile such as ptoluenesul~de to l-p- 

tolylsulfonylcyclohexene62 is opposite to that in the l-p-tolylsulfonylcyclopentene63. While, in the formep2, the 

stereoselective Michael reaction gives the thetmodynamically less stable cis-adduct upon a tram-addition process, but, in the 

latter63, it is the steric strain in the cis-cyclopentyl system that dictates a &addition process to produce the trans-adduct. 

Reaction of methylamine with 5 at, RT gave a 5:l mixture of tram- and cis-adducts [7b + 9b]; the latter reaction at 50 oC, 

however, produced a 1:2 mixture of 7b and 9b, respectively. Reaction of 5 with nitromethane, under the influence of a base, 

gave corresponding tram-isomer 7k as the major product and the &-isomer 9k as the minor prcduct in 11: 1 ratio. The reaction 

of 5 with benzylamine at 20 oC was completely stereospecitic giving only the tram-adduct 7d. Similarly, the reactions of 5 

with aqueous dimethylamine, pyrrolidine, piperidine, morpholine and glycine methyl ester at 20 oC gave the corresponding 

tram-adducts [7c,e-i] as the sole ptoduct in moderate to high yields. The reaction of 5 in aqueous ammonia has been studied at 

different temperatures in o&r to investigate the relative stabilities of the intermediates 27 and 28. It turned out that at 20 Oc, a 

21 mixture of tram- versus cis-adduct, 7s & 9n respectively, was isolated; on the other hand, the reaction at 0 Oc produced a 

12: 1 mixture while at 75 oC, the distribution of trans- versus cis-product were nspectiveiy 2:3. This shows that the trans- 

addition process giving the cis-adduct is prefered at a higher tempexature while the cis-addition process to give the trnns-adduct 

is clearly prefered at a lower temperature. The temperatumdependent formation of cis- vetsus tram-adduct was of considerable 

help in the isolation of pure diastemomer 7j formed in the conjugate addition reaction of the malonate ion with compond 5. In 

this particular reaction, both diastereomers (rib0 & xyfo) were formed at RT which had almost identical chromatographic 

properties and consequently caused considerable separation problems in our attempts to isolate a pure diastereomer. It turned 

out that we could easily circumvent this separation problem by performing the reaction at 0 aC when the pure tram-adduct 7j 

was only fotmed which was isolated in 66% yield. Reaction of pyrtolidin-l-yl-cyclohexene with the enesulfone 5, upon a 

hydrolytic work up, gave the C-3’ distereospecific tram-adducts 7i(R) and Z(S). *H-NMR data clearly showed that the 

products 7i(R) and 7i(S) were formed due to the assymmetric cyclohexyl-carbon. The stereochemical configurations of the 

cyclohexyl-carbons in 7i(R) and 7i(S) were assigned tematively basing on the characteristic diamagnetic anisotropic effect of 

the cyclohexyl-keto function (at the C-2’) on either H- 1’ or H-2’. Thus in one of the of the diastereomers 7i(Sf, the H- 1’ [6 
6.241 was more deshielded and H-2’ [6 2.551 was more shielded than the corresponding protons in the other diastereomer 18 
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H- 1) : 6.06 & 6 H-2’ : 2.741. Such characteristic changes in chemical shifts suggests the s&eochemical proximity of the 

cyclohexyl-catbonyl group either to H- 1’ or H-2’ due to the S or R configuration of the chiral cyclohexyl-carbon at c-2’. t&on 

these considemtions64~6S and the inspection of a molecular model, the S configuration is tentatively prrrposcd for cyclohexyl- 

carbon at C-2’ for ?i(S) and R configuration for 7i(R). Clearly, more specific experiments are squired in order to assign the 

above configurations unambiguously. Treatment of compound 18 with aq. ammonia, aq. methylam& aq, skyline at 

SO oC afforded a mixture of cis and tram isomers. In case of amino&ducts [19a & 24a] and dimethylamino_adducr, [Be & 

24~1 the ratios of isomers am ea. l:l, for methyhiminoadducts [19b & 24b]. the ratio is ca. 1:4 respectively. Benylamine, 

pyrmlidiue, piperidine and morpholine reacted with the substrate 18 to give only tram-isomers [19d-g]. During the course of 

these latter reactions partial debenxoylation of the aglycone took place and complete debenzoyladoo was &tieved by heating the 

reaction mixtures at ca. 50 Oc. Diithylmalonate anion reacted smoothly with the substrate 18 to give the monobenzoylated 

trans-isomer 2Oj. Since it was not possible to obtain 20j in a pure form, it was detritylated to give pure 22j in 74% overall 

yield from 18. Attempted reactions with nitromethane, p~lidin-~~yclohexene and glycine methyl ester gave inseparable 

mixtures in each case. Aqeous 0.1 M sodium hydroxide was found to react with the purine-enesulfone 18. Surprisingly, under 

an identical reaction condition, the pyrimidine-enesulfone 5 was completely unreactive. The major product isolated in the 

reaction of 18 with aq. NaOH, followed by an aqeous ammonia treatment, was identifiai as to be 23 ( 48 %) by comparison 

(NMR) with an authentic sample prepared by the debenzoylation of compound 17. 

Stereochemical course and the distribution of the cis- versus tram-adducts @a-d versus 10a-b] in the conjugate addition of aq, 

ammonia, aq. methylamine, aq. dimethylsmine, benzylamine and carbanion of nitmmethane to the 5’-hydroxy-3’-ene- sulfone 

6 was almost identical to the products [7a-d versus !)a-b] obtained in the corresponding reactions with the Y-O-protected-3‘- 

enesulfone 5. These suggest the the bulky 5’-0-trityl group in 5 did not have any steric control on the diastereoselective 

nucleophilc conjugate addition reactions. 

The mechanism and steric course of nucleophilc addition reaction to a a$-unsatumted sulfones such as 5,6 or 18 is, as 

expected, subs~da~y controlled by the relative ~e~~~~c stabilities of transition states 27 and 28 due to the steric and 

electronic environment around the planar a-sulfone carbanion 7@74: [A] steric effect due to the bulk of the 2’-substituent63, 

and [B] stereoelectronic influence by (i) the polarization of the p orbital of the choral planar C-3’ carbanion because of the 

assymmetric orientation of the sulfone-oxygens 70-74, (ii) electronic repulsions between non-donating ~-oxygen-lone pair on 

the bface [the donating lone-pair being antipetiplanar with respect to the glycosidic bond by anomeric effczt] and the planar a- 

sulfone carbanion at C-3’, (iii) electmnic repulsion between @‘-lone pairs and the C-3’carbanion. and (iv) electronic repulsion 

between x-electrons of the agfycone and the carbanion. Presumably, the formation of a &ii anion at C-3’ would be favoured 

in a steric orientation in which its p orbital is pokuixed [ i% J on the a-side in order to minimize any of the above cooperative 

s&e& and electronic interactions through the space. Thus the above electronic repulsions would polarixe the p-lobes of the C-3’ 

carbanion as shown in structure 28 rather than in an unfavoured form shown in 27 [the dark lobes represent 6-I. Apparently, 

the reason for obtaining the cis-adducts in the reactions of ammonia and methylamine with the 3’enesulfones 5 and 18 is 

perhaps due to the des~bilizatiou of the C-3’ carbanion. as shown in 28, by the electronic repulsion between the lone-pair of 

relatively unhmdeted, fme-rotating C-2’ ammo and methylamino substituents and the C-3’ carbanion. The lone-pair of more 

bulky C-2’at&o-subsdments, such as benzylamino. piperdino. pyrrolidino, morpholino, is presumably apart from the C-3’ 

ca&anion in 28 and, therefore, do not contribute effectively to its destabilization. This effect is cooperative with the steric bulk 

of the 2’-substhent and the 3’-sulfone group, It should be however noted that above ratio& does not explain the following 

obsmations: (1) ma&on of din&ylamine with the 3’-cnesuKone 5 at 50 Oc gave only the tram&duct but with 18 produced 

a 1: 1 mixme of&s- and tram&ducts; (2) reaction of conjugate base of nitromethane with 5 produced a 1: 10 mixture of cis- 

n a-c‘ 

tram-addition of H’ 
* cis-adduct 

cis-addition of H’ 
*c tram-adduct 
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and uans-adducu; (3) reaction of 18 with sodium di~thylm~onatc gave only tram-adduct white with 5 produced a 1:s 

mixture of cis- and trans-adducts. Clearly, there are other steric and electronic factors that also play important roles in the final 

distribution of cis- versus tram-aducts. The assymmetric environment, owing to the stenochemical configuration of C-l ’ aud 

C-4’. should render the diastereotopic olefin faces of the. vinyl gmups in 5,6 and 18 electronically dissimilar leading to a bias 

for nucleophilic addition at C-2’ one to the other. Unequivocal spectroscopic characterization (vide in&r) however has 

established that the stereochemical course of the nucleophilic attack at C-2’ is always from the less sterically and electronically 

demanding a-face of the pento-enefuranosyl ring. This is presumably due to the steric and electronic hindrance on the B-face 

from the x-electron rich bulky aglycone and the 04’ and 05’ lone-pairs. Such diastereospecific nucl~philic attacks from the 

u-face have been also observed during the teduction of the 2’-keto function of appropriately protected 2’-ketonucleosides by 

the hydride ion generated from NaBH4 78 or Li(Et)3BH*O. Ueda et al. has also doecumented such stereoselective a-attack by 

other soft carbon-nucleo-philes44-474-47, except one example42v43. 

Distinction between cis- versus tram-adducts owing to their respective R and S configuration at C-3’ was conveniently 

achieved, both in pyrimidine and purine nucleoside derivatives, on the basis of following observations by lH-NMR spectros- 

copy: (1) One of the 5’methylene protons (H-5’ or H-5”) was more shielded than the other in the cis-adducts, and, as a result, 

the methylene protons were well separated. On the other hand the “upfield” H-5’ or H-5” absorption observed in the cis- 

adducts were found to be deshielded by 4.5 - 0.8 ppm, along with a further deshielding ( -0.2 ppm) of the “downfield” 5’- 

methylene proton in the tram-adducts, as compared to the cis-adducts, due to the magnetic anisotropy of the arenesulfonyl or 

benzylsulfonyl group in the xylo-configuration. (2) Owing to the trans- (xylo) orientation of the sulfonyl group. the H-5 proton 

in the pyrimidine nucleosides and both H-8 and H-2 protons in purine nucleosides were mom downfield than the cormspondiig 

cis-adduct. (3) In the cis-adducts (r&o), the H- 1’ was always mote deshielded than the corresponding tram-adducts (xylo) 

owing to the diamagnetic anisotropy by the sulfonyl group (note that both H-l’ and the C-3’ sulfonyl group am on the a-face in 

the cis-adducts). (4) The Jl*,2’ of the tram-adducts were always smaller (0.4 - 2 Hz) than the the corresponding coupling 

constant in the cis-adducu. It follows from the above observations that as a result of specific difference in contigumtion of the 

sulfonyl group ( R versus S) at C-3’, one observes a specific shielding or deshielding patterns for H-5, H-8, H-2, H-5’. H-5” 

and H-l ’ in all purine and pyrimidine nucleosides studied. Thus AS[(H-1 ‘) - (H-5)] and A&(H-6) - (H-5)] in tram-adducts of 

pyrimidine nucleosides are smaller than the corresponding eis-adducts. The A&*[(H-8) - (Ii-l’)] and AS#[(H-2) - (H-l ‘)I and 

particularly the sum of A&* & Ad in the trans-adducts of purine nucleosides have been found to be larger than in the corres- 

ponding cis-adducts. Similarly, the AS[(H-5’) - (H-5”)] are larger in the cis-adducts than in the corresponding trans-adducts in 

all pyrimidine and purine nucleosides studied in this work. 

Deprotection of the 5’.acid labile protecting group from pure diastereomers 7, 9, 19 % 24 : The 5’-0-trityl 

group from 7g - 7i could be easily removed by a brief treatment in boiling 80 % aqueous acetic acid ( 10 min ) to give the 

corresponding 5’-hydroxy derivatives 8g - Si in 70 - 90% yields. However upon an identical treatment to compounds 7a - 7f 

under the above depxotection condition the 5’-hydmxy-3’-enesulfone 6 was recovered as a major product (ca. 80%). Clearly, a 

p-elimination of the 2’-amine-protonated species of 7a - 7f, in conjunction with the deprotoetion of the 5’-0trityl group, took 

place. Deprotection of the 5’-trityl group from 7e and 71 in 80% aq. acetic acid at 20 Oc took 2 days for completion and gave 

the 5’-hydmxy derivatives & and 8f in ca. 70% yield. In our search for an optimum condition for deprtotection of the 5’0 

trityl group, we subjected compounds 7a, 7e, 7f and 7j to the treatments of 2% ~u~acetic acid in ~chlo~methane 

solution at 0 Oc ; under this condition the 5’-O-trityl group could be cleanly and selectively removed in a shorter reaction time 

(ca. 4 h) giving pure products Sa, 8e, 8f and Sj in good yields. Compounds 19a-g and 24a-c were depmtected with 80% 

aqueous acetic acid ( 9-l 2 h at 20 oC) to give compounds 21a-g and 25a-c, respectively, in moderate to gocd yields. 

~ulf~ati~ at C-3’ : Finally, the 3’-tolylsulfonyi group from isomeric mixture [7a-b + 9a-b] and pure isomers [7c-g] 

were removed by 6% Na-Hg in dry methanol 75 at RT to give 5’-O-uityl-2’,3’-dideoxy-2-substituted nucleosides 11 in ca. 

30% yield, The poor yields in the above desulfonation reactions is both due to competing elimination to give 2’,3’-dideoxy-b 

D-glycero~ntofu~osyl uridine and also due to cleavage of the glycosidic bond. Attempted desulfonation of some of the 

adenosine derivatives [19a + 24a, 19f & 19g] afforded the desired compounds 26a. 26f and 26g respectively in very poor 

yields. Two different reaction conditions, magnesium-methanol (50 oC, overnight)77 and 6% Na-Hg in methanol (0 oC, ca. 

1.5 - 3 h)75, were employed for this purpose. Thus the treatment of a mixture of compounds 19a and 24a with Mg-MeOH or 

Na-Hg gave compound 26a in 14 and 23% yields respectively. Compound 19f could be converted to compound 26f in 17% 

yield with Na-Hg. The Mg-MeOH promoted desulfonation affotded compound 26g from 1% in only 13% yield. Compound 

lla-g have been subsequently deprotected by boiling in 80% aq. acetic acid for 10 min to give compounds 12a-g in ca 90% 

yields. The 5’QMMTr group of compound 26a was deprotected by 80% aq. acetic acid at 20 Oc to give compound 33 in 

o&r to compare its speztral data with that of an authentic specimen ptrpared by an independent route (v&z i&z). 

Evidence for the stereochemistry at C-2’ : That the addition of ammonia took place stereospecifically from the a-face 

of the 3’-enesulfones 5 and 18 wem unequivocally established by comparing the C-2’ammoniutn acetate of 12a and caupotutd 
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33 with the au~en~ products obtained by iadepa&nt syntheses [see experimeatai sectiou for details]. An attempt to carry out 

a free radical deoxygenation maction79on 1-(5’-~~nomethoxytrityl-3’-~phenyl~~nyl-2’-deoxy-2’-azido)uracil was 

not successfut in our hand. We then turned our attention to the elegant reacdon designed by Kawana et al. involving a 3’- 

deoxygenative [lf hydride shift for the preparation of appropriately protected 3’deoxy-2’-rhreo derivatives of adenosme55 

0 

29 

OH-MMTr 

RO 

-NH2 

NHR 

N3 

31 

32:R=MMTr 
NH, 33:R=H 

and cytidineso. Using this procedure, authentic 2’,3’-~deoxy-2’-a~onium acetate of tuidine f2a 129 + 38 + 12a] and 

compound 33 [31 -+ 32 + 331 were prepared which were found to be spectroscopically f13C- % lH-NMR) and 

chromatogmphicaJJy identical to the products obtained through Michael addition reactions. 

Assessment of the con~gurations at the C-2’ and C-3’ by conformational analysis using 1H - N M R 

spectroscopy : Beside the evidences presented above on the configurations of the 2’- and 3’-carbons (i.e. the 2’ substituent 

is on the a-face [“down”] while the sulfone group is either fhreo (“up”) or etytlvo (“down”) at the 3’position leading to two 

diasteteomers), we have confirmed these assignments by an independent method. We masoned that since the vicinal couplings 

of the sugar moiety (i.e. 3J1.,2,312,3’ and 3Jr,4) are inte~e~~ent on the confo~tion of the pentose ring it should be 

possible to assess if a given sugar with given J coupling constants is either in an arabino-, ribo-, Iyxo- or xylo 

~n~~don81. Altona et al. have developed the concept of p~udo~~tion 82-84 where the sugar ~nfo~ation can bc well 

defined by the puckering amplitude vm and the phase angle of pseudorotation (P). The conformation is then described as an 

~uilib~um between hw conformers N (CT-exe / CY-endo) and S (CT-endo I CT-exe) with a respective value of vm and 

p82,83. A program has also been written (PSEUROT) which allows the calculation of the percentage of N (or S) conformers, 

PN, PS, vr&, vmS, (where V~ and vmS stand for the puckering amplitude of the conformers N and S respectively, and PN 

and PS stand for the phase amplitude of the conformers N and S respectively) from the coupling constants8S. Clearly, the goal 

of our investigation is to determine the model which gives the best fit for a low root mean square (r.m.s) with our compounds 

assuming a usual conformationaf state. An examination of the ~nfo~don around the C-4’ and C-5’ bond can also throw 

some light on the configuration at the 3’position 85-90,39,41. Different conformational analysis of (modified) nucleosides have 

shown that the percentage of 1” ~pul~on is directly influenced by the position and the nature of the substituent on C-3’87* 

89,39,41. Thus when a methyl group is linked to C-3’ the amount of y+ population is very high (>SO%) because of the 

preferred equatorial position of the methyl group (“up” or “down”)39,41,88. On the other hand, an electronegative subsdment 

at C-3’ (such as OH, Ng ) has a drastic effect on y+ population according to its configuration (“up” or “down”)7*9~87~8g. 

Accordingly, when the electronegative substiment is “down” the p is still high &SO%) while in the “up” ~n~g~don the 

percentage of y+ is found to be lower than 30% (‘yt is, in this case. usually high, -45%). This is true in both puke and in 

pyrimidine nucleosides. The population of three rotamers about the exocyclic C-4’ and C-S bond is estimated from the J4,S 

and J4.9” coupling constants using the method of Haasnoot et al. 90. When the values for Jq’,y and J4*,5” are not possible 
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to extract froln the apparent spemum due to overlaps of abtmptious or ambigous assignment between 5’ and 5” one can use 

the “sum rule~90,92 to obtain, the population of pf in good ~~ox~adon: p(p) =* , [where Z: represents 

(Jq’,5’ + J4,5-) 1. Consequently, when a pair of C-3’ diastemomers was available [C-3’ bcnzylsulfonyl in 7k 8c 9k instead 

of C-3’-(4-toluenesulfonyl), detailed spectroscopic data not shown]], the measurement of P(Y+) clearly shows that the two 

isomers correspond to a different configurations of the sulfone gmup on C-3. This clearly shows that the C-3’ is the isomcric 

center for the addition reaction accross the double bond Interestingly, in the pair of diastereomers 7i(Sf and 7i(R), which 

have the epimeric cyclohexanone group as the 2’-substituent, we found a similar y+ population (23.7 and 24.7%) subst~tiating 

our earlier conclusion (vi& supra ) that the isomer& products 7i(S) and 7i(R) arc mOst probably due to the additional 

assymmetric center of the cyclohexyl-carbon which is assumed to be always on the a-face (vi& sup@. Such estimates of yt 

populati’on confumed that when the above Michael reactions gave only one product, it was the xylo sulfcxte adduct which was 

formed. The absence of the Y-O-trityl group in compound 8i(R) also partly diminshed the p population (11.3%) as compared 

to the 5-O uitylated precursor X(R) (*I+ 24.7%). 

Once the configuration of the C-3’ center has been achieved using the p(p) tule, the determination of the configuration of the 

C-2’ can be obtained, as mentioned pmviously, by a complete conformational analysis of the pentose ringg2-85. Such a study 

was performed 0n a few pairs of products (C-3’-ben~lsulfonyl in 7k Bt 9k instead of C-3’-(4-toluen~ulfonyl), ?i(S) & 

7i(R), 19a % 24a ). The comction of the electmnegativity of the substituents (including the p effect) was performedg2,86. A 

“good” fitting is described as a low r.m.s obtained with P and v m, for both conformers N and S, lying in the “normal 

range . ‘*85 Accordingly, only the ribo- and the xyto-type gave an r.m.s close to xero, while the r.m.s, with the lyxo- or 

arabirw-type, was found to be larger than one. Tberefom the C-2’ substituent should be always on the u-face and the C-3’ 

sulfone group should be either rhreo or eryrkro. 

Independent of the above study, we have also performed NOE experiments. The H-6 or H-g proton should be much closer t0 

the substiment at the C-2’ position when it is in the &face of the pentofuranose ring and the aglycont is in the anti 

co~o~tion92. We chose the pair of comp0unds [C-3’-~n~lsu~onyi in 7k & 9k instead of C-3’-(~toluen~u~onyl)] since 

it would allow the detection of the enhancement of either H2’ or the protons of CH2NO2 group depending upon its 

configuration. An irradiation of H-6 of the uracil moiety showed that it was only H-2’ and H-5 which were affected in the 

above c0mpounds. This clearly confirmed our earlier assignments (vi&r supra) &at the configuration of the C&NC& group at 

C-2’ is indeed eryrhro (“down“). 

EXPERIMENTAL 

lH-NMR spectra were recorded (in 6 scale) with Jeol9O Q and JNM GX 270 specttometer at 90 and 270 MHz respectively, 
using TM!3 (0.0 ppm) or CH3CN (set at 2.0 ppm in D20 solutions). 13C-NMR were recorded at 22.5 and 67.9 MHx using 
both lH-coupled and lH-decoupled and INEPT modes. UV absorption spectra were recorded with Varian-Cary 2200 
instrument; Jeol DX 303 instrument was used for recording mass spectra. TLC was carried out using Merck pre-coated silica 
gel F254 plates. The column ch~~to~phic separations were carried out using Merck G60 silica gel. 

I-(S’-O-trityl-3’-deoxy-3’-(4-toluene)thio-~-D-arabinofuranosyt)uracil (3): To a suspension of sodium 
methoxide (11.9 g, 220 mmol) in methanol (ZOO ml) was added to 4-toluenemercaptan (24.8 g, 200 mmol) at 0 oC. After 30 
min, compound 1 (7.2g, 15.4 mmol) was added and the mixture was heated under reflux for 20 h. Solvent was removed 
under vaccum and the residue dissolved in ethyl acetate (300 ml), which was washed two times with aqueous sodium 
hydroxide (IM, 50 ml each). Organic phase was evaporated to dryness, the syrup was trimrated with petroleum ether three 
times (300 ml each) and then was separated on a silica gel column to give 3 (5.05 g, 55%). lH-NMR (CDCl3) : 7.99 (d 15 6 
= 8.0 Hz, IH) H-6; 7.31 (JR, 19H) arom; 6.M CQ, Jl*.2- = 5.3 Hz,lH) H-l’; 5.23 (d, 1H) H-5; 4.87 &, 1H) H-4’; 4.50 
(m, 1H) H-2’; 3.72 (JR, 3H) H-3’,H-5’ and H-S”; 2.28 &, 3H) sztf3Ph. I3C-NMR (CDCl3): 141.9 (& JCH = 185.3 Hz) C- 
6; 101.1 (d. JCH = 177.4 HZ) C-5; 85.1 @, JCH = 170.7 HZ) C-l’; 81.0 (& JCH = 151.7 Hz) C-4’; 75.5 (h, JCH = 148.2 
Hz) C-2’; 62.0 (t, Ja = 143.8 Hz) C-5’; 50.4 (d J~--H = 146.0 Ha) C-3’; 21.0 (4) m3Ph.. 

l-(5’-0-trityl-3’-deoxy-3’-toluenesulfonyi-~-D-arabiuofuranosyl)uracil (4): To a solution of compound 3 
(3.lg, 5.24 mm01) in dichloromethane (100 ml) was added m-chlotoperbenzoic acid (85%, 3.60 g, 17.7 mmol). 
continued for 2 h. 

Stirring was 
Upon disappearence of the starting material, the mixture was washed with satumted aqueous solution of 

sodium thiosulfate (l@J ml) and then aqueous sodium bicarbonate (100 ml). Organic phase was evaporated and separated on a 
silica gel column to give 4 (3.25g,99%) lH-NMR fCDCl3+CD30D): 7.75 (d, J5,6 = 8.1 HZ, 1H) H-6; 7.75 and 7.27 (Iz1. 
19H) arom; 6.06 (PI Jl-J* = 4.8 Hz, 1H) H-l’; 5.32 (d 1H) H-5; 4.97 (r, J2-,3- = 4.8 Hz, 1H) H-2’; 4.47 b 1H) H-4’; 
3.96 @, 1H) H-3’; 3.33 fm, 2H) H-5’, H-5”; 2.41 (s. 3H) -3Ph. *3C-NMR (CDCl3+ CD3OD): 142.0 t& JCJ+ = 180.8 
Hz) C-6; 101.8 @, JCH = 176.3 Hz) C-5; 85.8 @, Jm = 169.6 Hz) C-l’; 75.9 (d, JCH = 152.8 Hz) C-4’; 71.4 a, JCH = 
151.6 Hz) C-2’; 69.5 cd, Ja = 149.4 Ha) C-3’; 63.0 (b J(-H = 144.9 Ha) C-S’; 21.5 @, JCH = 126.5 Hz) a3Ph; 

1-(5’-trityl-2’,3’-dideoxy-3’-toluenesulfonyt-~-D-glyceropent-2-enofuran~yl)uracit (5): To a solution of 
compound 4 (3.25 g. 5.21 mmol) in dry pyridine (80 ml) was added methylsu~onyl chloride (1.16 ml. 15 mmol) at 0 Oc. The 
mixnu~ was kept at 0 Oc overnight. Water (2 ml) was added and the reaction was heated at 40 Oc for 2 h. 
was then poured into a ice cold water with vigomus stirring. 

The cold solution 
Filtered and the solid was washed genemuesly with water till fret 
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of pyridine. The mixture was then purified on a silica gel column to give 5. (2.27g, 72%). IH-NMR (CDCl3): 7.68 cd, J5,6 = 
8.1 Hz, 1H) H-6; 7.30 &j., 19H) arom; 7.02 Q&i., Jl*3 = 1.7 Hz, Jl*,4* = 3.9 Hz, 1H) H-l’; 6.56 Q, J2*,4~ = 1.7 Hz, 1H) 
H-2’; 4.98 b. 1H) H-4’; 4.59 (& 1H) H-5; 3.71 (.m, 2H) H-5’. H-5”; 2.43 h, 3H) QI3Ph. 13C- NMR (CDc13): MO.5 (d, 
JCH = 186.5 Hz) C-6; 102.5 (d, JCH = 178.5 HZ) C-5; 87.2 (d. JCH = 173.0 Hz) C-l’; 83.9 (d, JCH = 153.9 Hz) C-4’; 
62.8 (I JCH = 142.7 Hz) C-5’; 21.5 (s) m3Ph. 

;-- 
Preparatmns of 7a and 9a: Compound 5 (200 mg, 0.33 mmol) was treated with aqueous ammonia (32%. 10 ml) in 
dioxane (10 ml) at 50 l C for 2 h. The solution was evaporated and co-evaporated with absolute ethanol to drvness and the 
residue ias se&rated on a silica gel column to give ia (94 mg, 46%) and 9a (77 mg, 37%). Compound ?a: IH-NMR 
(CDC13): 7.63 cd, J5,6 = 8.2 Hz, IH) H-6; 7.31 (J,& 19H) arom; 5.77 cd, J1*,2* = 5.1 Hz, 1H) H-l’; 5.68 @, 1H) H-5; 4.59 

@, IH) H-4’: 3.82-3.61 (m, 4H) H-2’, H-3’, H-5’ and H-5”; 2.41 (s, 3H) a3Ph. 13C-NMR (CDC13): 139.5 (d. Ja = 
180.7 Hz) C-6; 102.3 (d, JCH = 175.8 Hz) C-5; 89.7 (d JCH = 168.4 Hz) C-l’, 77.9 @, Jm = 151.4 Hz) C-4’; 70.6 (d, 
JCH = 146.2 Hz) C-3’; 62.7 0, Ja = 149.7 Hz) C-5’; 59.2 (d Ja = 139.2 Hz) C-2: 21.5 @) mph. Compound 9a: 
lH-NMR KTDCI3): 7.66 (cl, J5,6 = 8.1 Hz. 1H) H-6; 7.32 I& 19H) arom; 6.08 a, J1*,2* = 5.9 Hz. 1H) H-l’; 5.36 (& H-l) 
H-5; 4.55 (m, 1H) H-4’; 3.97 (m. 2H) H-2’ and H-3’; 3.49 (2rQ, J4*,5* = 2.6 Hz, 1H) H-5’; 2.84 m, ]H) H-5”; 2.42 (s, 
3H) U!3Ph. 13C-NMR (CDCl3): 139.7 @. JCH = 183.5 Hz) C-6; 102.5 a, JCH = 177.0 Hz) C-5; 90.1 (d, JCH = 166.1 
Hz) C-l’: 78.3 (& Ja = 153.2 Hz) C-4’; 71.3 (& Ja = 155.0 Hz) C-3’; 63.2 (I JQ~ = 144.0 Hz) C-5’; 59.7 (d, Ja = 
142.8 Hz) C-2’; 21.5 Ca, -Ph. MS (FAB‘): talc. for (M-H)- 622.2012, found 622.1962. 
Preparation of 7b and 9b: Compound 5 (606 mg, 1 mmol) was treated with aqueous methylamine (4096, 20 ml) in 
dioxane (20 ml) a1 room temperature over night. The solvent was evaporated and co-evaporated with absolute ethanol to 
dryness and Ihe residue was separated on a silica gel column lo give 7b (394 mg, 62%) and 9b (84 mg, 13%). Compound 
7b: IH-NMR (CDCl3) 7.79 (& J5,6 = S.lHz, 1H) H-6; 7.31 tin. 19H) arom; 5.80 CQ. 1H) H-5; 5.73 (p, Jl’ 2’ = 3.4 &, 
1H) H-l’; 4.56 (J.LI, 1H) H-4’; 4.00-3.60 (rrr 2H) H-5’,H-5”; 3.43 (m, 2H) H-2’, H-3’; 2.41 &, 3H) Ctf?Ph;’ 1.93 (s, 3H) 

Nm3 l3C-NMR (CDCl3): 140.2 (8, JCH = 183.1 HZ) C-6; 102.3 a, Ja = 175.8 Hz) C-5; 89.3 (g, JCH = 166.0 Hz) C- 
l’; 79.i (g, JCH = 150.2 Hz) C-4’; 68.6 (d, JCH = 141.6 Hz) C-2’; 68.4 (9, Jm = 142.6 Hz) C-3’; 62.7 & JCH = 144.0 

Hz) C-5’; 33.5 (a, Na3; 21.5 (at f;li3Ph. Com~und 9b: IH-NMR (CDC13): 7.71 (d J5,6 = 8.4 HZ, 1H) H-6; 7.32 @, 
19H) arom; 6.05 (d, J1’,2’ = 6.6 Hz, 1H) H-l’; 5.30 CB, 1H) H-5; 4.55 (@,L 1H) H-4’: 3.85 (Jo, 1H) H-3’; 3.53 and 3.13 (Q, 
3H) H-2’, H-5’ and H-5”; 2.48 and 2.44 (2?(s, 6H) B3Ph and Nm3. 13C- NMR (CDC13): 139.6 (9. Ja = 184.3 Hz) C- 
6; 102.4 Id, JCH = 178.2 Hz) C-5; 87.5 (d, JCH = 170.9 Hz) C-l’; 77.7 (d, JCH = 151.5 Hz) C-4’; 67.3 CQ, JCH = 140.3 
Hz) C-2’; 63.5 & Jm = 139.1 Hz) C-5’; 63.1 @, Jm = 145.3 Hz) C-3’; 35.2 (Q) N&I3; 21.6 @t m3Ph. 
Preparation of 7c: It was prepared in the same way as discribed for 7b. Yield (94%). lH-NMR (CDC13): 7.92 (d, J5,6 = 
8.0 Hz, 1H) H-6; 7.33 I&. 19H) arom; 6.17 @, Jl*,2’ = 4.9 Hz, 1H) H-l’; 5.85 (d 1H) H-5; 4.02 &, 2H) H-3’ and H-4’; 

3.54 @, 3H) H-2’, H-5’ and H-5”; 2.41 (s, 3H) Qj3Ph; 2.06 (s, 6H) N&. 13C- NMR (CDC13): 140.7 (d, Ja = 183.1 
Hz) C-6; 103.7 a, JCH = 177.0 Hz) C-5; 83.1 (d, Jm = 168.2 Hz) C-l’; 78.7 (& Ja = 151.9 Hz) C-4’; 71.8 (& Jm = 
142.5 Hz) C-2’; 64.2 (g, JCH = 144.1 Hz) C-3’; 62.8 Q, JCH = 140.4 Hz) C-5’; 41.3 @, Na3; 21.5 ca) m3Ph; 
Preparation of 7d: Compound 5 (280 mg. 0.46 mmol) was treated with benzylamine (1 ml, 20 mmol) in 
dichloromethane (9 ml) overnight at room temperature, then the mixture was partitioned between ~chlo~~~~e (40 ml) and 
water (20 ml). The or anic phase was then washed with water (20 ml), evaporated, and separated on a silica gel column to 
give 7d. Yield 96%. f H-NMR (CDC13): 7.69 (9, J5,6 = 8.2 Hz, 1H) H-6; 7.30 @, 19H) arom; 5.83 (d, Jl’,2* = 4.2 HZ, 

1H) H-l’; 5.75 @, 1H) H-5; 4.54 (Irr, 1H) H-4’; 3.98 & 1H) H-3’; 3.55 @I_ 3H) H-2’,H-5’ and H-5”; 3.37 (s. 2H) 
Na2Ph; 2.41 &, 3H) mph. l3C-NMR (CDCl3): 140.2 (d. JCH = 184.3 Hz) C-6; 102.4 (d. Ja = 177.0 Hz) C-5; 89.4 
tQ, JCH = 168.5 Hz) C-l’; 78.9 a, JCH = 148.9 Hz) C-4’; 69.5 @, JCH = 142.8 Hz) C-2’; 66.3 @, Ja = 144.0 Hz) C-3’; 
62.7 a, Jm = 143.6 Hz) C-5’; 51.0 Q,, Ja = 139.8 Hz) NQj2Ph; 21.5 @, a3Ph. 
Preparation of 7e: Compound 5 (300 mg, 0.5 mmol) was treated with pyrrolidine (825 @, 10 mmol) in teaahydrofuran 
(3 ml). The mixture was stirred for 1 h when all starting material disappeared. All volatile materials were evaporated and co- 
evaporated with toluene till dryness. Then the mixture was separated on a silica gel column to give 7e (330 mg, 97%). 1H- 
NMR (CDC13): 9.68 a., 1H) NH; 7.96 I& J5,6 = 8.1 Hz, 1H) H-6; 7.32 &, 19H) atom; 6.22 Ip, Jlt,~ = 5.4 Hz, 1H) 
H-l’; 5.85 (d, 1H) H-5; 4.29 b J3’,4’ = 6.1 Hz, J4’,5’ = 7.3 Hz, Jq’,5”= 1.7 Hz, 1H) H-4’; 3.54 (m, 2H) H-2’, H- 
3’; 2.40 & 3H) CH3Ph; 2.32 &., 4H) NCH2; 1.65 &., 4H) NCH-; 13C-NMR (CDCl3): 140.9 (d JCH = 181.2 Hz) 
C-6; 103.5 (g, JcH = 178.2 Hz) C-5; 87.0 (s) Ph3C; 85.0 (9, JCH = 167.2 Hz) C-l’; ; 78.3 (d. JCH = 144.0 HZ) C-4’; 
69.3 (d JCH = 141.6 Hz) C-2’; 66.5 (d. JCH = 144.0 Hz) C-3’; 62.5 a, JCH = 140.0 Hz) C-5’; 50.4 (I, 
JCH = 140.4 Hz) NCH2; 22.8 (0 NCH2m; 21.4 (g, JCH = 134.8 Hz) PhCH3. 
Preparation of 7f: Compound 5 (400 mg, 0.66 mmol) was treated with piperidine (1.3 ml, 13.2 mmol) in 
terrahydrofurane (6 ml) at room temperature for 5 h. All volatile materials were evaporated and co-evaporated with toluene fo 
dryness. Then the mixture was separated on a silica gel column to give 7f (yield 445 mg, 98%). lH-NMR: 9.53 &. 1H) NH, 
7.85 a, J5,6 = 8.1 Hz, 1H) H-6; 7.30 h, 19H) arom.; 6.22 CQ, Jle.2’ = 5.4 Hz, 1H) H-l’; 4.14 b. 1H) H-4’; 3.97 Cm, 
1H) H-5’; 3.57 (m, 2H) H-2’, H-3’, 3.48 (m, 1H) H-5”; 2.41 &.3H) CH3Ph; 2.23 (k.4H) NCH2; 1.32 (hr.6H) 
NHCHaa 13C.NMR (CDC13): 140.5 (g,JCH = 185.3 Hz) C-6: 103.5 a, JCJ~ = 178.3 Hz) C-5: 87.1 &) Ph3C: 
82,O (d, JCH =167,3 Hz) C-l’; 78.4 (d, Ja = 146.5 Hz) C-4 ‘; 72.3 (d, JCH = 139.1 Hz) C-2’; 64.4 @, Jm = 144.0 Hz) 
C-3’, 62.6 ( 1, JCH = 141.6 Hz) C-5’; 50.3, 25.6, 23.6, for piperidinyl; 21,4 (s) PhCH3. 
Preparation of 7g: Compound 5 (400mg, 0.66mmol) was treated with morpholine (1.15 ml, 13.2 mmol) in 
tctfahydrofurane (6 ml) at room temperature overnight. All volatile materials were evaporated and cuevapomted with toluene 
to dryness. The mixture was then separated on a silica gel column 10 give 7g ( 450 mg, 98%). IH-NMR (CDCl3):9.53 
(&IH) NH; 7.85 (d, J5,6 = 8.3 Hz, 1H) H-6; 7.31 (m,l9H) arom.; 6.20 cd, J1*,2* = 5.1 Hz, 1H) H-l’; 5.85 (d,lH) H-5; 
4.04 hlH) H-4’; 3.97 (m,lH) H-5’; 3.55 h, 7H) H-2’. H-3’, H-5” and OCH2: 2.41 (s. 3H) CH3Ph; 2.35 (hL4H) 
NCH2; 13C-NMR (CDC13): 140.0 (d, JCH = 189.8 Hz) C-6; 103.8 (d, JCH = 176.7 Hz) C-5; 87.2 0 Ph3C; 82.7 fd, JCH 
= 171.9 Hz) C-l’; 78.5 @, Ja = 152.8 Hz) C-4’; 71.6 a, JCH = 139.3 Hz) C-2’; 63.8 (p, JCH = 143.1 Hz) C-3’; 66.3 Q, 
Ja = 144.2 Hz) OCH2; 62.6 Q, Ja = 142.6Hz) C-5’; 49.7 0 NCH2; 21.4 (q) PhCH3. 
Preparation of 7h: The mixture of compound 5 (760 mg, 1.25 mmol), methyl glycinate hydrochloride (1.56 g, 
12.5 mmol) and 1.8~diazabicyclo[5.4.0]undec-7-ene (DBU) (1.9 ml, 12.5 mmol) in dry dimethylsulfoxide (10 ml) was 
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stirted under argon at mom temperature ovemigbt. The reacticxt mixture was partitioned between ethyl acetate (60 ml) and 
water (30 ml). The_ aqueous phase was then extracted with ethyl acetate (3 x 40 ml). The combined organic phase was 

washed with water (2 x 20 ml), organic phase was dried and cvaporatcd to dryness. The mixture was then puriticd on a siIica 
gel column to give 7h (510mg, 59%). IH-NMR (CDC13): 9.41 @, IH) NH; 7.68 (d, J5,6 = 8.5 Hz, 1H) H-6; 7.32 
(m,19H) atom.; 5.84 (d, JI,2- = 4.5 Hz, IH) H-l’; 5.82 (d, HI) H-5; 4.50 (m, J4’5, = 9.0 Hz, J4,5” = 1.7 Hz,lH) H-4’; 
3.82 (dd J5,,5” = 10.2 Hz, HI) H-5’; 3.72 @I, 2H) H-2’J-L3’; 3.60 (s, 3H) CO2CH3; 3.40 (pa 1H) H-5”; 3.10 (dd, Jgem 

= 18.1 Hz, W) Q&CO2Me; 2.40 (s, 3Ii) CH3Ph; 13C-NMR (CDCl3) : 172.0 0 CO2R; 140.0 (p. JCJ.I = 185.1 Hz) C-6; 
102.8 (& Jm = 175.8 Hz) C-5; 88.5 (& Ja = 167.2 Hz) C-l ‘; 87.1 cs) Ph3C; 78.6 (d, JCH = 149.2 Hz) C-4’; 70.0 a, 
Ja = 144.1 Hz) C-2’; 66.0 (& JCH = 148.9 Hz) C-3’; 62.5 (t JCH = 144.0 Hz) C-5’; 51.7 Q JCH = 147.7 Hz) 
-3; 47.7 Q, JCJ.I = 136.8 Hz) C&$X&Me; 21.5 @) CH3Ph. 
Preparation of 71(R) and 7i(S): To a solution of compound 5 (60 mg, 0.99 mmol) in dry tetrshydrofuran (5 ml) was 
added fresh distilled pyrrolidin-l-cyclohexene (1.5 g, 10 mmol) under argon. The mixture was stirred at room temperature for 
3 h and then was heated at tefbtx for 1 h. Water (2 ml) was added to the mixture and which was kept at reflux for another 
hour. All volatile materials were evaporated and co-evaporated with toluene to dryness. The residue was separated on a silica 
gel column to give 7i(R) (276 mg, 39%) and 7i(S) (236 mg, 34%). Compound 7i(R): IH-NMR (CDC13): 9.16 t&r.. 
1H) NH, 7.79 (p, J5,6 = 8.1 Hz, 1H) H-6; 7.32 cn?, 19H) arom.; 6.06 (P, Jl*,2’= 5.7 Hz, 1H) H-l’; 5.84 & 1H) H-5; 4.81 
h, J3*,4* = 6.6 Hz, J4,5* = 10.3 Hz, J4*,5** = 2.1 HZ, 1H) H-4’; 3.91 CdQ. J5p.y = 11.0 HZ, 1H) H-5’; 3.58 (&, J2*,3* = 
4.4 Hz, 1H) H-3’; 3.29 (dd, 1H) H-5”; 2.74 b, 2H) H-2’,-CHGO; 2.41 (s, 3H) CH3Ph; 2.40-1.25 (n, 8H) 

COCH2CH2CH2CH2; 13C-NMR (CDCl3) :211.1 t&) -Co-; 140.2 (d, J(H = 187.1 HZ) C-6; 103.1(,& JCH = 178.2 Hz) C- 
5; 86.9 (& Ph3C; 85.0 CQ. JCI.I = 168.5 Hz) C-l’; 79.3 (& Ja = 147.7 Hz) C-4’; 66.9 (d, Ja = 145.2 Hz) C-3’; 50.9 (9, 
JCH = 126.1 Hz) HCC-O, 48.0 Ql, J~H = 133.0 Hz) C-2’; 41.8, 31.0,26.8 and 24.6 for COCH2CH2 CH2CH2; 21.5 (q_) 

CH3Ph; Compound 7i(S): 1H-NMR (CDC13): 9.15 &r, 1H) NH; 7.81 (4, J5,6 = 8.0 Hz. 1H) H-6; 7.30 b, 19H) arom; 
6.24 a, Jl*,2’ = 6.6 Hz, 1H) H-l’; 5.84 @,IH) H-5; 4.76 fm. J3*,4* = 7.1 Hz, J4,,5* = 9.5 Hz, J4’55” = 2.2 Hz, IH) H-4’; 
3.85 (M, Jgem = 11.0 Hz, 1H) H-5’; 3.59 (M, J2*,3, = 4.9 Hz, 1H) H-3’; 3.22 (dd, 1H) H-5”; 2.55 b, 1H) H-2’; 2.41 (s, 
3H) CH3Ph; 2.50- 1.25 (I11,9H) for cyclohexanonyl ; 13C-NMR (CDC13): 211.5 fs) -CO- ; 140.6 &I. JCH = 179.7 Hz) C-6; 
103.6 (d, JCH = 179.7 Hz) C-5; 86.9 f&l Ph3C; 84.1 (9, JCH = 170.7 Hz) C-l’; 78.3 cd JCH = 150.5 Hz) C-4’; 68.3 (tj, 
JCH = 140.4 Hz) C-3’. 62.7 (I JCH = 143.8 Hz) C-5’; 51.5 @, JCH = 128.0 HZ) HCCO-; 48.1 (4. JCH = 128.0 Hz) C-2’; 
42.1, 31.7, 26.8, and 25.2 for COCH2CH2CH2CH2; 21.4 @, CH3Ph. 
Preparation of 7j: To a suspension of sodium hydride (80% in mineral oil, 150 mg, 5 mmol) in dry tetrahydrofuran (8 ml) 
was added dimethyl malonate (650 mg, 2 mmol) slowly under argon. After stirring for 20 min, compound 5 (606 mg, 1 
mmol) in tetrahydrofuran (3 ml) was added. The mixture was stirred at 0 l C for 48 h and then poured into a saturated 
aqueous solution of ammonium chloride (30 ml). It was extracted with dichloromethane (3 x 30 ml) and the organic phase 
was evaporated. The residue was separated on a silica gel column to give 7j. Yield 66 % lH-NMR fCDCl3): 7.74 a J5,6 = 
8.4 Hz, 1H) H-6; 7.30 (m, 19H) arom; 6.15 (d, Jl*,2* = 6.5 Hz, 1H) H-l’; 5.85 (4, 1H) H-5; 4.59 O;n. IH) H-4’; 4.10 b, 

1H) H-3’; 3.84 fin, 2H) H-5’, H-5”; 3.73 B 6H) Oa3; 3.23 @b 2H) H-2’ and -C,LICO2Me; 2.39 Cs, 3H) C&gPh. 13C 
NMR (CDC13): 139.9 (d, JCH = 181.9 Hz) C-6; 103.4 (d JCH = 175.8 Hz) C-5; 85.0 (d, Ja = 167.3 Hz) C-l ‘; 79.0 (d, 
JCH = 153.8 Hz) C-4’. 66.2 fB, Jm = 145.2 Hz) C-3’; 63.0 Q, Jm = 147.7 Hz) C-5’; 53.1 (q, JCH = 141.6 Hz) -3; 
50.8 (g, Ja = 133.1 Hz) mCO2Me; 45.9 CB, JCJ-I = 147.6 Hz) C-2’; 21.5 (a) m3Ph. 
Preparation of 7k and 9k: To a suspension of potassium ten-butoxide (248 mg, 2.1 mmol) in ni~~th~e (15 ml) was 
added compound 5 (635 mg, 1.05 mmol) and the mixture was stirred overnight at room temperature. The mixture was poured 
into saturated aqueous solution of ammonium chloride (30 ml), which was extracted with ethyl acetate (3 x 30 ml). Organic 
phase was evaporated and separated on a silica gel column to give 7k and 9k. Compound 7k (64 46): 1H-NMR (CDC13): 
7.73 (& J5,6 = 8.3 Hz, 1H) H-6; 7.30 a, 19H) arom; 6.00 a, Jl’2’= 5.3 Hz, 1H) H-l’; 5.81 (g, 1H) H-5; 4.51 t& 2H) 
m2N02; 4.35 (a 1H) H-4’; 4.01-3.66 (m. 2H) H-5’, H-5”; 3.66 (m, 1H) H-31; 3.08 Qg, 1H) H-2’; 2.42 &, 3H) a3Ph; 
l3C-NMR (CDC13): 139.5 a, JCH = 180.0 Hz) C-6; 103.1 Ql, JCH = 180.7 Hz) C-5; 85.4 (d, JCH = 168.5 Hz) C-l’; 79.3 
(rt JCH = 161.8 Hz) C-4’; 73.7 (1, JCH = 141.9 Hz) mNO2; 66.0 a, JCH = 139.2 Hz) C-3’; 62.5 & JCH = 147.7 Hz) 
C-5’; 46.2 (d, Ja = 146.5 Hz) C-2’; 21.6 fa) a3Ph. ~orn~nd 9k (5 96): IH-NMR (CDCl3): 7.72 (p. J5,6 = 8.1 Hz, 
1H) H-6; 7.30 b, 19H) arom; 6.35 (p, Jl*2* = 9.5 Hz., 1H) H-l’; 5.57 (g, 1H) H-5; 5.46 and 4.80 (2, J2’, CH2NC2 

= 6.0 Hz, 2I-I) -2NO2; 4.30 (m. 1H) H-4’; 4.05 and 3.43 (laph, 54,. 5” 2.6 Hz, 2H) H-S’, H-5”; 3.71 fsn. 2H) H- 

2’,H-3’; 2.41 (s, 3H) -3Ph. 13C-NMR (CDC13): 138.6 (& JCH = 182.0 Hz) C-6; 103.4 cd, JCI.I = 177.4 Hz) C-5; 85.7 
(rt JCH = 162.9 Hz) C-l’; 78.0 a, JCH = 150.5 Hz) C-4’; 69.8 (I, JCJI = 151.1 HZ) a2N02; 64.2 (& JCH = 151.6 Hz) 
C-3’; 63.8 & JCH = 144.3 Hz) C-5’; 44.6 (d, Ja = 139.3 Hz) C-2’; 21.6 (a) a3Ph. 
Preparation of 6: Compound 5 (450 mg, 0.74 mmol) was heated under refluxed in aqueous acetic acid (80%. 20 ml) for 
10 min. All valotile matierals were evaporated and co-evaporated with absolute ethanol to dryness. The residue was separated 
on a silica gel column to give 6 (243 mg. Yield 90%. lH-NMR (CDC13) 7.92 fd. J5,6 = 8.3 Hz, 1H) H-6; 7.82 and 7.40 &t, 
4H) atom; 6.97(6, Jl*,2* = 2.6 Hz, 1H) H-l’; 6.53 & 1H) H-2’: 5.71 @., IH) H-5; 4.87 @, 1H) H-4’; 3.99 (m,2H) H-5’, 

H-5”; 2.45 fs) CH3ph. 13C-NMR (CDC13): 140.6 a, JCJ-I = 184.3 HZ) C-6; 102.8 @, JCH = 177.4 Hz) C-5; 87.5 (h, JCH 
= 173.0 Hz) C-l’; 85.6 CB, Ja = 150.6 Hz) C-4’; 62.1 @, JCI.I = 143.9 Hz) C-5’; 21.6 Q) =jPh. 
Preparation of 8a and 1Oa: They were prepared from 6 by Michael addition with ammonia as described for the preparation 
of 7a & 9a. Compound 8a (62%): lH-NMR (CD3OD+D20): 7.89 Id, J5,6 = 8.3 Hz, 1H) H-6,7.85-7.53 a 4H) UO~; 

5.91 (It, 1H) H-5; 5.80 (& Jl’,2’ = 5.6 Hz, IH) H-l’; 4.62 a, 1H) H-l’; 4.11 4,3H) H-3’. H-5’ and H-5”; 3.80 & J2~,3* 
= 5.4 HZ, 1H) H-2’; 2.48 (s. 3H) m3Ph. 13C-NMR (CD30D+D20): 142.4 CQ, JCH = 184.3 Hz) C-6; 103.7 (& JCH = 
178.3 Hz) C-5; 91.2 (d. JCH = 169.7 Hz) C-l’; 80.9 (d JCH = 153.8 Hz) C-4’; 71.8 (d, Ja = 146.5 Hz) C-3’; 61.8 (J, 
JCH = 151.4 Hz) C-5’; 60.7 Ip, JCH = 144.1 Hz) C-2’; 22.1 @) -3Ph. MS (PAB-): Calc. for (M-H)- 380.9916, found 
380.6925. Compound 10a (10%): lH-NMR (CD30D + CDC13): 7.91 fd, J5,6 = 8.2 Hz) H-6; 7.89 and 7.51 (nr, 4H) 
arom; 6.15 a, Jl’2’ = 7.1 Hz, 1H) H-l ‘; 5.80 (d, 1H) H-5; 4.46 @t, 1H) H-4’; 4.20 (m, 2H) H-2’, H-3’; 3.70 (2rd, J4’,5, 
= 2.7 Hz, 1H) H-5’; 3.20 (2xd, 1H) H-5“; 2.50 (s, 1H) I;fl3Ph. 13C-NMR (DMSO): 140.3 (d, JCJ.I = 182.0 Hz) c-6; 
102.3 (9, JCH = 177.5 HZ) C-5; 88.0 (d, JCH = 171.6 Hz) C-l’; 77.6 (d, J~-_H = 151.7 Hz) C-4’; 64.5 (d Jm = 143.8 Hz) 
C-3’; 62.5 0, JCI.I = 141.6 Hz) C-5’; 57.7 (9. JCH = 140.4 Hz) C-2’; 21.2 @, m3Ph. MS (PAB‘): talc. for (M-H)- 
380.09 16, found 380.0924. 
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Preparation of 8b and lob: They wem prepared from 6 by Michael addition with methylamine as described for 7b and 
9b. Compound 8b (48%): lH-NMR (CD3OD): 7.98 (ct J5,6 = 8.1 Hz, 1H) H-6; 7.79 and 7.42 (n. 4H) any 5.83 CQI 
1H) H-5; 5.76 @, J1.2’ = 4.6 Hz, IH) H-l’; 4.53 t& lH) H-4’; 4.24 (d, J4.5’ = 6.3 Hz, 2H) H-5“ H-5”; 3.77 (ra, J2*,3* 
= 3.3 Hz, J3*,4* = 6.3 Hz, 1H) H-3’; 3,41 a 1H) H-2’; 2.48 (s, 3H) m3Ph; 1.82 (s, 3H) NCH3. 13C-NMR (CD3OD): 
140.3 (d, JcH = 184.2 Hz) C&, 102.6 & Ja 3 176.3 Hz) C-5; 88.5 (d Ja = 167.3 Hz) C-l’; 80.0 f& JcH = 149.2 Hz) 
C-4’; 68.2 (g, Jm = 151.7 Hz) C-2’; 67.6 (d, JCH = 149.4 Hz) C-3’; 60.5 (t JQI = 146.0 HZ) C-S’; 32.7 @, JCH = 138.2 
Hz) NCH3; 21.4 (a) *Ph. MS (FAB-): talc. for (M-H)- 394.1073, found 394.1076. Compound lob (30%): 1H-NMR 
(CD30D+CDCl3) : 7.85 o;i, JS 6 = 8.2 Hz 1H) H-6; 7.85 and 7.42 (m, 4H) arow 5.97 (g, Jl’,2* = 6.8 Hz, 1H) H-l’; 5.72 
Qj, 1H) H-5; 4.53 b 1H) H-d’: 4.17 (rr?, 1H) H-3’; 3.75 b, IH) H-2’; 3.82 and 3.35 (m, 2H) H-5’, H-5”; 2.48 (s, 3H) 
NCH3; 2.44 Q 3H) a3Ph. l3C-NMR (CDCi3+CD30D): 140.9 @, Jm = 1820 Hz) C-6; 102.2 (ct Jm = 178.6 Hz) C- 
5; 88.7 (6 JCH = 171,9Hz) C-l’; 78.9 fd, Ja = 151.6 Hz) C-Q’; 66.0 cd. JcH = 142.7 Hz) C-2’; 62.6 (d, Ja = 142.7 

Hz) C-3’; 62.2 ct, Jm = 143.2 Hz) C-5’; 34.8 (Q, Jeff = 135.4 Hz) NCH3,21.3 @, CX3Ph. MS o;AB’): talc. for @I-H)- 
394.1073, found 394.1052. 
Preparation of &: It was prepared from 6 by Michael reaction with dimethylamine as described for 7b. Yield 69%. 1H- 
NMR (CDCI3): 8.09 (d, JS 6 = 8.2 Hz, 1H) H-6; 7.81 and 7.40 (m 4H) arom; 6.18 a, J1*,2- = 6.1 Hz, 1H) H-l’; 5.88 18. 
IN) H-S; 4.39 b, 1H) H-d’; 4.22 a, W) H-5‘. H-5”; 3.97 Q, J2*,3* = 5.0 Hz, 1H) H-3’; 3.57 (m, 1H) H-2’; 2.46 fs, 3H) 

a3Ph; 1.97 Q, 6H) NCH3,13C-NMR (CDCl3): 140.4 f$., Jm = 183.1 Hz) C-6; 103.9 (d, Ja = 177.0 Ha> C-5; 82.6 cd, 
JcH = 167.2 Hz) C-l’; 79.4 (d, JQI = 158.9 Hz) C-4’; 71.5 & Ja = 136.7 Hz) C-2’; 64.0 (d, Ja = 141.1 Hz) C-3’; 
61.4 (j, JcH = 138.9 Hz) C-5’; 40.7 @, JCH = 129.4 Hz) NCH3; 21.6 ca) =jPh. MS (FAB-1: yak. for (M-H)- 408.1229, 
found 408.1227. 
Preparation of Sd: It was prepared from 6 by Michael reaction with ~n~t~~e as described for 7d. Yield 68%. lH- 
NMR(CDC13) 7.86 (d JS,6 = S.OHz, IH) H-6; 7.79 and 7.33 (m, 9H ) arow 5.98 a, Jl*z* = 5.1 Hz, 1H) H-l’; 5.78 (d, 
1H) H-5; 4.65 b, 1H) H-4’; 4.39 & J2*,3’ = 5.5 Hz, J3,,4, = 5.5 !iz, 1H) H-3’; 4.13 (n, 2H) H-S’, H-S”; 3.69 fmt 1H) 

H-2’; 3.45 (s, 2H) Nm2Ph; 2.48 &, 3H) m3Pb. l3C- NMR (CDC13) 14&1(&, Ja = 181.8 Hz) C-6; 102.5 @, Ja = 

178.2 Hz) C-5; 88.3 (& JcH = 170.6 Hz) C-l’; 79.5 oi, JcH = 144.0 Hz) C-4’; 68.6 (8, Ja = 141.6 Hz) C-3’; 65.2 u, 
Ja = 142.3 Hz) C-5’; 60.3 & Ja = 150.0 Hz) Na2Ph; 50.1 @, Ja = 141.6 Hz) C-2’; 21.1 @) -Ph. 
Preparation of &: Compound 7e (70 mg, 0.103 mmol) was treated with trifluoroacetic acid (3 ml, 2% in dichlom- 
methane) at 0 oC for 3 h. The mixture was poured into a cold solution of sodium bicarbonate (15 ml) which was then 
extracted with ~chlorome~~e (3 x 30 ml). Organic phase was evaporated and then the residue was purified by a preparative 
TLC to give Se (35 mg, 78%). IH-NMR (CDC13) : 9.38 &, 1H) NH; 8.11 (8, J5,6 = 8.3 Hz, 1H) H-6; 7.72 and 7.40 
(2xd. 4H) arom; 6.21 & J1’,2’ = 5.8 Hz, 1H) H-l’; 5.87 (d, 1H) H-5; 4.43 b, J3e.4, = 4.6 Hz, Jq;S* = 4.9 Hz, 1H) H-4’; 
4.19 OL, 2H) H-5’, H-S’; 3.94 (,@, J2~,3* = 4.8 Hz, 1H) H-3’; 3.56 fda 1H) H-2‘; 2.49 (S, 3H) CH3PB; 2.17 &, 4H) 

NCH2; 1.54 &, 4H) NCH-2; ‘3C-NMR (CDC13): 147.0 (p, Ja = 184.3 Hz) C-6; 103.9 @, Ja = 177.5 Hz) C-5; 
83.8 (& Ja = 164.0 Hz) C-l’; 79.2 Ip. JcH = 151.6 Hz) C-4’; 68.9 (d JcH = 139.3 Hz) C-2’; 66.0 fp, Ja = 143.7 Hz) 

C-3’; 60.9 (r, Jm = 144.9 Hz) C-5’; SO.0 Q) NCH2; 22.9 Q) NCHm2; 21.6 (q) CH3Ph. MS (FAB-) : C&T. for (M-H)‘ 
434.1386, found 434.1419. 
Preparation of Sf: 7f (150 mg, 0.22 mmo1) was treated with trifluoroacetic acid (7 mI, 2% in ~chlo~methane) in the 
same way as described for ?e, yield (77 mg, 78%). IH-NMR (CD3OD + D20) : 8.04 (d, J5,6 = 8.1 Hz, 1H) H-6; 7.84 and 
7.45 QQ, 4H) arom; 6.17 (& J1*,2* = 6.6 Hz, 1H) H-l’; 5.84 (8, 1H) H-5; 4.35 (Ilt 1H) H-4’; 4.33 (m. 1H) H-3’; 4.18 
fm, 2H) H-5’,H-5”; 3.50 (dB, J2*,3* = 6.9 Hz, 1H) H-2’; 2.46 (s, 3H) CH3Ph; 2.22 Qt, 4H) NCH2; 1.23 ($r, 6H) 
NCHama22; 13C-NMR (CD3OD+D20) : 140.7 (& JcH = 183.1 Hz) C-6; 102.7 (d, Jm = 178.6 Hz) C-5; 81.3 
@, JcH = 167.4 Hz) C-l’; 79.0 tp, Ja = 152.8 Hz) C-4’; ‘71.8( +j, JcH = 139.3 Hz) C-2’, 63.6 @, JcH = 143.8 Hz) C-3’; 

60.1 Q JcH = 146.0 Hz) C-5’; 49.5, 24.9 and 23.0 for piperidinyl; 20.4 @> CH3Ph; MS (FAB‘) : talc. for (M-H)- 
448.1542, found 448.1516. 
Preparation of Sg: Compound 7g (la0 mg, 0.23 mmol) was heated under reflux in aqueous acetic acid (6 ml, 80%) for 
10 min. All volatile materials were evaporated and co-evaporated with toiuenc to dryness. tbc residue was then separated on a 
silica gel column to give Sg (75 mg, 72%). IH-NMR (CDC13) : 8.06 (p, J5,6 = 8.1 Hz, 1H) H-6; 7.79 and 7.41 (&& 4H) 
arom; 6.21 (d, Jl’,2’ = 6.6 Hz, 1H) H-l’; 5.89 a, 1H) H-5; 4.33-4.12 (n, 4H) H-3”, H-4’, H-S’, H-5”; 3.60 Qn, 1H) H- 
2’; 3.31 a, 4H) OCH2; 2.48 &3H) CH3Pfi; 2.24 &,4H) NCH2; 13GNMR (CDC13): 140.2 (h, JcH = 183.1 Hz) C-6; 
103.8 @, JcH = 177.4 Hz) C-5; 81.8 (8, Ja = 167.8 Hz) C-l’; 77.0 (g, Ja = 149.4 HZ) C-4’; 71.3 @, Jm = 141.6 HZ) 
C-2’; 66.1 (& JQI = 138.1 Hz) OCH2; 63.4 (d, Ja = 144.8 Hz) C-3’; 60.9 (r, JCH = 144.9Ha) C-S’; 49.1 0 NCH2; 21.4 

@, CH3Ph_ MS (FAB-) : cab for (M-H)- 450.1335 found 450.1292. 
Preparation Sk It was prepared from 7h (170 mg, 0.24 mmol) in the same way as described for 8g. yield (85 mg, 77%). 
IH-NMR (CD30D+D20): 7.96 fp, JS,6 = 8.4 Hz, 1Hf H-6; 7.79 and 7.47 && 4H) arom; 5.88 (p, 1H) H-5; 5.86 (d 

J1*,2 * = S.4H2, 1H) H-l’; 4.54 &t, IH) H-4’; 4.22 and 4.10 cm, 2H) H-5’,H-5”; 4.14 (m, 1H) H-3’; 3.66 (I& 1H) H-2’; 
3.54 (s, 3H) OMe; 2.90 @& Jgem = 18.1 Hz, 2H) m2CO2R; 2.47 (s. 3H) CH3Ph: l3C-NMR (CD3OD+QO) : 173.5 @) - 
Q&CH3; 142.1 (g, Ja = 181.8 Hz) C-6; 103.5 (d, JcH = 178.6Hz) C-5; 89.6 (6 JQI = 166.2 Hz) C-l’; 81.5 a, Ja = 
152.8 Hz) C-4’; 70.3 (p, JCH = 146.1 Hz) C-2’; 66.7 (d, Ja = 142.6 Hz) C-3’; 61.6 (t, Ja = 144.9 HZ) C-5’; 52.4 @, - 
CO&&; 47.8 @ NCH2; 21.7 @) CH3Ph; MS (FAB-) : talc. for (M-H)- 452.1128, found 452.1098. 
Preparation of S(R): It was prepared from 7i(R) (2O0mg. 0.28 mmol) in the same way as described for 8g. yield 
(121 mg, 92%). 1H-NMR (CDC13): 9.94 a, 1H) MH; 7.94 (d, JS,6 = 8.3 Hz,.lH) H-6; 7.74 and 7.38 &&, 4H) amm; 
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6.03 (d fl*,2’ = 6.6 Hz, 1H) H-l’; 5.86 cd, IH) H-5; 4.85 (n, J3’,4’ = 6.3 Hz, J4*,5* = 6.3 Hz, 1H) H-4’; 4.21 a 2H) H- 
5’. H-5”; 3.79 (pd, J2*,3* = 4.2 Hz, 1H) H-3’; 2.71 Q& 1H) H-2’; 2.46 (s, 3H) CH3Ph; 2.28-1.48 &I. 9H) cyclohexanonyl; 
13C-NMR (CDCl3) : 211.8 (s) Co; 140.1 (g, Ja = 182.6 Hz) C-6; 103.2 (d, JQ~ = 177,O Hz) C-5; 84.6 (d Jm = 167.3 
Hz) C-l’; 80,4 & Jm = 151.7 Hz) C-4’; 66.4 (d, Ja = 145.7 Hz) C-3’; 66.8 fi Ja = 144.0 Hz) C-5’; 49.9 (& Jm = 
133.1 Hz) HCCO; 48.0 (d, Ja = 139.2 Hz) C-2’; 41.5.29.7.26.6 and 24.6 for -COCH2CH2 CH2CH2; 21.4 (Q) CH3Ph. 
MS (FAB-) : talc. for (M-H)- 461.1382, found 461.1411. 
Preparation of 81(S): It was prepared from 7i(S) (230 mg, 0.33 mmol) in the same way as described for 8g, yield 
(140 mg, 93%). lH-NhIR (CDC13): 7.97 (d, J5,6 = 8.1 Hz, 1H) H-6; 7.76 and 7.41 (2ad 4H) arom.; 6.21 (8, Jl.2’ = 6.9 
Hz. 1H) H-l’; 5.88 (d, 1H) H-5; 4.76 o;n. J3+,4* = 5.7 Hz, J4*,5 + = 6.8 Hz, 1H) H-4’; 4.15 (d 2H) H-5’, H-5”; 3.86 (#_& 

J2,,3* = 6.7 Hz, 1H) H-3’; 2.50 Cm. 4H) H-2’, CH3Ph; 2.30-1.30 on, 9H) cyclohexanonyl; l3C- NMR (CDCl3) : 211.8 fs) 
co; 140.9 (d Ja = 183.0 Hz) C-6; 103.9 (9, Jm = 177.1 Hz) C-5; 84.3 (rt Ja = 170.9 Hz) C-l’; 79.2 (d Ja = 151.9 
I&) C-4’; 67.7 (p, JcH = 145.2 Hz) C-3’; 60.9 (d. JCH = 145.3 Hz) C-5’; 50.8 (p,Jm = 133.1 Hz) HCCO-; 48.5 (h, JCH 

= 139.9 Hz) C-2’; 42.0, 31.7, 26.7 and 25.2 for-~~~~2; 21.5 (@ CH3Ph. MS (FAB-) : cab for (M-H)- 
461.1382, found 461.1406. 
Preparation of Sj: Compound 7j (230 mg, 0.31 mmol) was treated with trifluoroacetic acid (lOm1, 2% in 
dichloromethane) at mom temperature for 1 h. Then triethylamine (2 ml) was added and the mixture was evaporated. The 
residue was separated on a silica gel column to give 8j (110 mg, 71%). IH-NMR (-13) 7.90 Cp. J5 6 = 8.3 Hz 1H) H-6; 
7.77 and 7.42 (la, 4H) ama 6.24 a, J1*,2* = 6.1 Hz, 1H) H-l’; 5.86 (& 1H) H-5; 4.56 (m, 1H) H-i’; 4.11 and 3.77 (m, 
3H) H-3’. H-5’ and H-5”; 3.67 and 3.64 (&, 6H) 0CH3; 3.49 a, J~J* = 5.4 Hz, 1H) aCO2Me; 3.14 &, 1H) H-2’; 

2.47 (s, 3H) a3Ph. 13GNMR (CDC13): 139.9 (p, Ja = 184.3 Hz) C-6; 103.6 (,d. Ja = 177.0 Hz) C-5’; 84.6 (g, JCH 
= 166.0 Hz) C-1’; 79.9 Q& Jm = 156.2 Hz) C-4’; 66.0 (J& JcH = 138.0 Hz) C-3’; 60.8 & JCH = 145.9 Hz) C-5’; 53.1 @, 
Jm = 147.8 Hz) OCH3; 50.7 (d, JcH = 129.4 Hz) WCOZMe; 46.1 CQ, JCH = 133.1 Hz) C-2’; 21.5 @) &l3Ph. MS 
(FAB-): talc. for (M-H)- 495.1073, found 495.1079. 
Preparation Sk and 10k: Compound 6 (140 mg. 0.31 mmol) was added to e suspension of potassium ten-butoxide 
(135 mg, 1.2 mmol) in nitromethane (10 ml) and the mixture was stimzd overnight at room temperature. The mixture was 
poured into saturated aqueous solution of ammonium chloride (20 ml), which was extracted with nitmmethane (4 x 20 ml). 
Organic phase was evaporated and separated on a silica gel column to give 8k (92mg. 58%) and lOk(10 mg, 4%). 
Compound 8k: IH-NMR ( DMSO): 7.84 a, J5,6 = 8.2 Hz, 1H) H-6; 7.79 and 7.50 (814H) arom; 6.07 (8, J1*2* = 6.4 
Hz, 1H) H-l’; 5.87 cd, 1H) H-5; 5.10 & J4*,5, = 5.7 Hz, J3#.4* = 5.7 Hz, 1H) H-4’; 4.83 and 4.43 m, J2, 

* 4!!2:;; 7.9 Hz, 2H) CH2NO2; 4.36 @, H-I) H-3’; 3.87 (m, 2H) H-5’. H-5”; 3.14 (m, 1H) H-2’; 2.42 (s, 3H) m3Ph. 
(DMSO): 139.6 (d, Ja = 181.9 Hz) C-6; 103.3 @, Jm = 175.8 Hz) C-5; 84.6 @, JcH = 173.4 Hz) C-l’; 79.9 (d. Ja = 
151.4 Hz) C-4’; 74.2 (t JCH = 144.0 Hz.) m2N02; 64.7 (8, Jm = 151.4 Hz) C-3’; 59.6 Cr, Ja = 145.2 Hz) C-5’; 44.2 

(d, JcH = 134.2 Hz) C-2’; 21.2 f~) m3Ph. MS (FAB-): talc. for (M-H)- 424.0815, found 424.0800. Compound 1Ok: 

1H-NMR (CD30D): 7.97 (9, J5,6 = 8.2 Hz, 1H) H-6; 7.85 and 7.51 (n, 4H) arom; 6.32 01, J1*,2’ = 9.7 Hz, 1H) H-l’; 
5.76 a, 1H) H-5; 5.25 and 4.95 an. 2H) CH2NO2; 4.34 (m, 2H) H-3’, H-4’; 3.70 (m, 1H) H-2’; 3.62 (2rd, J4*,5, = 2.4 

Hz, J5*,5” = 12.5 Hz, 1H) H-5’; 3.10 (&&, 1H) H-5”; 2.47 k, 3H) m3Ph. 13C-NMR (CD3OD): 141.4 (& JcH = 184.3 
Hz) C-6; 103.9 (d. Jm = 177.4 Hz) C-5; 87.2 (8, Ja = 167.4 Hz) C-l’; 80.8 (.@, JQ+ = 151.6 Hz) C-4’; 78.0 (r, JcH = 
144.5 Hz) m2NO2; 65.8 (d, JcH = 144.9 Hz) C-3’; 63.8 (I, JCH = 148.3 Hz) C-5’; 45.5 (& JcH = 130.5 Hz) C-2’; 21.7 
(a) m3Ph. MS (FAB-): talc. for (M-H)‘ 424.0815, found 424.0809. 
Removal of 4-toluenesulfonyl group from nucleosides 7a-g & 9a-b fgeneral procedure): To a stirred suspension 

of toluenesulfone nucleosides (1 mmol) in dry methanol (10 ml), anhydrous disodium hydrogen phosphate (8 mmol) was 
added and followed by sodium amalgam (Na 6%. 8 mmol) in portions over 1 h. Stirring was continued for another 5 h when 
all starting material disappear&. The reaction mixture was filtered and the solid was washed with dichloromethane 
(3 x 40 ml). Lipophilic phases were pooled and washed with satnrated aqueous solution of EDTA (20 ml). Organic phase 
was separated and evaporated to a syrup which was purified on a silica gel column to give 3’-deox 
Preparation lla: It was prepared from 7a and 9a following the general pxuccdure. Yield 30%. r 

nucleosides lla-g. 
H-NMR (CDC13): 7.98 (B, 

J5,6 = 8.1 Hz, 1H) H-6; 7,33 (a. 15H) arom; 5.65 a, J1*,2* = 1.7 Hz, 1H) H-l’; 5.33 @, 1H) H-5; 4.60 (m. 1H) H-4’; 
3.64 &I, 1H) H-2’; 3.45 b, 2H) H-S’, H-5”; 1.95 (pl. 2H) H-3’. H-3”. 13C-NMR (CDCl3): 139.9 (d, JcH = 180.9 Hz) C- 
6; 101.4 a, JQ-I = 168.2 Hz) C-5; 92.9 (d Ja = 167.3 Hz) C-l’; 79.9 (p, Ja = 159.6 Hz) C-4’; 63.7 (t, JcH = 145.3 
Hz) C-5’; 58.4 (9, JcH = 144.0 Hz) C-2’; 33.6 (I Ja = 135.5 Hz) C-3’. 

Preparation of 1% It was prepared from 7b and 9b following the general pmcedure. Yield 47%. IH-NMR (CDC13): 8.03 
@, J5,6 = 8.3 Hz, 1H) H-6; 7.35 (m, 15H) arom; 5.80 (s, 1H) H-l’; 5.32 (d, 1H) H-5; 4.54 (JJJ, 1H) H-4’; 3.46 (g, 2H) H- 

5’, H-5”; 3.35 (u, H-I) H-2’; 2.51 (s, 3H) NCH3; 2.02 b, 2H) H-3’. 13C-NMR (CDC13): 139.9 (p, JcH = 178.2 Hz) C-6; 
101.3 (p, Ja = 175.8 Hz) C-5; 90.3 (d, Ja = 170.9 Hz) C-l ‘; 79.8 (d, JcH = 141.6 Hz) C-4’; 66.7 a, JCH = 142.9 Hz) 
C-2’; 63.5 Q, Ja = 141.6 Hz) C-5’; 34.1 @f NCH3; 31.1 Q. JCH = 133.7 Hz) C-3’; 

Preparation of 11~: Yield 45%. IH-NMR (CDC13): 7.86 (d. J5,6 = 8.2 Hz, 1H) H-6; 7.35 Cm, 15H) arom; 6.08 (d, J1*,2’ 
= 4.4 Hz, 1H) H-l ‘; 5.32 (p, 1H) H-5; 4.33 (n. 1H) H-4’; 3.43 b, 2H) H-5’and.H-5”; 3.11 b 1H) H-2’; 2.36 (s, 6H) 
NCH3; 2.16 @, J2*,3* = 7.7 Hz, J3*,4* = 5.5 Hz, 2H) H-3’. H-3”. 13C NMR (CDC13): 140.4 (d Ja = 180.6 Hz) C-6; 
102.1 (d, Ja = 177.0 HZ) C-3 87.2 (d, Ja = 172.1 Hz) C-l’; 78.7 a, Ja = 146.4 Hz) C-4’; 70.7 cd, JcH = 137.7 Hz) 
C-2’; 64.2 (t Jm = 142.8 Hz) C-5’; 42.7 Q, Jm = 134.3 Hz) NCHg 28.3 & Ja = 133.1 Hz) C-3’. 

Preparajion lld: Yield 45%. IH-NMR (CDC13): 8.01 (d, J5,6 = 8.1 Hz., 1H) H-6; 7.30 (m, 20H ) arom; 5.85 (d, J1*2- = 
1.8 Hz, 1H) H-l’; 5.27 (& 1H) H-5; 4.55 b 1H) H-4’; 3.92 Q 2H) NmPh; 3.61 (m, 1H) H-2’; 3.46 (m, 2H) H-5’, H- 
5”; 1.98 (m, 2H) H-3’. H-3”. 13C NMR (CDCl3): 139.6 cd, Ja = 182.0 Hz) C-6; 101.3 cd, JQ-~ = 176.0 Hz) C-5; 90.9 (d, 
JcH = 172.5 HZ) C-l’; 80.0 (d, JCH = 145.0 Hz) C-4’; 64.2 Ip, Jm = 144.0 Hz) C-2’; 63.5 (I Ja = 142.0 Hz) C-5’; 
51.4 &, Ja = 133.0 Hz) Nm2Ph; 31.9 fi Ja = 132.0 Hz) C-3’. MS (FAB-): Calc.for (M-H)- 558.2393, found 
558.2415. 
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Preparation lie: Yield 28%. IH-NMR (CDc13) : 9.75 &, 1H) NH; 7.94 fd 15.6 = 8.0 Hz, IH) H-6; 7.32 (m. 15H) 
arom; 6.10 (& Jl*,2* = 2.9 Hz, 1H) H-l’; 5.30 Q& 1H) H-5; 4.46 (m, J3,,4* = 7.1 Hz, 1H) H-4’; 3.53 (dd, J4’,5* = 3.4 Hz, 
Jg*,5” = 11.5Hz. 1H) H-5’; 3.32 (&, J4,,5** = 2.7 Hz, 1H) H-S’; 3.07 b J2*,3* = 7.3 Hz, H-l) H-2’; 2.67 (bt 4H) NCH2; 
2.18 (m, 2H) H-3’, H-3”; 1.78 &r, 4H) NCHa2; l3C- NMR (CLXl3) : 140.5 (d, JCH = 184.3 Hz) C-6; 101.7 (& JcH 
= 177.9 HZ) C-5; 88.6 CB. Jm = 171.8 Hz) C-l’; 87.2 (Q Ph3C: 78.9 (g, JcH = 148.3 Hz) C-4’; 70.0 (&, Ja = 137.0 Hz) 
C-2’; 64.1 (I Ja = 142.6 Hz) C-5’; 52.1 0) NCH2; 30.6 (r, JcH = 132.0 Hz) C-3’; 23.2 @ NCHs2. 
Preparation of llf: Yield 26%. lH-NMR (CDC13) 9.32 m, 1H) NH; 7.76 (d J5,6 = 8.3Hz, 1H) H-6; 7.34 (m, 15H) 
arom; 6.15 (g, Jl--2’ = 4.9H2, 1H) H-l’; 5.32 f& IH) H-5; 4.33 fn, J3*,4* = 7.lH2, 1H) H-4’; 3.36 (m. J4*,5* = 2.6 Hz, 
2H) H-5’, H-5”; 3.20 (m, J2*,3* = 7. 3 Hz, 1H) H-2’: 2.57 @t, 4H) NCH2; 2.19 Q, 2H) H-3’,H-3”; 1.53 Uu. 6H) 
NCH$,&Qja2. 13C- NMR (CDC13): 140.4 &i, JQH = 180.6 Hz) C-6; 102.1 @, Jm = 174.OHz) C-5; 87.10 Ph3C; 
86.0 (8, JcH = 167.2 Hz) C-l’; 78.2 (p. JcH = 146.5 HZ) C-4’; 69.9 (d, JCH = 140.4 Hz) C-2’; 64.9 ct, JcH = 141.6 Hz) 
C-5’; 51.0 ($ NCH2; 27.8 (f, JcH = 131.8 Hz) C-3’; 25.4 and 24.0 for NCH~CHTCH~. 

Preparation of Ilg: Yield 28%. lH-NMR (CDCl3): 9.90 (hr, 1H) NH; 7.87 a, J5,6=8.3Hz, 1H) H-6; 7.30 (m, 15H) 
arom; 6.10 (h, Jl’,2’ = 3.6 Hz, 1H) H-l’; 5.33 (& 1H) H-5; 4.36 (m, J3,,4’ = 6.6 Hz, J4*,5’ = 3.7 Hz, J4,,5” = 2.8 Hz, 
1H) H-4’; 3.73 & 4H) OCH2; 3.43 @d, Jg*,5** = 10.9 Hz, 1H) H-5’; 3.39 @d, IH) H-5”; 3.16 &, J2*,3* = 6.8 Hz, 1H) H- 

2’; 2.63 @I, 4H) NCH2; 2.18 (pd 2H) H-3’; *3C-NMR (CDCl3) : 140.3 (p, JcH = 184.2 Hz) C-6; 102.1 (d Jm = 177.4) 
C-5; 87.2 @, JQ~ = 167.4 Hz) C-l’; 87.2@) Ph3c; 78.6 (& JCJ+ = 149.4 Hz) C-4’; 70.4 (p, Ja = 138.2 Hz) C-2’; 64.3 Q 
Ja = 142.7 Hz) C-5’; 66.6 Q) OCH2; 51.0 0 NCH2; 27.8 Q, JcH = 130.3 Hz) C-3’. 
Detritylation of 11 to 12 (general procedure): Compound 11 was heated under reflux in 80% aqueous solution of acetic 
acid (40 ml / mmol) for 10 min. All volatile materials were evaporated and the syrup was co-evaporated twice with toluene and 
then with ethanol to dryness. The residue was partitioned between dichloromethane (30 ml) and water (30 ml). The aqueous 
phase was washed with dichio~methane (3 x 10 ml). The combined organic phase was extracted with water (15 mI), the 
aqueous phases were pooled and evaporated to dryness to give 12. 
Preparation of 12a: It was prepared from lla, yield 94%. This compound was found to be spectroscopically identical to 
the compound obtained by an authentic route from 29. 
Preparation of 12b: Yield 81.8%. IH-NMR (D20): 7.85&l, J5,6=8.lHz, 1H) H-6; 5.99(6, Jl*,2*=3.2 Hz, 1H) H-l’; 
5.81(6, 1H) H-5; 4.43&, 1H) H-4’; 3.75b3H) H-2’,H-S’and H-S’; 2.63& 3H) NCH3; 2.23(&H) H-3’,H-3”. 13C- 
NMR (D20): 142.6(& Jc~=l84.3Hz) C-6; 103.4(9, Jc~=l79.7Hz) C-5; 89.3(6, JcH=l69.6Hz) C-l’; 81.9(d, 
J~H=l57.3Hz) C-4’; 6It 5.0(,& JCH =157.3Hz) C-2’; 63.3& JcH=143.2Hz) c-5’: 33.5(Q,J~H=l40.4Hz) NCH3; 30.4& 
Ja=132.lHz) C-3’. MS (FAB+): talc. for (M+H)+ 242.1141, found 242.1163. 

Preparation of 12~: Yield 94%. lH-NMR @20): 7.81 Ca J5,6 = 8.5 Hz, 1H) H-6; 6.16 Qj., J1’,2* = 4.8 Hz, IH) H-l’; 
5.84 (9, 1H) H-S; 4.38 cm, 1H) H-4’; 3.93 (m, 1H) H-2’; 3.72 (QL 2H) H-5’, H-S”; 2.73 (s, 6H) NCH3; 2.32 h 2H) H- 
3’, H-3”. 13C-NMR (D20): 142.3 (6., JcH = 184.2 Hz) C-6; 103.6 (d, JcH = 180.8 Hz) C-5; 87.1 a, Jm = 169.6 Hz) C- 
l’; 81.2 f& Jm = 151.7 Hz) C-4’; 69.9 a, JcH = 152.8 Hz) C-2’; 63.2 Q, JcH = 143.2 Hz) C-5’; 42.3 @. JcH = 142.3 
Hz) NCH3; 27.8 (r, JCH = 134.2 Hz) C-3’. MS (FAB+): talc. for (M+H)+ 256.1297. found 256.1318. 

Preparation of ltd: Yield 70%. lH-NMR (CDC13 + CD3OD): 8.0 @, J5,6 = 8.3 Hz, IH) H-6; 5.85 (& Jls2’ = 3.2 Hz, 
1H) H-l ‘; 5.67 (& 1H) H-5,4.44 (n, 1H) H-4’; 3.87 B 2H) Nm2Ph; 3.79 &I, J4*,5* = 3.1 Hz, 2H) H-5’. H-5”; 3.43 (m, 

1H) H-2’; 2.02 (m, 2H) H-3’, H-3”. 13CNMR (CDCl3+CD30D): 140.5 f_& JcH = 186.7 Hz) C-6; 101.2 fp, Ja = 177.0 
Hz) C-5; 90.7 (ri, JcH = 170.9 Hz) C-l’; 80.7 (d, JcH = 147.7 Hz) C-4’; 63.4 Qj., JcH = 144.4 Hz) C-2’; 62.1 Q, JcH = 

142.4 Hz) C-5’; 51.1 &, JCH = 134.9 Hz) Na2Ph; 31.1 (LJJcH = 131.3 Hz) C-3’. MS (FAB+): caic. for (M+H)+ 
318.1454, found 318.1459. 
Preparation of 12e: Yield 94%. lH-NMR (CD3OC+D20): 8.05 @, J5,6 = 8.1 Hz, 1H) H-6; 6.09 I& Jl*,2* = 4.9 Hz, 
1H) H-l’; 5.70 (d, 1H) H-5; 4.31 (m, J3’,4* = 7.1 Hz, J4’,5* = 3.5 Hz. J4’,5” = 2.7 Hz, 1H) H-4’; 3.82 CQd, 55’5” = 12.2 
Hz, 1H) H-5’. 3.59 Qj,& 1H) H-5”; 3.22 h, J2*,3* = 7.1 Hz, 1H) H-2’; 2.72 @, 4H) NCH2; 2.23 &, 2H) H-3’: 1.83 (bE, 

JcH = 168.4 Hz) C-l’; 80.9 (& JcH = 148.2 HZ) C-4’; 70.1 (d, J~l_r = 140.4 Hz) C-2’; 64.2 Q, JCH = 141.5 Hz) C-5’; 
53.5 0 NCH2; 31.9 (L, JCH = 133.6 Hz) C-3’; 24.2 (0 NCH-2. MS (FAB‘) : talc. for (M-H)‘ 280.1297, found 
280.1315. 
Preparation of 12f: Yield 95%. lH-NMR (CD30D+D20): 7.99 (h, J5,6 = 8.1 Hs 1H) H-6; 6.14 (& Jl,,2’ = 5.6 Hz, 
1H) H- 1’; 5.72 (d, 1H) H-5; 4.24 fn;l, J3*,4, = 7.lH2, J4+,5* = 3.4 Hz, J4*,5” = 2.9 Hz, 1Hf H-Q’; 3.77 fpd, J5*,5= = 11.9 
Hz, 1H) H-5’; 3.57 (&& 1H) H-5”; 3.33 (m, J2’,3* = 7.6 Hz, J2*,3” = 7.1 Hz, 1H) H-2’; 2.65 (hr, 4H) NCH2; 2.23 &, 2H) 

H-3’; 1.57 (_& 6H) NCH~$HT~~. *3C- NMR (CD30D+D20): 142.8 (#., JcH = 183.1 Hz) C-6; 103.0 (d, JcH = 
177.5 Hz) C-5; 87.7 (.& JcH = 169.6 Hz) C-l’; 80.7 Qj., JcH = 149.5 Hz) C-4’; 70.5 (d, Ja = 140.4 Hz) C-2’; 64.5 Q, 
Ja = 142.1 Hz) C-5’; 29.5 &, JCH = 132.5 Hz) C-3’; 52.5, 26.2 and 24.6 for peperidinyl. MS (FAB-) : talc. for (M-H)- 
294.1454, found 294.1444. 
Preparation of 12g: Yield 92%. lH-NMR (CD30D+D20): 8.05 ch, J5,6 = 8.1 Hz, 1H) H-6; 6.07 @, Jl+,2’ = 5.1 Hz, 
IH) H-l’; 5.71 (g, 1H) H-5; 4.25 (m, J3*,4* = 6.6 Hz, J3**,4* = 2.2 Hz, 1H) H-4’; 3.80 fdd J4*,5* = 3.9 Hz, J5*,5” = 12.1 
Hz, 1H) H-5’; 3.59 a, J4’,5*1 = 2.9 Hz, IH) H-S”; 3.68 @.I. 4H) OCH2; 3.12 Q& J2*,3* = 6.1 Hz; J2*,3*1 = 5.6 Hz, 1H) 
H-2’; 2.59 (hr. 4H) NCH2; 2.17 &Q, 2H) H-3’J-L3”; 13C- NMR (CD30D+D20) : 142.8 a, JQH = 186.4 Hz) C-6; 102.9 
(9, Jm = 176.3 Hz) C-5; 88.4 (d, JcH = 166.2 HZ) C-l’; 81.0 a, Jm = 149.4 Hz) C-4’; 70.9 a, JcH = 139.2 Hz) C-2’; 
67.8 Q) OCH2; 64.4 (r. JcH = 142.6 Hz) C-5’; 52.3 frf NCH2; 29.2 Ct, JcH = 132.0 Hz) C-3’. MS (FAB-) : talc. for (M- 
H)- 296.1247. found 296.1243. 
N6,N6-dibenzoyt-9-[3’-deoxy-3”-(p-totuenethio)-P-D-xylofuranosyl]adenine (15): A mixture of sodium 
methoxide (5.49 g, 100 mmol) and p-thiocresol(l8.7 g, 150 mmol) in methanol (200 ml) was stirred at 20 ‘C until a ciear 
solution was obtained. Compound 13 (5 g, 20 mmol) was added to the mixture and was heated under reflux overnight. The 
reaction mixture was cooled and all volatile matters were removed in vacuuo. The residue was purified on silica gel. It was 
dissolved in dry pyridine (200 ml). Chlorotritnethylsilane (25 ml, 200 mmol) was added and the mixture was stirred at 20 ‘C. 
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After 2 h, hcnzoyl chloride (23 ml, 200 mmol) was sddcd and the stirring was c~ntiaucd. After 3 h, the mtion mixuuc wzs 
worked up in the usual way. lhe residue was pmitied on a silica gel c01~mn and the product was collected as a yellow foam. 
Yield: 8.1 g (70%). JH-NMR ( CDC13 + CD3OD ) : 8.6 (s, 1H ) H-8 ; 8.29 (s, 1H ) H-2; 7.86 - 7.08 (m. 14H ) arom.; 5.79 
(p, Jl’,2 = 6.6 Hz, 1H ) H-l’; 4.85 (dd, Jl*,2 = 6.6 Hz, lH, J2.3 = 9.3 Hz, 1H ) H-2’; 4.57 (in_ 1H ) H-4’; 3.99 (m, 1H 

) H-3’; 3.89 (m. 2H ) H-S, H-5”; 2.31 (s. 3H ) -CH3. l3CNMR ( CDC13 ) : 90.3 (d. JCH = 162.5 Hz ) C-l’; 81.7 (9, JCH 
= 146.5 Hz ) C-4’; 77.5 (d, Jm = 147.7 Hz ) C-2’; 62.7 ct, JCJ.J = 143.4 Hz ) C-5’; 54.8 cd. Jm = 141.6 Hz ) C-3’: 20.9 
@, Jm = 125.7 Hz ) CH3. 

N6,N6-dibenzoyl-9-[3’-deoxy-3’-(p-toluenesulfonyl)-~-D-xylofuranosyl]adenine (16): m-Chloroperbenzoic 
acid (4.8 g, 28 mmol) was added to a solution of compound 15 (4 g, 7 mmol) in dichlotomcthane (35 ml) and the solution 
was stirred for 1 h at 20 ‘C. Reaction was worked up in the usual way. The product was purified on silica gel. Yield: 4 g 
(93%). IH-NMR (CDC13 + CD30D) : 8.68 (s, 1H) H-8; 8.59 (s. 1H) H-2; 7.8 - 7.4 (JR, 14H) arom.; 5.97 a, Jl’ 2 = 5.8 
Hz, 1H) H-l’; 5.1 cpd J1’,2 = 5.8 Hz, J2’,3’ = 8.2 Hz, 1H) H-2’; 4.71 (m, 1H) H-4’; 4.19 b. 3H) H-3, H-j’, H-S’. 

13C-NMR (CDC13) : 89.9 (p. Ja = 168.5 Hz) C-l’; 80.1 cd, JCH = 153.8 Hz) C-4’; 75.7 CQ, JCH = 146.5 HZ) C-2’; 69.3 
(9, J~H = 136.7 Hz) C-3’; 61.8 &_JcH = 141.6 Hz) C-5’; 21.6 @, JCH = 125.0 Hz) CH3. 

N6,N6-dibenzoyl-9-[3’-deoxy-3’-(p-toluenesulfonyl)-S’-O-(MMTr)-~-D-xylofuranosyl]adenine (17): 
Compound 16 (4.3 g, 7 mmol) was dried by co-evaporation with pyridine and was dissolved in the same solvent (70 ml). 4- 
methoxytrityl chloride (4.3 g, 14 mmol) was added and the solution was stirred for 24 h at 20 ‘C. After usual work up the 
compound was purified on silica gel column. Yield 5.7 g (92%). *H-NMR (CDC13 + CD30D) : 8.52 (s, 1H) H-8; 8.34 (s, 
1H) H-2; 7.866.79 (m, 28H) atom.; 5.9 (d, Jle.2 = 4.4 Hz,lH) H-l’; 5.02 (r, Jlo,2 = 4.4 Hz, J2.3 = 4.6 Hz. 1H) H-2’; 
4.7 (m, 1H) H-4’; 4.07 - 3.6 (m_ 6H) H-3’. H-5’, H-5”. -0CH3; 2.39 (s, 3H) -CH3. 13C-NMR (CDC13) : 90.5 (p, JCH = 
163.6 Hz) C-l’; 79.5 (d, JCH = 162.3 Hz), 76.8 (d, Ja = 151.4 Hz). 70.2 (d, JCH = 140.4 Hz) C-2’. C-3’. C-4’; 63.1 (I, 
JCJ-J = 143.4 Hz) C-S; 55.2 Q JCH = 144.0 Hz) -0CH3; 21.6 Q, Ja = 125.0 HZ) CH3. 

N6,N6-dibenzoyl-9-[3’-deoxy-3’-(p-toluenesufonyl)-5’-O-(MMTr)-B_D-glyceropent-2-enofuranosyl]- 
adenine (18): Compound 17 (5.5 g, 6.3 mmol) was dissolved in pyridine (63 ml) and the solution was cooled down in an 
ice bath. Methanesulfonyl chloride (9.6 ml, 126 mmol) was added and the resulting solution was left at 0 - 4 ‘C for 24 h. 
The reaction mixture was worked up in the usual way. The product was then purified on a silica gel column. Yield 4.45 g 
(81%). lH-NMR (CDC13) : 8.48 (s, 1H) H-8; 8.01 (s, 1H) H-2; 7.86-7.16 (m, 27H) atom., H-l’; 6.85 Q, Jlg,2 = 1.7 HZ, 
J2,4 = 2.2 Hz, 1H) H-2’; 6.66 (p, 2H) arom.; 5.24 @I, 1H) H-4’; 3.71 (s, 3H) -0CH3; 3.41 (m, 2H) H-5’. H-S’; 2.43 (g, 

3H) -CH3. l3C-NMR (CDC13) : 87.5 (d, JCH = 170.9 Hz) C-l’; 85.3 (d. JCH = 151.9 Hz) C-4’; 63.9 6, JCH = 142.8 Hz) 
C-S; 21.7 (a, -CH3. MS (FAB+): talc. for (M+H)+ 868.2805, found 868.2829. 
Preparations of 19a & 24a: Aqueous ammonia (37%. 1 ml) was added to a solution of compound 18 (0.3 g, 0.35 
mmol) in dioxane (2.4 ml). The resulting solution was heated at 50 ’ for 3 h. It was cooled and all volatile matters were 
removed in vacuuo. The residue was taken in chloroform (50 ml) and washed with water (25 ml). Organic layer was dried on 
MgS04 and evaporated to dryness. The dichloromethane solution of the residue, which was a mixture to two compounds in 
almost 1:l ratio (EtOAc:EtOHEt3N 8: l:l, v/v/v), was loaded on a silica gel column made of the same solvent. The compound 
corresponding to the higher Rf was eluted with 2% ethanol in dichloromethane. Appropriate fractions were collected and 
evaporated to afford compound 24a as a white glass. Yield: 0.1 g (42%). IH-NMR (CDC13+CD30D) : 8.16 (s, 1H) H-8; 
7.99 (s, 1H) H-2; 7.69-6.78 &I, 18H) arom.; 6.06 (d Jl~,2 = 7.3 Hz, 1H) H-l’; 4.84 (r. Jll,2 = 7.3 Hz, J2,31 = 7.9 
Hz,lH) H-2’; 4.56 (n, 1H) H-4’; 4.15 (PQ, J2.3 = 7.9 Hx, J3’,4’ = 4.6 Hz, 1H) H-3’; 3.79 (s, 3H) -0CH3; 3.44, 2.78 

b 2H) H-S, H-5”; 2.41 (s. 3H) -CH3. 13C-NMR (CDC13+CD30D) : 90.2 (d, JCH = 159.9 Hz) C-l’; 78.0 (&JcH = 
152.6 Hz) C-4’; 65.0 (p, J~-H = 162.4 Hz) C-3’; 63.5 Q, JCH = 145.9 Hz) C-S; 57.9 (g, JCH = 159.9 Hz) C-2’. Further 

elution of the column with 4% ethanol in dichloromethane afforded compound 19a as white foam. Yield: 0.11 g (46%). lo- 
NMR (CDC13+CD30D): 8.25 (s, 1H) H-8; 8.12 (s, 1H) H-2; 7.3-6.8 (m, 18H) arom.; 5.92 CQ, Jll.2 = 5.8 Hz, 1H) H-l’; 
4.59 (JJ,~, 1H) H-4’; 4.19 (t. JJ*,2 = 5.8 Hr., J2’,3* = 6.8 Hz, 1H) H-2’; 3.81 (m, 6H) H-3’. H-S, H-S”, -0CH3; 2.42 (s, 

3H) CH3. l3C-NMR (CDC13+CD30D) : 90.2 (& JCH = 158.7 Hz) C-l’; 78.5 (d, Ja = 140.0 Hz) C-4; 71.5 (d JCH = 
145.3 Hz) C-2’ or C-3’; 63.5 (t Jm = 149.0 Hz) C-5’; 59.7 (p, Ja = 139.3 Hz) C-3’ or C-2’. 
Preparations of 19b & 24b: Compound 18 (0.43 g. 0.5 mmol) was treated with aqueous solution of methylamine 
(40%. 1 ml) in tetrahydrofuran (1.2 ml) in the same way as described for amino compounds. Purification on a silica gel 
column afforded compound 24b as white foam. Yield 0.22 g (65%). lH-NMR (CDCl3) : 8.14 (s, 1H) H-8; 7.89 (s. 1H) H- 
2; 7.73-6.78 (m, 18H) arom.; 6.11 (d, Jle,2 = 8.0 Hz, 1H) H-l’; 4.71 Q, J11,2 = 8.0 Hz, J2;3, = 7.6 Hz, 1H) H-2’; 4.47 
(m, 1H) H-4’; 4.08 (dd, J2.3’ = 7.6 Hz. J3.4 = 3.0 Hz, 1H) H-3’; 3.79 (s, 3H) -0CH3; 3.57, 2.96 & 2H) H-S, H-5”; 

2.41 (s, 6H) -CH3, NHCH3. 13CNMR : (CDC13) 88.5 (d. JCH = 168.2 Hz) C-l’; 77.8 (d, JCH = 150.1 Hz), 64.9 (d, 
JCH = 141.6 Hz), 63.6 CQ, JCH = 146.5 Hz) C-2’. C-3’. C-4; 63.6 (r. JCH = 143.5 Hz) C-S; 35.7 @, JCH = 130.3 Hz) - 
NCH3.Compound 19b: Yield: 0.05 g.(15%). JH-NMR (CDC13 + CD30D): 8.31 (s, 1H) H-8; 8.29 (2. 1H) H-2; 7.61 - 
6.77 (m, 14H) arom.; 6.0 (d, Jll, 2 = 4.4 Hz, 1H) H-l’; 4.57 (n, 1H) H-4’; 4.1 -3.5 b, 7H) H-2, H-3’. H-S, H-S’,- 

0CH3; 2.4 (s. 3H) -CH3; 1.99 (s, 3H) NHCH3. 13C-NMR (CDC13): 88.4 (& JCH = 163.6 Hz) C-l’; 79.3 (p, JCH = 
152.6 Hz), 69.2 (g, JCH = 140.4 Hz), 68.8 @, JCH = 140.4 Hz) C-2’. C-3’. C-4’; 63.0 Q JCH = 144.0 l-lx) C-S; 33.7 Ca, 
-NCH3. 
Preparations of 19c & 24~: Compound 18 (0.43 g. 0.5 mmol) was treated with aqueous solution of dimethylamine 
(40%,2 ml) in teuahydrofuran (2 ml) in the same way as descrihcd for ammo compounds. Two isomers. which were formed 
in an approximate ratio of 1: 1 (tic, EtOAc:EtOH:Et3N 8:l: 1) were separated by silica gel column chmmatogmphy. Compound 
24c : Yield 0.11 g (31%). lH-NMR (CDC13) : 8.17 (s, 1H) H-8; 7.93 (s, 1H) H-2; 7.79-6.78 (m. 18H) arom.; 6.42 (d, 
Jl’,2 = 7.1 Hz, 1H) H-l’; 4.76 (n, 1H) H-4’; 4.38 (r, J1’,2 = 7.1 Hz, Jr.3 = 7.3 Hz, 1H) H-2’; 4.14 (dd. J2’,3’ = 7.3 
Hz, J3,4 = 3.7 Hz, 1H) H-3’; 3.79 (s, 3H) -0CH3; 3.56, 3.11 (m, 2H) H-S, H-S’; 2.43 (s, 3H) -CH3; 2.15 (s, 6H) - 
N(CH3)2. 13C-NMR (CDC13) : 84.9 (& JCH = 169.7 Hz) C-l’; 77.7 a Jm = 151.4 Hz) C-4’; 69.2 (& Jm = 145.3 Hz), 
65.6 (d JCJ.J = 147.7 Hz) C-2’. C-3’; 64.6 (1, JCH = 142.8 Hz) C-S; 43.6 @, JCH = 134.8 Hz) -N(CH3)2. Compound 
We: Yield: 0.12 g (34%). lH-NMR (CDC13+CD30D) : 8.48 (s. 1H) H-8; 8.32 (s, 1H) H-2; 7.6-6.8 (JB, 18H) arom.; 6.24 
(d Jll.2 = 4.9 Hz, 1H) H-l’; 4.19-3.65 (m, 8H) H-2, H-3, H-4’,H-5’. H-S”, -0CH3; 2.41 (s, 3H) -CH3; 2.04 (s. 6H) - 



6718 J.-C. Wu er al. 

N(CH3)2 13C-NMR (CDC13) : 83.7 CQ, JCH = 158.7 Hz) C-l’; 80.0 (d, JCH = 149.9 Hz). 73.8 (d, Ja = 144.0 HZ), 64.4 
(p. JCH = 141.6 Hz) C-2, C-3’. C-4’; 63.0 & Ja = 147.7 Hz) C-S; 41.5 @, JCH = 134.8 Hz) -N(CH3)2. 
Preparation of 19d: Benzylamine (2 ml, 20 mmol) was added to a solution of compound 18 (0.43 g, 0.5 mmol) in 
dichloromethane (10 ml). The solution was stirred overnight at 20 l and then heated at 50. for 3 h. It was cooled and diluted 
with chloroform (25 ml). The chloroform solution was washed with aqueous solution of citric acid (10%. 3 x 25 ml) and 
then dried on magnesium sulfate. It was then filtered and the filtrate was evaporated to dryness. The compound was then 
purified on a silica gel column to give the tide compound as off white foam. Yield: 0.35 g (91%). IH-NMR (CDC13) : 8.34 Q 
1H) H-8, 8.15 (s. 1H) H-2; 7.26-6.82 cm. 23H) arom.; 6.08 (p, Jl* 2 = 4,9 Hx, 1H) H-l’; 4.55 (m. 1H) H-4.; 3.96 (m, 
2H) H-2’,H-5’ or H-5”; 3.79 (s, 3H) -0CH3; 3.6 (m,2H) H-3, H-S or H-5”; 3.41 (g. 2H) -NCH2; 2.39 (s. 3H) -CH3. 
13C-NMR (CDC13) : 88.7 (d JCH = 152.8 Hz) C-l’; 79.1 a Ja = 142.6 HZ) C-4’; 70.2 cd, JcI-~ = 131.4 HZ) C-3’; 66.3 
(p. Ja = 133.7 Hz) C-2’; 63.0 (t JCH = 132.0 I-lx) C-S; 50.9 &, JCJ.I = 124.1 HZ) -NCH2. 
Preparation of 19e: Compound 18 (0.43 g, 0.5 mmol) was treated with pyrrolidine (0.8 ml, 10 mmol) in tetrahydrofuran 
(10 ml) for 3 days at 20 ’ and then heated at 60 ’ for 4 h. All volatile matters were removed in vacuuo and the residue was 
dissolved in chloroform (30 ml). the solution was washed with aqueous solution of citric acid (10%. 3 x 25 ml) and dried on 
magnsium sulfate. It was ffitered and the filtrate was evaporated to dryness. ‘lhe compound was then purified on a silica gel 
column. Yield: 0.29 g (80%).lHNMR (CDC13) : 8.53 (s. 1H) H-8; 8.38 (s, 1H) H-2; 7.66-6.78 (IL 18H) atom.; 6.28 (9, 
Jl*,2 = 4.4 Hz, 1H) H-l’; 4.43 (n, 1H) H-4’; 4.04 f~, 1H) H-3’; 3.79 (s, 3H) -0CH3; 3.67 (IL 3H) H-2’. H-S, H-5”; 2.4 

(s, 3H) -CH3; 2.17 &, 4H), 1.59 (br, 4H) pyrrolidine. 13C-NMR (CDC13) : 85.2 (p. JCH = 163.6 Hz) C-l’; 79.6 (d JCH 
= 155.0 Hz), 72.2 CQ. Ja = 137.9 Hz), 67.4 (9, Jc~.l = 142.8 Hz) C-2, C-3’, C-4’; 62.9 Q, JCH = 142.2 Hz) C-5’; 51.1 
(r. JcJ.~ = 136.2 Hz), 23.0 Q, Jm = 132.4 l-lx) pyrrolidine. 
Preparation of 19f: A solution of compound 18 (0.43 g, 0.5 mmol) in tetrahydrofuran (10 ml) was treated with 
piperidine (1 ml, 10 mmol) for 2 days at 20. and then at 60 ’ for 1 day. It was worked up and purified in the same way as 
reported for pyrrolidino compound. Yield: 0.32 g (87%). lH-NMR (CDCl3) : 8.43 (s, 1H) H-8; 8.36 (s, 1H) H-2; 7.63-6.78 
b, 18H) arom.; 6.28 (g, Jll,2 = 5.4 Hz, 1H) H-l’; 4.41-3.57 (m, 8H) H-2, H-3’, H-4’,H-5’. H-5”. -0CH3; 2.4 (g, 3H) 
-CH3; 2.22 h 4H), 1.32 aU, 6H) piperidine. 13C-NMR (CDC13) : 82.3 (d, JCH = 170.9 I-lx) C-l’; 79.6 (d, JCH = 147.7 
Hz), 73.8 (d, JCH = 130.6Hx), 64.1 (d., JCH = 144.0 Hz) C-2, C-3’. C-4’; 62.8 (t JCH = 146.5Hz) C-5’; 50.2 (t, JCJ.I = 
134.3 Hz), 25.4 Q, Ja = 126.9 Hz), 23.6 &, JCH = 125.1 Hz) piperidine. 
Preparation of 19g: A solution of compound 18 (0.43 g, 0.5 mmol) in tetrahydrofuran (10 ml) was treated with 
morpholine (0.9 ml, 10 mmol) for 3 days at 20 ’ and then at 60 l for 2 days. It was worked up and purified in the same 
way as reported for pyrrolidino compound. Yield: 0.34 g (91%). lo-NMR (CDC13) : 8.44 (s, 1H) H-8; 8.36 (s, 1H) H-2, 
7.65-6.78 (III, 18H) arom.; 6.25 (g, Jll,2 = 5.4 Hz, 1H) H-l’; 4.16-3.66 (m. 8H) H-2’; H-3’; H-4’, H-S, H-S’, -0CH3; 

3.47 chz, 4H) morpholine; 2.41 (s, 3H) -CH3; 2.23 @t, 4H) morpholine. 13C-NMR (CDC13) : 82.9 a, Ja = 170.9 Hz) C- 
l’; 79.7 U JCH = 139.1 Hz), 73.6 (d, Jm = 144.0 I-lx), 64.4 CQ, Jm = 141.6 Hz) C-2’. C-3, C-4’; 66.5 & Jm = 144.6 
I-Ix) morpholin; 62.9 (r. Jm = 148.9 Hz) C-S; 50.0 Q, JCJ.I = 131.8 I-lx) morpholine. 
Preparation of 20: Sodium hydride (80% in oil, 0.15 g, 5 mmol) was added to dimethyl malonate (1.2 ml, 10 mmol) in 
tetrahydrofuran (10 ml). The mixture was stirred at 20 ’ until almost all the solid disappears. Compound 18 (0.43 g, 
0.5 mmol) was added to it and the resulting solution was stirred for 6 h at 20 ‘. All volatile matters were removed in vacuuo 
and the residue was dissolved in ethylacetate (30 ml). It was washed with saturated solution of NaHCO3 (3 x 25 ml). The 
organic layer was dried on magnesium sulfate, filtered and evaporated to dryness. The residue was treated with aqueous acetic 
acid (80%, 25 ml) for 4 h at 20 ‘. All volatile matters were removed and the nsidue was purified on a silica gel column. The 
title compound was isolated as a white powder. Yield: 0.23 g (74%). lH-NMR (CDC13) : 8.78 (s. 1H) H-8; 8.65 (s, 1H) H- 
2; 8.11-7.36 b 9H) arom.; 6.55 CQ, Jl~,2 = 6.35 Hr., 1H) H-l’; 4.64 (m, 1H). 4.2 (m, 3H), 3.62 (m, 5H) H-2, H-3, H- 

4’. H-S, H-5”, -0CH3, malonate -CH-; 3.29 (g, 3H) -0CH3; 2.47 (s, 3H) -CH3. l3C-NMR (CDC13+CD30D) : 84.5 (d, 
JCH = 162.4 Hz) C-l’; 80.8 (d, JCH = 157.4 Hz), 66.4 (d, JCH = 147.7 Hz), 50.4, 46.9 (g, Jm = 155.0 Hz) C-2, C-3’. 
C-4’, malonate -CH-; 61.3 (I, Ja = 146.5 Hz) C-S; 53.0 @, JCH = 152.6 l-lx) -0CH3. MS (FAB+): talc. for (M+H)+ 
624.1762. found 624.1741. 
Preparation of 23: Compound 18 (0.43 g, 0.5 mmol) was dissolved in dioxane (10 ml). Aqueous solution of sodium 
hydroxide (1 M, 1 ml) was added and the mixture was stirred at 20. for 2 h. Dichloromethane (50 ml) was added, organic 
layer separated and washed with aqueous solution of citric acid (10%. 25 ml). Organic layer was dried over magnesium 
sulfate, filtered and the filtrate was dried in vacuuo. The major product was isolated by column chromatography. The 
compound was dissolved in minimum volume of tetrahydrofuran and saturated solution of ammonia in methanol (25 ml) was 
added. The mixture was stirred overnight at 20 l . All volatile matters wem removed and the residue was purified on silica gel 
column to afford the title compound as white foam. Yield: 0.16 g (48%). lH-NMR (CDC~~+CD~OD) : 8.14 (s. 1H) H-8; 
8.06 (g, 1H) H-2; 7.8-6.76 (m, 18H) arom.; 6.05 (9, Jl*,2 = 3.9 Hz, 1H) H-l’; 5.1 (dQ, Jl*,2 = 3.9 Hz, J2,3 = 6.3 I-lx, 
1H) H-2’, 4.9 (m, 1H) H-4’; 4.28 (I, J2’,3’ = 6.3 Hz, J3’,4’ = 6.6 Hz, 1H) H-3’; 3.78 (s, 3H) -0CH3; 3.62,3.23 CQdQ 2H) 
H-S, H-5”; 2.42 (s, 3H) -CH3. 13C-NMR (CDC13+CD30D) : 90.4 (d, JCH = 167.2 Hz) C-l’; 78.5 (d Ja = 153.8 Hz), 
74.7 CQ, Ja = 151.4 I-lx) C-2, C-4; 64.9 (9, JCH = 144.0 Hz) C-3’; 63.4 Q, Ja = 141.6 Hz) C-S. MS (FAB+): talc. for 

(M+H)+ 678.2386, found 678.2360. 
General procedure for the removal of 5’-0-MMTr group from 19 & 24: Compounds 19a-g and 24a-c 
(0.4 mm01 each) were treated with aqueous acetic acid (80%. 25 ml) for 9-12 h at 20 ‘. After completion of the reaction (tic) 
all volatile matters were removed in vacwu). Residual acetic acid was removed by repeated coevaporation with ethanol and 
toluene. The residues were purified on silica gel columns to atford compounds Zla-g and 25a-c respectively. 
Compound 25a Yield: 0.11 g (68%). lH-NMR (DMSO-d6. 800) : 8.39 (s. 1H) H-8; 8.27 (s. 1H) H-2; 8.02. 7.61 Qi,d, 
4H) arom.; 6.09 (p, Jll,2 = 7.3 Hz, 1H) H-l’; 4.72-4.33 (m, 3H) H-2’. H-3’. H-4’; 3.87-3.36 (m, 2H) H-S, H-S’; 2.55 
(s, 3H) -CH3 13C-NMR (DMSO-d6) : 89.1 (d, JcI-~ = 163.6 Hz) C-l’; 78.6 (d, JCH = 151.4 Hz), 64.7 (& JCH = 148.9 
Hz), 57.2 (&‘JCH = 146.5 Hz) C-2, C-3’. C-4’; 62.9 & JCH = 144.6 Hz) C-5’; 21.2 @, Ja = 129.4 Hz) -CH3. MS 
(FAB+) : talc. for (M+H)+ 405.1345. found 405.1344. Compound 2la Yield : 0.1 g. (62%) lH-NMR (CDC13+ CD30D) : 
8.37 (s. 1H) H-8; 8.23 (s. 1H) H-2; 7.85 , 7.43 (hd, 4H) arom.; 5.83 (d, Jll.2 = 6.6 Hz, 1H) H-l’; 4.6-3.97 (m. 5H) H- 
2’,H-3’, H-4, H-5’. H-S’; 2.48 (s, 3H) -CH3. 13C-NMR : (DMSO-Q) : 87.9 (Q. JCH = 163.6 Hz) C-l’; 79.4 (p, Ja = 
155.0 Hz), 69.6 (d, JCH = 146.5 I-Ix). 58.1 cd. JCH = 141.6 Hz) C-2’. C-3’; C-4’; 60.6 (1. JCJ.I = 144.0 Hz) C-S; 21.2 (q, 
Ja = 125.7 Hz) CH3. MS (FAB+): talc. for (M+H)+ 405.1345, found 405.1336. Compound 25b: Yield: 0.14 g 
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(84%).lH-NMR : (CDC13+CD3OD) : 8.23 (s. IH) H-8; 8.01 (s. IH) H-2; 7.89.7.46 (dd, 4H) arom; 6.03 (d, Jl’,r = 7.6 
Hz, 1H) H-l’; 4.52-4.34 (la 3H) H-2’; H-3’; H-4’; 3.87, 3.19 01pp, 2H) H-S’, H-5”; 2.5 &, 3H) -CH3; 2.3 &, 3H) - 

NCH3 13C-NMR (CDC13+CD3OD) : 90.9 (p, Ja = 166.0 Hz) C-l’; 80.6 (p, Ja = 150.1 Hz), 66.7 (d Ja = 144.0 
Hz), k.3 (d, Ja = 144.0 Hz) C-2’, C-3’. C-4’; 63.9 It. Ja = 142.2 Hz) C-5’; 35.7 @) -NHCH3; 21.7 Q) -CH3. MS 

(FAB+): cdc. for (M+H)+ 419.1502, found 419.1519. Compound 2Sc : Yield: 0.17 g (98%).1H-NMR (CDCl3+CD30D) 
: 8.23 (s. 1H) H-8; 8.16 (s, 1H) H-2; 7.89,7.39 (dd 4H) arola; 6.47 (d. Jl*2 = 7.1 Hz, 1H) H-l’; 4.81 @. Jq’,s = 1.7 
Hz, 1H) H-4’; 4.29-4.13 on, 2H) H-2’. H-3’; 3.95, 3.44 (ddd Jq’,s = 1.7 Hz, J~‘J” = 1.9 Hz, Jg’,5” = 12.8 Hz, 2H) H- 

S’, H-5”; 2.48 &, 3H) -CH3; 2.04 (s. 6H) -N(CH3)Z. 13C-NMR (CD3OD+CDC13) : 87.5 (d Ja = 166.0 Hz) C-l’; 79.7 
(d, JcH = 150.1 Hz) C-4’; 69.8 @, Ja = 140.4 Hz), 66.4 @, JCH = 147.7 Hz) C-2’. C-3‘; 64.5 Q, Ja = 144.0 Hz) C-S’; 
43.9 @) -N(CH3)2; 21.7 @) -CH3. MS (FAB+): talc. for (M+H)+ 433.1658. found 433.1635. Compound 21~. Yield: 

0.16g. (92%). lo-NMR (CD30D+CDC13) : 8.62 (s, 1H) H-8; 8.25 (s, 1H) H-2; 7.87.7.45 c8d 4H) amm. ; 6.23 (d. J1*,2 
= 5.6 Hz, 1H) H-l’; 4.49-4.25 b 4H) H-3’, H-4’, H-S’, H-S”; 3.93 (&j, Jll,~ = 5.6 Hz, Jz.3’ = 3.7 Hz; 1H) H-2’; 2.48 

(s, 3H) -CH3; 1.98 (s, 6H) -N(CH3)2. 13C-NMR : (CD30D+CDC13) : 83.9 (d, Ja = 163.6 Hz) C-l’; 81.6 cd JcH = 
151.4 Hz), 74.1 @, Ja = 150.1 Hz), 64.4 CQ, JQ~ = 143.0 Hz) C-T, C-3’. C-4’; 61.5 Q, Jcf~ = 142.9 Hz) C-5’; 41.3 @) 

-N(CH3)2; 21.8 @) -CH3, MS (FAB+): talc. for (M+H)+ 433.1658, found 433.1684. Compound 21d: Yield: 0.19 8 

(96%).lH-NMR (CM313 + CD3OD) : 8.36 (s, 1H) H-8; 8.24 0, 1H) H-2: 7.76.7.35 (& 4H) toluyl; 7.11- 6.76 ti?, 4H) 
benzyl; 6.03 (& Jl*,2’ = 4.9 Hz, 1H) H-l’; 4.58 (m, lH), 4.22-4.05 @I, 6H) H-2’, H-3’, H-4’; H-S, H-S”; 3.27 fs, 2H) 

benzyl -CH2-; 2.45 fs, 3H) -CH3. 13C-NMR (CDC13+CD30D) : 88.6 (d JQ~ = 164.8) C-l’; 80.7 cd, Jm = 156.2 Hz), 
69.6 (p, JCH = 139.1 Hz), 65.8 (9, JCH = 128.5 Hz) C-2’; C-3’; C-4’; 61.4 Ct, Jm = 144.0 HZ.) C-5’; SO.6 (t Jm = 134.9 
Hz) -CH2. MS (FAB+): talc. for (M+H)+ 495.1815, found 495.1828. Compound 21e: Yield: 0.11 g (61%).lH-NMR 
(CDC13+C!D30D) : 8.61 &, 1H) H-8; 8.28 (s, 1H) H-2; 7.84, 7.39 (dd, 4H) arom.; 6.29 (d, Jl*,r = 5.1 Hz, 1H) H-l’; 
4.74-4.02 cm, 4H) H-3’, H-4’, H-S, H-5”; 3.81 (dd, Jl’,z = 5.1 Hz, Jz.3’ = 3.6 Hz, 1H) H-2’; 2.47 Q 3H) -CH3; 2.18, 

1.56 &, 8H) pytrolidine. 13C-NMR (CDCl3+CD3OD) : 84.2 c8, Ja = 166.0 Hz) C-l’; 80.3 @, JcH = 153.8 Hz), 71.4 
(d, JcH = 141.6 Hz), 66.6 CQ, Ja = 145.3 Hz) C-2’, C-3’. C-4’; 60.8 (t JcH = 144.0 Hz) C-S; SO.4 0, 22.7 Q) 

pyrrolidine; 21.5 (a) -CH3. MS (FAB+): talc. for (M+H)+ 459.1815, found 459.1830. Compound 211: Yield: 0.15 g 

(74%).lH-NMR (CD30D+C!DC13) : 8.58 fs, 1H) H-8; 8.24 &, IH) H-2; 7.88,7.46 &I& 4H) amm.; 6.27 (8, Jl*,r = 6.3 

Hz, 1H) H-l’; 4.58-4.21 (m. 4H) H-3’. H-4’, H-S’, H-S”; 4.06 0, 1H) H-2’; 2.47 (s, 3H) -CH3; 2.18 @, 4H), I.22 (b, 
6H) pipe&Line. 13C-NMR (CD30D + CDC13) : 82.4 (d, JcH = 166.0 Hz) C-l’; 81.0 a, JCH = 161.1 Hz), 74.1 (& JCH = 
142.8 Hz), 64.4 (g, JcH = 146.5 Hz) C-2’. C-3’. C-4’; 61.6 Q, JCH = 146.5 Hz) C-5’; 50.8 Q), 25.9 0, 24.0 (J) piperidine; 
21.7 @, -CH3. MS (FAB+): talc. for (M+H)+ 473.1971, found 473.1978. Com~und 21g: Yield: 0.14 g (77%).lH- 
NMR (CD30D+CDC13) 8.64 @, 1H) H-8; 8.28 f&, 1H) H-2; 7.9, 7.46 (dd, 4H) arom.; 6.28 & Jll.2’ = 6.1 Hz, 1H) H-l’; 
4.47-4.23 b, 4H) H-3’, H-4’, H-S’, H-S”; 4.05 & Jll,~ = 6.1 Hz, Jz,y = 5.1 Hz, 1H) H-2’; 3.3 h, 4H) morpboline; 

2.48 (s, 3H) -CH3; 2.24 a 4H) morpholine. 13C-NMR (CD30D+CDC13) : 83.6 (d, Ja = 164.8 Hz) C-l’; 81.9 a, JCH 
= 147.7 Hz), 74.2 a, Ja = 145.0 Hz), 64.7 (g, JCH = 145.3 Hz) C-2’; C-3’; C-4’; 62.2 (t Ja = 144.0 Hz) C-S; 67.5 

(J), 50.4 @ ~~hoiine.MS (FAB+): cak. for (M+H)+ 475.17&, found 475.1781. 

9-[2’,3’-Dideoxy-2’(R)-2’-amino-S’-O-(MMTr)-~-D-glycero-pentofuranosyl]adenine (26a): Compounds 
19a + 24a (1.4 g, 2.0 mmol) was dissolved in minimum amount of dry tetrahydrofuran. Dry methanol (20 ml) and 
disodium hydrogen phosphate (2.3 g, 16.5 mmol) were added and the mixtum was cooled down to O-4 . . Sodium amalgam 
(6%, 6.3 g, 16.5 mmol of sodium) was added and the mixture was stirred vigorously at O-4 l for 3 h. The mixture was 
filtered through celite bed and the bed was washed severaI times with tetrahydrofuran. The solution was diluted with 
chloroform (150 ml) and it was washed with aqueous solution of citric acid (109b, 3 x 25 ml). The organic layer was dried on 
magnesium sulfate, ffitcred and the filtrate was evaporated to dryness. The residue was purified on silica gel. Yield. 0.25 g 
(23%). lH-NMR (CDC13+CD30D) : 8.26 Q 1H) H-8 ; 8.12 &, 1H) H-2; 7.29-6.81 (m, 14H) arom.; 5.96 a, Jlq 2 = 2.4 
Hz, 1H) H-l’; 4.71 Im. 1H) H-4’; 4.0 @, 1H) H-2; 3.79 (s, 3Hf -0CH3; 3.42 cm, 2H) H-S’, H-S“; 2.2 (m, 2H) k-3’, H- 

3”. 13C-NMR (CD30D+CDC13).: 93.0 (p. JcH = 166.0 HZ) C-l’; 80.5 @, JcH = 146.5 Hz) C-4’; 65.4 Q JcH = 141.6 

Hz) C-S; 58.2 (& JcH = 147.7 Hz) C-2’; 34.5 0, JCH = 138.0 Hz) C-3’. MS (FAB+): talc. for (M+H)+ 523.2458, found 
523.2486. 

9-[2’,3’-Dideoxy-2’(R)-2’-fl-piperidino)-5’-0-(MMTr)-P_D-glycero-pentofuranosyl]adenine.(24f): 
Compounds 19f (1.1 g. 1.5 mmoi) were conveRed to the tide compound in 3 h following the procedure described for the 
preparation of compound 26a. Yield: 0.15 g (17%). lH-NMR (CDC13) : 8.27 (s, 1H) H-8; 7.97 (s, 1H) H-2; 7.29 - 6.78 
(m, 14H) arom.; 6.26 (d, Jlb,z = 4.6 Hz, 1H) H-l’; 5.88 (bs, 2H) -NH2; 4.47 on, 1H) H-4’; 3.78 &I, 4H) H-2’, -0CH3; 
3.29 cm, 2H) H-S, H-S’: 2.55 QT_I, 4H) piperidine; 2.33 (m, 2H) H-3’, H-3”; 1.54 (m, 6H) piperidine.l3C-NMR (CDC13) : 
87.2 @, JCH = 163.6 Hz) C-i’; 79.3 (d, Jm = 155.0 Hz) C-4’; 69.9 @, Ja = 137.9 Hz) C-2’; 65.9 (s, Ja = 142.2 Hz) 
C-S; 55.1 (Q) -0cH3; 51.7 @ pi&dine; 29.9 Q, JCH = 131.8 Hz) C-3’; 25.8 Q), 24.1 Q) piper&e. MS (FAB+): talc. for 

(M+H)+ 591.3083, found 591.3071. 
9-I2’,3’-Dideoxy-2’(R)-2’-(4-morpholino)-S’-O-(MMTr)-~-D-glycero-pentofuranosyl]adenine (26g): A 
mixture of magnesium turnings (0.24 g, 10 mt1101) in dry methanol (20 ml) was heated under stirring at 50 ‘C until the 
evolution of hydrogen started. 19g, (0.75 g, 1 mmol) was added to the mixture and it was stirred at 50 ’ for 24 h. It was 
cooled, poured into an RAUCOUS solution of ammonium chloride (10%. 100 ml) and stirred for a while. The aqueous solution 
was extracted with chloroform (3 x 25 ml). Organic layers were pooled together, dried on MgS04, filte& and the filtrate 
was dried under vacuuo. The residue was purified on silica gel column. Yield: 0.15 g (13%). 1H-NMR (Qx13+ CD3OD) : 
8.24 (s. 1H) H-8; 8.08 &, 1H) H-2; 7.3-6.81 (m, 14H) arom.; 6.24 (d. Jl’,r = 4.1 Hz, IH) H-l’; 4.48 (m, 1H) H-4‘; 3.72 

(m, 8H) H-2’; -0CH3, morpholine; 3.35 tj& 2I-I) H-S, H-5”; 2.6 & 4H) morpholine; 2.31 (n. 2H) H-3’. H-3”. 13C- 

NMR (CDC13) : 87.4 (d, JCH = 164.8 Hz) C-l’; 79.2 (9, J 
morphoh; 65.5 (r. JCH = 142.8 Hz) c-s’; 55.1 @, -mH3; 51.1 0 

0-l = lfi1.4 Hz) C-4’; 69.8 (p. JcH = 141.6 Hz) C-2’; 66.6 0 

(FAW cak for (M+H)+ 593.2876, found 593.2844. 
morpholine; 29.4 (t, Ja = 131.8 Hz) c-3’. MS 
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I-[S’-O-(MMTr)-2’,3’-dideoxy-2’(R)-2’-azido-S’-O-(MMTr)-~-D-gIycero-pentofuranosyl)uraci~ (29): l- 

[3’-dtoxy-2’(S)-2’-O-methanesulfonyl-5’-O-(MMTr)-~-Dglycero-pcntofuryi]~acii, prepared using an identical 
procedure described for cytidine (ref. 56) (579 mg, lmmol) was dissolved in dry DMF (1OmJ / mmok) and sodium azide (325 
mg,S mmol) was addedhfter stirring for 1 hour at 115 OC. An usual work up and a column chromatographic purification gave 
29 as a white foam in 87% yield. JH-NMR (CDC13): 8.82 (s, IH) H-3; 8.03 CQ, lH, J5 6 = 8.3 Hz) H-6; 7.54 to 
6.75,ammatic protons; 5.87 fhs, 1H) H-l’; 5.32 (dd lH, J3,5 = 2.2 Hz) H-5; 4.45 (m. 1H) H-4’; 4.30 (m, 1H) H-2’; 3.80 
(s. 3H) 0CH3; 3.50 (MQ. 2H, J4*,5* = 2.7 Hz, J4*,5** = 3.OH2, J5*,5” = 11.5 Hz) H-S’and H-5”; 2.08 (JB, 2H. J3*,3” = 

13.4 Hz) H-3’ and H-3”. 13C-NMR (CDCl3): 163.0 (9, JcH = 11 Hz) C-4; 159.2 (m) OCH3-bearing carbon; 150.6 (d, 
Ja = 8.5 Hz) C-2; 144.7, 144.4, 135.2, 130.7, 128.7, 128.1, 127.3, aromatic carbons; 135.2 (d JcH = 184.0 Hz) C-6; 
113.4 (p, JcH = 184.0 Hz) carbons ortho to 0CH3; 101.4 Qj, Jm = 174.6 Hz) C-5; 90.2 cdl, Ja = 176.4 Hz) C-l ‘; 87.1 
(g) quaternary carbon of MMTr; 80.7 (p, JcH = 152.6 Hz) C-4’; 66.7 @, JcH = 156.3 Hz) C-2’; 63.6 (J, Jm = 139.2 Hx) 

C-5’; 54.9 (t JcH = 144 Hz) 0CH3; 31.2, C-3’.UV (95% EtOH): 263~1 (e = 10900), MS (FAB-): cak. for (M-H)- 
524.1934. found 524.1916. 
1-[2’,3’-Dideoxy-2’(R)-2’-smino-S’-O-(MMTr)-~-D-glycero-pentofuranosyl]uracil (30): Compound 29 
(1 I5 mg.O.22 mmol) was dissolved in 5ml of methanol ccontaining a suspension of Pd/C in an atmosphere of hydrogen 
gaswhich slowly bubbled into the heterogeneous reaction mixture for 3 h.Thin layer chromatography at that time showed 
complete reduction of the axido fpoup while cleavage of the 5’-O-monomethoxytrityl remained negligible.The catalyst was 
removed by filtration on a celite bed. the methanolic solution evapcrated to dryness to give a foam which was purified by short 
column c~mato~phy to give pure 30 in 79% yield. lH-NMR fCD3COCD3+CD30D): 8.15 CQ, JH, J5,6 = 8.3 Hz) H-6; 
5.91 (g, lH, Jl,,2’ = 1.7 Hz) H-l’; 5.35 (d, 1H )H-5; 4.71 a, lH, J3’,4* = 5.6 Hz, J3”,4* = 5.1 Hz) H-4’; 4.40 (nz lH, 
J2*,3* =2 .3 Hz, J2*,3** = 6.0 Hz) H-2’; 3.91 (s, 3H) 0CH3; 3.58 (in, 2H, J4*,5* = 2.4 Hz) H-5’; 3.00 b, 2H 

exchangeable) 2’-NH2; 2.57 fm, 2H) H-3’and H-3”. 13C-NMR(CD3COCD3): 166.4, C-4; 160.6,OCH3-bearing carbon; 
152.7, C-2; 142.3 fd, JcH = 187 Hz) C-6; 145.8, 145.6, 136.5, 132.0, 129.9, 129.2, 128.5, aromatic carbons; 114.5 
(&~.,.J~J.J = 156 Hz, JcH = 5 Hz) carbons ortho to 0C~3; 102.4 (.d, Ja = 177 Hz) H-5; 94.0 a. JcH = 171 Hz) C-l’; 
88.6, quaternary carbon of monomethoxytrityl; 81.2 (rt Ja = 150 HZ) C-4’; 65.7 a, Jm = 143 Hz) C-5’; 59.0 (9, JcH = 

142 Hz) C-2’; 34.7 & Ja = 130 Hz) C3’.UV (95% EtOH): 259nm (s=8900). MS (FAB-): talc_ for (M-H)- 498.2029, 
found 498.2iKJ3. 
1.(2’,3’-Dideoxy-l:‘(R)-2’-amino-P-D-glycero-pentofuranosyl)urscil (12a): Compound 30 was treated for 5 h 
with 80% acetic acid at 20 oC. After evaporation, redissolving of the glass in water and washing with diethyl ether, 
lyophiition of the aqueous extracts gave the ammonium acetate salt of l2a in 83% yield. 1KNMR (D20): 7.83 (p, lH, J5,6 
= 8.3 Hz); 5.95 (p, lH, Jl’,2 ’ = 3.9 Hz) H-l’; 5.82 (d, 1H) H-5; 4.50 Q,L 1H) H-4’; 4.03 (m, 1H) H-2’; 3.73 cddp, 2H, 
J4*,5* = 2.9 Hz, J4*,5** = 4.9 Hz, J5*,5” = 12.5 Hz) H-S’and H-5”; 2.24 O;n, 2H) H-3’ and H-3”; 1.85 (s, 3H) 

acetate.l3C-NMR (D20): 182.0 (s> acetate; 167.6 fd Ja = 11 Hz) C-4; 156.5 (d JcH = 7.3 Hz) C-2; 142.1 a, JcH = 
185.6 Hz) C-6; 102.9 (4, JcH = 178.2 Hz) C-5; 85.6 (d, JcH = 170.9 Hz) C-l’; 81.5 (p, JcH = 150.1 Hz) C-4’; 63.0 f& 

JcH = 143 Hz) C-5’; 56.1 (& JcH = 155 Hz) C-2’; 30.7 Q, JcH = 131 Hz) C-3’; 23.5 f.q) acetate. UV (water): 260 nm (pH 
7). 301 nm (pH l), 262 nm (pH 14).MS (FAB-): talc. for (M-H)- 226.0828, found 226.0827. This wus identical to rfre 

Michael reaction product which was obtained from 1 la. 
N6-(MMTr)-9-[2’,3’-dideoxy-2’(R)-2’-amino-S~-O-(MMTr)-~-D-glycer~pentofuranosyl jadenine (32): l- 

[5’-~(MMTr)-2’,3’-dideoxy-2’(R)-2’-azido-f’-O-(MMTr)-~D-glycero-pentofumnosyl]adenine (31) (ref. 55) (1.4 g. 1.8 
mmols) was dissolved in dry ‘JHF (20 ml) and added dropwise to a suspension of J..iAlH4 (760 mg) in the same solvent (10 
ml).After stirring for 4 h under nitrogen, the reaction was worked up in the usual way and then purified by short column 
c~~to~phy to give the title compound in 80% yield. lH-NMR (CDC13): 8.02 (s, 1H) H-8; 7.96 &, lH, H-2); 5.83 t& 
lH, Jl’,2* = 3.4 Hz) H-l’; 4.88 (m, 1H) H4’; 4.01 (rrr, 1H) H-2’; 3.77 Q, 3H) 0CH3; 3.33 CQ, 2H, J4*,5’ = 4.2 Hz) H-5’; 

2.25 (m, 1H) H-3’; 1.95 (m, 1H) H-3”; 1.75 b, 2H exchangeable) 2’-NH2. 13C-NMR(CDC13): 158.5 and 1582,OCH3- 
bearing carbons of MMTG 153.3 @, JQH = 12 Hr.) C-6; 151.9 (p, Jm = 201.4 Hz) C-2; 148.3, Q), C-4; 137.7 @, JcH = 
210.2 HZ) C8; 137.1, 135.1, 130.2, 130.0, 128.7,128.2,127.7,126.8, 126.6, aromatic carbons of MMTr, 121.3 fm) C-5; 
113.0 (d, JcH = 159.9 Hz) carbons ortho to 0CH3 of MM% 92.7 (9, C-l ‘, Ja = 176 Hz) C- 1’; 86.5 &I quaternary carbon 
of MMTr, 79.0 (d Jm = 151.2 Hz) C-4’; 65.3 Q, JcH = 144 Hz) C-5’: 57.5 (h, JcH = 142.8 Hz) C-2’; 55.1 @. JcH = 

142.8 Hz) OCH3; 35.5 6, JcH = 133.1 Hz) C-3’. MS (FAB+): cak. for M+ 794.3580, found 794.3552 

9-[2’,3’dideoxy-2’(R)-2’-amino-P-D-glycero-pentofuranosyl]adenine (33): Compound 32 (200 mg.0.25 
mmol) was treated with 80% acetic acid at room temperatun for 60 h. Evaporation of the volatile matters, followed by 
dissolving the residue in water, washing the aqueous phase with ether and then lyophi~~tion of the aqueous phase gave the 

ammonium acetate salt of 33,which was desalted on a Dowex OH- column to give 33 in a quantitative yield. t H-NMR (D20): 
8.19 (s, 1H) H-8; 8.05 (s. 1H) H-2; 5.77 (& lH, Jl’,2’ = 4.4 Hz) H-l’; 4.41 (m, 1H) H-4’; 3.90 (m. 1H) H-2’; 3.69 (ddd 
2H, J4*,5* = 2.9 Hz, J4+,5- = 4.1 Hx_ J5*,5** = 12.2 Ha) H-5’and H-5”; 2.45 (m) H-3’and H-3” J3C-NMR @2Of: 156.0 
Q) C-6; 153.2 (d, Ja = 202.3 Hz) C-2; 142.8 &,I C-4; 140.6 (d, JcH = 212 Hz) C-8; 119.3 MC-5; 92.5 fd, Ja = 164.8 
Hz) C-l’; 81.9 (& Jw( = 151.4 Hz) C-4’; 65.0 Q, JcH = 140.3 Hz) C-5’; 55.9 16 Ja = 138.1 Hz) C-2’; 35.6 (1, JcH = 

135.5 Hz) C-3’. UV (water): 259.5nm (pH 7), 255 nm (pH I), 260 nm (pH 13). MS (FAB‘): talc. for (M-H)- 249.1100, 
found 249.1070. The product obtained in &_s p~e~ra~~on was identical to the Michnel reucfion product which was prepared 
from 26s. 
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