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anu-HIV agenb T,Y-unsaauated nucleosde 

Abstmct Preparanon of 2’- and 3’-bromo denvahves of 2’3knsaturated uracrl and adenme nucleondes has been 

camed out starnngfiom the correspotubng ~hydroxyselen&s by way of brommatwn andsuccesswe selenonde 

elrmuuanon These compounds have been shown to serve as wrsanle sythons for the preparatwn of an&HIV 

cam&dates. 2’-C- and3%-branched TJ-wuaturated nucieosuies, through palk&on-catalyzed cross-coup& and 

halogen-luhaum ezchange reacnons 

INTRODUCTION 

Recent studres m our laboratory showed that a hrghly nucleophtltc phenylselemde Ion. generated by 

mducmg (PhSeh wrth LrAlI&, enables to cleave various types of anhydro structures 111 uracrl nucleosnies and, 

thus, can be used as a sunable reagent for mtroducmg a phenylseleno group to the fitranosyl morety 1.2 Smce 

the resultmg selenium-contammg products are suscepttble to selenoxtde ehmmatton under mild condmons, the 

whole sequence consmutes an efficient route for the preparauon of various types of unsaturated-sugar uracrl 

nucleosrdes that m&de rather unstable 1’,2’-unsaturated derrvauve 3 

Although unsaturated-sugar nucleostdes am expected to be versahle startmg matenals for C-C bond for- 

matron, majonty of reacuons mgardmg tbrs class of compounds had been simple electrophrltc additmns wrth 

which only non-carbon subsutuents can be mtroduced 4 We have already shown through several pubbcauons 

that C-C bond formatton m the furanosyl moiety of nucleostdes can be accomplished by using certam unsatu- 

rated-sugar denvattves These am 1) a stemoselecttve addrhon of carbon radrcals to the S-posttron of lv5 

1371 
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2) an aldol reachon at the 3’-posihon of 2,6 and 3) reacnon of carbon nucleophlles at the 4’-poslhon of 3 via 

an allyllc rearrangement.’ 

Promlsmg anti-HIV (Human Immunodeficlency Virus) activity of ~,J~&hydro-2,~-~~xynucleo- 

wles,* such as 3’-deoxy-2’,3’-duiehydrothymidme (D4T: 4),9 as well as the lack of a general method for the 

synthesis of theu 2’-C- or 3’Gbranched analoguest” prompted us to carry out the present mveshgtion.l* 

Smce alkenyl hah&s are cons&red to serve both as vmyl caaon- and as vmyl anion-eqmvalents through 

palhuimm-catalyzed crosscouphngt2 and halogen-l&mm exchange xeacttons,*3 respectively, we anmpated 

that nucleosldes havmg a bromovmyl structure m the sugar pomon, such as 5 and 6,14 would work m both 

types of reactions and, therefore, permrt a general entry to 2-C- or 3’Gbranched 2’,3’-unsaturated denvanves 

that could be acave agamst HIV. In dns paper, pqarahon of such synthons (5 and 6). startmg from nucleo- 

side denvatlves havmg a phenylseleno gnn~p m the furanosyl moiety, and C-C bond formmg reactions at then 

2’- and 3’-posttlons are described.. 

HO OH 

1 2 s 3 

HO 

RO B 

0 

w 

B= uracd-l-y1 
- or adenm-9-yl 

w R’ R= a protectmg group 

5 R'= H,R2=Br 

4 6 R'=Br.RZ=H 

PREPARATION OF URACIL AND ADENINE NUCLEOSIDES 

HAVING A BROMOVINYL STRUCTURE 

We reasoned that brommation and successive selenoxlde elunmatlon of nucleos&c f%hydroxyselemdes 

would lead to the formation of the desk nucleosldes havmg a bromovmyl structure As shown 111 Scheme 1, 

3’-O-mesyl-2’,5’-&-O-pmaloyhmdme (7) was selected as a substrate for mtmductron of a phenylseleno group 

to the 3’-posmon, because this compound can be readdy prepared in a fmly large scale accordmg to the proce- 

dure reported by Ishldo and his co-workers l5 



Uractl and a&rune nucleosrdes 1373 

In our recent paper, tt has been shown that, desprte the successful reactton between 3-O-mesyl-2’,5’- 

dt-CLmtylundme and (PhSejzLAlIQ, the reactton of 7 gave only a trace amount of the contsponding selemde 

(8)? In contrast to thts, when 7 was reacted wtth (PhSeh (0.8 mol eqmv )/NaBI-Lt (16 mol eqmv )tn m re- 

fluxmg THP-EtOH, 8 was obtamed m 81% yteld. I7 Stemochemlstry mgmdmg the mtmduced phenylseleno 

group in 8 was confirmed based on tts X-ray crystallographic analysrs.t* the result of which mkates that no 

pamcrpaoon of the base moiety had been involved dunng its formanon. Quite unexpectedly, use of larger 

amounts of the reagents m this reactron resulted m a decreased yreld of 8.49% by the use of (PhSeh (1.6 mol 

equlv )/NaBQ (3 2 mol cqmv ); trace amount by the use of (PhSeh (2 4 mol equtv.)/NaBH4 (4 8 mol 

eqtuv ) Compound 8 was converted to the 8-hydroxyselemde 9 m almost quantrtauve yreld by deacylaoon 

followed by S-O-sdylauon wrth tert-butylrhphenylstlyl chlonde (TBDPSCl) 

PhSeklNaBH, 1) NaOH / EtOH-Hz0 

THF-EtOH 2) TBDPSCI / pyndm 

Msd 
\ 
OPIV OPIV 

I a 
/ 

9 OH 

” 0 Q 

PIVO 

PIV E COCMe3. MS = SQMe SOBr2 I un&xole / Cc4 

Ph, + SIO 
Ph’ 

MCPBA I CH2Cl2 
+ 

Ph. 
+s10 

Ph’ 

10 

12 R’= H, R2= Br 

13 R’= Br, R2= H 
Scheme 1 

11s R’= SePh. R2= R3= H, R4= Br 

llb RI= H, R2= Br, R3= SePh, R4= H 

Although l3-hydroxyselemdes undergo, tn general, ehmmauon reacaon to gtve olefins upon treatment 

wrth SOCI2 m the presence of Et3N,19.*e rt has been bnefly menttoned m a revtew*l that chlonnauon of the 

hydroxyl group can be accomphshed by omtttmg the base from the reactron medmm When 9 was brommated 

in CCkt wrth SOBr2 (5 eqmv ) (0 OC, for 5 h), TLC analysts (hexane EtOAc = 2 1) of the reactton mtxture 

showed the formatron of a highly nonpolar product (RfO 56) m titron to the startmg matenal(9, RfO 17) 

and a trace amount of an ehmmatton product, 5’-O-(rerr-butyl~phenylsrlyl)-2’,3’-dulehydro-2’,3’-dnleoxy- 

undme (10, Rf 0 27) 22 The lH NMR spectrum of this nonpolar product, rsolated by srhca gel column 

chromatography, revealed that rt consists of two rsomenc products wtth a ratto of cu 2 1 (H-l’ of the major 

product 6 6 44 ppm, Jte,z= 6 6 Hz vs H- 1’ of the minor product 6 6 19 ppm, Jts,z= 4 4 I-Ix) Together wtth 

Its charactensuc MS spectrum due to the presence of Br and Se [m/z 629,627, and 625 (M+-Bu-r)], structures 
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of these ~somer~c products wa tentauvely assigned to be the &bromoselemdes lla and llb The yield of 11 

was 38% (recovery of 9,29%) Attempts to improve the yield of 11 by employmg prolonged reaction tune 

(overmght) or a large excess of SOBQ (10 eqmv.) umformly gave a complex mixtme of products On the other 

hand, when the brommauon was conducted m the presence of Et3N (12 eqmv ). the reacaon a@ not to 

follow the reported trend of ehmmatmn pathway dommamg, but produced 11 m 56% yield along wth 10 

(10%). To op~ze the reaction condmons, we exammed the use of WUIOUS types of bases and found that the 

presence of mmlazole (3.0 eqmv ) gave 11 m a higher yteld of 72%. 

The murture of B-bxomoselemdes (lla and llb) thus obtamed was SubJected to selenoxlde ebmmatlon 

m CH$Zl2 by treatment urlth MCPBA (13 eqmv , at room temperatme for 3 h) The Tesultmg bromovmyl 

uracrl nucleostdes 12 and 13 were separated by column chromatography and fully characterized by tH NMR 

and MS spectroscop1es.n Smce selenoxlde elunmatlon IS known to proceed m syn stemhermstry,a the 

formauon of 12 clearly m&cates that its precursor should be lla and that the aforemenaoned brommation took 

place through a “2’,3’-up” selemramum mtermdate which then underwent nng-openmg by bronude Ion 25 

Durmg repeated preparanon of 12 and 13, we nohced that Isolated yield and rat10 of the two p-bromc+ 

selemdes (lla and llb) vaned consl&rably, presumably due to the= decomposmon upon evaporation and 

subsequent punficaaon by column chromatography This led us to carry out the preparahon of 12 and 13 

wthout isolating 11 After quenching the brommatlon mixture vvltb cold aqueous NaHCQ, 11 was extracted 

with cold CH2C12 and then reacted with MCPBA By followmg this procedure, the overall yield of 12 plus 13 

from 9 attamed to 80% (12,42% vs 13,38%) A 9% yield of 10 was also isolated 

For the preparanon of ademne counterparts, 2’,3’-anhyclroadenosme (14)26 was used as the startmg 

matenal The S-hydroxyl group of 14 was protected urlth a tert-butykbphenylsllyl (TBDPS) group to gve 15 

m 76% yield. Cleavage of the 2’,3’-oxu-ane rmg of 15 with phenylselemde ion was performed m &oxane at 

60-70 ‘C for 3 5 h by using (PhSeh (2 4 mol eqmv )/LIA~ (1 8 mol eqmv ) *’ This gave 16 as tbe sole 

product m 86% yield When 16 was treated with SOBrjimidazole followed by MCPBA m a sun&u manner to 

the case of 9, the desned 17 and 18 were isolated m 41 and 33% ytelds, Especttvely, by column chromato- 

graphy The two tiensronal nuclear Overhauser enhancement spectra (NOESY-spectra) of 17 and 18 

provided confirmanon for their structures That IS, the enhancement correlation was observed between H-8 and 

H-2’ m the former, while between H-3’ and H-5’ m the latter 

Ph, 
+a0 

Ph’ 

14 R= H 

15 R= TBDPS 

16 
17 R’= H. R2= Br 

18 R’= Br, R2= H 
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PALLADIUM-CATALYZED CROSS-COUPLING OF THE BROMOVINYL NUCLEOSIDES 

Although palladmm-cataly~ cmss-couplmg reaction 18 a !iquently employed synthetic operahon for 

C-C bond formanon, its apphcanon m nucleoslde field had been hnuted to the reachon at the base mmety.l 

To the best of our knowledge, the xeacaons described hemm constitute the iirst example of its appbcatmn to the 

sugar potion of nucleosides 

The results obtamed by the use of bromovmyl urac11 nucleosides (12 and W) a~ summarized m Table 1 

together ~th detaded maon condmons Ejther (Ph3p)zPdQ or (Ph$QPd was used as a palladmm catalyst 

throughout these xeacuons. except entry 3 Treatment of the 3’-bromo denvatlve (12) ~th termmal alkynes, 

under the condmons reported by Sonogashlra and his co-workers, 1% effected smooth couplmg to gwe 19 and 

20 (enmes 1 and 2) On the other hand, despite ample precedents of the reaction between vmyhc hahdes and 

electron-defiaent alkenes,lk no reaction took place upon treatment wrtb ethyl acrylate m DMF at 100 “C for 2 h 

19 R= C=TPh 

20 R= C=CSIMQ 

21 R= CH=CH2 

22 R= Ph 

23 R= Me 
CiCPh 

24 

Table 1. Palladmm-catalyzed cross-coupling reactions of 12 and 13 

Et-w Compd catalysr~ Reagent (WV 1 corKlttlolls Pmduct Isolated yteld (%) 

1 12 PhC=CH (4) DMFjEtsN 
80°C,5h 

19 68 

2 12 Me@C=CH (10) DMF&N 
8OT,lh 

20 62 

12 

12 

12 

F’d(OAch CH,=CHCqEt (2) Dh4F&N no teachon 
PPh, 100aC,2h 

A Bu3SnCH=CH2(5) DMF,6O“C, 1 h 21 37 

A Ph,Sn (5) dtoxane 22 39 
100 “C, 24 h 

6 12 B Me,& (5) dtoxane 
100 “C, 48 h 

23 14 

7 13 A/cuI PhC=CH (4) DMFEt,N 
8O”C,lh 

24 72 

‘) Catalysts A and B refer to (Ph&PdQ and (Ph$‘)#d, respechvely 

All experunents were camed out by the use of 10 mol% of tbe catalyst. 
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(entry 3). When tlus reacaon was camed out m MeCN at reflmg temperature for 12 h, agam 12 rtmamed 

unchanged, but at a tigher temperature of 120 ‘C (m a sealed tube, for 20 h). a product was formed be&s a 

large amount of uracd. From its tH NMR spectrum, it appeamd that the product had no sugar morety and 

mstead had one CI-I$H$O@ structure as well as one W exchangeable proton In corrobcaatmn ~th the 

MS spectrum, we assume the hkely structu~ of this product to be 1-[2-(ethoxycarbonyl)ethyl]uracd (17% 

yield), winch had apparently resulted from a Iikhael &aon of uracll to ethyl acrylate.~ 

As an akemaave method, 0rganoM reagents wcn used as couplmg parmers. In accord wttb the xeported 

reacavq order of tm hgands,30 mtroducaon of a vmyl group to the 3’-poslaon of 12 was ackve4l under 

relaavely rmld codaons to @ve 21 (entry 4). Such transfer of a phenyl or methyl hgand quued heatmg m 

&oxane at 100 “C for l-2 days (enmes 5 and 6), pvmg the corxespondmg 3’-Gsubsatuted products (22 and 

23). Although the use of &polar w solvents can be expected to mcnzase the nucleuph&ity of the tm 

reagent, when the reacaon of Pb&n was camed out at 100 ‘C m either DMP OT MeCN, the startmg matenal 

(12) was recovered. As shown m entry 7, the 2’-bromo denvatlve 13 can also be used as a substrate 

In a similar manner, bromovmyl ademne nucleosides (17 and 18) were SubJected to the cross-couplmg 

reacaon to af’foxd 25-32 The results a~ summarized m Table 2 The reacaons ~nth terminal alkynes (entnes 

1.2.7, and 8) gave the respecave products in good yields It should be menaoned that, when these reacaons 

we= conducted for a longer Ieacaon tune, formaaon of adenme was observed Although readdy transferable 

an hgands such as vmyl and ally1 (entnes 3.4,9, and 10) can be mtroduced to the 3’- or 2’-poslhon, none of 

3’-C-subsatuted product was obtamed when 17 was reacted with Ph4Sn or Me&n (enmes 5 and 6) 

25 R= CXF’h 29 R= CZPh 

26 R= CXJS~Me3 30 R= C=CS1Me3 

27 R= CH=CHz 31 R= CH=CHz 

28 R= CHzCH=CH2 32 R= CH2CH=CH2 
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Table 2. Pallacbum-catalyred cross-couplmg reactions of 17 and 18. 

Erpy compd QtWs@ Reasentww) cadtim FYodua Lwlatedy~eld(%) 

5 17 

6 17 

7 18 

8 18 

9 18 

10 18 

A Ph,Sn (15) 

Bb) Me& (5) 

A 

B 

F%csH (15) DWW 
70°C20mm 

Me$C=CH (15) DMWY 
50°C,20mm 

Bu,SnCH=CHz(15) DMP, 70 T, 2 h 

Bu,SnCH&H=CH, (10) 
ICtt%?f4 h 

dloxane 
100 “C, 24 h 

dloxane 
nzflux, 48 h 

Phc=CH (15) DMPEt$ 
70 “C, 20 mm 

Me$C!=CH (15) DWW 
70 “C, 40 mm 

Bu,SnCH=CH,(lS) DMP, 70 “C. 2 h 

Bu$nCH,CH=CHz (10) 
li??t3 h 

25 70 

26 42 

27 41 

28 21 

noIeactmn 

an-mlxaue 

29 64 

30 92 

31 72 

32 97 

ti catalysts A and B refer to mPdClz and (Ph$).$‘d, reqechvely 

All expemments were camed out by using 10 mol% of the catalyst 

b, Tlus pamcular react1011 wes camed out III the presence of 30 mol% of B 

HALOGEN-LITHIUM EXCHANGE OF THE BROMOVINYL NUCLEOSIDES 

Halogen-l&nun exchange reaction was mvestlgated m deli by using 3’-bromo-S-O-(ferf-butykhphenyl- 

sllyl)-2’,3’-~dehydro-2’.3’-~d~xy~~ne (12) as a substrate When 12 was treated with 2 eqmv of BuLl m 

THF below -70 “C for 10 mm and quenched with AcOH, the 2’.3’-duiehydroZ.3’duieoxy denvatlve 10 was 

formed (31%) along with uracll(52%) Slmllar treatment of 12 with 1 eqmv of BuLl gave agam both 10 and 

uracd m much the same yields (10.27% and uracd, 49%) as those m the first expenment. The latter expen- 

ment suggests that the halogen-l&mm exchange xeactlon 1s an earher event than the anhclpated deprotonanon 

from N3H 31J2 Smce the most hlcely pathway of the observed formauon of uracll can be ikhmmatlon 

(between l’- and 4’-ponuons) and since uracll was formed even by the use of 1 eqmv of BuLt , we assume 

that a considerable amount of the vmylhthmm mtermedlate would be protonated, not only urlth flH but also 

with H-4’, before quenching with AcOH 

When 12 was hthlated under the above condmons (2 eqmv. of BuLl for 10 mm) and then allowed to 

react with benzaldehyde (5 eqmv ), the desti 3’-C-subsututed product (33) was not formed even m a trace 

amount, but mstead, a 55% yield of 10 was isolated together with uracll In contrast to tis, addmon of 
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benzaldehyde unmedtately after the hthlatton &d pmduce 33, albeit m low yteld (8%). Based on these 

observattons, we reasoned that the vmylhthmm mtermedtate generated from 12 is htghly baste and thus would 

be protonated befote reacang wtth the added electrophtle. It should be mentioned that, under these condtuons, 

neither C-5 nor C-6 posmon of the base motety had been hthtated as e&en& by tH NMR spectrum of 10 

obtamed upon quenchmg of the hd~ted reachon mtxture w& MeOD 

Ph\ 
+a0 

Ph’ 
1) Blcarophtle 

2) BULJ 

“UI situ mppmg method” 

Ph, +sio 
Ph’ 

10 

12 R1= H, R2= Br 

13 R’= Br, R2= H 
33 El= H, E2= CH(OH)Ph 

23 Et= H, E2= Me 

34 EL= H, E2= CH(OH)CHMcq 

35 Et- CH(OH)Ph, E2= H 

36 Et= Me, E2= H Scheme 2 

We finally found that an ‘in s~tu trappmg method” gave a synthetically valuable yield of 33 That ts, 

when a hexane solunon of BuLi was added dropwtse to a mtxture of 12 and benzaldehyde (10 eqmv ) in TI-JF 

below -70 ‘C, 33 was isolated m 84% yield It was neceessaryt to use 8 eqmv of BALI to assure complete 

dtsappearence of the startmg materatl mastereomenc ratto of 33 was determmed to be ca 11 by mspectmg 

the rntegrated tH NMR spectrum Although formanon of uractl was completely suppressed by usmg dus 

method. an 8% yield of 10 was mevltably formed as shown 111 Table 3 (entry 1) As an electrophthc trap, Me1 

(entry 2) and MeQ-XHO (entry 3) can also be used to gave satisfactory ytelds of products (23 and 34, 

respecavely) In a similar manner, 2’-C-branched products 35 and 36 were synthewzed from 13 through the 

reachon with PhCHO (entry 4) and Me1 (entry 5) When the two vmylhthmm mtermhtes, generated tirn 

Table 3. Halogen-Unum exchange reactions of 12 and 13 by rn ant trapping method a) 

hey Cornpd Electrophdeb) B&I @WV ) kc&cd yield (W) Value of Product / 10 

1 12 PhCHO 8 

2 12 MeI 35 

3 12 Me2CHCHO 8 

4 13 WCHO 8 

5 13 Me1 35 

‘) All rcacuons were camed out below -70 ‘C 1l1 THF 
b, Amount of electrophde 10 equv 

33 (8% 10 (8) 105 

23 (53). 10 (19) 28 

34 (75). 10 (4) 188 

35 (54). 10 (23) 23 

36 (38), 10 (38) 10 
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12 and 13, are compaxed wlthm the same electrophde, there can be seen a trend that the latter produces a lower 

yield of C-substituted product wtth an increased yield of 10 As a result, ratios of the product and 10 hsted m 

Table 3 are sqmkantly smaller 111 the cases of the bter. 

Desdylanon of 36 was camed out m a conventional way (TBAP m THF. at room tern-) to gwe 37 

m high yield. The tH NMR data of 37 m CDCl3 were fully m accord with those previously reported by Wu 

and Chattopadbyaya,t~ which gave confirmanon reganhng the regtochemistry of the bnnnovmyl denvanves 

12 and 13 

37 
38 E= CH(OH)Ph 

39 E=H 

40 E= CH(OAc)Ph 

We next exammed synthesmg adenme counterparts by applymg tbe above mentioned m slfu trappmg 

method When a THP solution of the 3’-bromovmyl denvatwe 17 and PhCHO (10 eqmv.) was treated with 

pomonw~se addition of BuLl (total 10 eqnv ), TLC analysis (CHCl3 EtOH = 15 1) of the reaction mixtuxe m&- 

cated that neither the expected 3’-C-substituted product (3g) nor the 2’,3’-dukhydro-2’,3’-d&oxy denvahve 

(39) was formed Quite &fferent ftom the case of the unuzl nucleostde, the greater part of 17 remained mtact. 

We also found that the use of more than 10 eqmv of BALI in this reactlon gave a complex nuxture of products. 

Although no clear explanation IS avadable at present, thus fact may suggest that 17 would be less reachve than 

PhCHO toward BS When 17 was first seated with BuLl(2 eqmv.) and then w~tb PhCHO (5 eqmv ). 38 

was obtamed m 27% yield along with unreacted 17 (19%). 39 (34%). and a small amount of adenine The 

structure of 38 was fully characterized by convertmg to the two diastereomenc acetates (40) Use of 3 eqmv 

of BuLl m the above halogen-hthmm exchange reaction led to complete consumption of 17 but the yield of 38 

remamed much the same (28%) 33 
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CONCLUSION 

Tbe palhuhum-catalyz.ed cross couphng and halogen-hthmm exchange teacttons mvesttgated m the 

present study have provuled a highly general synthettc approach to 2-C and 3’-C-branched 2.3’~unsaturated 

nucleosrdes, unbxing the bromovmyl derrvahves as common startmg matenals Removal of the S-O-ferr- 

butyldtphenyhulyl group of the compounds synthestzed m dus study can be carrted out by the pmcedum used 

for the preparation of 37. Smce these nucleoside derrvauves are expected to serve as promrstng anh-HJV 

cat&dates, the present methods wrll find growmg apphcatron 111 thrs field34 Brologrcal results of the free 

nucleosrdes wrll he reported elsewhere m due course. 
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EXPERIMENTAL SECTION 

Meltmg pomts were determmed wtth a Yan~oto micro meltmg pomt apparatus and are unconected. 

tH-NMR spectra wem measured at 23 ‘C (uuernal standard, Me4S1) either wrth a JEOL JNM-FX 100 or wrth a 

JEOL JNM-GX 400 spectrometer Mass spectra were taken ather on a JEOL JMS-D 300 111 electron unpact 

mode or on a JEOL SX-102A spectmmeter m fast-atom-bombardment (FAB) mode (m-mtrobenzyl alcohol as a 

matrix). Ultravrolet spectra (W) were recorded on a JASCO Ubest-55 spectrophotometer. Commercrally 

avadable hexane solunon of BuLt was ntrated before use wtth dtphenylaceuc actd m THF THF was &stdled 

t?om benzophenone ketyl Column chromatography was camed out on srhca gel (Wakogel@ C-200) Thm 

layer chromatography (TLC) was performed on stltca gel (precoated s&a gel plate Fm, Merck) 

1-(3-Deoxy-3-phenylseleno-2,5-di-O-pivaloyl-~-D-xylofuranosyl)uraciI (8) To a solution 

of (PhSe)z (2 50 g, 8 0 mmol) m EtOH (20 mL), NaBH.4 (606 mg, 16 0 mmol) was added portronwlse under 

atmosphere of dry Ar To the tesultmg colorless solunon, a THF (20 mL) solutron of 7 (4 90 g, 10 0 mmol) 

was added and the mrxture was tefluxed for 48 h. After bemg neuualued wnh 10% AcOH m MeOH, the 

teacuon mtxtute was evaporated to dryness and the whole residue was chromatographed on a srltca gel column 

(1% EtOH m CHC13) Tlus gave 8 (2 05 g, 81%), which was crystalhxed from EtOAc-hexane (mp 158-160 

“C) UV (MeOH) hmax 264 nm (E 13100), 1H NMR (CDC13) 8 1 16 and 127 (18H, each as s, COCMe$, 

3 90 (lH, t. 52,~= J31,4= 6 4 Hz, H-3’), 4 52 (2H, m, H-5’), 4 65 (IH, m, H-4’). 5 38 (lH, dd. 5t*,~= 4 9 

Hz, H-2’). 5 78 (lH, dd, J5.6’ 8 1, JSflB= 2 2 Hz, H-5), 5 93 (lH, d, H-l’), 7 31-7 34 (3H. m, SePh), 

7 51-7 68 (3H, m, H-6 and SePh), 8 46 (IH, br, NH), MS m/z 552 and 550 (M+) Anal Calcd for 

C25H32N207Se C, 54 45, H, 5 85, N, 5 08 Found C, 54 55, H, 5 86, N, 4 99 
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1-[5-0-(tert-ButyldiphenyIsilyl)-3-deoxy9-phenylseleno-~-D-xylofuranosyl]uraciI (9) 

A rmxture of 8 (536 mg, 0.97 mmol) and aqueous N NaOH (4 mL) in EtOH (4 mL) was snrred for 24 h. 

After bemg neutrahzed with aqueous N HCl, the reaction mature was evaporated to dryness and the whole 

residue was chmtnatographed on a s&a gel column (5% EtOH in CHC13) The &ate was evqomtcd to 

dryness and the residue was treated unth TBDPSCl(0 63 mL., 2 42 mmol) m pyndme (3 mL) for 24 h The 

reactmn mlxtuxe was evaporated and chromatographed on a s&a gel column (2.5% EtOH 111 CHQ). Thus 

gave 9 (576 mg, 96%) as a foam which was analytically pure W (MeOH) hmax 265 nm (E 11700). 1H NMR 

(CDC13, after addmon of&O) 6 1 11 (9H, s. Bu-t), 3 80 (lH, t, Jr,3= Jy,e= 6.4 Hz, H-3’), 4 04 (W, m, 

H-5’). 4 43 (lH, dd, Jl*z= 3 8 Hz, H-2’), 4 62 (1H. m. H-4’), 5 40 (1H. d, J5,6= 8.4 Hz, H-5), 5 69 (1H. 

d, H-l’), 7 21-7 25 (2H, m, SePh), 7 38-7 51 (9H, Slph and SePh), 7 65-7 74 (5H, m. Slph and H-6), MS 

m/z 622 (M+), 565 (M+-Bu-t) Anal Calcd for C31HNN205SeSl C, 59 89. H. 5 51, N, 4 51 Found C, 

59 67; H, 5 54, N, 4 36 

3’-Bromo-5’-O-(tert-butyldiphenylsilyl)-2’,3’-didehydro-2’,3’-dideoxyuridine (12), 

2’-Bromo-5’-O-(tert-butyldiphenylsilyl)-2’,3’-didehydro-2’,3’-dideoxyuridine (13), and 

5’-O-(tert-Butyldiphenylsilyl)-2’,3’-didehydro-2’,3’-dideoxyuridine (10) To a suspension of 

umdazole (102 mg, 150 mmol) in CC4 (3 mL), ~w&xI SOBQ (194 pL, 2 50 mmol) was added dmpw~se 

with samng at 0 ‘C under posmve pressure of dry Ar After 30 mm, a solutmn of 9 (311 mg, 0 5 mmol) m 

CQ (3 mL) was added and the mutture was gradually allowed to warm to mom temperature over 6 h After 

bemg quenched w~tb cold aqueous saturated NaHC03, the reaction mixture was extracted W&I cold CH2Clz 

(70 mLx3) The resultmg CH2C12 solution contaming 11 was dned (NazSO4) and filtered The filtrate was 

treated with MCPBA (173 mg, 10 mmol) at room temperature ovenught and partmoned between CHQ3 and 

aqueous 0 1 N Na2S203 The orgamc layer was further washed with aqueous saturated NaHC03 and chroma- 

tographed on a slhca gel column (hexane EtOAc = 3 1) This gave 13 (101 mg, 38%), 12 (111 mg, 42%), and 

10 (20 mg, 9%) Compound 12 was crystalhzed from hexane-EtOAc (mp 175-178 “C) UV (MeOH) & 259 

nm (E 8900), lH NMR (CDCl3) 6 1.09 (9H, s, SIBU-r), 3 87 and 3 98 (2H, each as dd, Jge,,,= 11.7, J$,y= 

2 9 Hz, H-5’), 4 85 (1H. m, H-4’), 5 24 (lH, dd, J5,6= 8 1, Js,m= 1 8 Hz, H-5). 6 36 (1H. m, H-3’). 6.96 

(lH, m, H-l’), 7 37-7 47 WI, m, SIph), 7 57-7 67 (5H, m, SiPh and H-6), 9.36 (lH, br, NH), MS m/z 471 

and 469 (M+-BUG), 359 and 357 (M+-B-Bu-f-l) Anal Calcd for C25H27BrN20&1 C, 56 93, H, 5 16, N, 

5 31 Found C, 56 97, H, 5 29, N, 5 04 Compound 13 was obtamed as an analyncally pure foam UV 

(MeOH) lcmax 260 nm (E 9200), *H NMR (CDC13) 6 1 10 (9H, s, SiBu-r), 4 07 (2H, m, H-5’), 4 78 (lH, m, 

H-4’), 4 87 (IH, dd, J5,6= 8 1, JS,NH= 1 8 Hz, H-5), 6 06 (lH, m, H-2’), 7 00 (lH, m, H-l’), 7 35-7 46 

(6H, m. Wh), 7 55-7 68 (4H, m, SiPh), 7 80 (lH, d, H-6), 9 53 (lH, br, NH), MS m/z 471 and 469 (M+- 

Bu-r), 359 and 357 (M+-B-Bu-t-l) Ad Calcd for C25H27BrN20& C, 56 93, H, 5 16, N, 5 31 Foun& 

C, 56 98, H, 5 32, N, 5 21 Compound 10 was obtamed as an analytically pure solid UV (MeOH) ii,,,= 260 

nm (E lOZOO), lH NMR (CDC13) 6 107 (9H. s, SiBu-z), 3 87 and 3 98 (2H, each as dd, Jsem= 117, J#,y= 

3 3, 2 9 Hz, H-5’), 4 90 (lH, m, H-4’), 5 21 (IH, dd, J5,6= 8 1, Js&H= 1 8 Hz, H-5), 5 86 (lH, m, H-2’), 

6 30 (IH, m, H-3’), 7 03 (lH, m, H-l’), 7 36-7 47 (6H, m, SiPh), 7 59-7 68 (5H, m, H-6 and SlPh), 9 22 

(lH, br, NH), MS m/z 391 (M+-Bu-r) Anal Calcd for C~~H~EN~O~SI H20 C, 64 35, H, 6 48, N, 6 00 

Found C, 64 11, H, 6 19, N, 5 95 
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2’,3’-Anhydro-S’-O-(tcrt-butyldiphenylsilyl)adenosine (15) To a soluhon of 14 (8 0 g, 

32 1 mmol) m pyndme (120 mL), TBDPSQ (21 mL, 80.0 mmol) was added and the mmtme was suned at 

room temperamre overmght After bemg quenched ~th aqueous saturated NaHm, the reaction rmxnrre was 

extracted ~th CHCl3 The extract was evaporated to dryness and the rcstdue was chromatographed on a sdica 

gel column (6% EtOH m CHC13). Tlus gave 15 (119 g. 76%) as an analy&caUy pure foam. UV (MeOH) & 

260 nm (E 12300), ii,&- 296 nm (e 2600); tH NMR (CDC13) 8 103 (9H, s. S&I-r). 3 73 and 3 85 (2H, 

each as dd, Jgem= 10 8, Je,y= 5 5, 7.0 Hz, H-S), 4.12 (lH, m, H-4’), 4.39-4 42 (2H, m, H-2’ and H-3’), 

5 65 (W, br, NH2), 6 15 (lH, s, H-l’), 7 30-7 46 (3H, m, WPh), 7.54-7.62 (2H, m, Wh), 7.90 and 8.24 

(2H, each as s. H-8 and H-2) , MS m/z 430 (M+-Bu-r) And Calcd for C@29N5O3S1 1/4Hfl: C, 63 45, 

H, 6 04, N, 14 23 Foun& C. 63.59, H, 6.07; N. 14 37. 

9-[5-O-(tert-Butyldiphenylsilyl)-3-deoxy-3-phenylseleno-~-D-xylofuranosyl]adenine 

(16) To a soluaon of (PhSe)z (4 61 g, 14 8 mmol) 1n &oxane (20 mL), LIAEQ (426 mg, 11 2 mmol) was 

ad&d pomonwse under atmosphere of dry Ar and the mixture was stlntd until a colorless suspensron 

resulted A &oxane (45 mL) solution of 15 (3 0 g, 6.2 mmol) was added to the above m1xtum and the reacnon 

was conducted first at mom temperature for 1 h and then at 60-70 ‘C for 3.5 h After neueon urlth 10% 

AcOH m MeOH, the reacuon mature was evaporated and the residue was chromatographed on a s&a gel 

column (4% EtOH m CHC13) Tlus gave 16 (3.4 g, 86%) as a pale yellow foam. UV (MeOH) & 262 nm 

(E 17200). IH NMR (CDC13) 6 0 92 (9H, s, S1Bu-z), 3 97-4.00 (2H, m, H-3’ and H-Sa), 4.08 (lH, dd, 

Jgem= 117, J4*,5’= 2 9 Hz, H-5’b), 4 68 (lH, m, H-4’), 4 98 (lH, dd, Jll,r= 5.5 , Jy,3= 9 2 Hz, H-2’), 

5 78 (lH, d, H-l’). 6 63 (2H, br, NH2), 7 27-7 71 (15H, m, SePh and Wh), 8 03 and 8.26 (2H, each as s. 

H-8 and H-2), MS m/z 588 (M+-Bu-r) Ad. Calcd for Q$&Ns@SeS1’ C, 59 62, H. 5.47, N. 10 86. 

Found C. 59 52; H, 5 50; N, 10 87 

3’-Bromo-5’-0-(tert-butyldiphenylsilyl)-2’,3’-didehydro-2’,3’-dideoxyadenosine (17) 

and 2’-Bromo-S’-O-(tert-butyldiphenylsilyl)-2’,3’-didehydro-2’,3’-dideoxyadenosine (18) 

These compounds were prepared from 16 by the procedure described for the preparation of 12 and 13 from 9 

The followmg amounts of reagents and 16 (519 mg, 0 80 mmol) 111 CQ (13 mL) were used: lmldazole (57 

mg, 0 83 mmol) 1n CC4 (5 mL), SOBr2 (180 pL, 2 32 mmol), and MCPBA (214 mg, 1.24 mmol) The 

brommanon and selenoxxie ebmmatlon wm conducted at 0 “C for 2 h and at room temperature overmght, 

respechvely Sd1ca gel column chromatography (hexaneEtOAc = 1 l- 14) gave 18 (145 mg, 33%) and then 

17 (180 mg, 41%) Compoun 17 was obtained as an analytically pure foam UV (MeOH) hmax 261 nm (E 

12100), lH NMR (CDC13) 6 108 (9H, s, SIBU-t), 3 98 (2H, d, H-5’), 4 90 (lH, m, H-4’), 6.09 (2H, br, 

NHz), 6 28 (lH, m. H-2’), 7 05 (lH, dd. J= 1 5, 3 4 Hz, H-l’), 7 26-7.40 (6H, m, !Wh), 7 54-7 62 (4H, 

m, &Ph), 8 08 and 8 37 (2H, each as s, H-8 and H-2). MS m/z 494 and 492 (M+-Bu-r) Anal. Calcd for 

C2&8BrNjO#i C, 56 72, H. 5 13, N, 12 72 Found C, 56 68, H, 5 13, N, 12 43 Compound 18 was 

obtamed as an analytically pure foam UV (MeOH) & 261 nm (E 14700), tH NMR (CDC13) 6 1.08 (9H, S, 

SlBu-r), 3 86 (2H, d, H-5’). 4 97 (lH, m. H-4’), 5 78 (2H, br, NH2), 6.50 (lH, m, H-q’), 691 (lH, dd, 

J= 1 8, 3 3 Hz, H-l’), 7 31-7 46 (6H, m, !Wh), 7 59-7 63 (4H, m, Wh), 7 88 and 8 34 (2H, each as s, 

H-8 and H-2), MS m/z 494 and 492 (M+-Bu-r) Anal Calcd for C2&8BrN@2Si C, 56 72, H, 5 13, N, 

12 72 Found C, 56 45, H, 5 20, N, 12 33 
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Preparation of 5’-0-(rert-butyldiphenylsilyl)-2’,3’-didehydro-2’,3’-dideoxy-3’- 

(phenylethynyl)uridine (19) by palladium-catalyzed cross-coupling (a typical procedure) 

To a nuxture of 12 (27.5 mg, 0 05 mmol), (Ph3phpdClz ( 3.5 mg, 10 mol%), and CuI (1.0 mg, 10 mol%) m 

DMF (15 mL), phenylacetylene (22 9 pL, 0.20 mmol) and E@N (0.1 mL) were added and the mixture was 

shrred at 80 “C for 5 h under poahve pressure of dry Ar. After evaporahon of the solvent, the &due was 

chromatographed on a s&a gel column (10% EtOH m CHC13). The resulting crude product was further 

punfied by preparative TLC (benzene EtOAc = 5 1) This gave 19 (19.4 mg, 68%) as a syrup. W (MeOH) 

A,,,, 261 (E 25200), 273 (E 32600), and 290 nm (E 24300), lH NMR (CDC13) 6 108 (9H, s, S&I-~), 4 10 

and 4 15 (2H, each as dd, Jgem= 12.1, J&,y= 1 5, 2 2 Hz, H-S), 4 91 (lH, m, H-4’). 4.98 (1H. dd, 55.6’ 

8 1, J5.w 2 2 Hz, H-S), 6 11 (lH, m, H-2’). 7 14 (lH, m, H-l’), 7 25-7 46 (1 lH, m, Ph and SIPh), 7 57- 

7 67 (4H, m, SlPh), 7 87 (lH, d, H-6), 8 31 (1H. br. NH), MS m/z 491 (M+-Bu-2). And. C&d for 

C33H32N20& 1/4HzO C, 7164. H, 5 92, N, 5 06 Founti C. 71.56, H, 6 19, N, 4 73. 

5’-O-(terl-Butyldiphenylsilyl)-2’,3’-didehydro-2’,3’-dideoxy-3‘-(trimethylsilylethy- 

nyl)uridine (20) This compound was obtamed as a syrup (1914 mg) from 12 (300 mg). UV (MeOH) 

I- 236 (E 18300) and 248 nm (E 18700), &,,,I& 258 nm (E 12900), 1H NMR (CDCl$6 0 24 (9H, s, 

SiMe$, 1 10 (9H. s, SIBU-r), 4 05 and 4 13 (2H, each as dd, Jgem= 12 1, Je,y= 15,2 2 Hz, H-S), 4.78 

(lH, dd, J5,6= 8 1, JS,NH= 2 2 Hz, H-5), 4 82 (lH, m, H-4’), 6 05 (1H. m, H-2’). 7 09 (lH, m, H-l’), 

7 34-7 44 (6H, m, S1ph), 7 56-7 73 (4H, m, Sflh), 7 72 (1H. d, H-6). 8.56 (1H. br, NH), MS m/z 487 

(M+-Bu-r), 375 (M+-B-Bu-r-l) Anal Calcd for C~OH~~NZO~S~~ 1/2H20 C, 65 06; H, 6.74, N, 5 06 

Found C, 65 30; H, 6 69, N, 4 91 

S’-O-(tert-Butyldiphenylsilyl)-2’,3’-didehydro-2’,3’-dideoxy-3*-vinyluridine (21) 
This compound was obtamed as a syrup (14 4 mg) from 12 (43 4 mg) W (MeOH) I- 260 nm (e 9900), 

lH NMR (CDCl3) 6 1 05 (9H, s, SlBu-r), 4 04 and 4 09 (2H. each as dd, Jgem= 12 1, Jt,y= 2.8, 1 8 Hz, 

H-5’), 5 00-5 03 (2H, m, H-4’ and H-5). 5 31 and 5 34 (2H. each as d, J= 114, 17 6 Hz, CH=C&), 5 79 

(lH, s, H-2’), 6 50 (lH, dd, CH=CH2), 6 99 (lH, m, H-l’), 7.35-7 48 (6H, m, SIph), 7 51-7 77 (4H. m, 

S1Ph), 7 82 (lH, d, J5,6= 8 1 Hz, H-6), 8 74 (lH, br, NH), MS m/z 417 (M+-Bu-r). And Calcd for 

C~~H~ON~O~SI 1/2H20 C, 67 05, H, 6 46, N, 5 79 Found C, 67 20, H. 6 58. N, 5 48 

5’-0-(tert-Butyldiphenylsilyl)-2’,3’-didehydro-2’,3’-dideoxy-3’-phenyluridine (22) 

This compound was obtamed as a syrup (116 mg) from 12 (30 0 mg) UV (MeOH) ii- 257 nm (E 21800), 

lH NMR (CDCl3) 6 0 86 (9H, s, SlBu-r), 4 00 and 4 08 (2H, each as dd, Jgem= 12.1, J#,y= 2 6, 1 1 Hz, 

H-5’), 5 10 (lH, dd, J5,6= 8 1. JS,NH= 2 2 Hz, H-5). 5.36 (lH, m, H-4’), 6 04 (lH, m, H-2’), 7 14 (lH, 

m, H-l’), 7 23-7 47 (15H, m, SlPh and Ph), 8 01 (lH, d, H-6), 8 20 (1H. br, NH), FAB-MS m/z 467 (M+- 

Bu-r) And Calcd for C31H32N20&1 l/4&0 C, 70 36. H. 6 19, N, 5 29 Found C. 70 23, H, 6 45, N, 

4 97 
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5’-O-(terl-Butyldiphenylsilyl)-2’,3’-didehydro-2’,3’-dideoxy-3’-methyluridine (23) 

Thm compound was obtamed as a syrup (6.7 mg) from 12 (54 3 mg). W (MeOH) hmpx 261 nm (e 8300); 1H 

NMR (CDC13) 6 1.09 (9H, s, SIBU-t), 1.91 (3H, d, J= 1 1 Hz, 3’-Me), 3.88 and 4 05 (2H, each as dd, JW= 

12 1, Je,y= 2.2, 1 8 Hz, H-S), 4 65 (1H. m, H-4’), 4 94 (lH, dd, 55,6= 8 1. Js,rq~= 2 2 Hz, H-5). 5 50 

(lH, m. H-2’). 6.95 (lH, m, H-l’), 7.35-7.47 (6H, m, Wh), 7 54-7 66 (4H, m, Wh), 7 76 (H-I, d, H-6), 

8 66 (lH, br, NH), FAB-MS m/z 405 (M+-Bu-t). And. Cacld for C&I3&04S1 l/d&o: C, 66.85; H, 

6.58, N, 6 00 Found: C, 66 95; H, 6.86, N, 5.78. 

5’-O-(tsrl-Butyldiphenylsilyl)-2’,3’-didehydro-2’,3’-dideoxy-2’-(phenylethynyl)- 

u&line (24) Thus compound was obtamcd as a syrup (38.0 mg) fivm 13 (50 7 mg). W (M&H) & 259 

(E 23400). 272 (e 26000). and 289 nm (e 18800); 1H NMR (CDC13) 6 1.09 (9H, s, S&I-~), 3.90 and 3.97 

(2H, each as dd, Jgcm= 11.7, J4*,5’= 3 3 Hz, H-S), 5.01 (lH, m, H-4’). 5.24 (lH, dd, J5,6= 8.1, J5m= 

2 2 Hz, H-5), 6.49 (lH, m, H-3’), 7 04 (lH, m, H-l’), 7 29-7 48 (llH, m. Ph and Wh), 7 59-7 67 (5H, 

m, Slph and H-6), 8 66 (lH, br, NH), MS m/z 491 (M+-Bu-t) Anal Calcd for C33H32N20&11/2H20 C, 

7107; H. 5 96; N, 5.02 Found C, 70 71; H, 6.05, N, 4 84 

S’-O-(krt-Butyldiphenylsilyl)-2’,3’-didehydro-2’,3’-dideoxy-3’-(phenylethynyl)- 

adenusine (25) Tlus compound was obtamed as a foam (76 mg) from 17 (108.5 mg) UV (MeOH) Lax 

261 (e 31000). 273 (e 37800). and 289 nm (e 25200), 1H NMR (CDCl3) 6 106 (9H, s, SlBu-t), 4.03 (W, m, 

H-S), 5 03 (lH, m, H-4’). 5 94 (2H, br, NHz), 6 32 (lH, m, H-2’). 7.15-7 44 (7H, m, H-l’ and S$h), 

7 58-7 63 (4H, m, Wh), 8 14 and 8 39 (2H, each as s, H-8 and H-2), MS m/z 380 @I+-B-Bu-t) Ad 

Calcd for C3@3N502Sl C. 7142, H, 5 82, N, 12 25 Found C. 71 11, H, 5 99, N, 12 06 

S’-O-(tert-Butyldiphenylsilyl)-2’,3’-didehydro-2’,3’-dideoxy-3’-(trimethylsilyl- 

ethynyl)adenosine (26) This compound was obtamed as a syrup (35 mg) from 17 (81 mg) I.JV (MeOH) 

hmax 235 (e 20500), 247 (e 22100). and 259 nm (e 18400). 1H NMR (CLXI3) 6 0.23 (9H, s. S1Me3). 107 

(9H, s, SIBU-t), 3 97-3 98 (2H, m, H-5’). 4.95 (lH, m, H-4’), 6 00 (2H. br. NH2). 6.26 (lH, m, H-3’), 

7 16 (lH, m, H-l’), 7 24-7.61 (1OH. m, S1Ph). 7 98 and 8 37 (2H, each as s, H-8 and H-2); MS m/z 376 

(M+-B-Bu-t) Anal Calcd for C~~H~~N&SQ C, 65 57, H. 6 57, N, 12 34 Found C, 65 5 1, H, 6 85, N, 

12 10 

S’-O-(terCButyldiphenylsilyl)-2’,3’-didehydro-2’,3’-dideoxy-3’-vinyladenosine (27) 

This compound was obtamcd as a syrup (62 mg) from 17 (166 mg) UV (MeOH) Lax 260 nm (e 152&I), 

1H NMR (CDCl3) 6 103 (9H, s, SIBU-0, 3 90 and 4 01 (2H, each as dd. Jgem= 117,Je,y= 4 0,2 6 Hz, 

H-S), 5 14 (1H. m, H-4’), 5 29 and 5 33 (2H, each as d, J= 17 2. 10 3 Hz, CH=C&), 5 97 (2H, br, 

NHz), 6.01 (lH, m. H-2’), 6 52 (lH, dd, C!H=CH2), 7 07 (lH, m, H-l’), 7 24-7 56 (1OH. m, Wh), 8 05 

and 8 37 (2H, each as s, H-8 and H-2), MS m/z 306 (M+-B-Bu-t) And Calcd for C2gH31N@& C, 67 58. 

H. 6 28, N, 1407 Found C, 67 36, H, 6 58, N, 13 72 
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3’-Al~yl-5’-O-(tert-butyldiphenylsilyl)-2’,3’-didehydro-2’,3’-dideoxyadenosine (28) 

Tius compound was obtamed as a syrup (21.8 mg) from 17 (150.7 mg). UV (MeOHj & 260 nm; rH NMR 

(CDC13) 8 1.07 (9H. s. SiBu-2). 2.89-3.07 (W. m, C&CH=CH~, 3.79 and 3.93 (W. each as dd, Jaera= 

117, J415” 2 9, 3 3 Hz, H-S), 4.82 (lH, m, H-4’), 5.09-5.18 (2H, m, CH$IH=C&), 5 69 (2H, br, 
-- - -- .--- -- _;. _ ̂  _ _ ̂ ^ ____ . - ^^ I___ _ ^^ d-^-P 

NH2), 5 75 (lH, m, H-Z), 3 MB-5.W (1H. m, CH2Cd=CH2), 7 05 (lH, m, H-i’j, 7.27~-1.8;l (ton, m, 

S1ph), 8 03 and 8 38 (W, each as s, H-8 and H-2); MS m/z 454 (M+-Bu-r) HRMS (FAB), Calcd for 

C29HMN502Si [MH+]. m/z 512 2481 Found m/z 512.2458 

5’-O-(terf-Butyldiphenylsilyl)-2’,3’-didehydro-2’,3’-dideoxy-2’-(phenylethynyl)- 
adenosine (29) This compound was obtamed as a foam (100 mg) from 18 (150.7 mg) UV (MeOH) & 

259.265,272, and 289 nm, rH NMR (CDC13) 6 108 (9H, s. StBu-r), 3.80 and 3 87 (2H, each as dd, Jw= 

110, Je,y= 4.4, 5 1 Hz. H-57, 5 12 (lH, m, H-4’), 6 03 (2H, br, NHz), 6.64 (lH, m, H-3’), 7 06 (H-I, m, 

H-l’), 7 23-7 68 (15H, m, StRh and Rh), 7.93 and 8 38 (2H, each as s. H-8 and H-2), MS m/z 514 (M+- 

Bu-r) HRMS (FAB), Calcd for C~~NSO$I [MH+]* m/z 572.2482 Found. m/z 572 2497 

5’-O-(tert-Butyldiphenylsilyl)-2’,3’-didehydro-2’,3’-dideoxy-2’-(trimethylsilyl- 

ethynyl)adenosine (30) This compound was obtamed as a powder (142 mg) from 18 (149 8 mg) W 

(MeOH) Lax 237 (E 20300) and 247 nm (& 22300). i&,ulder 255 nm (E 17000). 1H NMR (CDC13) 6 0 08 

(9H, s, !GMe3), 106 (9H, s, SiBu-t), 3 74 and 3 83 (2H. each as dd, Jgem= 110. Je,y= 5 5,4.8 Hz, H-S), 

5 05 (lH, m. H-4’). 5 97 (2H, br, NH2), 6 60 (lH, m. H-3’), 6 96 (1H. m, H-l’), 7 29-7 70 (lOH, m, 

SrPh), 7 85 and 8 36 (2H, each as S, H-8 and H-2), MS m/z 510 (M+-Bu-t) Anal Calcd for C3rH37N&& 

C, 65 57, H, 6 57, N, 12 33 Found C, 65 84, H, 6 80, N. 12 21 

5’-O-(ter~-Butyldiphenylsilyl)-2’,3’-didehydro-2’,3’-dideoxy-2’-vinyladenosine (31) 
Tius compound was obtamed as a foam (99 mg) ftom 18 (151.5 mg) W (MeOH) Lax 260 nm (E 14600), 

rH NMR (CDCl3) 6 107 (9H, s. StBu-r), 3 76 and 3 84 (2H, each as dd, Jgem= 10 8, J#,y= 4 8.5 1 Hz, 

H-5’), 4 88 and 5 11 (2H, each as d, J= 110, 18 0 Hz, C!H=C&), 5 01 (lH, m, H-4’), 5 76 (2H, br, NH2), 

6 30 (lH, m, H-3’), 6 44 (lH, dd, cLI=CH2), 7 19 (lH, m, H-l’), 7 29-7 62 (lOH, m, S1ph), 7 75 and 

8 37 (W. each as s, H-8 and H-2). MS m/z 440 (M+-Bu-t) Anal Calcd for C!&I31N5O#1 C, 67.58, H, 

6 28, N, 14 07 Found C, 67 69, H, 6 43, N, 13 80 

2’-Allyl-5’-O-(~ert-butyldiphenylsilyl)-2’,3’-didehydro-2*,3’-dideoxyadenosine (32) 

This compound was obtamed as a foam (94 2 mg) from 18 (104 1 mg) UV (MeOH) Lax 260 nm (E 14700), 

‘H NMR (CDC13) 8 108 (9H, s, StBu-r), 2 71 (2H, m, C&CH=CH;?). 3 84-3 85 (2H, m, H-S), 4 96-5.06 

(3H, m, H-4’ and CH2CH=CHti), 5 73 (lH, m, CH$X=CH2), 5 99 (lH, m. H-3’). 6.38 (W, br, NHz), 
c nr ,,_I 1T *1\ -l+,LI -zln ,rnrr _ “__L\ L1n* _-a 0 19 /*TV ___L __ _ TT ” __> -1#&, nrn 0 YJ Iin, m, n-r ), I LI-I Iv (run, m, otrn), 1 YL and 6 ,)3 (Ln, eacn as s, n-6 and n-L), ~3 m;z 454 

(M+-Bu-Z) Anal Calcd for C~~H~~NSO~SI C, 68 07, H, 6 50, N, 13 69. Found C, 68 16, H, 6.58, N, 

13 34 
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General procedure for the halogen-lithium exchange reaction of 12 and 13. To a mlxture 

of 12 or W (300 mg, 0.57 mmol) and an appropriate electrophtle (5.7 mmol) m THF (10 mL+), a hexane 

soluaon of BuLi was added dropwme (ca 2.5 muhr) under atmosphere of dry Ar, whrle mamtatmng the 

temperature below -70 “C. The reactton mrxture was quenched wrth AcOH. The whole mrxture was evaporated 

aud chtomatographed on a szhca gel column (hexane-EtOAc) When neccessaty, further punficatton of the 

product(s) was camed out by preparanve TLC 

5’-0-(tert-Butyldiphenylsilyl)-2’,3’-didehydro-2’,3’-dideoxy-3’-(phenyl)hydroxy- 

methyluridine (33) This compound composed of two drastemomers (ca l:l), each of whmh was isolated 

by pmparauve TLC @enzeneEtOAc = 3 1). Phystcal data of less polar isomer obtamed as a syrup are grven 

below UV (MeOH) k,,,, 261 mu (E 9100). lH NMR (CDCl3) 8 1 14 (9H, s, S&t-r). 2.89 (lH, br, OH), 

4 08 and 4.14 (W, each as dd, JBeu,= 12 1, Jq’,s= 2 2 Hz, H-5’). 4 94-4 97 (W. m, H-5 and H-4’), 5 36 

(1H. s, CH(OH)Ph). 5 55 (1H. s, H-2’), 6 92 (lH, m, H-l’), 7 32-7 46 (llH, m. Ph), 7.57-7 59 (2H, m. 

Ph), 7 67-7 69 (3H, m, Ph and H-6), 8 80 (IH, br, NH), FAB-MS m/z 425 (M+-B-HzO), 385 (M+-B- 

Bu-t-l) And Calcd for C32H~N205Si 1/3H20 C, 68 54, H, 6 23, N, 5.00 Found C. 68 62, H. 6 39, N, 

4 90 Physical data of more polar isomer obtamed as a syrup am e;lven below UV (MeOH) Iman 260 nm (E 

10600). lH NMR (CDC13) 6 1 13 (9H, s, StBu-r), 2 77 (lH, br, OH), 3 74 and 3 98 (W, each as dd. Jgem= 

12 1, Jg,y= 2 2 Hz, H-S), 4 37 (1H. m, H-4’). 5 16 (lH, dd. J5,6= 8 1, Js,m= 1.8 Hz, H-5). 5.24 (lH, s, 

CH(OH)Ph), 5 94 (1H. d, Jl*,z= 1 1 Hz, H-2’), 7 01 (lH, m, H-l’), 7 07-7 10, 7 28-7 31, 7 38-7 51. 7 57- 

7 59.7.68-7 72 (15H, each as m, Ph), 7 84 (lH, d, H-6). 8 97 (lH, br, NH), FAB-MS m/z 425 (M+-B- 

H20), 385 (M+-B-Bu-r-l) Anal Calcd for C32H~NfisSr C, 69 29, H, 6 18, N, 5 05 Found C, 69 08, 

H, 628, N, 482 

5’-O-(Ccrt-Butyldiphenylsilyl)-2’,3’-didehydro-2’,3’-dideoxy-3’-[(l-hydroxy-2- 

methyl)propylIuridine (34) This compound composed of two duuxereomers (ca 1 1). each of whtch was 

isolated by preparauve TLC (1% EtOH m CHC13). Phystcal data of less polar isomer obtamed as a syrup are 
raven k!Gwi IlV &iefIH\ La, 261 nm (s 88fNN. 1~ lrJM_R_ ICTDChi 8 fI 90 f?H d .I= 6 6 Hz. Pf-lM~k 1 M- a-. --- _ . \_.__-__ , ._,,_ --- ----- \- ____,, \----) ,----\----,- ___-, --, - -. 

109 (12H, m, CH&& and SIBU-tj, 188 (lH, m, CfiMez), 2 88 (lH, d, J= 5 9 Hz, OH), 4.00 and 4 07 

(2H, each as dd, Jgem= 11 4, Jq’,51= 3 7.2 4 Hz, H-S), 4 13 (lH, t, J= 6.8 Hz, =OH), 4 86 (H-I, m, 

H-4), 5 03 (lH, dd, J5,6= 8 1, JS,NH= 1 8 Hz, H-5). 5 67 (lH, s. H-2’). 6 93 (lH, m, H-l’), 7 36-7 46 

(6H, m, StPh), 7 55-7 66 (5H, m, H-6 and Wh), 8 39 (lH, br, NH), FAB-MS m/z 521 (M++l), 463 (M+- 

Bu-tj, 351 (M+-B-Bu-t-l) Anal Calcd for C29H3tjN205Si 3/4H@. C, 65 20; H, 7 08, N, 5.24 Found C, 

65 08, H, 6 94, N, 5.03 Physical data of more polar isomer obtained as a syrup are gven below. UV 
_ _-_. 1 -- -- 

(‘MWH) n,, 26i nm (e 940Oj, tH NMR (cDC13) 8 0 84 and 0 97 (6-H. each as d, J= 6 6 HZ, cr-rpdez), 108 

(9H, s, SIBU-t), 172 (lH, m, CHMe2), 2 36 (lH, s, OH), 3 83 and 4 20 (W, each as dd. Jgcm= 117. Jq’,y= 

2 6 Hz, H-5’), 4.20 (lH, m. CkI(OH)CHMeZ), 4 70 (1H. m, H-4’), 5 12 (1H. d, J5,6= 8 1 Hz, H-5), 5.78 

(lH, d, Jl*,z= 1 5 Hz, H-2’). 7.00 (lH, m, H-l’), 7 35-7 46 (6H, m, Wh), 7 55-7 66 (4H, m, H-6 and 

Wh), 7 74 (lH, d, H-6), 9 48 (lH, br, NH), FAB-MS m/z 463 (M+-Bu-t), 351 (M+-B-Bu-t-l) And 

Calcd for C~~H~&O~SI 1/2H20 C, 65 76, H, 7 04, N, 5 29 Found C, 65 70, H, 7 27, N, 4 99 
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5’-O-(terl-Butyldiphenylsilyl)-2’,3’-didehydro-2’,3’-dideoxy-2’-(phenyl)hydroxy- 

methyluridine (35) Tlus compound was obtamed as a foam, wtuch composed of two mseparabk dia- 

stereanners (cu 1:l) UV (I&OH) & 261 mn (E 9900), lH NMR (CDCl3) 6 107 and 1 10 (9H, each as s, 

SlBu-r), 3 80 and 3 85 (lH, each as dd, Jsem = 12 1, J4*5” 2 6 Hz. H-J’aj, 4.00-4 03 (1H. m, H-Sb), 4 87 

and 4 89 (lH, each as m, H-4’). 5 01 and 5 09 (lH, each as dd. J5,6= 8 1, JS,NH= 2.2 Hz, H-5), 5 21 and 

5 44 (lH, each as s, -OH), 6 00 and 6 13 (lH, each as d, J= 15 Hz, H-3’), 6 89 and 7 05 (1H. each as m, 

H-l’), 7 29-7 46 and 7 57-7.74 (16H, m, H-6, Ph, and Wh), 7.85 and 7 91 (lH, each as br. NH); MS m/z 

425 (M+-B-HzO), 385 (M+-B-Bu-r-l) Ad Cakd for c3~~N205s1~/4&@ C, 66.58; H, 6 37, N, 

4 85. Found C. 66 59. H, 6.03, N, 4 65 

5’-O-(tert-Butyldiphenylsilyl)-2’,3’-didehydro-2’,3’-dideoxy-2’-methyluridine (36) 
This compound was obtamed as a sohd UV (MeOH) h max 260 MI (E 9700). 1H NMR (CDC13) 6 107 (9H. s, 

SIBU-t), 171 (3H, s, 2’-Me), 3 82 and 3 95 (2H. each as dd, Jgem= 11.7, J~,Y= 3 3.2 9 Hz, H-5’), 4.83 

(lH, m, H-4’), 5 20 (lH, dd, J5,6= 8.1, Js,m= 2 2 Hz, H-5), 5 86 (lH, dd, J= 1 5. 3.3 Hz, H-3’), 6 84 

(lH, m. H-l’), 7 36-7 47 (6H, m, Wh), 7 59-7 65 (5H, m. SlPh and H-6), 8 56 (lH, br, NH), MS m/z 405 

(M+-Bu-t), 293 (M+-B-Bu-t-l) Anal Calcd for &jH30N20&11/4H20 C. 66 85. H, 6 58. N, 6 00 

Found C, 67 09, H, 6 48, N, 5 77 

2’,3’-Didehydro-2’,3’-dideoxy-2’-methyluridine (37) A THF (2 mL) solution of 36 (94 mg, 

0 20 mmol) was treated with TBAF 3H20 (83 4 mg, 0 26 mmol) at room temperature for 40 mm. After 

evaporation of the solvent, the whole residue was chromatographed on a sdca gel column (10% EtOH m 

CHC13) This gave 37 (419 mg, 92%) as an analflcally pure sold UV (MeOH) i4- 260 MI (& 9200). lH 

NMR (CDC13) 6 172 (3H, s, 2’-Me), 3 75 and 3.91 (2H, each as dd, Jgem= 12 1, Je,y= 2 9 Hz, H-S), 4 88 

(lH, m, H-4’), 5 70 (1H. dd, J5,6= 8 1, Js,m= 2 2 Hz, H-5), 5 92 (lH, d, J3*,4’= 1 8 Hz, H-3’). 6 84 (lH, 

m, H-l’), 7 63 (lH, d, H-6), 8 34 (lH, br, NH); MS m/z 1 I3 (M+-B) Anal Calcd for C@I12N2O4 C, 

53 57, H, 5 40. N, 12.49 Found C, 53 27, H, 5 34, N, 12.43 

5’-0-(tert-Butyldiphenylsilyl)-2’,3’-didehydro-2’,3’-dideoxy-3’-(phenyl)hydroxy- 

methyladenosine (38) and its twu diastereomeric acetates (40) To a THF (2 mLj solution of 17 

(54 1 mg, 0 098 mmol), under atmosphere of dry Ar, a hexane soluhon of BuLl(0 1% mmol) and PhCHO 

(60 pL, 0 588 mmol) were added successively whale mamtammg the temperature below -70 “C After 10 mm, 

the reacnon mutture was quenched by addmg AcOH (12 pL) and the whole nuxtuxe was chnnnatographed on a 

silica gel column (8% EtOH m CHC13) Thus gave 38 (15 5 mg, 27%). 39 (15 1 mg, 34%), and 17 (10 1 

mg, 19%) Compound 38 obtamed as a syrup was characterized by ‘H NMR and MS spectmscoples 1H 

NMR (CDCl3) 6 109 (9H, s, SIBU-t), 3 73, 3 90, and 3 95 (2H, each as m, H-S), 4.58 and 5 03 (lH, each 
_I 1.. _ n. _ *.. r ,r , ,..a 1-w1 . _ “.T I,.__ 

as m, H-q), 5 L)o,3 oL, J 00, ana 0 u4 (Ln, each as s, H-Z and Cd(CIHjPhj, 5 72 ana 3 IY pi, each as 

br. NH2), 6 98 and 7 03 (1H. each as s, H-l’), 7 19-7 66 (15H, m, Ph), 7 95, 8 08. 8 31, and 8 33 (2H. 

each as s, H-8 and H-2), MS m/z 521 (M+-Bu-t+l), 386 W-B-BUG) Acetylanon of 38 (Ac20 m pyn&ne. 

room temperature, overnight) gave 40 as two &astereomers. each of which was Isolated by preparative TLC 

(CHC13 EtOH = 15 1). Physlcal data of less polar Isomer obtamed m 33% yield as a syrup are gwen below 

UV (MeOH) I,,,= 260 nm, 1H NMR (CDCl3) S 109 (9H, s, SlBu-t), 2 03 (3H, s, OAc), 3 83 and 3 93 (2H, 
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each as dd, Jgem= 11.9.54’s= 3.7,2 2 Hz, H-5’). 5 11 (1H. m, H-4’). 5 58 (2H, br, NH2), 5.60 (lH, m, 

H-2’). 6.56 (lH, s, CH(OAc)Ph), 7.04 (lH, m, H-l’), 7.22-7.57 (15H. m, Ph), 7.93 and 8.35 (2H. each as 

s. H-2 and H-8) HRMS (FAB). Calcd. for C35H3gN504S1 FM+] m/z 620.2693 Found: m/z 620.2684. 

Physzal data of more polar isomer obtamed m 35% yield as a syrup m gwen below. W (MeOH) k 260 

nm, ‘H NMR (CDC13) 6 1 11 (9H, s. S1Bu-t), 2.10 (3H, s, OAc), 3.64 and 3 91 (2H, each as dd, Jeem= 

11 7, J4*.s= 2 9, 3 3 Hz, H-5’). 4.48 (lH, m, H-4’). 5.72 (W, br, NH2), 6.16 (lH, m, H-2’), 6.46 (1H. s, 

CIiI(OAc)Ph), 7.12 (lH, m, H-l’), 7.26-7 70 (15H. m, Ph), 8.20 and 8 39 (2H, each as s, H-2 and H-8) 

HRMS (FAB), Calcd. for &H38N&Sl [MH+]. m/z 620 2693. Foun& m/z 620 2662 

5’-O-(ler~-Butyldiphenylsilyl)-2’,3’-didehydro-2’,3’-dideoxyadenosine (39) This 

compound was obtained as an analytically pure pow&r W (M&H) & 260 nm (E 14700); tH NMR 

(CDCl3) 6 1.06 (9H, s, S&u-t), 3.84 (W, m. H-S), 5.04 (lH, m, H-4’). 6 08 and 6 45 (2H, each as m, 

H-2’ and H-3’). 6.64 (2H, br, NHz), 7 08 (lH, m, H-l’), 7.30-7 70 (IOH, m, StPh), 8.00 and 8 34 (2H, 

each as s, H-2 and H-8); MS m/z 414 (M+-Bu-r) Anal C!alcd for C@I~N&$t C, 66 21, H, 6 20; N, 

14 85 Found: C, 66.26, H, 6 40; N, 15 01 
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