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Abetroct - A l uio. of 3’-C-~o-3!-d~~otJutloo~l~~ uucI..o.Ide. 
hr. been l 7utb.eix.d from I-(5~ribof~moe7l)th~n. (7). 2’,5’-Solectir. 
protection of 7 followed b7 oriQRfen‘ &forded the correepoedi~ 3’-keto- 
nucl.o.id. (Y). TIW lettu rutted with N.a to girr l eixture of 3’-qeno- 
h~in. ehich were 3’deoqgeneted to l fford I- 2’,S’di~(~-but7I~oth71- 
.ll7lF3’_C-~~-3’d.o~bplr~~ntoitn~o~l tll*n. (14). Deprotection 
of 14 end eelactive S’*protection g*ra the S’-O-(t-but7ldiutb71~171~ 
derivetire 16 which b7 Z’-d.oqgenetion 7i.ld.d the c%&pondin# 3’_C-c7.m- 
2’. 3”dideeq-bD-tkreo nucle~dd. rl. 
rugent in the pr;.G of . l troq 

Ioection of 16 with en l c7leting 
bee. gere the 3’-C-~yeno-2~,3~-dideoxy- 

2’,3’-didch7dro nucleorid. 12. Epimrizetion of 14 end h with WOE efforded 
3’-+y.ao-3’-d.oxy-~@-~ (llv md 3’_c-oy.oo-3’-d.os7-0+-.rVthro (24) 
nucleoeid.., rompctirely. Ieectio. 12, 22 and 24 with EC1 #we the correepon 
ding deprotected nucleoride. 13, 23 end 25. 5-0_Ac.tyl-3_C-cyeeo-3-d.ox7-1,2 
4i.opro~li4ene-o-Q-ribofurenoee he. else been propered by a route l iei1.r 
to tht dercribad for 22. 

2’,3’-Dideorynucleoride. l re nong the met potent end relectire enti-HIV l gent. deecribrcd 

l o f.r.1’2*3 So.. coqouudr of thi. group N& u 3’-exido-3’-deoxythymidin. (AZT, l), end 2’,3’ 

dideoxyqtidio. (4). l re cumntly under clinic.1 triel..’ Other releted ccapounde, nuel7, 2’,3’- 

dideoxyth~din. (3). 2’,3’-dideory-2’,3’-didehydrotbymidia. (5)' 2’,3’-dideoxy-2’,3’- 

didehflrocytidin. (6). 2’,3’-dideoxy-3’-fluorocytidin. (t), l 1.0 rhow potent end l electiv. 

~ibition of EIV in ritro.1’2’3 The l ccepted rcheuin of action for UT, end other 2’,3’- 

did.oxynucl.o.id.., imolrc. the non l electir. phoephoryletion b7 celluler kineee. to the 5’- 

triphoephetc (AzddlT?). Thi. me, ect l . . coqmtirite inhibitor or an l lternet. l ubetrete of HIV 

revere0 tr.n.cr1pte.e. Ixxorporetioa or AxddlTP into DIA. producm. chain terrlnetioo. ArdtTfP 

inhibit. HIV revere. trenecriptere one hundred time. better then cellular DNA pol7m.r.e. end la 

l 1.0 able to cro.. the blood-brein berrier. 5 However it l 1.0 l her. bone arrow l uppreeion end 

other l id. effect. which rke neceenry the l eerch for uew nucleoeid. enelogu.. more l electir. end 

le.. toxic in it. enti-AIDS ectirity. 
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A woup of choice cendldet.. l r. the 3’-+yeno-3’-deoxynuc1eo.id.e. The meio method. for 

the introduction of C-cyeno brench.. In cerbohydret.. her. been briefly r.rler.d.6 Two of tlleee 

methods hare bnn rmmtly ueed for the l ynthe.1. of 3*-C_-cyenonucl.o.ld... 3’=-cy.oo-3’- 

deoxythwdine end It. o-enamor here been preprred by reectlon of . methyl 3+cyeno-2,3-did.oxy-o 

-D-•rythro-pentofureaoeide rith tbymidine.’ l-(3’+Zyuw3’-deoxy-B-i-u.bimofurmmo.yl)ur.cll he. 

been eyntheeired by reectlon of l l-(2’,3’-enhydro-8-plyxofureno.yl)ur.cll rith l odium cyenid..8 

In l prelimlnery l ccount of this work, we her. l 1.0 reported tba synthuim of 3’-C_-cymuo-3’- 

deoxythymldlne derlretlr.. by reectlon of l odium cyenlde with l 3’-ketothymldine nucleoeide.9 

In thi. pepw we report the l yntheei. of 3’_C-cyeno-3’-deoxy d.rlr.tlr.. of O-D--lo- (15). 

bD-ribo- (la), 2’-dcory-O-P_threo- _ (24) end 2’-deoxy-B-perythro-pentofurmnoeylthymin. (U), l . 

well l . the I-(3’-~-c~~o-2’,3’dldeo~-~-~~l~c.ro-~nt-2-.nof~.no.~l)th~n. (13). 

Reection of 1-(O-~rlbohtt.no~l)th~ln. (7)” with 3 l quirelent. of _butyldim.thyl.ilyl 

chloride la pyrldln. efforded the 2’,5’-dl-O-t-but~ldlmeth~leilyl derivetire 8 in 68X yield. The 

letter 1.. reected with Cr03/Pyridin.l~~011 to give the l-(O-pe~thro-~tofpr~oe-3- 

ulo.yl)thymln. (9) In 73% yield. Ieection of 9 with l odium cyenid. end l odium bicerbooet. in en 

ethyl l ther-weter, two ph.... ryetern, l fforded .t.r.o..lectlr.l~ l (12:l) mixture of the two 

cyeoohydrln l pimer. 10 In 85% tot.1 yield. The.. campound., which pertielly decorpoeod to 

ketonucleoride 9, bn l tendla In l olution et room teqeretur. were 3’-d.oqg.uet.d12 by reection 

with phenyloxythioarbonyl chloride end 4-diwthylWpyridlne.13 The reeultlq (6:l) mixture of 

3’_C-cyeno-3’-~(ph.n~Loxythloc.rbonyl).plm.r. 11 ve. reected with trlbutyltin hydride In the 

premenc. of ..obl.l.obutironitrll. to give .t.reo.ol.ctiv.ly 1-(3’-+yeao-3’-deoryxylofurenoeyl)- 

thplne 14 (60% yield from 9). l . the only product. Remove1 of the 2’-’ &J 5’-0-(t- - - 
butyldimeth~l.ll~l) protecting group. with tetrebat~lrnium fluoride In W l fforded 15 in 61% 

yield. 

The 6-m derivetire 15, we. 2’d.oqgen.t.d to the a-D-three nucleaeide 24. teection of 

15 with 1.1 eqalr.l.nt$ of +-butyldimethylailyl chloride se:= ..lecti+.ly 5’-O-protected 

nucleoeid. 16 (93%). Treetment of the letter with pheoylorythloc.rbon~l chloride end pyridine in 

methylen. chloride, followed by reectlon of the reeulting thiocerbonete 17 with tributyltin 

hydride end o,a’-.robl.l.obutlronltrll. In toluene ger. 23 (60% yield). Deprotection of 23 with 

O.lN RCl efforded 24 In 94% yield. 

Peectlon of 16 with phenylorythlocerbonyl chloride In the prerenc. of 4-dlwthylaino- 

pyridine, . l tronger be.. then the pyridine uead before, did not l fford the expected 2’_0- 

thiocerbonyl deriretir. 17 but the 3*-C_-cyeno-2’,3’-tmntureted nucleoeide 12 In 80% yield. Thir 

compound wee deprotected with l 0.1 II solution of EC1 In methenol to give 13 In 85% yield. The 

2’.3’-double bond of 12 md 13 T.. dronetreted by l n.l~tic.1 end epectroecopic det.. The II 

spectrum showed l bend et 2215 cm-’ ch.r.ct.rl.tlc of . conjugeted nitrlle . The ‘II IRO l pectrum 

ehorad the l beenc. of l im.1. correepondlng to 2’+ZN2 end 53’ end the preeenc. of en olefinic 

R-2’ et 7.08 pm. Howwar, the ~alua of the ell~llc coupliog conetent J2~,4v’ 4.3 HX T.. much 

hitier then l vected (J2~,4” 1.5 Hz). 14015 I%. coupling conetent. of the pent-2’-•nofurenoeyl 

ring of 12 end IS (J,,,,,- 1.5-1.8 Hr; Jl,,4,- 1.6-2.0 Hr; J2,,4,- 3.9-4.3 Hz) were very clo.. to 

rho.. reported for 2’-eubetltuted-2’,3’-uneetureted nucleoelde. d6, 211’ end 22’8 (J 11,)” l-l.8 

AZ; J1,,4,= 1.6-1.8 Hz; J3,,4,- 3.2-4.0 AZ). thi. prompted ue to check whether the U group moved 

from 3’ to 2’ during the letter reection. NOB l xperiment.19 (Teble 1) cerrled out with It ehored 

thet lrredletion of the olefinlc proton et 7.08 m produced . much higher l nhencement to the 

l lgn.1 of H-l’ then to the .I@.1 of E-4’. Thl. Indicer.. thet the olofinic proton I. H-2’ end, 

thu., thet the qeno group In 12 end 13 I. et C-3’. 

The 3’-+7eno- bl)--10 (14) end bD-threo (23) nucl.o.ld.. were treneformed to the 

correepondlng 3’<_-cyeno-6-D-rlbo (18) end O-perythro (25) eplmer. under beelc cooiitiona. Ihe x- 
meet efficient .plm.rlr.tlon. in term. of yield (70-75X) and reectlon time were cerrled out by 

treetment of l metlnaollc eolutlon of the ‘cyeno up’ compound. 14 .Ird 23 with e l olutlon of MaOA 

ln methenol up to PI! 9 end refluxlng of the reeultlry mlxtur.. Good yield. ( 75%) of the ‘eyeno 

down’ compound. 10 end 25 mre l 1.0 obtelned by reection of 14 .Id 11) tith l pli 9 refluxlw 
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l olutioll or tetrdmt~larodn hydroxide f?Bm) In utbmollchlomform. filth timer value of p~ 

and tagmraturn tha l pimriutiun as very slow or did mt t&a place at 811. 

l% work up of tbuo ructlmo imolrad treatment rlth 0.1 I UC1 to amtrellm the bme 

@aOR, TBAH). & um of nom coacatratod HCl affordd in wma ewea tlm S’-@Ieprotected 6-p 

B (1Y) 8nd o-perrtlwo (ze} e l m minor ddo products. 

lo. De umcll-l-y1 

d=B%, R2=OTs 

11. I) I 3-N-Dwxykf~Nl-l-yl ~.+F~~-bulySi 

R’ax110; R2=OUa *.u=t4 

2. DrurwN-l--r1 

&8x; #-Cl 

SCHlXEYE 1 
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TAO l tar8ocheui8tr9 at the C-3’ pasitiou of c]raooh~dtflr 10 and thioewboastem 11 ha8 net 

been dotoruined, and cmmot ba ieferred from the orfentrtton of tba 3*-C_-cyauo 2rou9 of th8 
nuclaoefde I4 remltinS fra 3’-deoxy28uation. I2 The l taeocbeafstry et tbn c~no group of 14 

dqanda on the reletirs l tsric hindrance of the o l od B facw of the furauoee cin(: rhiCk 

fecillt8tae the epproech of the trfbutyltin hydride fron the le.8 bin&red rida of the l 01iddir.~~ 

This is eupported by the trsruforutions 27,31 -w 30 daecrfkd in Scheme 2. The tm 

cysnohydrin epimcts 27 end 11, the configurstion 8t C-3 of which hare been uneqtirocally 

detwmfnsd,2* sere deoxygeuetsd by resction with phen~lo~thiocerbonyl chloride and then with 
tributfltin hfiride as dsscribsd kfotc. both 27 and 21 sffordcd the l ae f-@yano-3- 

dcoxyribofuranoea 29, a8 the only product, ubich ue# ideotifisd Ed the S+acetate So. In thir 

CSSC, the hydrogen atom enter-8 from the Ices hindered, I-fsce of the molecule, opposite to the 

bulky 1,2-0_1#opropflidme pou~.~’ In the ~888 of c9enohydria nucleosfdss 10, the hydro(lm entSr8 

from tha &face, to afford the kinetfc8lly controlled 3’~-c9~0-6-D-~lo nuclo8ide 14. This 

8uagsets that. the a-face, opposite to the thymina 8ud .tbe 5’-0_sub8tituent, ie the .lesr biadered 

face of ths preeent nucleorida fur8noryl rfn& fbbis is in agrmment with the ay in rich 

epinarirationa U 418 end 23 -t25 tska ~18~s. l&e thcrmodynamfcally mora 8table 3’<-cyan0 

spimers (18 and 25) l ra tho8e in uhfcb..tbe c9ano Sroup 18 in the Iasr htnderad a-face of the 

nuclooridc furano#yl ring. 

26, R=CS-O-C& - 

Cy8noaugar 30 csn ba a witable synthetic intermadi8te for the rynthesi8 of 3’_cleyano-3’- 

deoxy-6-9-ribo-pentofuranosyl nnclsoridet, 8uch as II. I-_ The reaction of suitably protected 

deriretiree of 30 with nucleic acid bases should provide a 8ynthatfc route to the above 

nuclcosides l ltrrnatire to that described here. 

Irbla 1. I6033 reluer for 12, 24, snd 26 

_--_______~_~~______~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~*~~~~~~~~~~~*~~~~~~~~~~~~~~~ 
capound Pro ton NClJa obmrvod et the indicrted protone 

Irredieted I__-----~---_----_---*~---~----~---------"--~~---~~--~"---~~---~---~ 
R-l' E-2'(0) H-2'48) H-3 H-4' H-5' H-6 5'-03 

_--_-"--__---_--------------~-------~--------"----~-----------_------_---_----_----_----_------~* 
22 H-I' -65 2.5 1.0 

8-2 2.9 -64 0.7 

H-4' 0.6 -77 5.6 

24 H-1' -90 6.0 2.s 3.3 1.8 

H-Z'(a) 7.6 -60 14.0 2.5 

H-2'(4) 1.3 12 -66 6.2 

R-3'8(ff-s') 2.5 5.0 0.5 -79 18.1 * 2.1 11.5 

26 R-i' -74 6.3 2.9 3-3 

H-3' 2.6 -74 5 2.6 

~--_*I-_~_--_"*---_-----*-~~--~*----~-----~--~~---~~---~---~*---~---~~~-*----~~~----------------~- 

* The chuicel ehlfts of H-3’ and H-5’ sre coincident in (C93)2S0 8olutfon. Thw, ths 6ClSa induced 

by the thres protone ere observed upon irradiettoa if H-3’ (H-S’>. 
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The l tereochaimtrier et C-3’ for nucleomides 23 and 25 end thorn, foe the I-D--10 

(U-17) and b~iC0 (Ill end 19) derivatirom ha been u~~equimc~lly determined by NOE 

experiJmIte.19 m data &own in Table 1 indicate that in capatnd 6-D-threo 23, irredietion of 

I-l’, indoca . 1111 to E-2’ (a), H-3’ end a-41, Lrrediation of H-3’ idz-iNx to H-l’, 8-2’(a) 

ad H-41, md irradiation of E-2’ (a) and H-2’(0) confirm the above NO1 pettern. T%im demonstretee 

tbt protons H-l’, E-2’ (a), R-3’ and H-4’ l re all in the o-face of the furemou riq. lor 

c~rpound O-~~~t.hro 29, irrediatlon of N-1’ induce. . NO8 to N-2’(o) and E-4’, while. irradietioo 

of H-3’ inducea . NO1 to H-2’(0) and H-5’. Thbia demonmtratem thet H-1’ im in the a-face and H-3’ 

in the bfma of the furmoee rind cud confirm the proposed l tructurem. 

n.pa were memuted with a kofler hot-etago l pperetom. 1, Nm and l3 C m l pectra were 

recorded with l Bruker ~~-200 or l Verian XL-300 spectrometer umin# Ne4Si •~ interm l tahrd. 11 

spectra wer. recorded with a SNmdxu III-435 spectrometer. ~amm spectra were obtained rit.h a 

vmnm Ceueratorm VC 12-250 8pectropbotcaetcr. Opticel rotmtione were determined with a Perkin- 

Xlmer 141 polerimeter. Analytical tic platee were purchued from Nerck. Preparative tic *am 

performed on glame plmtem coeted with a 21 layer of l lllca gel PP254 (Nerck). Pleeh Corm 

chrautography -aa performed with l ilice gel 60 230-400 mesh (Nerck). Coqoumb mro detected b 

uv light (254 II) or by l prayiry the pletea with 30% H2S04 in l thnol. l d heatha. 

l-[2~.S~-Di-O-(t-but~ldi~etb~l~il~l)-~-~ribofclc~no~y1~th~oe (6). 4 texture of 7 (1.29 8, 

5 -01). dq midine (10 rL) and &-butyldimethylrilyl chloride (2.26 8, 15 -01) wan stirred at 

room temp. for 40 h. III~ l olrrnta were oreporated to dryneee and the realdue dierolred in 

chloroform me mmhed with cold (4 C) 1 N HCl (50 IL) and mter (2 x 50 IL). The or8uA pbaee 8~ 

dried over mhydroum Ne2S04, filtered, and evaporated to drynem. The residue was purifi.ed by 

colum chroutopephy urni- heune/ethyl acetate (4:l) aa eluent to give 8 (1.65 0, 68%) l s l 

white foam; a_ (EtOH) 265 II (c, 8820); ‘H N!IR (CDC13, 90 mix): d 0.86, 0.93 (2m, 18H. +tu), 

1.90 (e, 3H, 5-af3), 2.66 (bs, lH, 3’-Orr), 3.70-4.30 Cm, 5H, H-2’, H-3’, H-4’, H-S’), 6.03 (d, LH, 

Jl, ,2, 5.5 Hz, H-l’), 7.50 (a, lH, H-6), 9.40 (bm, 1H. 3-NH). Anal. calcd. for C22H421206S12: C, 

54.28; A, 8.70; II, 5.75. Pound: C, 54.07; 8, 8.65; 11, 5.81. 

l-[2~,5~di-O-(t-but~ldi~ethfl8il~1)-~-b-e~thro-~ntohu~o~-3’Illo~yl]th~ne (9). Compound 

8 (0.96 8, 2 -01) wu l dded to l prerioomly pxuprred solution of Cr03 (0.6 g, 6 mall, pyridfne 

(1 Ic, 12 -01). l cetic mhgdrtde (0.6 mL, 6 -01) and methylme chloride (14 Ic). The rceultin# 

mixture ma stirred at room temp for 45 tin, evaporated to drynew, and the residue, mapended in 

ethyl acetate (10 IL), wae filtered through a silica gel (20 g) colum using ethyl acetate ea 

l luent. The filtered solution TU araporeted to drynem and the reridue coeraporated with ethanol 

(3 x 5 IL). The final residue wea chroutopaphed (coloum~) with heune/ethyl l cetete (5:l) to 

give 9 (0.70 g, 73%) .a . white fou; [alO + 72’ (2 0.5, CHCl,); v_ (Nujol) 1780 (fur~noalooc 

C-O), 1700 cm-’ (thymine C-O); ‘H NM# (CDC13, 90 mix): 60.82, 0.90 (2#, 18H. I-au), 1.93 (m, 3R. 

MI,), 3.90 (8, 28. H-5’). 4.20 (d, lH, J1,,2, 8 Hz, H-2’), 4.23 (8, lH, H-4’). 6.27 (d. lH, 

H-l’), 7.50 (m, 1H. H-6). 9.40 (ba, lli, 3-m). Anal. Calcd. for C22HION206Si2: C, u.51; H, 8.32; 

1. 5.70. Pound: C, 54.20; 8, 0.47; N, 5.92. 

S’-~(t-But~ldi=eth~l~il~l)-3’~-~~o-3’-d~2’.3’-dideh~ro thymidiue (12). A mixture of 

16 (0.38 8, 1 MOl), l CetOnitrfle (15 =I,), 4-dlmethylninopyridine (0.25 g, 2 -01) and 

phenylo~thlocerbonyl chloride (0.2 mu, 1.1 ml) ma l tirred at room temperature for 1 h. The 

solvents were waporeted to dryneaa and the remidu me purified by colum chroutography with 

ethyl acetate/hexme (1:l) u the l lucnt l d cryatalllxed frm chloroformlhexene to afford 12 

(0.29 g, 80%) m.p. 128-9-C; 9-x (KBr) 2215 cm-’ (CN); L_ (EtOH) 260 m ( t 13150); 1H m 

(CDC13, 200 m): 60.93 (a, QIY, t-Bu), 1.90 (q, 3N, J 1.2 Hr. ~-CR,), 4.0 (a, 21I, H-5’). 4.96 (m, 

llf, H-4’). 6.66 (dd, la, Jrlt2t 1.8. Jll,), 2.1 Hz, H-l’), 7.08 (dd, J2,,4, 4.3 Rx. H-2’). 

7.30, (q, 1% H-6), 9.65 (be, lH, 3-NE). &ml. Calcd. for C17H25N304Si: C, S6.17; A, 6.93; N, 

11.56. Pound: C, 56.35; H, 6.70; N, 11.44. 
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3'-C~~3'4~rri'.f'-didah~roth~di# (13). Coqmund 22 (0.36 g, 1 -01) ~a. airtad 

at room tmp Tith l 0.1 I eolution of RCl in l etbenol for 30 min. l’ha teection mixtura Tee 

noutralirad rith l II l olution of ho8 ia methanol end the l olwnt Tee wepotetod to drynow. Lb 

reeidw TU qetellised from athy l catate to sira L9 (0.21 g, 85%); m.p. 200-l*C; u_ (Ur) 

2210 cm-1 (01); 'Ii H kD3)260, 300 WI: 61.74 Cd, II, J 1.3 He, S-a,,, 3.72 (be, 2& I-S’), 

5.01 (I, II, H-4’), 5.41 (t, Jvv,On 4.4 Us 5’-OlY), 6.99 (dd, 18, Jls,2v 1.5, J2v.4’ 3.9 Be, 

E-2’). 7.14 (t, lU, Jl,,4, 1.9 Nx, H-l’), 7.65 (q, 18, n-6). 11.44 (be, lP, ~-NE). hel. Celcd. 

for CllH11W304: C, 53.01; E, 4.49; 1. 16.86. ?ound: C, S2.88; 8, 4.51; II, 16.81. 

l- ~2’.S’-Di4(t-butyldimetb~leilrl)-3’-C-c~no-3’4.o~6 -D-xylo-Dentofurenoeyll thymine 

(14). A mixture of 9 (0.48 g, 1 -011, ethyl ether (8 mL), Tator (4 mL), l odim bicerbonata 

(0.16 g, 2 -01) and l odium cyenide (0.05 g, 1 -01) Mae rigorouely l tirrad et 15.C for 16 h: the 

organic phuo Rae eapareted, end the aquaoue phue Tee Teehed Tith ethyl ether (2 r 8 mL). l’he 

combined organic pheeae Tere dried oTer l ahydroue rodi- l uifete, filtered end l re~ratad to 

drynoee. The reeidue, dfeeolred in l cetonitrile (10 mL), roected rith 4-dimothyleminopyridine 

(0.25 g, 2 -01) cad phenyloxythiocerbonyl chloride (0.2 mu, 1.1 roll at room t&p for 2 b. tie 

l olTent Rae creporeted to dryneee, and the raeidue gee purified by preparetiw tic Tith 

hounalethyl l cetete (5:l) u the l luent to yield e mixture of the tTo l pimeric l-[2’,5’-di_b(t- -- 
but~ld~eth~lei1~1~-3’_C-c~~o-3~-O_(pho~lo~hiocer~n~l~- 0 -Fe end ribo_mntofuruweyl] 

thyaine (11) (0.53 6, 82X) aa l l yrup. ‘N Nmt (CDC13, 90 HfIe): dOi86 (e, 18H, L-Buu), 1.90 (e, 3H, 

S-CE3), 4.00-4.33 (I, 28, H-S’), 4.50 (I, lH, H-4’ minor l pimer), 4.65 (m, lH, A-4’ major l pimr), 

6.313 (d, 1H J1,,2, 6.5 Rx, I-2’), 6.52 (d, 1lY. E-l’), 6.96-7.66 (I, 58, C6E5). 9.00 (be, la, 3-NE 

ujor), 9.20 (be, 111, 3-m minor). 

8yrupy capound 11 obtained before, ree l uepended in toluane (20 IL) end trenefar&d to l 

three neck flark. o,o*-&obieieobatironitrile (0.03 g, 0.2 -01) gee added, oxigen frw N2 gee 

bublad through the l uepaneion for 15 min. end then tributyltin hydride (0.4 mL, 1.5 -01) Tae 

l dded. l’he fleck gee huted in en oil beth et 70.C for 4 h, Thile the !I2 bubblily Tee meinteined. 

The hoeting TU removed until the rcection mixture reeched the room romp. men, it Tae Teebod Tith 

Teter (1 x 20 ICI, dried oTer enhydroue l odium eulfete, filtered, end the filtrate l raporeted 

under reduced preeeure. l’he reeldue gee purified through e l ilice gel (20 2) column chrometogrepby 

ueing hexenelethyl l ceteto (4:l) l e the l luent to l fford 14 (0.29 g, 60% fra 9) ee l Thite fou. 

LoID + 32. (2 0.5, CECl,); vmex (Nujol) 2225 cm-’ (CN); ‘It NHR (CDC13, 90 ?Qix):6 0.80, 0.93 (2e, 

18H, t-Bu), 1.90 (e, 3H, S-CE,), 3.23 (dd, 18, J2’,3~ 7.3, J3,,4, 8 Er, H-3’). 3.91 (mt 2& E-5’). 

4.41 (m, la, H-4’), 4.52 (dd, II, J1,,2, 6 HX, ~-2’1, 5.90 (d, lE, H-1’). 7.35 (e, lE, a-61, 9.30 

(be, lH, 3-NR). Anel. Celcd. for C23H41H3058i: C, 55.72; H, 8.33; N, 8.47. round: C, 55.59; I?, 

8.33; I, 8.12. 

l- (3’-C+Wno-3’-deoxy-O-D-xUo-rmntofurenoeyl)thymine (15). A mixture of 14 (0.49 g, 1 

-011, tetrehydrofuran (15 mL), and tetrebutyle-oniu fluoride trihydreta (0.63 t, 2 -01) Tee 

l tirred at room tempereture for 1 h. l’he reaction mixture Tee filtered through l short column of 

l ilice gel (10 8) ueing totrehydrofuren ee the l luent. The l olrent gee l Taporeted under reduced 

preeeure end the brom reeidue gee purified by column chroutogrepby ueiug ethyl l cetete/metbanol 

(5O:l) ee thr l luent to afford 15 (0.16 g, 61X); m.p. 194~5.C (doe.1 (from ethyl l catate) vmex 

(KtK) 2230 cm-’ (CN); ‘II NMI [(CD3)2S0, 300 IQIX 1: 6 1.79 (d, 3E, J 1.0 He, 5-CH3), 3.62 (I, 1H. 

E-3’, l fter l ddition of D20, dd, J2,,3, 8.1. J3,,41 8.4 ISB), 3.65 (m, 2% II-S’), 4.34 (m, IN, 

8-4’. efter addition of D20, dt), 4.50 (m, lE, E-2’, l ftor addition of D20, dd, 511,2~ 6.5 Eel, 

5.45 (t, lE, J5,,0E 4.3 Nr, S’-OH), 5.76 (d, lE, H-1’). 6.26 (d, IH, J2,,0A 5.8 He, 2’-oH). 7.73 

(q, 18, E-6). 11.40 (be, lE, 3-1111). Anel. Celcd. for C11H13N305: C, 49.44; N, 4.90; N. 15.72. 

lound: C, 49.38; E, 5.07; N, 15.58. 

l- [S~-~(t-aut~ld~~th~leil~l)-3’-C-cyeno-3’d~o~O-D-~lo-pentofut~oeyl~th~ne (16). A 

cold (ice beth), l tirred l olution of 15 (0.27 8, 1 -01) in pyridina (8 mL) Tee treated Tith I- 

butyldimothfleilyl chloride (0.17 g, 1.1 1011. Be ice bath Tae rumored and the tuperetur0 

l lorly rieed to 18 C. l’be l tirrily gee rinteiucd for 24 h. me l olrente Tere l Teporeted under 

reduced preeeure and the roeidue. dieeolred in ethyl ecetete (25 IL) Tee Teehed Tith 1N EC1 (25 



a), l & with ntet (2 x 25 u,). rbr oqomic pbaw w drfod ovar anbTlrow Ns2304, filt=& @ml 

l vaporat& tn mama. the rorida crptallixad from chlorofoa/buana to afford 16 (0.35 C, 93X) 

m a fita solid; l .p. l&+90%; u_ (XBr) 2225 d' (CN); '111111 (caCl3. 90 -1: 6 0.93 (8. 9& 

@u,, 1.85 (8, 3u, r-a3>, 3.42 (ad, 1% J29,f' 6. J3t,4* 7.2 BE), 3.M (m, 211, H-f'), 4.50 (a, 

lH, E-4'), 4.67 (8, 1X, E-2', collmpso~ to dd on D20 ah&e, J.1,,2 , 3.5 us), 5.43 (d, 11, 2'-OR), 

5.82 (d, 1X, X-I'), 7.40 (a, 18, ~-6). hml, Calcd. for Cl7827N3O5Xi: Ce 53*52; Es 7.13; Is 11.01. 

tound: c, 53.41; II, 7.01; 1, 11.00. 

1- (2~,5~-Dld-(t-brtyldiwtbyl~il~~)-3~~~~-3*48o~- LI-P-rfbo-~atofte8xweHl tkdw 

(xl)). A 11 l olutioa of a&! in wthmol warn added drapime to l solution of 14 (O-4 XS 0.6 -01) 

;o mtbaool (15 rt) ‘cmtil thhr pa of the rtoulting oolntioa _ 9. the r_tiion miltur* =e heated 

to refla for f h, omatralired rttb o 1 N solution of HCI in wthaol wd l poratwl to drw**e+ 

1~he remldw WI purified b colam chramatofraphy rtth boxana/ethyl acetate (4:l) 4# the l lWnt to 

yiald I# (0.30 X, 76%) l # a #yrup; (kf 0.45); "IX 011s) 2250 cm-l (CIT); 'A m (cml3. 30 

m): 6 0.93 (8, 18~~ t-m), 1.89 (d, 3i1, J 0.8 XX, li-Ca,I, 3.19 (61, lN, J2s,3* 4.4, J3r,4r 10.0 

Rx, X-3'), 3.88 (dd, lE, J4,,5sa 2.0; J5,a,5,b 12.2 Es. II-'I'a), 4.27 (dd, 1X, J4*,5'b 1.5 ax, 

H-S'b), 4.52 (ddd, 18, H-4'), 4.5s (dd, 1X, Jl',21 0.1 RX, H-P'), 5.66 (d, 18, H-l'), 7.47 (q, lH, 

E-6), 8.49 (ba, la, 3-w). InaL Caled. for C23E41N305Si: C, 55.72; HI 6.33; X, 8.47. pound: C, 

55.55; 8, 8.08; N, 8.31. 

From tbit reaction a Joor, r~orer rumin~ syrup wxs also imolxwd wweh rrs Identimed l s 

l-~2~~~t-buttldiuthyl8il~l~-3~-C-~no-3'da~8-~ri~~tof~~o~~]t~~ [19). (0.024 tr 

6X.); (U 0.35, houne/rtk~l acot8te* (4:l)); v_ (lit) 2230 cm-' (00, 3420 cm-' (OX); 'ff MR 

((=13, 300 wll): d 0.90 (s, 91, t&W), 1.86 (d, SII, J 1.0 Iix, S-CB,), 2.92 (be, 18, f'-OW, 3.49 

(64, 18, J21,31 4.9, J31.41 9.5 Hx, H-3'), 3.64 (dd, MI, J4v,5ea 1.6. J5'a,5'b 12.6 b, 8-5'a), 

4.14 (dd, 18, J4,,5,b 1.8 8s. III-S'b), 4.52 (dt, lH, X-4'), 4.66 (da. 16, Jlg,2s I.5 a, H-2'), 

5.50 (d, 1H, X-l'), 7.55 (9, ta, ~-61, 9.35 (a, lH, 3-m). -1. caled. fur ~7~27~30,Xi: c, 

53.52; fl, 7.13; 1c, 21.01. Found: C, 53.30; 8, 7.19; I, 10.89. 

1- [5~-D.(t-Butyl~thyl~il~l)-3~-C_c)rao-2~,3*didoo~- LI -D-thrw-pmtofaranoaYl1 thdm 

(2s). A rixtute of 16 (0.38 X, 1 rol), met&lone chloride I15 mL), pyridino (0.3 mL, 4 -01) and 

ph*nylox+hfocarbonyl chloride (0.2 mL, 1.1 rol) ~a* stirred 8t room temp for 2 he Tb* sol~8nt.S 

were woporatrd at reduced pramuo and the roriduo *a# wumpmd~d in tolum (20 a) and 

trumferred to l tiuea necked flask. o ,d-~obi8i~obuttrooitrfl~ (0.03 I, 0.2 uol) ma aMod, 

oxlXen free N2 was bubbled throqh the su~~ioa for 15 sin, and thmn tributtltin hydride (0.4 

mL, l.S -01) ~8 added. Tha ruction flark was hwtrd in on 011 bath at 70 C for 3 b, wbilo the 

N2 bubbli~ VW l alntainod. The reaction WB allond to reach room t.empetatur@, uwhod with weor 

(20 mQ, drfad over anhfirocu radium mdfate, and filtered. ha filtrwa va# waporated to dmow 

and the residue wm8 purified by eflica ~81 (10 X) colum chroutopxpby u8fag haxmue/et~l acetOte 

(3:l) aa tha rlwnt to afford 23 (0.21 X, 60X) aa l tite foam; u-x WJol) 2225 cm-' (CM; *II 

mm mcl3, 90 mix): 80.90 (s, 98, y!u), 1.93 (8, 3E, 5-cR3), 2.34 [ddd, 18. Jl’,2s(s) 6.8, 

Jz*(a),z*(a) 13q9* J2’( !a?, 3’ 7.2 ES, R-~‘(S)], 2.75 [ ddd, 111, J1’,2e(~) 6.8, J2~(~),3* 7.2 Hrs 

E-2'(a) , 3.43 (q, IE, J3~,4e 7.4 Hx, E-3'), 4.01 (d, 2J, J4,,5, 3.7 !Ix, H-3'), 4.23 (dtr 18, 

X-4'), 6.18 (t, la, E-1'). 7.46 (a, 18, H-61, 9.55 (bs, la, 3-m). tixl. Calcd. for C17"27"304!!f: 

C, 55.86; II, 7.44; N, 11.50. lound: C, 55.65; H, 7.40; N, 11.69. 

1-~3'~~~m~2'.3'-did~~&D-thr~~~ntoZ~~o~~~)tb~~ (X4). Capouad X3 (0.27 X, 0.75 

-1) w$ stirred at roow tamp with a 0.1 1 solution of EC1 in natlnnol for 30 aio. 'fbe reaction 

mixture "s neutralirod with l 1 11 solution of kOK in rttinol and tha l ofront w ***gorated to 

dryn~r. Tba residue ~a* crywtallired from ethyl acetate to afford U (0.17 X, 94Xx); l .p. 201-2 C; 

io&, + 26*@ 0.5 PWSO); vyx (XXr> 2230 cm-' (Q1); )Lyx (II&X) 262 IY (c, 8600); 'IS WIP 

[(CD3)2SO* 300 IraXJ: al.78 (d, 3H, J 1.1 Es, 5-cft3), 2.30 [ddd, II, J~v,~'(~) 6.6, J2~(a),2~(s) 

13.1, J2s(1))sse 7.1 Xx, E-2'(1)) L 2.65 [add, 1X, J10,2,(o> 6.6, J2,(a),3t 8.1 Rr, E-2'(0)], 3.74 

(8, 311, M-3', E-S'), 4.16 (dt, lit, J3,,4, 7.1, J4s,5, 4.4 Hz, E-4'), 5.30 (t, 111, J5,,oa 4.6 3x, 
S'-OS), 6.07 (t, lx, 8-1'1, 7.65 (q. 1X, R-6); 13C lllp [(CD~>~SO, 7S 1QIx]: 8 12.37 (5-3)s 29.45 

(C-3'), 36.64 (C-Z'), 61.49 (C-5'), 78.38, 83.35 (C-l', c-4.1, 109.76 (C-S), 119,400 (W, 155.65 
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*(C-q), 150.46 (C-Z), 163.77 (C-4). hl. Celcd. for C+IEl.p~04: C, 52.59; HI 5.21; I, 16.72. 

l'ound: C, 52.43; 8, 5.38; Y, 16.88. 

S'-0-(t-~ttldiwt~leil~l)-3'-C-~o-3'da~th~fdine (25). Gomound 23 (0.73 g,' 2 -01) 

wee l pfrerired followi- rethod A, deecrikd beiore for lb, to afford 25 ID.55 It, 76X) em 8 VP. 

Y _ (l1l.m) 2230 al-1 (CR); 1H m tcDcr3, 90 nax): 60.90 (e, PA, t_-Bu), 1.89 (e, 3& 5-a,,, 

2.41 [ddd, la, Jls,2'(6) 5, J21(o), 2s(~) 13.6, J21(4),3' 8.6 Ee, H_2'(4)Ir 2.67 [ddds lgs 

Jl',2'(0) 6.5, J?‘(a), 3’ 8.6 Br, B-2'(*)], 3.36 (q, lH, J3rt4, 6.2 He, E-3'), 3.94 (r,'?Ii, H-f'), 

4.25 (dt, 18, n-4'); 6.16 (dd, In, g-l'), 7.33 (e, lII, ~-61, 9.62 (be, la, 3-m!). An*l. C*lod. for 

C17H2,"304;': C, 55.06; H, 7.44; I, 11.50. louml: C, 55.85; H, 7.21; I, 11.66. 

3'-C-Cyauo-3'-demrth~dine (26). Coapoahd 23 (0.36 &, 1 mol) vee tre*tad r%th 0.1 I HCl 

in rethenol *nd worked up, es doecribed before for 24, to l fford 26 (0.23 g, 91X); i.p. 132-3 C 

(from ethyl l cetete/herene) Lit.' r.p. 133-4*C]; [o]D + 34. (c_ 0.5 HeOIl) f Lit-l [o]D + 32.4 (2 

0.25 MeOE)t; v_ (Ilajol) 2240 d' (CR); %i m [fCD,),SO, 300 ?a~]: 6 1.78 (d, 311, J O.li He, 5- 

Cii3), 2.47 [dad, lA, J11,2t(,,) 4.2, J2~(o), 21(,,) 13.5, J21(~),31 9.1 Ue, H-2'(1)], 2.66 [ddd, 18, 

Jl,,2,fo) 7.5, J2,(,,), 3, 9.2 Hz, H-2'(0)], 3.50 (q, 1X, J3t,4' 8.8 He, I+3'), 3.64 i*, lg, 

J5,e,5,b 13.2 Br, Ii-5'8), 3.70 (m, ‘la, H+'b), 4.13 (dt, If, H-4'), 5.32 (be, 1% S'-OH), 6.1s 

(dd, ltr, H-l'), 7.63 (q, 18, H-61, 10.86 (be, II, S-ti); 13c 11111 [ (Cb3)2S0, 50 mre]: 4 12.12 

(5-Ca,), 27.68 (C-3'). 34.87 (C-2'). 60.15 (C-5'), 82.37, 83.95 (C-l ', C-4'j, 109.22 (C-31, 119.59 

(cN), 136.23 (C-61, 150.30 (C-2), 163.71 CC-l). Anel. Celed. for C11E$31504: C, 52.59; E, 5-21; I, 

16.72. round: C, 52.52; R, 3.11; If, 26.58. 

5-0-(t-Butyldirethtlef1~1)-3-C-~no-1.2-O-ieoprop~lldonr-3-0-(phenf~o~thloc*rbon~l~-a-D- 

rtbofurmoee (28). A l olutf& of co*pound 2721 (0.98 g, 3 rolf in l c*tonitr'ile (30 rL) wee 

trceted with 4-df*ethylminopyridine (0.75 g, 6.1 -01) end phenylovtbiocerbonyl chloride (0.6 

rl, 3.3 -01). The mixture wee l tlrred et rooa te*p for 3 h end erepor*tcd to dryaeee. The roeidue 

tee chroaatogrepbed on tfc pletee ueing hexenelethyl eeetete (6:l) u the l tuedt to ffeld 28 (1.24 

g, 89%) l e e l yrup; [olD+ 67. (2 0.5, CHC13); 'H I1IEl! (cDcl3, 90 MHz): 6 0.76 (e, 9H, &-Bu), 1.20, 

1.47 (2*, 68, isopropylidane), 3.96 (*, 2g, H-51, 4.31 (D, 18, U-41, 5.30 (d. lH* J1,2 4 HIP H-21, 

5.86 (d, lP, H-l), 6.93-7.40 (I, SE, C6g5). An*l. Celcd. for C22H31H06SSl: G, 56.75; E, 6.71; I, 

3.01. Found: C, 56.5'1; 8, 6.57; I, 2.80. 

5-Q-(t-l)ut~ld~eth~lei1~1~-3-C-~eno-1,2-0-ieoprop~lidenr-3-0-~ph@n~lo~thiocerbony~~~-D- 

~lofur‘noec (32). A l olution of compound 31” (0.66 g, 2 -01) in l cetonitrile (25 IL) gee 

reected rith 4-di*ethylminopyridine (0.50 g, 4.1 ma11 md phenyloxythiocerbonyl chloride (0.4 

ti, 2.2 -01) end wee worked up l e deecrlbod before for 28, to l fford 32 (0.83 6, 91X) l e a l ?rup 

rhich epontmeouel~ cry*teIlieed; D.P. 136-?*C; (o)D + 49. (5 0.5 CECl3); 'g lfHg (CWl3, 90 

nH2): 60.75 (I, 9g, &-BU), 1.21, 1.47 (Zs, 68, ieopromlidenc). 3.90 (d, 2B, J4,5 6.5 If*, B-51, 

4.53 (t, lH, H-41, 5.12 (d, lH, J1,2 4 Ax, H-2). 5.86 (d, lli, H-l), 6.90-7.33 (m, 5H, C6ff5). 41181. 
Celai. for C22A31N06SSi: C, 56.75; ii, 6.71; II, 3.01. Found: C, 56.57; i, 6.81; N, 2.81. 

3-O-Acet~1-3-C-cyeno-3-d*o~l.2-O-feopro~lidone-o-D-ribofurmoee (mo). lror 28. A three- 

necked fluk fitted with upetic etirrer, rcflux condeneer end nitrogen tnlat wee chrged with 

corpound 28 (0.46 g, 1 roll, tofume (20 It), end a,&'-•xobiefeobutironitrile (0.032 g, 0.2 

-01). bigen ftoe nitrogen em bubbled through thr mixture for 15 ain end tributyltio hwlrid* 

(0.4 a, 1.5 -01) wee *dded. The fleek IMB heated in en oil bath at ?O°C for 3 h while the 

nitroX*n flow ~88 reint*ined. On cooling to room t*rpu*turr , the r*ectfon tixtuzu wee r*&smd rfth 
water (1 x 20 dL), dried over mhydrwe N8$S04t filtered end ereporeted to dryneee. The residue 

wee chrometogrephed (cblum) uefq hexene/*thyI l cetate (4:l) t0 give 6.27 8 Of l WmJP rhfch wm 

8 (io:l) texture of two corpounde rith identicel chroutogrephie mbllltiee ie eerer*l l otrent 

eyetene. The minor co*pound wee 5-O_(~-but~ld.dil*th~lefl~l)-1,2-~-ieoprop~line-~~-o~thto- 

pentofurenoe-3-uloee which ry be formed fra cyenoh+in 27. The major cogound wee S-0-(t- 

butyldiwthyleilyl)-32~~-3-deoln_t-~.2-~ieopro~lidene-a-D-ribofurmoee (29). 'g lllp &DC131 

90 m):60.83 (e. 93, r_ht), 1.30, 1.51 (2s, 6H, loopropylldene), 3.03 (dd, lff, 52.3 5, J3,4 9.3 

He, H-31, 3.80 (I, 2H, d-5), 4.25 (*, lH, H-4), 4.75 (dd, lH, J1 2 4 tix, H-2), 5.80 (d, lH, R-1). 
8 




