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PR.EPAR.ATION AND UTILITY OF S/3-D-IUBOFURANOSYL-lH- 
TETRAZOLE AS A KEY SYNTHON FOR C-NUCLEOSIDE SYNTHESIS 

'JoZe Kobe*, 'hlarija Prhavc, 'Marijan Hohnjec and 'Leroy B. Townsend 

National Institute of Chemistry, Hajdrihova 19, 61000 Ljubljana, Slovenia 
211;rka, Pharmaceutical and Chemical Works, 68000 Novo mesto, Slovenia 

'Department of Medicinal Chemistry and Department of Chemistry, College of 
Pharmacy, University of hlichigan, Ann Arbor, Michigan 48109, U. S. A. 

Abstract: A synthesis of 5-~-D-ribofuranosyl-1H-tetrazole (2) and 5-P-D-ribo- 
furanosyl-1,3,4-oxadiazole-2(3H)-one (9) derivatives is described. Ring transformati- 
ons of 2 have been investigated in an effort to establish the stability of this synthon 
for furthcr use in dipolar cycloaddition reactions. 

Introduction 

Numerous synthetic routes have been explored leading to naturally occurring 
C-nucleosidesla arid to their structurally related analogs.lbjf! Of particular interest 
to us was the synthesis of foriiiycin and pyrazofurin analogs which could be realized 
by elaboration of nitrogen heterocycle on a suitably modified carbohydrate moiety. 

0 

HO H22 
HO' .OH 

$& N 

"OY HO OH 

Pyrazofurin Formycin 

Various approaclics liavc been rcported for the synthesis of this kind of 
 omp pound,^^^^^ the most widely used being bascd on the @-oriented cyanoribosyl 
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2210 KOBE ET AL. 

derivative la ,  originally synthesized by Bobek and Farkas.G Its preparation on the 
synthetic scale was iniprovcd by tlie rcaction of 1- O-acety1-2,3,5-tri- 0-benzoyl-P-D- 
ribofuranose with triinethylsilylcyanide in the presence of SnC1,.7 Several 

functionalized 3-ribosyl pyrazolcs have been prepared from l a  via the reaction of 
sugar diazoalkanes with substituted acetylenes or 0lefi11s.~ The multistage nature of 
this synthesis suggested an alternative route mu nitrilimines generated in situ from 
5-( 2,3,5- tri- Obenzoyl-P-D-ribofuranosy1)- 1H- tetrazole (2a). Indeed, attempts at a 
thermal dcgradation of N-2 silylated derivative of 2a in the presence of diethyl 
fumarate or diethyl acetylenedicarboxylate afforded the corresponding A2- 

pyrazolines and pyrazole derivatives, but unfortunately with poor yields." The 
poor yields obtained in tliese initial investigations discouraged the further use of 2a 
at that time. HOWCVC~, o m  success in using 2a in reactions with substituted 2- 
chloropyriclinc~~~ prompted us to initiate investigations designed to optimize the 
1,3-dipolar cycloaddition clicniistry of ribofuianosyl nitrilimines, since all of the 
known cycloaddition routes met the demands for stereochcmical control at the 
anomeric center. 13,14 

We now wish to report ail alternativc syntlicsis of 2 with special emphasis on 
some configurational assignments. Several blocking groups were introduced, the 
selection being prcdicatcd primarily on their me in future ribose moiety 
transformations, or to prevent cliinination of Oacyl groups usually removed when 
drastic conditions were nsed. Additionally, chemical trarisformations of tctrazole 2 
were investigated in order to prove or disprovc the feasibility of stereocontrolled 
reaction sequcnccs tvhen reacting 2 as a ribofuranose dipole D-allononi t riliininc. 

Various aglycoiie transforinations of 2-( 2,3,5-tri- 0-benzoyl-P-D-rihofuranosy1)- 
furant5 a d  6-liydrorry-6-(2,3,5-tri-O-l~cnzoyl-~-D-ribofuranosyl)pyran-3(2H,~H)- 
one" as examples of similar approaches to the C-nuclooside syntlicsis was under- 
taken by hlacba e t  ul. 17 

SB-D-Itibofuranosyl-1H-tctr~olc (2c) 

Tetrazolrs are rcilclily aviiila1)le in esccllciit yields fioin suitably protected 
2,5-anhydro-D-allon0nitrilcs.~~~'~ For example 2,5-anhydro-3,4,6-tri-O-benzoyl-D- 
allononitrile (la) was rcactcd with either NH,Cl/NaN3 in Dh4F or A1C1,/NanT3 in 
THF to afford 2a. Tlia first reactioii funiishcd a 100% yield of 2a (and provides 
strong support fcx its poteiitial iisc i ~ s  a nitiiliniinc precursor in a wcll-defined 
configuration), wlicrcas 1-plic1i~1-5(4H)-tetrazolillolie (A) and phcnylcarbamoyl- 
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5-/3-D-RIBOFURANOSYL- 1H-TETRAZOLE 221 1 
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Figure 1 

-k PhCOCN BzoxoAc BzO 
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C 

Ph 
I 

NH + PhNHCON, PhNCO NaN3)  O Y N 1  I 
N a N 3  - N 2  PhCOCN + PhCON, 
AlC1, AICI, N = N  

A B 

Figure 2 

azide (B), isolated as byproducts, coiisidcrably lowered the yield of 2a obtained by 
the second procedure (Figure 1). This pathway can be explained by the separation 
of a CN- ion, which can act as a nucleopliile on an acyloxonium ion to form C, an 
1,2- CTcyanobenzylidene derivative (Figure 2). This derivative was finally 
transformed to A and 13 through a number of consecutive reactions. 

It is worth noting that an a.na1ogous reaction using 2,5-anhydro-3,4,6-tri- 0- 
benzoyl-D-gluconitrile afforded a noticeable quantity of A merely as a by- 
product,18 whereas in the proposed scheme, phenylcarbamoylazide was apparently 
formed directly from aluminium azicle and phenylisocyanate, generated in situ from 
C. This reaction was not observed by Horwitz et  aZ,19 but was observed when 
trimethylsilylazide was used.')' Recently the intermediate C was isolated when 
trimethylsilylcyanide and 1- O-acetyl-2,3,5-tri- 0-benzoyl-P-D-ribofuranose were 
reacted at room temperature in the presence of SnCl,. The intermediate C was 
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KOBE ET AL. 2212 

further transformed to la at 70 OC in the presence of excess trimethylsilyl- 
cyanide.'"jb 

Our attempts to obtain C by simulating the above reaction conditions 
(starting with 1-O-accty1-2,3,5-tri-O-bcnzoyl-/3-D-ribofuranose1 NaCN, AlCl, and 
NaN,) failed, and instead of C, 2,3,5-tri- Obenzoyl-P-D-rib~furanosylazide~~ was 
obtained in 50% yield. The yicld of the azide was improved (80%) when we used an 
equivalent amount of trimethylsilylcyanide. It is of interest that the azide was 
obtained only in a 6% yield in the absence of cyanide from the reaction mixture. C 
seemed quite stable uiider the reaction conditions (THF, AlCl,, reflux). 

At relativcly moderate temperature (> 100 "C), elimination of benzoic acid 
was observcd in reactions of 2a with activated halogen heterocycleslzb and 1,3- 
dipolar cycloadditioiis with alkyncs a i d  o1efins.l' Therefore, before we continued 
these studies, a complete evaluation of general protection and deprotection 
reactions was undertakcn. At the same time, with the introduction of these new 
blocking groups, additional supporting data on the configuration of starting 
materials and final products, as well as nitrilimines, could be provided by the 
application of tlic Iinl>acli rule or scvcral other ciiteria.22~23J4 

Isoprol'S'lideiiatioii of dcprotected 2c was imsuccessful, and an alternative 
route was consiclcred. When lb8 was trchtccl with NaN,/NH,Cl in DMF, 2b was 
obtained in good yield (67%) (4S(Chllc9) bcing 0.19). The AS value for the 
compound docs not allow uncquivocal assignment, of anomcric configuration on the 
basis of the Inibacli rule. Yet suhsccluent dcbenzoylation of 2b in niethanolic 
NaOMe and further trcatrricnt of the rcsultiiig product with tert-biitylclimethyl- 
silylcliloridc yiclded wcll-defined clcrivative 26 with As(  CMc3) value 0.24, which is 
indicative of the P-configuration. Whcn debcnzoylation of 2b was followed by 
treatment with Dowex H+, 2c was obtained. Furthermore, 2c was stirred with 
equiinolar airiouiits of 1,3-dicliloro-1,1,3,3-tctraisopropyldisiloxane ( TI'DSC12)25 in 
dry pyridine for 2 hours to afford 2f as a foam (in 90% yield). On the other hand, 
l c  was prcparcd fioni 2,5-anhydio-G- O-beiizoyl-D-allononitrile18 which was trans- 
formed (ThISN,, SiiCl,, toluene, r.t.) to 2c. Debcnzoylation of 2c afforded 2h, 
diffeient from 2f. The structurcs were p r o d  by conversion of 2f to 2h, which was 
achieved witli pyiidinium chloride in DhIF26 (Figure 3). 

This possiblc iiiigration could be avoided by protecting the 2'-position in 2f. 
Acetylation with acetic anhydride seemed a reasonable reaction when possible 
degradation of a tetrazole ring by the formation of 1,3,4-oxadiazole (Huisgen 
r ea~ t ion )~ '  was prevented. Indeed, 3g was obtained when 2f was heated at reflux in 
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5-P-D-RIBOFURANOSYL- 1 H-TETRAZOLE 2213 

la-c 

R R, R, 
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CMe2 B z  
TPDS Bz 
CMe2 TBDMS 
H H H  
H TPDS 
Ac TPDS 
TPDS H 

2 

Me 

3 

Ac20 

A 
b 

- 
L 

-k Me 
Rib-C =N-N =( 

Figure 3 

Ac20 for 30 minutes, while 2g was isolated when 2f was stirred with Ac20 in 
pyridine at room temperature. In fact, these 3’,5’- OTPDS derivatives (2f, 2g and 
3g) with respective coupling constants J,,,, < 1.0 (Me2SO-d6), < 1.5 (Me,CO-d,) 
and 1.5 Hz (CDCl,), allowed another convenient P-configuration as~ignment.~’ 2d 
was transformed to 3d (boiling Ac90), - and it could be readily concluded that no 
anomerization had taken place, since tlie As( Chle,) was still within the limits for 
the , & c ~ n f i g u r a t i o n ~ ~ ’ ~ ~  (0.19 ppm). The dcprotection of TBDhlS and the 
isopropylidene group of 3d with Bu,NF in THF and by subsequent treatment with 
aq. HC1 afforded 3e in a p-coilfiguration. An identical product was obtained by 
deprotcction of 2-(2,3,5-tri- O-l~ciizoyl-~-D-ril~ofura1iosyl)-l~3,4-oxadiazole (3a) or 2- 
(5- 0-benzoyl-2’3- O-TPDS-/3-D-ribofuranosyl)-l,3,4-oxadiazole (3c) with NaOMe. 

In addition to experiments with Ac,O, reactions with chloro- and 
cyanoformate esters were also studied. We reported on the alkylation properties of 
chloro- and cyanoformate esters at an earlier date.28 It is well known that even 
activated carbonitriles and carhonyl groups arc less reactive dipolarophiles than 
olefins and alkynes. The main products of alkylations of silylated tetrazole 2a with 
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2214 KOBE ET AL. 

2a 

C 

CH, CH-CH, 

9d 

a. i HMDS,A; ii XCOOR3,toluene,(Py),A; 

b. NaOMe/MeOH,r.t; 
X=C1, CN 

Figure 4 

primary alkyl (nictliyl, ethyl, benzyl, and allyl) chloro- and/or cyanoformates were 
N-1 and N-2 alkyl substituted 5-glycosyl tetrazoles 4 and 5, which were further 
transformed with methanolic NaOhfe into 1- and 2-alky1-5-(P-D-ribofuranosyl)- 
tetrazolcs 6 a d  7 (Figure 4). On the othcr hand, catalytic transformation 
(BF,.Et,O) of 2a with bexuyl cliloroformate afforded cycloadduct 9d (20%) in 
addition to the major products 1- and 2-bcnzyl tetrazoles 4c and 5c, whcreas Lewis 
acids lilic SiiCl, ant1 SbC1, did not succccd in turiiing the reaction pathway into 
rearrangerncn t . 

The structures of 4 and 5 were proved by alkylations of tetrazole 2a with 
alkylation agents such as diazomethaiie and N,N-dimethylformamide diethyl acetal 
and determined from 'H and 13C NhlR data. In proton NMR spectra, anomeric 
proton downfield sliifts of 0.1 ppm mere observcd for N-2 substituted tetrazoles 5 in 
comparison to N- 1 isomers 4. H-2', H-3' chemical shift differences ( AbII-2,11-37) for 5 
and 4 are < 0.07 and 0.33hO.06 ppm, respectively. 13C NhlR peaks belonging to 
C-5, C-1' and C-1" are also significant for the site of substitution assignment. C-5 
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5-~-D-RIBOFURANOSYL-lH-TETRAZOLE 2215 
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a. i HMDS,A; g 
ii C1COOR3,Py,toluene,A; h 
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Rl 
Bz Bz 
Bz Bz 
Bz Bz 
Bz Bz 
CMe 
TPDS 
Bz Bz 
TPDS 
Bz Bz 

R3 
CH,CCl, 
CMe,CC13 
Menthyl 
Ph 
Ph 
Ph 

CHMeEt 
CH-CH, 
CH-CH, 

Figure 5 

for 4 and 5 resonate at  151.46 f 0.22 and 163.63 f 0.17 ppm respectively, whereas 
anomeric carbons rcsonate at  73.65 f 0.11 and 75.30 f 0.08 ppm respectively. Alkyl 
C-1 is shifted by 5.30rt0.24 ppm to the lower field with N-2 substitution in 
comparison to N-1. Two aromatic peals i n  13C NMR spectrum of 9d at 153.39 and 
154.37 ppm, a.s wcll as two sliarp bands in carbonyl rcgion at 1520 and 1759 cm-l, 
besides benzoyl CO at 172s c1n-l in the IR spcctrum, confirm the presence of 

oxadia,zolone a.glycoiie in the moleciile. 

In contrast to tlie abovc-inentioiled formates (esters of primary alcohols), no 
alkylations were observed when 5-glycosyltctrazolcs 2 reacted with secondary (2- 

butyl, (-)-menthyl), tertiary (2-triclilorometliyl-2-propyl) or electronegatively 
substituted prinmry alkyl (2,2,2-tsichloroethyl), alkcnyl (vinyl) or aryl (phenyl) 
chloroforinates.28 0 - 2  siilistitutecl 1,3,4-osadiazoles 8 were isolated. The mechanism 
of transformation 2 + 8 is likely to 11e similar to the rearrangeincnt 2 + 3. In cases 
of 8a-c, consecutive t1ierma.l rea.rrai~gements'29 of alkyl substituents, due to alkyl 
chlorides gencrated from chloroforma.tes, afforcled N-3 substituted isomers 9a-c 
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2216 KOBE ET AL. 

OMe 
8a-d + and/or or 

OR, OR OR, OR HO OH 

10a R = R, = H R, = Me 
b R = R, = H R, - CMe2CC1, 
c RR, = CMe2 R, = H 

lla R, = menthyl 
b R, = CMe2CC1, 

Figure 6 

(Figure 5). Transformations wcrc complctcd in boiling toluene and pyridine in 4 
hours or less, with 50 90% yields. The influence of thc sugar protection on the 
reaction time and yield was observed in the case of plienyl chloroformate as a 

dipolarophile; tlic reaction with 2’,3’,5’-tri- O-bcnzoyl glycoside 2a was terminated 
in 4 hours in 50% yield, with 2’,3’- O-isopropyliclene-5’-O-benzoyl 2b in 1 hour in 
60% yield, a n d  with 2’,3’-0-TPDS-5’-O-l~c1ixoyl 2c ill 0.5 hour in 70% yield. 
Structures of 8 and 9 werc clctcriiiiiied by ‘H and 13C NhlR and IR spectroscopy. 
Anomeric carl)oii\ of 8 (with t i i -  O-lJenzoyl protected sugar moicty) and 9 resonate 
at 53.06 f 0.56 and at 74.39 f 0.19 ppiri rcspectivcly. A substituted nitrogen atom 
causes downfield shifts of C-1 a n d  H - l  of tlic substituent in comparison to oxygen 
atom (c.Q. 80.63 and 5.03 ppni respectively of 2,2,2-tricliloroethyl for 8a in 
comparison to 7’5.85 and 4.54 ppm respectively for Sa). In I3C NhlR spectra, due to 
adjacent ”pyrrole” nitrogen, C-2 of N-3 substituted oxadiazole derivatives 9a-c 

appear at higher field (with S 147.32, 145.94 and 151.56) than the corresponding C- 
2 of O-substituted isomers 8a-c (with 6 159.27, 155.68 and 157.82). 

2-Alkoxyosadiazoles 8 were suhjcctccl to  base catalyzed deprotection of the 
sugar moicty (Figure 6). Debcnzoylation with niethanolic NaOhle, as well as the 
attempts at  iiiolccular sieves (4& powder) in h.lc:OH were usually accompanied by 
riiig opening of thc aglycone, thus yielding substituted 2,5-anhydro-D- 
allonohydrazidcs 10. 2-Tricliloroiiicthyl-2-piopoxy derivative 10b was isolated as a 

niixturc of two thcrmally stable isoniers (hi a 6/4 ratio). But with 2-menthyloxy 
derivative 8c, no ring opeiiing was observed, aid 2-menthyloxy-5-( P-D-ribo- 
furanosyl)-1,3,4-oxadiazole (lla) mas isolated. 2-[2-(Trichloromethyl-2-propoxy)]-5- 
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5-/3-D-RIBOFURANOSYL- 1 H-TETRAZOLE 2217 

(P-D-ribofuranosyl)-l,3,4-oxadiazol~ ( l lb)  was obtained from 8b by deprotection 
with methanolic ammonia. 

It is evident that the use of nitrilimines generated from 5-(/3-D-ribofuranosyl)- 
1H-tetrazole is a synthetically useful process for the design of novcl C-nucleosides, 
and will be furthermore adoptccl for tlie syntliesis of carbocyclic C-nucleo~ides .~~ 
Additional finclings in exploring the transformations leading to pyrazolo[4,3-c]- 
pyridine C-nncleosidcs will be prcseiitcd elsewhere. 

Expcrimcntal Part 

Abbrcviations. - DNFD EA, N ,N- dirrictliylforniamidc diethyl acet al; HMD S, 
hexametliylclisilazaiic; TBDMS, tert-butyldiniethylsilyl; TMSN,, trimethylsilyl- 
azide; TPDS, 1,1,3,3-tetraisopropyldisiloxane-1,3-diyl-; TPDSCl,, 1,3-dichloro- 
1 ,~,~,~-tetraisopropyldisiloxa~ie. 

Matcrid. and rncthods - Toliicne and pyridine were dried by refluxing over 

KOH and Ba0 rcspcctively, and thcn distillcd; DhlF was dried over BaO and 
distillcd under reduccd pressure. NaNQ and NH,C1 were dried in vucuo at 100 O C  

over P205. Ion excliaiigcr Dowcs HS (SOWXS, Fluka) was washed with MeOH 
prior to use. Otlicr solvents aiid rcagcnts were of commercial purity. Evaporations 
were coxiductcd with a iotary evaporator under reduced pressure. Flash 
chromatography was carrird out oii Silica gcl 60 (40-63 pm, hlerck) and analytical 
TLC on precoated plates Silica gel GO F,,, (hlcrck). The spots were visualized by 

irradiation with UV light (254 nm) or by spraying with 3.5% phosphomolybdic acid 
in ethanol and heating or by exposing to iodine vapours. 

hlrlting points were determined on a Koflcr apparatus and are uncorrected. 
IR spectra were obtained using Bio-Rad FTS 15/50 spectrophotometer. Mass 
spectra were rccorded on a VG Autospcc Q spcctromctcr at the Jozef Stefan 
Institute, Ljubljana. blicroanalyses were performcd at the Dcpartmcnt of Chemi- 
stry, Uiiiveisity of Ljubljaiia a i d  at tlic Institute of Oiganic Chemistry, Karl-Franz 
University, Graz. Optical rotatioils wcrc nicasiiicd on a Pcrkin Elmer 241 MC 
polarimckr. NRlR spectra were rccordccl using a Varian VXR-300 instrument ('H 
at 299.94 and 13C at 75.43 hlHz) if not stated or a Jeol FX 90Q (13C at 22.50 
MHz) or a Varian Ehl 360-L ('H at 60 hlHz) spectrometer. hle,Si and solvents 
were used as internal rcfcrcnces for 'H and 13C (CDCl,, 77.00 ppm; h!Ie,SO-d,, 
39.50 ppm; h4e,CO-c16, hcUs 29.50) measurcnients rcspcctivcly. Chemical shifts 
and coupling constaiits wcrc obtained from a first order analysis of the spectra. The 
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2218 KOBE ET AL. 

spectra were assigiicd by means of the corresponding ‘H-’H and l3C-’H chemical 
shift correlated spectra. 

2,5-A&ydro-6- Obcn~oyl-3,4 O( 1,1,3,3- tctraisopropyl&siloxa.ne-1,3-diyl)-D- 
-allononitrile (lc). -A niixturc of 2,5-a11hydro-G- O-benzoyl-D-allononitrile* (3.17 g, 

12 mmol) in pyridine (30 nil) and TPDSCl., (3.9 ml, 12.4 mmol) was stirred at  r.t. 
for one day. Pyricliiiiuiii chloride was filtcrecl off, the filtrate once coevaporated 
with toluene and tlie residnc partitioiictl between EtOAc (100 nil) and water (15 
ml). Tlie organic laycr was waslicd with 5% aq. HC1 (3x15 ml), sat. aq. NaHCO, 
(3x15 nil), aiid 1:niiie (10 nil), dried (Na.,SO,) and coiiceiitiated to give glassy l c  
(5.85 g, 96%). An analytical sample was purified by chromatography on silica gel 
with CHCl,/n-hoxane (1:2) to give, after slow evaporation of solvent, crystalline 
product l c  (large transparent platcs) mitli m.p. 49-51 O C .  ‘H-NhlR (CDCl,) S 1.05 
(m, 2SH, 4 i-PI), 4.31(111, lH, H-5), 4.47(cld, lH,  H-Ga), 4.50(dd, lH,  H-4), 4.55(dd, 
lH,  H-Gb), 4.Gl(cl, lH,  H-2), 4.G9(t, lH, H-3), 7.45, 7.58, and 8.05(3m, 5H, Ph); 

12.62, 12.65, 13.00, and 13.16(4 CHI&?), 16.77, 16.S3, 16.91, 16.97, 17.05, 17.10, 
and 17.26(4 CHJk.,), 63.39(C-G), 71.12(C-2), 73.97(C-4), 77.09(C-3), 32.7S(C-5), 
117.10(C-l), 128.37, 129.36, 129.62, and 133.22(Ph), 166.14(CO). HRMS (FAB): 
m/z hIH+ calctl for C,$,,NO,Si, 506.239, found 506.239. Anal. Calcd for 
C,5H3SN0,Si2 (505.77): C, 59.37; H, 7.77; N, 2.77. Found: C, 59.32; H, 7.84; N, 
2.58. 

J1,3 4.3, J3,4 4.5, J4,5 5.9, J5,Ga. 4.1, J5,Gb 3.5, Jfia,(jb 12.3 Hz. 13C-NMR (CDCI,) b 

5- (2,3,5-Tri - Olcnaoyl-P-D-ribofuruosy1)- 1H- tctruolc (2a). Method A .  -To a 

solution of allononitrile la7‘ (23.57 g, 0.05 mol) in DMF (125 ml) NaN, (3.90 g, 
0.06 mol) and NH,C1 (3.29 g, 0.06 mol) were added. The reaction mixture was 
stirred at 110-120 OC for 5 11, then filtered and concentrated. The residue was 
partitioned between EtOAc (GOO ml) and water (100 nil). Aqueous layer was 
extracted with Et OAc (100 nil). Orgauic layers were gathercd and washed with 5% 
aq. HC1 (3x100 nil), sat. aq. NaHCO, (100 ml) and brine (100 ml), dried (Na2S04) 
and concentiatcd to give 2a as a pale yellow foam (51.40 g, 100%). ‘H-NMR 
(DMSO-d,) 6 4.5S(ddl l H ,  H-57, 4.61(dd, lH,  H-5”), 4.S1(m1 lH,  H-4’), 5.69(d1 
lH,  H-l’), 5.95(t, lH,  H-2’), G.O5(t, lH,  H-3’), 7.46, 7.65, ancl 7.90(3m, 15H, 3 Ph); 
J132, 4.7 Hz. 13CC-NblR (DJISO-d,) 6 64.62(C-5’), 72.S4(C-3’), 75.35(C-2’), 75.52(C- 
l’), 73.68(C-4’), 128.56, 128.27, 125.52, 129.33, 129.39, 133.48, and 133.82(3 Ph), 
158.42( C-5), 164.S6, 164.91, ancl 165.65(3 CO). Anel. CaIcd for C27H12N407 
(514.50): C, G3.03; H, 4.31; N, 10.S9. Founcl: C, 62.78; H, 4.55; N, 10.56. An 
analytical sample was purified hy chromatography on silica gel with CH2C12 and 
CH,Cl,/hlcOH ( 2 O : l  U I ~  1O:l). 
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5-$D-RIBOFURANOSYL- 1H-TETRAZOLE 2219 

Method B -To a solution of la (5.6 g, 11.9 mmol) in dry THF (30 ml) 
anhydrous AlCl, (1.57 g, 11.8 mmol) and NaN, (3.38 g, 50 mmol) were added. The 
resulting suspension was heated at reflux for 20 h. The cooled reaction mixture was 
then acidified with 15% aq. HC1 (18 ml) and the organic layer separated. It was 
extracted with EtOAc (3x60 ml) and the combined organic fractions dried 
(MgSO,). The solvent was evaporated and tlie rcsidue trituiated with CHCl,. The 
white crystals, which liad separatcd, wcie collectcd to yield 300 mg of l-phenyl- 
5(4H)-tetrazolinone (A),  m.p. 1S7-190 OC (lit.18 159-190 “C), MS m/z 162(M+). 
The filtrate was concentrated to dryness on a steam bath and the glassy residue 
triturated with hot watcr until A was separated (200 mg). The total yield of A wits 
500 mg (26%). Tlie residuc obtaiiied by the above purification procedure was 
dissolved in CH,Cl, and dried (XlgSO,).  The evaporated residue was chromatogra- 
phed on a Sephadex LH 20 column (3x50 cm) with CH2Cl2 to give phenyl- 
carbamoylazide (B) (200 mg, lo%), m.p. 105-106 O C  (ligroin) (lit.31 107 “C), IR 
(KBr) v 2145(N3), 1695(CO); and with CHCl, (50 ml) and CHCl,/hleOXc (30:l) 
(50 ml) to give 2a (3.24 g, 53%) as a wliite foam. 

5-( 5- 0-Bcmoyl-2,3- Oisopropylidcne~-D-ribofuranosyl)-lH-tctrazolc (2b). - 
To a solution of allononitrile lb8 (6.11 g, 20.2 mmol) in DhIF (50 ml) NaN, (1.7 g, 

26 mmol) and NH4C1 (1.4 g, 26 mmol) were added. The reaction mixture was 
stirred at 100 OC for 3 11, tlieii filtcrcd and concentrated. The evaporated residue 
was partitioned between EtOAc (200 ml) and water (15 ml). The organic layer was 
washed with water (5x15 nil), dried (NaVSO,) and concentrated to give 2b as a 
white foam (4.7 g, 67%). ‘H-NhIR (CDCl,) S 1.36 and 1.55(2s, 6H, ChIe2), 4.27(dd, 
lH,  H-5’), 4.34(dcl, lH,  H-5”), 4.GO(m, lH,  H-4’), 4.9S(dd, lH,  H-3’), 5.26(dd, lH,  
H-2’), 5.41(d, lH,  H-l’), 7.47, 7 . 6 5 ,  and 7.72(3111, 5H, Ph); Jl,.l, 3.2, J2,,,  6.2, J3,4, 
2.4, J41s3 and J,,,, 4.2, J575v 12.0 Hz. 13C-Nh.lR (CDC1,) 5 25.25 and 27.16(C&), 
64.98(C-5’), 78.67(C-l’), S1.68(C-3’), S4.77(C-4’), 85.02(C-2’), 114.S6(CMe2), 
128.56, 125.76, 129.63, and 133.76(Ph), 156.20(C-5), 167.26(CO). HRhIS: m/z M+- 
Me calcd for C,,H,,N,O,: 331.1042, found 331.1039. Anal. Calcd for Cl,H,,N,O, 
x CH2C1,: C, 52.36; H,  5.02; N, 14.05. Found: C, 52.33; H,  5.21; N ,  14.78. An 

analytical sample was purificd by chromatography on silica gel with CH,Cl,, 
CH2C12/hIeOH (20:l aiid 10:l). 

545- OBc~uoyl-2,3- O( 1,1,3,3-tctr~sopropyldisilox;l1lcl,3-~iyl)-~-D-nbo~a- 
nosyl]-lH-tctrazolc (2c). -To a solution of allononitrile l c  (3.55 g, 7.9 mmol) in 
toluene (40 nil) TRISN, (5.3 ml, 40 mmol) aiid anhydrous SnCl, (0.75 mi, 6.4 
mmol) were added and tlie mixture stirred at r.t. for 5 h. Another portion of 
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2220 KOBE ET AL. 

TMSN, (2.6 i d ,  20 iniiiol) a n d  anliyclrous SnC1, (0.4 nil, 3.4 iiimol) was added and 
stirring continued for 14 h. Tlie catalyst was neutralized with sat. aq. NaHCO, 
(180 ml) and a f k r  tlie addition of 10 g of celite tlie mixture vigorously stirred and 
filtcred throiigli a celite pad. The pad wa,s wa.shec1 with EtOAc (100 ml). Organic 
layer was separa.ted from wa.ter, washed with brine (50 id ) ,  dried (Na,SO,) and 
concentra.tec1 to give 2c (3.9G g, 91%) as a, wliite foam. ‘H-IWR (CDC1,) S 0.92(m, 
25H, 4 i-Pr), 4.17(1n, 2H, H-4’, H-3’), 4.45(111, 2H, H-5’, H-5”), 4.77(t, lH,  H-27, 
5.17(d, lH,  H-l’), 7.0G, 7.22, and 7.60(3m, SH, Ph); J,..,, 2.2 Hz. 13C-NhlR 
(CDCl,) S 12.67, 12.S2, 13.35, and 13.41(4 CHXlc.,), 17.00, 17.13, and 17.40(4 
CHfip), 64.45(C-5’), 74.10(C-3’), 76.70(C-2’), S0.13(C-1’), 51.57(C-4’), 127.31, 
125.14, 125.3S, li!9.05, 129.59, aiicl 133.15(Ph), lGO.Ol(C-5), 167.64(CO). hlS: m / z  
505(M+- i-Pr). And. Calcd for C,,H,$J40,Si2 (545.79): C, 54.72; H, 7.35; N, 
10.21. Found: C, 54.53; H, 7.37; N, 9.99. 

5-( 5- Q t-Butyldiincthylsily1-2,3- Oisopropylidcnc-~-D-ribofuranosyl)-lH-tctra- 
zole (2d). -To a solution of 2b (4.2 g, 12 rniiiol) in inetlianol (30 ml) 1.3 M 
methanolic NaOMe (10 nil) wa.s a.dded and stirred at r.t. overniglit. Then the 
reaction mixture was iicutralizccl with Dowex HS, filtered a d  conccntrated. The 
rcsidue was c l i r o i ~ i ~ . t o ~ ~ ~ i , ~ ~ l i e d  on silica gel (100 g) with CHC1, (1 1) and CHCl,/ 
MeOH (5:l) (1.5 1) to give 2.5 g (10.3 mniol) of 5-(2,3-O-isopropylidene-/3-D-ribo- 
furanosy1)-1H-tetrmolc, which wa.s stirrcxl in pyridiiie (40 nil) with TBDhISC1 (1.7 
g, 11.3 inmol) at, r.t. for S h. Pyritliiiiiiin cliloride was filtered off, the solution 
conceritratcd ant1 cocvaporatctl with toliicwe ( to  rmiove pyritline). Tlie evaporated 
residue was part.it.ioncit1 1)ctwwii EtOAc (200 nil) and water (30 nil). The organic 
layer was waslied with watcr (2x15 nil), dried (Na,SO,) - and concentrated to give 
2d (3.2 g, 74%) a s  a. white foani. ‘H-NMR (CDCL,) S 0.13 and 0.20(2s, GH, S i l k 2 ) ,  
0.95(s, 9H, Ckle,), 1.3G a.nd l.GO(2 s, GH, Chic..,), 3.77(dd, lH,  H-57, 4.03(dd, lH,  
H-5”)’ 4.39(m, lH,  H-4’), 4.’iG(tltl, l H ,  H-3’), 4.S5(cld, lH, H-2’), 5.63(d, 1H, H-l’), 
12.7(br s, lH,  KH); Jl9.>, ., 1.5, J.,..I, - ,  5.7, J;j949 3.3, J11.53 3.3, J,,,,, 2.6, JsqS, 11.5 Hz. 

13C-NMR (CDC1,) b -5.45(SihIc.,), 1S.49(GhIe3), 25.35 and 27.31( C&,), 25.93 

(GMc.,), 156.55(C-5). HRRIS: in/% (BIS-h4e) calctl for C,,H,,N40,Si 341.1645, 
f o u d  341.1653. Arid .  Calctl for C,5H.#’40,Si x 0.3 CH.,Cl+ - -  C, 4S.11; H, 7.55; N, 
14.G7. Found: C, 45.23; H, 7.74; N, 14.41. An aiialytical sainple was piirificd by 
chroma.togra.pliy on silica gcd with CH,Cl., - and CH.,Cl.,/ - I  RleOH (20:l and 1O:l). 

( C b , ) ,  64.15( C - 5 ’ ) ,  7S.2G( C-l’), SO.S1( C-3’), S5.73( C-2’), S6.7( C-4’), 114.09 

5- (P-D-Ril,ofiirmosyl)- 1H- t,ct r u c k  (2c).  Method A: -To a mix t lire of 2a 
(10.25 g, 20 miiiol) in McOH (100 1111) 1.2 hf iiietliariolic XaOh4e (50 ml) was 
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5-P-D-RIBOFURANOSYL- 1 H-TETRAZOLE 222 1 

added aiid heated a.t rcflus for 5 iiiiii. Tlie cooled solution was acidified with Dowex 
H+, stirred at r.t. for 2 11, filtered and concentrated. The oily residue was 
coevaporated few times with wa.ter ( to  reiiiove MeOBz). Lyophilization afforded 2e 
(3.5 g, 87%) as a colorless hygroscopic foam. [a]g -31.3’ (c 0.93, hde,SO). ‘H-NMR 
(DMSO-d,) S 3.47(dd, lH,  H-5’), 3.5S(dd, lH,  H-5”), 3.91(m, 2H, H-3’, H-47, 
4.18(t, lH,  H-2’), 4.9S(d, lH,  H-1’); Jlrrp 5.9 Hz. 13C-NMR (DMSO-d,) 5 61.63(C- 
57, 70.22(C-3’), 76.10(C-2’), iS.Si(C-l’), 83.32(C-4’), 161.88(C-5). hlS: m/z 
202(M+). Anal. Calccl for CGH,,N,O, (202.17): C, 35.65; H, 4.99; N, 27.71. Found: 
C, 35.77; H, 5.05; N, 27.73. A n  analytical sample was purifictl by chromatography 
on silica gel with CH,Cl., I and CH,Cl,/hleOH (20:l and 5:l). 

Method B: -A methanolic solution of 5-(2,3- O-isopropylidene-P-D-ribofurano- 
sy1)-1H-tetrazole obtained from 2b (vide supra) was acidified with Dowex H+ and 
stirred at r.t. for 2 11. Tlie mixture was filtcrd and few times coevaporated with 
water (to remove hlcOl3z) to give 2c itleiitical to the product obtained by hdethod 
A. 

5-[3,5- O( 1,1,3,3-Tctraisopropyldisiloxanc-l,3-diyl)-~-D-ribofuranosyl]-1H- 
tctrazole (2f). - A  iiiisture of 2c (1.41 g, 7 mmol) in pyridine (15 ml) and TPDSC1, 
(2.23 ml, 7 m i d )  was stirred at r.t. for 1.5 h, tlien filtered a.nd concentrated. The 
foamy residue was partitioiicd between wa.ter (15 nil) and EtOAc (SO ml). The 
organic layer wits w&xl with 5% acl. HC1 (2x10 ml) and sat. aq. NaHCO, (2x10 
ml), dried (Na.,SO,) - a.nd conceiitratcd to give 2f (2.5 g, 90%) as a hygroscopic 
colorless foam. ‘H-N’hiR (DAISO-dG) S 0.98(m, 2SH, 4 i-Pr), 3.86(m, 3H, H-5’, H- 
5”, H-4’), 4.29(d, lH,  H-2’), 4.55(dtl, lH,  H-3’), 4.94(s, lH,  H-1’); 5.3(br s, 2H, NH, 

and 12.81(4 CHhIe.,), 19.91, 19.94, 17.02, 17.15, 17.19, 17.22, 17.25, and 17.35(4 

5). MS: m/z 401(b1+-Pri). A n d  Calcd for Cl,H3G~405Siz (444.68): C, 48.62; H, 
8.16; N, 12.60. Found: C, 45.61; H, 5.28; N, 12.62. An analytical sample was 
purified by chromatography on silica. gel with CHCl, and CHCl,/MeOH (20:l). 

OH); Jlizi <1.0, Jz’3’ 4.9, J3’4’ 4.6 Hz. ‘3C-Nh,lR (DhSSO-d,) S 12.08, 12.18, 12.61, 

CH&), 62.79(C-5’), 73.47(C-3’), 74.92(C-2’), 78.14(C-1’), 80.4S(C-4’), 159.15(C- 

5-[2- OAcctyl-3,5- 0 (1,1,3,3-tctraisopropyldisiloxanc- 1,3-diyl)-/3-D-ribofurao- 
syl]-1H-tctrazolc (2g). -A iiiisture of 2f (0.5 g, 1.1 mmol) in pyridine (3 ml) aiid 
Ac,O (0.4 1n1) wits stirred at r.t. for 1 11, tlien coiiceiitratcd and few times coevnpo- 
rated with ’hfcOH. Tllc residue was dissolved in EtOAc (30 1111) a,nd wa,shed with 

sat. aq. Na.HCO, (5 nil) aiitl lxiiic (I) nil), dried (Na,SO,) - and conccntrated. The 
residue wa.s cliloiiiat,ograplicd oil silica. gcl (20 g) with CH,Cl., - -  (0.3 1) and CH,Cl,/ 
MeOH (5:l) (0.4 1) to give, aftcr concenta.tion, 2g (0.4 g, 73%) as a colorless foam. 
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2222 KOBE ET AL. 

Anal. Calcd for C90H38N406Si., (456.72): C, 49.3G; H, 7.57; IV, 11.51. Found: C, 
49.25; H, 5.04; N, 11.42. 

5[2,3- 0 (1,1,3,3-TctraisopropylLiisiloxane 1,3-diyl)-P-D-ribofuranosyl]-1H- 
tctrazolc (2h). Method A: -A riiisture of 2f (0.5 g, 1.1 inmol) in DMF ( 5  ml) and 
pyridinium chloride (0.25 g, 2.2 mmol) w a s  stirrccl at r.t. overnight, then filtered 
and concentrated. Tlie oily residue was partitioned between EtOAc (30 ml) and 
water (10 ml). Tlic organic layer was wa.slied with watcr (10 ml) and brine (10 ml) 
and dried (IVa,,SO,). Concentration afforrlcd the title compound 2h (0.42 g, 84%) as 
a colorlcss glass. Anal. Calcd for C18H3,N405Si, (444.65): C, 48.62; H, 8.16; N, 
12.60. Found: C, 45.37; H, 8.41; N, 12.55. 

Method B: -To a solution of tctrazole 2c (0.5 g, 0.9 mmol) in MeOH (10 ml) 
methanolic solution of NaOhSe (20 mg Ka/5 1111 XSeOH) was added and stirred at 
r.t. for 1 h. Then tlie reaction mixture was ncutralizcd with Dowex H+, filtered and 
concentrated. The rcsidue wa.s cliroma.tograplicd on silica gel (50 g) with CH,Cl, 1 

(100 nil) aiicl CHi,Cl.,/hleOH - -  ( 5 : l )  (100 nil) to give 2b 0.35 g (SS‘rO) as a colorless 
glass. 

2-M~tbyl-S-~ly~0~yl-1,3,4-o~i~~tii l; . ,ol~:~ (3i~,c,d,g). General Method: -A mixture 
of 5-glycosyl-1H-tctrazole (2), Ac.,O - (2 1111 per mmol), and hydroquinone (1 mg per 
mmol) was lieatcd at rc%flus for tlie stated period (0.5-1.5 li), concexitrated and co- 

eva.porated few timcs witli AIeOH. Tlic residue was dissolvcd in CHC1, (20 ml per 
mmol), washctl. witli sat. aq. NaHCO, (2x5 in1 pcr mmol) arid brine (5 nil per 
mmol), dried ( Ka..,SO4), - concentrated and chromatogra.phed on silica gel with 
CH2C1, to givc tlie title compounds Sa,c,d,g. 

2-Mcthyl-5-(2,3,5-tri- Obt:1~zoyl-~-D-ribofuranosyl)-1,3,4-ox~~olc (3a). 
-Reaction tiine x\-itzli 2a: 1 h. Thc oily product obtaincd aftcr chromatography was 
coevaporated few times with hIcOH until white solid 3a scparated (3.1 g, SO%), 
m.p. 135-139 OC (MeOH) (ref.32 139-140OC). ‘H-NMR (CDCl,) S 2.37(s, 3H, Me), 

lH,  H-3’), 6.07(t1 IH, H-2‘), 7.39. 7.47, 7.55, ’ i .OG,  and S.l2(5m, l5H, 3 Ph);  J1,2, 
6.0, J415, 3.5, J43y 3.2, J5.5w 12.0 Hz. ‘”C-Nh4R (CDC1,) S 10.74(Mc), 63.4G(C-5’), 

129.G9, 129.74, 133.26, aiid 133.G3(3 Pli), 162.86, 164.99, 165.21, and 165.95(3 CO, 

4.5S(dd, lH,  H-.5’), 4.77(111, lH,  H-4’), 4.SS(dd, lH,  H-5”), 5.52(d, lH ,  H-l’), 5.98(t, 

72.54(C-3’), 73.SS(C-2’), 74.11(C-l’), S1.13(C-4’), 125.41, 125.4€, 125.67, 129.41, 

c-2, c-5). 

5-15 O-Bcneoyl-2,3- 0 (1,1,3,3- tctraisopropyldisiloxane-l,3-diyl)-~-D-ribofura- 
nosyl)-2-mcthyl-l,3,4-oxadia;rolc (3c). -Reaction timc with 2c: 1.5 h. Yicld 73%, 
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5-$D-RIBOFURANOSYL- 1 H-TETRAZOLE 2223 

pale yellow stiff syrup. And. Calcd for C,,HL12N,0iSi, (5G2.82): C, 57.62; H, 7.52; 
N, 4.98. Found: C, 57.54; H, 7.41; N, 5.09. 

5-( 5- Ot-Butyldimcthylsilyl-2,3- Oisopropylidcne-~-D-ribofuranosyl)-2-mcthyl- 
1,3,4-oxadiazolc (3d). -Reaction time with 2 d  1.5 h. Yield 65%, white foam. MS: 
m/z 370(M+). Anal. Calcd for Cl,H,oN,05Si (370.52): C, 55.10; H, 8.16; N, 7.56. 
Found: C, 55.01; H, 7.92; N,  7.55. 

2-Methyl-5-( ~-D-ribofurauosyl)-1,3,4-oxadi~olc (3e). Method A: -A mixture 
of oxadiazole 3a (1.5Sg, 3 mmol) in methanolic NaOhle (150 mg Na/45 ml MeOH) 
was stirred at r.t. for 0.5 h, then acidificd with Dowex H+, filtered, concentrated 
and coevaporated with water (to remove MeOBz). Stirring of the residue with 
EtOEt afforded 3c (0.44 g, 67%) as a white solid, 1n.p. 115-117 O C  (ref.31 110 “ C ) .  
‘H-NMR (DhlSO-d,) 6 2.51(s, 3H, hlc), 3.42(m, lH,  H-57, 3.51(m, lH, H-5”), 

3.87(m, lH, H-4’), 3.97(111, lH, H-3’), 4.27(m, lH, H-2’), 4.77(d, lH,  H-l’), 4.81(t, 
lH, OH-5’), 5.16(d, lH,  OH-3’), 5.40(d, lH,  OH-2’); J1121 6.2 Hz. 13C-NMR 

4’), 164.62, 164.83(C-2, C-5). NS: in/z 21G(Rl+). And.  Calcd for C,H,,N,05 
(216.19): C, 44.45; H, 5.59; N, 12.9G. Found: C, 44.28; H, 5.47; N, 12.95. 

(DhlSO-d,) 6 lO.G3(hi~), G1.75(C-5’), 71.26( C-3’), 73.94(C-2’), 74.88(C-1’), 85.87(C- 

Method B: -A mixture of oxadiazole 3c (65 mg, 0.10 mmol) in MeOH and 
methanolic NaOhic (2 mg Na/0.5 ml McOH) was stirred at r.t. for 2 d, then 
acidified with Dowex H’, filtered and concentrated. The residue was 
chromatograplied on silica gcl (10 g) with CH.,Cl., - -  (100 ml) and of CH,C12/MeOH 
(5:l) (50 ml) to give 3c (12 nig, 5G%). 

Method C: -A iiiixture of oxadiazole 3d (415 nig, 1.1 mmol) in 1M 
Bu,NF/THF (2 ml) was stirred at  r.t. overiiight. The evaporated residue was 
dissolved in CHC1, (10 ail) and washed with aq. HC1 (pH 4, 3x3 ml), sat aq. 
NaHCO, (3 I d ) ,  and brine (3 nil), dried (Na,SO,) and concentrated to give, after 
chromatographic treatincut of ciucle product (wzde supra), 3c (200 mg, 53%). 

5-[2- OAcctyl-3,5- O( 1,1,3,3-tctraisopropyldisiloxanol ,3-diyl)-/3-D-ribofuran~ 
syl]-2-mcthyl-1,3,4-oxadi~olc (3g). -Reaction time with 2f: 0.5 h. Yield 70%, 
colorless stiff syrup wliicli slowly solidified. MS: m/z  457(hI+-Pri). Anal. Calcd for 
C2,H40N20iSi2 (500.75): C, 52.i7; H, 8.05; N, 5.59. Found: C, 52.71; H, 8.03; N, 
5.79. 

N-Trimcthysilyl-5-glymsyltctrasr,olc. General Procedure. -A mixture of 5- 
glycosyl-1H-tetrazole 2 and HhlDS (5 nil per 1 mmol) was heated at reflux for 2 d. 

The excessive HMDS was distilled off under anhydrous conditions. 
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2224 KOBE ET AL. 

1- aud 2-Mcthyl-5-(2,3,5-tri- 0-bcwzoyl-P-D-ribofuranosy1)tctrazole (4a and 
5a). Method A .  -A mixtiire of 5 iriinol of silylatcd tetrazole (from 2.57 g of 2a) in 
pyridine (10 ml) and methyl chloroforiiiate (0.95 g, 10 mlnol) was stirred at r.t. for 
5 d. Additional portioii of ester (0.95 g) was acldcd and stirring continued for 5 d. 
Reaction mixture w ~ s  colicelitrated and the residue partitioned between EtOAc 
(150 ml) and water (30 id ) .  The organic layer was washed with 5% aq. HC1 (3x20 
ml), sat. aq.  NaHCO, (2x20 nil), and brine (20 ml), dried (Na2S04) and 
concentratctl. The rcsidue was cliroma.tographcd on silica gel (300 g) with CHCl, 
/EtOAc (50:l) (3  1) to give, aftcr treatment with &OH, 5a (1.14 g, 43%) and 4a 
(0.40 g, 15%) as white solids, iii.1). 53-55 OC and 133-134 “C respectively. 
(4a) ‘H-NMR (CDC1,) S 4.12(s, 3H, Mc), 4.57(dd, lH,  H-5’), 4.78-7.83(m, 2H, H- 

and 7.95(41n, 15I.1, 3 Pli); Jl7.>, 4.7, J2,3, and J3,4, 5.4, J4,5, 4.0, J595w 12.3 Hz. 13C- 

(c-4’), 125.45, 12S.43, 12S.54, 12S.G1, 125.97, 129.51, 129.70, 129.74, 133.40, 133.62, 
and 133.70(3 Ph), 151.71(C-5), 165.14 and 165.16(3 CO). Anal. Calcd for 

4’, H-5”), 5.60(~1, lH,  H-l’) ,  5.99(t, lH, H-3’), 6.23(t, l H ,  H-27, 7.41, 7.45, 7.55, 

NhlR. (CDC1,) 6 34.31(11~), G3.21(C-5’), 71.91(C-3’), 73.55(C-1’), 74.34(C-2’), 81.17 

C,gHZ,N,O, (528.52): C, 63.63; H, 4.5s; N, 10.GO. Fouiid: C, 63.51; H, 4.52; N ,  
10.47. 
(5a) ‘H-NhlR. (CDC1,) 6 4.27(s, 3H, hlc),  4.61(dd, lH,  H-5’), 4.79(m, lH,  H-4’), 

7.56, 7.96, ant1 S.lO(4111, 15H, 3 Ph);  J,,,, 5.7 Hz. ‘3C-N11R (CDC1,) S 39.37(Me), 
63.69(C-5’), 72.40(C-3’), X.Ol(C-2’), 75.22(C-l’), SO.19( C-4’), 125.21, 123.2’3, 

4.Sl(cld, 1H, H-5”), 5.G5(tl, l H ,  H-l’), 6.03(t, lH, H-3’), G.OS(t, l H ,  H-2’), 7.39, 

128.31, 123.72, 129.52, 129.53, 129.61, 132.93, 133.35, ~ U K I  133.41(3 Ph), 163.66(C- 
5), 165.00, 165.14, aiitl 1GG.00(3 CO). A’ILu~. Calcd for C,,H,,N,O, (525.52): C, 
63.63; H, 4.55; 1’4, 10.60. Fouiid: C, 63.54; H, 4.67; N ,  10.75. 

Method B. -A solution of 10 in1 of 0.24 N CH2N, iii 1,2-diinctliosyet~lia.ne was 
added to tlie solut,ioii of 2a (1.01 g, 2 mniol) in 1,2-dinictlioxyetha.ne (5 nil) and 
stirred at r.t. overiiight. Chromatogra.pliy of tlie evaporated residuc ( v i d e  supra) 
a,fforded 5a (0.72 g, 65%) aiitl 4a (0.09 g, 5%). 

1- and 2-Ethyl-Ei-(2,3,5-tri-Ubcnzoyl-~-D-ribofi~razlosyl)tctr~olc (4b and 5b). 
Method A .  -A inistiire of 2.5 niniol of silylatcd tetrxzole (froin 1.30 g of 2a) and 5 
In1 of ethyl cyanoforinate mas stirred at 75 ‘C for 13 11. Evaporated residue was 

chromatograplied subsequently on two silica gel columns (200 g) with CHC1, to  
give 5b (0.75 g,  55%) aiid 41) (0.16 g, 11%) as white solids, m.p. 99-101 OC and 
124.5-125.5 OC respectively. hlS: rn/z (4b) 542(14+); (lib) 542(M+). Anal. Calcd for 
C,,H,GN,O, (542.55): C, 64.20; H, 4.53; N, 10.33. Found: (4,) C, 64.05; H, 4.96; N, 
10.49; (5b) C ,  64.30; H, 4.54; N, 10.35. 
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5-P-D-RIBOFURANOSYL- 1 H-TETRAZOLE 2225 

Method B. A mixture of 2a (0.51 g, 1 mmol) in Dh4F ( 5  ml) and DMFDEA 
(0.54 g, 3 mmol) was stirred overnight at r.t. Chromatographic separation (vide 
supra) of the eva.porated residue afforded 5b (0.29 g, 53%) and 4b (0.03 g, 6%). 

1- and 2-Bcnzyl-5-(2,3,5-tri-Obcnaoyl-~-D-ribofuranosyl)tctrazole (4c and 
5c). Benzyl cliloroformate (1.6 nil, 11 mmol) was added dropwise into a boiling 
mixture of 9.7 mmol of silylat.ed tetra.zole (from 4.99 g of 2a) in toluene (20 ml) 
and pyridine (1.0 nil, 11 mmol) and hcatcd at reflux for 18 h. The reaction mixture 
was filtered, concentrated and partitioned between EtOAc (100 ml) and water (20 
ml). The organic layer was wa.shcd with 5% aq. HC1 (2x15 ml), sat. aq. NaHC03 
(2x15 ml), and brine (15 nil), dried (Na.$04) - and concentrated. Chromatography 
on silica gcl (500 g) with lxnzene/EtOAc (50:1), (11 1) afforded 5c (3.22 g, 56%) 
and 4c (1.25 g, 21%) a.s stiff syrups. 4c was obta,inccl a.s a white solid by trea.tment 
with RleOH, m.p. 109-111 OC. A n d .  Calcd for C,,H,,N,O, (604.63): C, 67.54; H, 
4.67; N, 9.27. Foiind: (4c) C,  67.49; H, 4.65; N,  9.45; (5c) C, 67.50; H, 4.66; N, 9.49. 

Method B. A mixture of 2 inniol of silylated tetrxzole (from 1.03 g of 2a) in 
toluene (15 nil) and bcnzyl cpioforiiiate (0.44 ml, 3 mmol) was heated at reflux 
for 3 h, then concentra.tcd and cliromatogra.plied on silica gel (vide supra) to give 5c 
(0.53 g, 44%) a i d  4c (0.44 g, 3G%). 

BF,.Et,O Catalyxcd Rcaction of Bcnzyl Chloroformatc with 5-(2,3,5-tri-O 
bcnzoy1-/3-D-ribofuranosyl)-lH-tctrazole (2a). 5-(2,3,5-tri-Obcnxoyl-/3-D-ribofura- 
~osyl)-1,3,4-o~i~di~01~-2(3H)-0nc (9d). A mixturc of 2a. (1.03 g, 2 mmol) in toluene 
(10 ml), beiizyl chlorofornmte (0.6s g, 4 mmol), and BF3.Et20 (0.30 g, 2 mmol) 
was heated at rcflux for 4 11. The ca.talyst and the cstcr wcrc added in two cqual 
portions (0.83 g a i d  0.30 g, respectively) in 5 11’s iiiterva,l a,nd hca.ting continued 
overnight. Thc rcxt ion mixtuw was trcatcd then in the sa,me wa,y as in the case of 
noncatalyzed reaction of bcnzyl cliloroformate with 2a (vide supra). 

Chromatography provided 5c (0.54 g, 45%), 4c (0.06 g, 5%) and 9d (0.21 g, 20%; 
foam). (9d) ‘H NhIR (GO MHz, CDC1,) 6 4.56(m, 3H, H-4’, H-5’, H-5”), 5.11(d, lH, 
H-l’), 5.87(dd, lH, H-3’), 5.9i(dcl, lH, H-2’), 7.40 and 7.95(2m, 15H, 3 Ph); JIq2,  
4.5 Hz. 13C NMR (22.50 hiHz, CDC1,) G3.4G(C-5’), 72.34, 73.10, 75.16(C-3’, C-2’, 
C-l’), 80.58(C-4’), 12G.36, 12S.3G, 129.23, 129.66, 133.13, and 133.56(3 Ph), 153.39 
and 154.37(C-2, C-5), 1G4.99 a11d 166.17(3 mPh). IR (KBr) v 1813, 1782, 1728, 
1451, 1311, 1273, llS0, 1119, 1096, 1072, 1026, 710. HRIIS (FAB): m/z hfH+ calcd 
for C28H23N209 531.140, found 531.141. Anal. Calcd for C,8H22N209 (530.50): N, 
5.28. Found: N, 5.50. 
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2226 KOBE ET AL. 

1- and 2-Rllyl-5-(2,3,5-tri- Obcnzoyl-/3-D-ribofuranosyl) tctrazolc (4d and 5d). 
A mixture of S niniol of silylatctl tctrazolc (from 4.12 g of 2a) in toluene (30 ml), 

pyridine (0.73 nil, 9 Iiil1lCJl), and ally1 chloroformate (0.96 nil, 9 mmol) was heated 

at  rcflux for Id. Aiiotlier portioii of ester (0.53 nil, 5 miiiol) and pyridine (0.40 ml, 

5 mniol) was atltlcd and licatiiig contiiiiictl for 4 11. The evaporated residue was 

partitioned 1ietw.ecii EtOAc (150 nil) a n d  watcr (50 1111). The organic layer was 

washed with 5% aq. HC1 (20 nil), sat. a.q. NaHCO, (20 nil), and brine (20 ml), 

dried (Na,S04)  aiitl conccntratcd. Clironiatoglaphy on silica gel (250 g) with 

benzene/EtOAc (50:1), (4 1) affortlecl 5d (1.70 g, 35%) a.nd 4d (0.43 g, 10%) as 

white solids, m.1). 93-9G OC (hlcOH) and 79-53 OC (EtOH) respectively. hlS: m / z  

(4d) 554(hIs), (!A) 554(hIS). A n d  Calctl for C,oH,GN,07 (554.56): C,  64.95; H, 
4.73; N,  10.10. Foiiiitl: (4d) C, G4.99; H, 4.55; IT, 10.24; (5d) C, 64.97; H, 4.67; N, 
10.04. 

1- and 2-AIkyl-5-(/3-D-ribofiir;l1losyl)tctra.zolcs (6 aud 7 )  from 1- and 2-Alkyl- 

5-(2,3,5-tri-Obcr~zoyl-~-D-ribofura1losyl)tctrltzolcs (4 m d  5). General method. 1 
mmol of 4 or 5 ill 0.2 A1 Iiidiiiiiolic NaOhlc (15 nil) was stirred at  r.t. for 1 h. The 

reaction rnisturc T P ~ S  iiciitralizctl wit11 Dowes HS, filtered, and concentrated. The 

evaporated rcsidiic was coev;ilmratctl fciv tiiiics with water (to rcIriove hIeOBz) to 
give 6 or 7 as a clolorlcss st,iff SJ-riip iii SO-SO% yield. 

l-Mcthyl-5--(~-D-ril~ofur;i~osyl)t~ctrasolc (Ga). ‘H NMR (DRISO-d,) 6 3.40- 
3.57(ni, 2H, H-5’, H-5”), 3.89(1ii, l H ,  H-4’), 4.00(in, l H ,  H-3’), 4.09(s, 3H, hle), 
4.40(m, l H ,  H-2’), 4.’iS(t, lH, OH-5’), 5.03(d, l H ,  H-l’) ,  5.13(tl, lH,  OH-3’), 

5.37(d, lH, OH-:!’); Jl.<),  5.5, J,.oIr-,~ 6.1, J390rr-37 5.4, J53011-53 and Js.30rr-53 5.5 
Hz. 13C NhIR (DMSO-(1,) S 35.04(hlc), 62.02(C-5’), 71.GG(C-3’), 74.70 and 

74.91(C-1’, (?-a’), SG.- lO( C-J’), 154.77(C-5). HRhlS (FAB): m / z  hIHf calcd for 

C7H13N404 217.0937, found 217.0944. 

2-Mcthyl-5- (B-D-ribofurauosyl) tctriuolc (7“). H NhlR ( DhIS O-d,, D,O) S 

l H ,  H-2’), 4.3G(s, 3H, Me), 4.S5(tl, l H ,  H-1’); J1,.), 6.3 Hz. 13C NRlR (DhlSO-d,) S 
39.50(Me), 62.13(C-5’), 71.3G(C-3’), 74.G7(C-2’), 75.43( C-l’), S5.56(C-4’), 165.04(C- 
5). Anal. Calcd for C7H,,N,0, (21G.20): C, 35.59; H,  5.59; N ,  25.91. Found: C, 
35.62; H, 5.47; N,  2 G . X .  

3.43(dd, l H ,  H-5’), 3.50(tld, l H ,  H-5”), 3.85(111, l H ,  H-4’), 3.99(t, lH,  H-3’), 4.26(t, 

l-Ethyl-5-(~-D-ribofurauosyl)tctrazolc (Gb). RlS: In/z 230(hlS). Anal. Calcd 
for CsH,,N,O, (230.23): C,  41.73; H,  6.12; N ,  24.33. Found: C, 41.74; H,  6.11; N, 
23.93. 
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5-P-D-RIBOFURANOSYL- 1H-TETRAZOLE 2227 

2-Ethyl-5-(~-D-ribofuranosyl)tctrazolc ("b). MS: m/z 230(M+), 127(B+30). 
Anal. Calcd for C8H14N,04 (230.23): C, 41.73; H, 6.12; N, 24.33; Found: C, 41.52; 
H, 5.93; N,  24.26. 

2-Bcnzyl-5-(~-D-ribofuranosyl)tctrazole (7c). HRhfS: in/z M+ calcd for 
C,,Hl,N404 292.1171, found 292.1175. Anal. Calcd for CI3Hl6N4O4 (292.30): C, 
53.42; H, 5.52; N, 19.17. Found: C, 53.33; H, 5.66; N, 19.10. 

2-Allyl-5-(~-D-ribofur~mosyl)tctrazole (74.  HRMS: m/z M+ calcd for 
C,H1,N,04 242.101, fouiicl 242.101. Anal. Calcd for C9H14N404 (242.24): C, 44.63; 
H, 5.53. Found: C,  44.70; H, 5.SS.  

Substitutcd 5-Glycosyl-2-oxo-1,3,4-oxadiazolcs (8 and 9) by Cycloaddition of 
N-Trirncthylsilyl-5-glycosyltctri~ol~~ with Chloroformate Estcrs. General Procedu- 
re.  -Chloroformatc ester (1.1-2.0 ey.) was aclcled clropwise into a boiling mixture of 
N-trimethylsilyl-5-glycosyltctrazolc (obtained from 2 with HMDS, vide supra) in 
toluene (5 nil per mmol) and pyricliiie (1.1-2.0 ey.) and heated at reflux for an 
indicated period of time. The evaporated residue was partitioned between EtOAc 
and water and the organic layer washccl with (5% aq. HCl), sat. aq. NaHCO,, and 
brine, dried (Na,SO,), concentrated and chromatographed on silica gel. 

2- (2,2,2-Trichloroct~hoxy)-5- (2,3,5- tri- Obcnzoyl-P-D-ribofuranosy1)- 1,3,40xa- 
diazole (8a) wd 3- (2,2,2-Trichlorocthyl)-5- (2,3,5-tri- Qbcnzoyl-P-D-ribofuranosy1)- 
1,3,4-oxadiazolc-2(3H)-onc (9a). -Reaction time with silylatecl tetrazole (from 2a) 
and 2,2,2-tricliloroctliyl clilorofonnatc: 111. Yield after cliromatography with 
benzene/EtOAc (5O:l) 9a, 10%; white foam and 8a, 47%; solid, m.p. 118-12OoC 
(MeOH). IR (IiBr) v (8a) 2925, 1717, 1617, 1574, 1396, 1372, 1349, 1321, 1287, 
1210, 1154, 1123, 10G0, 905, SG9, 795, 715; (film) v (9a) 2927, 1773, 1729, 1616, 
1576, 1450, 1363, 1314, 12G8, 1152, 1119, 1095, 1071, 1026, 824, 711. Anal. Calcd for 
C3,H,3N209C13 (6G1.84): C, 54.44; H, 3.50; 4.23. Found: (88) C, 54.60; H, 3.48; N, 
4.43; (9a) C, 54.77; H, 3.24; N, 4.21. 

2-( 2-Trichloromcthyl-2-propoxy)-5-( 2,3,5- tri- Obcnzoyl-/3-D-ribofuranosyl)- 
1,3,Poxadiazolc (8b) and 3-( 2-Trichloromcthyl-2-propyl)-5-(2,3,5-tri- Obcnzoyl-/3- 
D-ribofuranosyl)-1,3,4-oxadiazolc-2(3H)-one (9b). -Reaction time with silylated 
tetrazole (from 2a) ant1 2-tricliloro1iictliyl-2-propyl chloroformate: 0.5 h. Yield after 
chromatograpliy with l,cnzc~iic/EtOXc (50:l) 9b, 13%; white solid, m.p. 114-118 OC 
(MeOH) and 8b, 7G%; wliitc solid 130-131 OC (McOH). IR (IiBr) v (8b) 1727, 1G07, 
1572, 1452, 1310, 1149, 1072, S03, 712; (91)) 1SO2, 1772, 1732, 1265, 1130, 1102, 798, 
710. MS (FAB): in/z  (81)) 691(hIHS); (EI): m / z  (9b) 690(hls). Anal. Calcd for 
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2228 KOBE ET AL. 

C32H27N,09C1, (659.94): C, 55.71; H, 3.94; N ,  4.06. Found: (8b) 55.35; H, 4.03; N, 
4.26; (9b) C ,  55.64; H, 3.96; N, 4.10. 

2-Mcn thyloxy-5- (2,3,5- tri- O.bcnxoyl-~-D-ribofuranosyl)- 1,3 ,4-oxadi~ol~  (8c) 
and 3-Mc1lt~yl-5-(2,3,5-tri-O-bc~~oyl-~-D-ribofurauosyl)-1,3,4-oxadi~olc2(3H)-one 
(Sc). -Reaction tiiiie with silylatcd tctrazole (from 2a) and (-)-rnenthyl chloro- 
formate: 2.5 11. Yield after cliroil-ia,tograpliy with benzene/EtOAc (50:l) 9c, 4%; 
white foam and 8c, 47%; white solid, m.1). 113-114 “C (MeOH). 
(8c) ‘H-Nh4R (CDCI,) 6 0.79 and 0.91(2d, 6H, CHfi,), 0.94(m, lH,  H-4an), 
0.93(d, 3H, CHMe), 1.12(m, 2H, H-Ga”, H-3a”), 1.54(mr 2H, H-5”, H-2”), 1.72(m, 
2H, H-4b”, H-3b”), 2.02(1n, lH,  CBMe.,), 2.35(111, lH,  H-6b”), 4.63(dd, lH,  H-5a’), 
4.75(m, lH,  H-47, 4.79(m, 2H, H-51)’, H-l”),  5.43(d, lH,  H-l’), 5.95(t, lH,  H-3’), 
6.04(t, lH,  H-2’), 7.37, 7.47, 7.55, 7.95, and s.13(5111, 15H, 3 Ph); J1,3, 5.7 Hz. 13C- 
Nh3R (CDC1,) S 1G.15 a i d  20.5G(CHh.Ie2), 21.77(CH&), 23.06(C-3”), 25.78 
(CHhSe,), 3 1 2 (  C-5”), 33.79(C-4”), 39.5G(C-V), 47.24(C-2”), 63.63(C-5’), 72.35(C- 

129.35, 129.63, 129.71, 133.0S, 133.53, a id  133.56(3 Pli), 157.S2 and 166.06(C-2, C- 
5), 161.59, 1G5.10, aid 1G6.10(3 COPli). IR (KBr) v 2955, 1728, 1613, 1573, 1452, 
1316, 1271, 1120, 1071, 943, 711. 11s (FAB): m / z  6G9 (MHS). Anal. Calcd for 
C38H4,1V,09 (GGS.75): C, 68.25; H, G.03; N, 4.19. Found: C, 68.04; H, 5.99; N, 4.48. 
(9c) ‘H-Nh4R (C:DC13j 6 0.77 aiid O.S7(2dd, OH, CHh/Ie.,), O.S6(m, lH,  H-4a”), 
l.Ol(m, 2H, H-3a”, H-6a”), 1.27(m, lH, H-2”), 1,37(m, lH,  H-5”), 1.63(m, 2H, H- 
4b”, H-3b”), l.S8(m, lH,  CHMe.,), 2.03(m, lH,  H-6b”), 4.59(dd, l H ,  H-5a’), 
4.68(m, lH,  H-4’), 4.72(m, lH,  H-1”), 4.82(dd, lH,  H-5bY), 5.23(d, lH, H-l’), 
5.93(m, 2H, H-2’, H-37, 7.31-7.54, 7.95, mid S.l3(3m, 15H, 3 Ph); Jl12, 5.5 Hz. 13C- 
NMR (CDC1,) S 16.12 and 20.46(CH&,), 21.67(CH&), 23.16(C-3”), 25.98 
(CHMe2), 31.09(C-5”), 33.82( C-4”), 4O.GS(C-6”), 46.SG(C-2”), 63.61(C-5’), 72.41(C- 

128.65, 133.00, 133.34, and 133.50(3 I’ll), 151.56, 164.78, 164.85, 165.00, and 165.81 
(C-2, C-5, 3COPh). IR (KBr) u 2955, 2927, 2870, 1530, 1733, 1723, 1604, 1495, 
1452, 1374, 1314, 12GS, 1179, 1121, 1098, 1025, 711. HRhlS (FAB): m/z hfH+ calcd 
for C3,H4,N,O9 G69.2S1, fouiid GG9.2S3. Anal. Calcd for C38H40N,0, x 0.3 
CHC13: C, 65.29; H, 5.77; N, 3.95. F o L ~ :  C, 65.14; H, 6.07; N, 3.95. An analytical 
sample was purified by chroinatograpliy 011 silica gcl with n-hcxane/CHCl3 (3:2). 

3’), 73.56( C-2’), 74.49( C-l’), 80.76( C-4’), 84.90( C-l”) ,  125.36, 128.45, 128.63, 

3’), 72.70(C-2’), 76.53(C-l”), 80.69( C-4’), 52.5O(C-l’), 128.20, 128.25, 128.57, 

2-Phcnyloxy-5- (2,3,5-tri- Obczlzoyl-P-D-ribt,filr;LIlosyl)- 1,3,4-oxadiazole (8d). - 
Reaction time withi silylated tetrazole (from 2a) and phenyl chloroformate: 4h. 
Yield after chromatography with CH,Cl, - -  93%, stiff syrup, which crystallized in few 
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days, m.p. 129.5-131.5 OC (hIeOH). hfS: in/% 60G(hI+). Anal. Calcd for 

C3,H2,N209 (G06.59): C, 67.32; H, 4.32; N, 4.G2. Found: C, 67.17; H, 4.15; N,  4.65. 

2-Phcnyloxy-5-( 5- Obcnxoyl-2,3- Oisopropylidcnc/.?-D-ribofi~ranosyl)-1,3,4 
oxadiazole (8c). -Reaction time with silylated tetrazole (from 2b) and phenyl 
chloroformate: 1 11. Yiclcl after chromatography with CH2C12 60%, stiff syrup. hlS: 
m/z 43S(hI+). Anal. Calcd for C23Hbl.lN,07 "I (438.44): C, 63.01; H, 5.06; N, 6.39. 
Found: C, 63.50; H, 4.91; N, 6.12. 

2-Phcnyloxy-5- [5- Qbcnxoyl-2,3- O( 1,1,3,3- tctraisopropyl&siloxan~1 ,S-diyl)-/.?- 
D-ribofuranosyl)-l,3,4oxadiazolc (8f). -Reaction time with silylated tctrazole (from 
2d) and phenyl chloroformate: 0.5 h. Yield aftcr chroiiiatography with CH2C12 
70%, stiff syrup. HRR'S (FAB): n1/z hIH+ calccl for C32H,5N,08Si2 641.271, found 
641.271. Anal. Calcd for C3,H4,N208Si, (640.89): N,  4.37. Found: N,  4.30. 

2-( 2-Butoxy)-5- (2,3,5- tri- Obcnxoyl-/.?-D-ribofuranosyl)- 1,3,4oxaciiazole (8g). - 

Reaction time with silylatcd tetrazole (from 2a) and 2-butyl chloroformate: 3.5 h. 
Yield after chromatography with CH,C12 and coevaporation of the resulting foam 
with MeOH 70%, white solid, m.p. G6-86 OC. Anal. Calcd for C3,H3,N209 (586.60): 
C, 65.52; H, 5.15; N,  4.78. Found: C, G5.71; H, 5.25; N, 4.98. 

2-vinyloxy-5- [5- Obcu~oyl-2,3- @( 1,1,3,3- tctr~so~~ropyl~siloxanc1,3-diyl)-/.?- 
D-ribofuranosyl)-l,3,4-oxadiazolc (8h). -Reaction time with silylatcd tetrazole (from 
2d) and vinyl chloroformate: 1.5 11. Yield aftcr chroinatograpliy with benzene/ 
EtOAc (50:l) 62%, stiff syrup. HRIIS: m/z hl+-Pr' calcd for C2,H,,N208Si2 
547.193, found 547.193. Anal. Calcd for C28H4,N,0,Si, (590.53): N,  4.74. Found: 
N, 4.87. 

2-Vinyloxy-5-(2,3,Ei-tri-Ob~:nzoyl-~-D-ribofur~~osyl)-1,3,4-oxadiazol~ (8i). - 

Reaction time with silylated tctrazolc. (froin 2a) ancl vinyl chloroformate: 2 h. Yield 
after chromatograpliy with CH.,Cl, L -  54%, foam; hIS: m/z 556( RI+). Anal. Calcd for 
C30H,,N,O, (556.53): C, 64.75; H, 4.35; N, 5.03. F O I I I ~ ~ :  C, 65.26; H, 3.99; N, 5.17. 

Transformatiow of 2-Alkoxy/Aryloxy-5-glycosyl-1,3,4-oxiuliazolcs (8). A - 

With NaOMc. Generul Proced~ i re .  -A mixture of 8 (1.5 mmol) in 40 ml of 0.1 M 
methanolic NaOIle was stirred at r.t. for a given pcriod of time, then acidified with 
Dowex H+, and conroiitratcd. The product 10 or 11 was isolated by (chromatogra- 
phy and) prccipitation witli tlic appropriate solvent. B -With Molccular Sievcs. 
General Procedirre. -A mixture of 8 (0.4 mmol) in McOH (10 ml) and molecular 
sieves (powdcr, 4.4) wiis stirred at r. t .  for 2 d, filtcrcd through a cclite pad, and 
evaporated. Furtlicr purification affordcd 10. 
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N7-Dirnethoxymcthylidcne-2,5-~ydr~D-donohydrazidc (lOa). -The evapo- 
rated residue obtaiiicd by proccdiiie B (from 0.26 g of 8a) was treated with MeOH 
to give 10a (GO mg, 57%) as a wliite solid, m.p. 172-174 ‘C. ‘H-NRIR (hle.,SO-d,) 6 
3.51(1H, H-Ga), 3.GS(dd, lH, H-GI)), 3.76 and 3.77(2s, GH, 2 O h k ) ,  3.3S(m, lH,  H- 
5), 3.S9(dcl, IH, H-4), 3.9G(dd, lH,  H-3), 4.14(d, lH, H-2), 5.05(br s, 3H, 3 OH), 

k - N h l R  (h[c$iO-dG) 6 55.51 and 5G.16(2 OhIe), 59.2G(C-G), 69.5i(C-4), 74.79(C- 
3), S2.35(C-2), S3.S5(C-5), 153.20 and lG5.2G(C-l, C=N). HRh4S: m/z hlH+ calcd 
for C9H1,N,O7 2G5.103(3, fouxid 2G5.10-10. 

9.7G(br S, 1H, NH); J,,, 1.6, J3,4 4.6, J,,, S.S, J5,Ga 2.2, JS,G1, 2.9, JGa,Gb 11.7 Hz. 

N’- [Mcthoxy-( 2 - t r i c h l o r o 1 n c t h y l - 2 - p r o p o x y ) m c t h y l i d D -  
dlonohydrazidc (lob-I and -11). -Using piocedmc -4, 8b (1.04 g) was transformed in 
2.5 h into a pair of isoiiicrs 10b-I a d  -11 (ill a G/4 ratio) which was isolated without 

a separation, by cliroinatograpliy on silica gel (20 g) with CH,C1, I (0.2 1) and 
CH2Cl2/MeOB (5:l) (0.2 l), precipitation with EtOEt (ice bath), and filtration 
under the N2 atmosphcre, as a wliite solid (0.27 g, 44%), m.p. 152-158 OC 
(acetone). ‘H-NhIR (hle.,SO-dG, D,O) 6 (lob-I) 1.74 and 1.77(2s, 6H, Chle,), 3.42- 
3.71(m, 2H, H-Ga, H-Gb), 3.7G(m, lH,  H-5), 3.SO(s, 3H, OMe), 3.97(m, 2H, H-3, H- 
4), 4.06(d, 1H. H-2); J,,, 3.1 Hz; (lob-11) 1.90(s, GH, Chle.,), 3.42-3.71(m, 2H, H-6a, 
H-Gb), 3.7G(m, lH, H-5), 3.77(s, 3H, OhIe), 3.59(dd, lH,  H-4), 3.97(m, lH,  H-3), 
4.15(d, lH,  H-2); J., -, 1.G Hz. 13C-NRIR (Rie.,SO-d,, D.,O) 6 (lob-I) 20.37 and 
20.50(CMe2), 56.32(0hfe), GO.iS(C-G), 70.40(C-4), 75.04(C-2), S3.51(C-5), 91.64 
(CC13), lOG.li(OCAIc.,), 149.S4(C-l), lGG.G4(CO); (lob-11) 22.27 and 22.90(CMe2), 
56.77(Ohle), Gl.S’i( C-G), 71.35( C-4), 74.4S(C-3), S1.7S( C-2), 84.59( C-5), 91.50 
(CC13), 105.3S(Oc31~2), 151.33(C-1), lGG.SO(N’C0). HRRIS: m/z (lob-1,II) M+ 
calcd for C,,H19N,0iC1, -1OS.02G. foiuitl -1OS.026. Anal. Calcd for C1,Hl,N2O,Cl3 
(409.60): C, 35.1G; H, 4.64; N, G.S-1. Found: (lob-1,II) C, 34.99; H, 4.73; N, 6.64. 

Tlie evhpoiatcd rcsidue obtaiiiccl by proceclurc B (froni 0.25 g of 8b) was 
partitioned betwccii EtOXc (15 1111) arid matcr (25 1111). The aqueous layer was 
lyophilized to give a pair of isoiriers 10-1 a id  -11 as a wliite solid (0.12 g, 72%) 
identical to the product of proccdurc A. 

N’-Mcthoxycarl~onyl-2,5-i~~y~lr0-3,4- O-isopropylidczlc-D-allonohydr~ide 
(1Oc). -Using procedurc~ A, 8d (0.Gi g) was transformed with 0.05 M NaORle/ 
MeOH in 3 11 into lOc, u-liicli w a 5  isoliitcd, hy cliromatogrcipliy on silica gel (25 g) 

with CH,C1, (0.3 1) aiid CH.,Cl.l/hIcOI-I I I  (5:l) (0.15 1) and pieciyitation with 
CHCl,, as a wliite solid (0.2G $, G5%),  11i.p. 1GS-170 OC. ‘H-NhlR (kk,SO-dG) 6 
1.21 and 1.45(2s, GH, Chlc.,), 3.3G(s, 3H, Ohle), 3.49(m, 2H, H-Ga, H-Gb), 4.09(m, 
lH,  H-5), 4.33(~1, lH,  H-2), 4.GG(dd, lH,  H-4), 4.77(dd, lH, H-3), 4.97(t, lH,  OH- 
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6), 9.19 and 9.S1(2 br s, 2H, 2 NH); J,,, 2.7, J3,4 6.0, J4,5 2.1, JGa,OI1-6 and 
JGb,OII-6 5.9 Hz; I3C-NhIR (hlc,SO-d,) 5 25.07 and 26.95(CB2),  52.17(OMe), 
61.17(C-6), 81.49(C-2), S3.51 am1 83.72(C-3, C-4), 86.2O(C-5), 112.55(Chk2), 156.68 
(C-1), 170.03(N’CO). I f s :  m / z  290(hI+). Anal. Calcd for C,,H,8N207 (290.27): c ,  
45.51; H, 6.25; N, 9.65. Found: C, 45.77; H, 6.32; N, 9.90. 

2-Mcnthyloxy-5-(~-D-ribofuranosyl)-1,3,4-oxadiazole (l la).  -Using procedure 
A 8c (1.00 g) was traiisforined in 15 min into lla, which was isolated, by treatment 
of the evaporatcd residue with EtOEt and subscqucnt filtration in the N2 atmos- 
phere, as a white solid (0.34 g, 65%); m.p. 101-112 O C .  ‘H-NMR (CD3COCD3) 6 
0.82 and 0.92(2d, GH, CHhle,), 0.96(m, 4H, CQhle, C-4a”), 1.16(m, 2H, H-3a”, H- 
6a”), 1.60(m, 2H, H-2”, H-5”), 1.75(1n, 2H, H-4b”, H-3b”), 2.04(m, lH,  CQMe2), 
2.33(m1 lH,  H-6b”), 3.51(m, 3H, 3 OH), 3.62(dd, lH, H-5a7), 3.71(dd, lH,  H-5b’), 
4.00(q, lH,  H-4’), 4.23(t, lH, H-3’), 4.45(t, lH,  H-2’), 4.76(m, lH,  H-1”), 4.78(d, 
lH, H-1’); J,,,, 5.9, J495, 4.1, J495,, 3.9, J,,,,, 12.9 Hz. 13C-Nh9R (CD3COCD3) 
616.57 and 20.77(CHhie,), 22.10(CHhIe), 23.83(C-2”), 26.78 (CHMe9), 31.91(C-4”), 

(c-4’), 161.16 aid 166.69(C-2, C-5). MS: m/z 356(hl+). Anal. Calcd for 
C1,H@,O, (356.42): C, 57.29; H, 7.92; N, 7.86. Found: C, 57.08; H, 7.68; N, 8.02. 

2-(2-Trichloro1ncthyl-2-yro~~~~~y)-5-(/I- (llb). 
A mixture of 8b (1.00 g, 1.5 riiniol) in  27% iiietliaiiolic NH3 (50 ml) was stirred at 
r.t. for 5 h, t h m  coiiccntratctl aid tlie residue treated with CH2C12 to give l l b  
(0.32 g, 56%) as a wliite solid, ni.p 141-143 OC (water). HRhlS m/z MH+ calcd for 
C11HlsN20&13 377.0074, found 377.0100. Anal. Calcd for cl 1H15N20GC13 
(377.61): N, 7.42. Found N, 7.11. 
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Supplcmt:nt;-uy Mated AvrZilablc: ‘H- aiid “C-NhIR data for compounds 
2g-h, 3c-d, 3g. 4 M ,  5b-d, Gb, 7b-(1. 8a-b, 8d-i, 9a-11, and l l b  as well as six tables of 
proton and “‘c rlieiiiical shifts of 5-riLosyl-lH-tetrazoles (2, 4, 5, 6,  and 7) and 
-1,3,4-osadiazolcs (3, 8, 9, 10, arid 11) 

See following pages for Supplementary Material 
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SUPPLEMENTARY MATERIAL 

5- [2- 0-Acctyl-3,5- O( 1,1,3,3- tctraisopropyldisiloxanc-1,3-diyl)-/?-D-ribo- 
furanosyl]-lH-tctritzolc (2g). ‘H-NhIR (DMSO-d,) 6 O.SS(m, 2SH, 4 i-Pr), 2.05(s, 

H-3’), 5.07(d1 lH,  H-l’), 5.2S(dd, lH,  H-27, 7,0(br s ,  lH,  NH); J1,3, 2.4, Jy31 4.4, 
J3,4, 6.9, J,,,,, 2.3, J595. 11.8 Hz. l3C-NMR (DMSO-d,) 5 12.63, 12.81, 13.13(4 
GHMe,), 16.91, 1 0 7 ,  17.04, 17.39, 17.42, 17.45(4 CH&k2), 20.89(CO&), 6l.S5(C- 

3H, OAC), 3.41(111, lH,  H-5’), 3.69(dd, lH, H-5”), 3.97(111, lH,  H-4’), 4.81(dd, lH, 

5’), 70.39(C-3’), 75.67(C-l’), 77.63(C-2’), 83.24(C-4’), 160.12(C-5), 169.79(CO). 

5-[2,3- O( 1,1,3,3-Tctraisopropyldisiloxanc-1,3-diyl)-/3-D-ribofuranosyl]-1H- 
-tctrazole (2h). ‘H-NLIR (DbISO-d,) 5 0.91-1.03(m, 2SH, 4 i-Pr), 3.4S(dd, lH,  H- 
5’), 3.5S(dd, lH ,  H-5”), 3.S7-3.96(ml 2H, H-4’, H-3’), 4.1S(t, lH,  H-2’). 4.98(d, lH, 
H-l’), 5.05, 5.30(2 hr s, 2H, NH, OH-5’); J1,2, 5.9 Hz. 13C-NMR (DMSO-d,) 6 
12.90, 17.01, 17.12, and 17.26(4 i-Pr), 61.56(C-5’), 71.04, 74.70, and 75.12(C-3’, C- 
2’, C-l’), 85.57(C-4’), 156.09(C-5). 

5- [5- @Bmeoyl-2,3- 0-( 1,1,3,3- tctraisopropyldisiloxam-1,3-diyl)-~-D-ribo- 
furanosyl)-2-mcthyl-1,3,4-oxadiazolc (3c). ‘H-NMR (CDC1,) S 1.05(m, 2SH, 4 i-Pr), 
2.39(s, 3H, Het-Me), 4.3S(dd1 lH,  H-5’), 4.40(m, lH,  H-4’), 4.53(dd, IH, H-3’), 
4.67(dd, lH ,  H-5”), 4.SS(t, lH,  H-27, 5.12(d1 l H ,  H-l’), 7.44, 7.58, 7.81(3m, 5H, 
Ph); J1.2, 4.2, J21y, 4.4, j3,43 5.5 ,  J4751 4.4, J,,,,, 4.5, J,,,,, 13.4 Hz. 13C-NMR 
(CDC1,) 6 lO.S7(Het-&), 12.72, 12.51, 13.09, and 13.30(4 CHhle2), 16.96, 17.01, 
17.10, 17.17, 17,21. 17.26, and 17.44(4 C H k , ) ,  63.55(C-5’), 74.26(C-3’), 76.06(C- 
2’), 76.95(C-1’), S2.41(C-4’), 125.40, 129.63, and 133.17(Ph), 164.26 and 164.66(C-2, 
C-5), 166.2O(CO). 

5-( 5- 0 t-Butyldimethylsily1-2,3- Oisopropylidcnc~-D-ribofuranosyl)-2-methyl- 
1,3,4oxadiazole (3d). ‘H-NMR (CDCl,) S -0.01 and 0.01(2s, 6H, SiMe,), 0.85(s, 

9H, CMe,), 1.39 and 1.58(2s, 6H, CMe,), 2.53(s, 3H, Het-Me), 3.64(dd1 lH,  H-5’), 
3.68(dd, lH ,  H-5”), 4.30(m, lH, H-4’), 4.83(dd, lH,  H-37, 5.09(d, lH, H-l’), 
5.24(dd, lH,  H-2’); J132, 3.9, J273, 6.3, J3149 2.1, J4’51 4.6, J4,5p 4.0 Hz. 13C-NMR 
(CDCI,) b -5.58 and -5.56(SiR9e2), 10.94(Het-&), 18.27(CMe3), 25.30 and 27.19 

4’), 113.99(Ch‘k2), 164.47(C-2, C-5). 
(C&,), 25.78(C&), 63.23(C-5’), 78.16(C-1’), 52.30(C-3’), S3.34(C-2’), 86.39(C- 

5-[2- 0-Acctyl-3,5 0-( 1,1,3,3-tctraisopropyldisiloxane-1,3-diyl)-/?-D-ribo 
furanosyl]-2-mct~yl-1,3,4-oxildiazolc (3g). ‘H-NMR (CDC13) 6 0.98(m, 2SH, 4 i-Pr), 
2.07(s, 3H, OAc), 2.46(s, 3H, Het-Ale), 3.87-3.94(m, 2H, H-S’, H-47, 4.00(dd, lH, 
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H-5”), 4.54(dd, lH,  H-3’), 5.OS(d, lH ,  H-l’), 5.5S(dd, lH ,  H-2’); J112’ 1.5, Jy31 5.4, 
J374, 9.0, J475. 3.2 Hz. 13C-NhlR (CDC1,) 6 10.93(Het-b) ,  12.42, 12.72, 13.00, 
and 13.12(4 CHhfe?), 16.S9, 16.94, 17.05, 17.16, 17.19, and 17.29(4 C H b , ) ,  20.62 
( C O h ) ,  60.41(C-5’), 70.45(C-3’), 74.41(C-1’), 74.63(C-2’), 81.92(C-4’), 163.51 and 
164.6S(C-2, C-5>, 169.43(CO). 

l-Ethyl-5-(2,3,5-tri-Obcuzoyl-B-D-ribofurano.syl)tctr~ole (4b). ‘H-NMR 

(CDCI,) 6 1.52(t. 3H, CH2& 7.3 Hz), 4.46(q, 2H, C&hle), 4.56(dd, lH,  H-5’), 
4.76-4.S2(m, 2H, H-4’, H-5”), 5.5S(d, lH,  H-l’), 6.03(t, lH,  H-37, 6.29(t, lH,  H-2’), 
7.41, 7.56, and 7.99(31n, 15H, 3 Ph);  JI7?, 4.8, J2337 J3747 5.5 Hz. I3C-NhfR (CDCl,) 
6 15.02(CH&e), 43.30(CH2RIe), 63.2S( C-57, 72.05( C-3’), 73.6S(C-1’), 74.61(C-2’), 
81.22(C-4’), 125.51, 12S.S3, 129.16, 129.51, 133.35, and 133.60(3 Ph) ,  151.22(C-5), 
165.20 and 165.43(3 CO). 

1-Bcnz yl- 5- (2,3,5- tri- Obcnzoyl-B-D-ribofur anos yl) tctrazolc (4c). H- IX MR 
(CDC1,) S 4.50(dd, lH,  H-5’), 4.70(m, lH,  H-47, 4.7S(dd, lH,  H-5”), 5.44(d, lH, 
H-l’), 5.62 and 5.6S(2tI, 2H, C&Ph; Jge,,, 15.2 Hz), 5.95(t, IH, H-37, 6.32(t, lH,  
H-2’), 7.26, 7.37, 7.54, 7.93(41n, 20H, 4 Ph); J,,,, 4.2, J4359 4.2, J4.5,. 3.1, J5,5n 12.2 
Hz. 13C-NhfR (CDCI,) 6 51.43(:H2Pli), 63.15(C-5’), 71,74(C-3’), 73.76(C-l’), 74.50 

129.65, 129.70, 133.04, 133.27, 133.54 and 133.62(4 Ph) ,  151.65(C-5), 165.00 and 
165.85(3 CO). 

(C-2’), 80.87(C-4’), 127.71, 125.37, 123.43, 128.58, 12S.61, 128.50, 12S.97, 129.47, 

l-A~yl-5-(2,3,5-tri-Obcu~oyl-~-D-ribofuranosyl)tctrazole (4d). ‘H-NMR 
(CDC1,) 6 4.56(dd, lH,  H-5’), 4.78(dd, lH,  H-5”), 4.82(m, lH,  H-4’), 5.09(d, 2H, 
CSI,CH=CH2; 3J 5.7 Hz), 5.18(d, lH,  CH,CH=Cfl-a; 3J 17.1 Hz), 5.2S(d, lH,  
CH,CH=CE-b; 3J  10.1 Hz), 5.59(d, lH,  H-l’), 5.93(m, lH,  C&CH.,), 6.01(t, lH, 
H-37, 6.33(t, lH, H-2’), 7.40, 7.53, and 7.98(31n, 15H, 3 Ph); Jl,?, 4.9 Hz. 13C- 
NMR (CDCl,) 6 49.99(NCH2), 63.10(C-5’), 71.76(C-3), 73.54(C-l’), 74.39(C-2’) 

129.57, 129.62, 133.21, 133.49, and 133.60(3 Ph), 151.57(C-5), 164.99 and 165.85(3 
80.80(C-4’), 120.OS(CH=CH.,), 129.77(CH=CH,), 128.32, 125.37, 128.93, 129.42, 

CO). 

2-Et~yl-5-(2,3,li-tri-Obc~oyl-~-D-ribofurauosyl)tctrazolc (5.b). ‘H-NMR 
(CDCl,) 6 1.57(t, 3H, CH&; ‘J 7.4 Hz), 4.57(q, 2H, C&h‘Ie), 4.63(dd, lH,  H-5’), 
4.81(m, lH,  H-4’), 4.S2(dd, 1H, H-5”), 5.6S(d, lH,  H-l’), 6.06(t, lH,  H-3’), 6.12(t, 
lH,  H-2’), 7.35, 7.55, 7.97, and 8.11(4ni, 15H, 3 Ph); Jl9,? 4.5 .I2,,. J3749 J4157 5.4, 
J495v 3.7, J5,5. 13.2 Hz. ‘%-NMR (CDCI,) 6 14.26(CH2&), 48.4S(CH2h!fe), 63.87 
(C-5’), 72.54( C-3’), 75.0S( C-2’), 75.34( C-17, 80.27( C-4’), 125.25, 128.33, 123.35, 
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5-fi-D-RIBOFURANOSYL- 1 H-TETRAZOLE 2235 

128.81, 129.57, 129.63, 129.65, 129.73, 133.01, 133.40 and 133.43(3 Ph), 163.46(C-5), 
165.05, 165.19, and 166.08(3 CO). 

2-Benzyl-5- (2,3,5-tri- Obemoyl-P-D-ribofuranos yl) tctrazole (5c). ’ H- NM R 
(CDC1,) 6 4.61(dd, lH,  H-5’), 4.48(m, 1H H-4’), 4.79(dd, lH,  H-5”), 5.65(d, lH,  H- 
l’), 5.66(s, 2H, CE2Ph), 6.05(t, lH, H-37, 6.11(t, lH,  H-z’), 7.37, 7.53, 7.95 and 
8.10(4m, 20H, 4 Ph); J132. 5.1, J4,5. 5.4, J,,,, 12.9 Hz. ”C-NhfR (CDC1,) 6 

128.28, 128.34, 128.81, 125.92, 129.65, 129.68, 129.74, 132.67, 133.02, and 133.42(4 
Ph), 163.77(C-5), 165.02, 165.13, and 166.09(3 CO). 

56.85(cH2Ph), 63.94(C-5’), 72.58(C-3’), 75.03(C-2’), 75.22(C-l’), 80.33(C-4’), 

2-Allyl-5- (2,3,5- t ri- Qbcnzo yl-P-D-ribofuranos yl) tc t razolc (5d). H- NM R 

3J 6.2 Hz), 5.31(d, lH, CH2CH=CH-a; 3J 7.5 Hz), 5.36(s, lH,  CH,CH=CB-b), 
5.69(d, lH,  H-l’), 6.00(ni, lH,  CH2CEI=CH2), 6.OG(t, lH,  H-3’), 6.13(t, lH,  H-27, 

13C-NhlR (CDCl,) 6 55.53(NCH2), G3.96(C-5’), 72.64(C-3’), 75.16(C-2’), 75.3S(C- 

128.89, 129.34, 129.72, 129.7G, 129.82, 133.09, 13350, and 133.52(3 Ph),  163.79(C-5), 
165.12, 165.26, a n d  1G6.15(3 CO). 

(CDC13) S 4.63(dd, lH, H-5’), 4.82(111, 2H, H-4’, H-5”), 5.12(d, 2H, CH,CH=CH,; 

7.37, 7.41, 7.54, 7.97, a11d 8.11(5111, 15H, 3 Ph);  J l q ,  - 4.S, J4159 5.4, J5’5n 13.0 Hz. 

l’), 80.39(C-4’), 121.20(CH=cH,), 129.01(CH=CH.>), 128.35, 125.43, 128.50, 

l-Ethyl-5-(~-D-ribofuranosyl)tctrazole (61). ‘H-NMR (DMSO-d,) 6 1.43(t, 
3H, CHahle, 3J 7.3 Hz), 3.42-3.57(m, 2H, H-5’’ H-5”), 3.92(m, lH,  H-4’), 4.03(m, 
lH,  H-37, 4.43(t, lH, H-2’), 4.51(q, 2H, CB2hle), 4.79(t, lH,  OH-5’), 5.04(d, lH, 

J590H-59 and J5WOII-59 5.4 Hz. “C-NhlR (DMSO-d,) 6 15.09(Me), 42.69(CH21k), 
H-l’), 5.14(d, lH,  OH-3’), 5.37(d, 1H, OH-2’); J,,,, 5.1, J2loIr-21 6.2, J3-0II-3,  5.3, 

61.48(C-5’), 71.08(C-3’), 73.77(C-1’), 74.26(C-2’), 85.91(C-4’), 153.43(C-5). 

2-Ethyl-5- (P-D-ribofurirnos yl) t ct razole (71). H- N h f R ( D M S O- d6) S 1.52 ( t , 
3H, CH,&, 3 J  7.3 Hz), 3.46(dd, lH,  H-5’), 3.55(dd, l H ,  H-5”), 3.6-4.2(br s, 3H, 3 
OH), 3.89(m, lH,  H-4’), 4.03(t, lH,  H-3’), 4.30(t, lH,  H-2’), 4.71(y, 2H, C&hle), 
4.86(d, lH,  H-l’), J1*2, 6.2, J2,3, and J3743 4.5, J4,5, 5.5, J475n 4.5, J5.5m 11.4 Hz. 
13C-NMR (DMSO-cl,) 6 14.37(hfe), $S.l9(CH.,), 62.19(C-5’), 71.41(C-3’), 74.72(C- 

2’), 75.63(C-l’), 85.57(C-4’), 165.00(C-5). 

2-Bcmy1-5-( P-D-ribofuranosyl) tctrazolc (7c). H-NMR (D PIS O-d, ) 6 3.35-3.54 
(m, 2H, H-5’, H-5”), 3.85(111, lH,  H-4’), 3.99(m, lH,  H-3’), 4.27(t, lH,  H-2’), 4.73(t, 

CB$h), 7.38(m, 5H, Ph); J,?,, 6.2, J2$oII-21 6.4, J3’or,-3> 5.3, J5,011-53 and J5voII-5, 
5.4 Hz. 13C-NMR (DMSO-d,) S 56.17(CB.J’h), 62.25(C-5’), 71.50(C-3’), 74.SO(C- 
2’), 75.66(C-1’), 55.54(C-4’), 125.61, 129.85, 129.09, aid 134.23(Ph), 165.45(C-5). 

lH,  OH-5’), 4.SG(d, lH,  H-l’), 5.07(d, lH, OH-3’), 5.22(~1, lH,  OH-2’), 5.93(~, 2H, 
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2-Allyl-5-( B-D-ribofuranosyl) tctrazolc (7d). ‘H-NMR ( DhlS 0-d, , D *)O) 6 3.48 
(dd, l H ,  H-5’), 3.57(dd, l H ,  H-5”),  3.91(m, l H ,  H-4’), 4.04(t, l H ,  H-3’), 4.30(m, 
l H ,  H-2’), 4.92(d, l H ,  H-l’) ,  5.26(md, l H ,  CH,CH=CH; 10.3 Hz), 5.34(md, 2H, 
NCH,; 3 J  6.1 Hz),  5.3S(md, l H ,  CH,CH=CH, 3 J  10.3 Hz), 6.09(tdd, 1H. 
CH,CE=); Jl$2t 6.2, 54$51 5.4, J4,53, 4.3 J535,, 11.7 Hz. 13C-NhlR (DhlSO-t16) 6 
54.SG(NCHs), 62.11( C-5’), 71.32( C-3’),  74.65(C-2’), 75.49(C-1’), 85.60(C-4’), 120.21 
(CH=CH,), I 130.92(CH=CH.,), lG4.99jC-5). 

2-(2,2,2-T1-ichlorocthoxy)-5- (2,3,5tri- O-bcnzoyl-~-D-ribofuranosyl)-1,3,4-oxa- 
diazole (8a). ‘H-NhIR (CDCl,,) S 4.62(111, l H ,  H-5’), 4.79(1n, l H ,  H-4’), 4.50 (dd, 
lH ,  H-5”), 5.03(cl, 2H, CH,CCl,, J,,,,, 1.3 Hz), 5.43(d, l H ,  H-l’) ,  5.97(t, l H ,  H-3’), 
6.06(t, l H ,  H-2’), 7.40, 7.47, 7.57, 7.96, c~nd S.lCi(m, 15H, 3 Ph) ;  J,,,, 6.1 Hz. 13C- 
NMR (CDCl,) (6 63.36(C-5’), 72.51(C-3’), 73.5G(C-2’), 74.42(C-1’), 50.63 (OCH,), 
81.19(C-4’), 92.i3(CC13), 12S.30, 125.34, 125.41, 129.05, 129.22, 129.51, 129.61, 
133.12, 133.54, ctiid 133.55(3 I’ll), 139.27 and 1G4.SO(C-2, C-5), 165.02, 165.21, and 
165.90(3 CO). 

2-( 2-Trichloromcthyl-2-propoxy)-5- (2,3,5- tri- 0-bcnzoyl-P-D-ribofuraaosy1)- 
1,3,4oxadiazole (8b). ‘H-NRlR (CDC1,) 6 1.94(s, 6H, CMe,), 4.53(dd, l H ,  H-5’), 
4.65(m, lH ,  H-4’), 4.66(dd, l H ,  H-5”), 5.23(d1 l H ,  H-l’) ,  5.84(t, IH ,  H-37, 5.94(t, 
lH,  H-2’), 7.29, 7.33, 7.45, 7.56, and 8.02(5m, 15H, 3 Ph); JI7,, 6.3 Hz. I3C-NMR 
(CDCl,) 6 20.73 and 20.53(CnIe,), 63.70(C-5’), 72.47(C-3’), 73.45(C-2’), 74.25(C- 
l’), 81.16(C-4’), 94.14(OCh1e.,CCl3), 104.25(CCl3), 125.35, 125.41, 128.47, 125.62, 
129.26, 129.65, 129.71, 133.15, 133.55, 133.61(3 Ph), 155.65 and 163.51(C-2, C-5), 
164.91, 165.13, and 166.04(3 CO). 

2-Phc1lyloxy-5-(2,3,5-tri- Obcnxoyl-~-D-ribofuranosyl)-1,3,4-oxa~~azole (8d). 
‘H-NhlR (CDC1,) 6 4.62(iii, l H ,  H-5’), 4.?9(111, l H ,  H-4’), 4.SG(dd, l H ,  H-5”), 5.47 
(d,  l H ,  H-l’) ,  5.99(t, l H ,  H-3’), G . l O ( t ,  l H ,  H-2’), 7.26(in, 5H, OPli), 7.39, 7.54, 
7.96, a id  8.14(4111, 15H, 3 COPli); Jl..,, 5.9 Hz. 13C-NhIR (CDC1,) 6 63.45(C-5’), 
72.42(C-3’), 73.58( C-2’), 74.35( C- l ’ ) ,  S1.05( C-4’), 119.05, 126.39, 128.37, 129.30, 
129.64, 129.67, 129.70, 129.50, 133.15, 133.57, a id  133.G0(4 Ph) ,  152.46 and 158.92 
(C-2, C-5), 164.93, 1G5.13, and 166.04(3 CO). 

2-Phcnyloxy-5- (5- @bcnzoyl-2,3- O-isopropylidcnc-~-D-ribofuranosyl)-l,3,4 
oxadiazole (8c). ‘H-NhIR (CDC1,) S 1.40 and 1.60(2s, 6H, ChIe,), 4.40(dd, 1H, H- 
5 ’ ) ,  4.45(tld, l H ,  H-5”), 4.5S(tlcld, l H ,  H-4’), 4.90(dd, l H ,  H-3’), 5.15(d, l H ,  H-l’) ,  
5.37(dd, l H ,  H-2’), 7.30, 7.42, 7.56, a i d  5.02(4m, 10H, 2 I‘ll); J l ,2 ,  3.4, J2,3, 6.4, 
J314, 2.7, J4.51 4.S3 J4.335 5.1, J595.. 12.0 Hz. 13C-NhlR (CDC1,) 6 25.30 and 27.09 
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(Ck&), 63.95(C-5’), 77.92(C-l’), S2.21(C-3’), S2.29(C-2’), S3.96(c-4’), 114.60 
(cAle2), 119.15, 126.42, 12S.39, 129.40, 129.44, 129.65, hiid 133.19(2 Ph), 152.5S(C- 
5) ,  160.11(C-2), 166.02jCO). 

2-Phcnyloxy-5-[5- O-bcnzoyl-2,3- Q (1,1,3,3-tctraisopropyIdisil~x~c-l,3-diyl)-~- 
D-ribofuranosyl)-l,3,4-oxadiazolc (8f). ‘H-NIIR (CDCl,) S 1.05(m, 2SH, 4 i-Pr), 
4.43(m, lH ,  H-4’). 4.4j(tld, lH ,  H-5’), 4.5G(t, l H ,  H-3’), 4.62(dd, l H ,  H-5”), 4.S7(t, 
l H ,  H-2’), 5.OS(tl, l H ,  H-l’) ,  7.27-7.44, 7.53, S.04, a i d  8.07(4m, 10H, 2Ph);  J13,, 
4.4, JZT3. 4.6, J435v 4.4, J475*, 2.7, J5,5. 11.5 Hz. “C-NhIR (CDCl,) S 12.74, 12.52, 
13.12, and 13.52(4 CHXle2), 16.96, 1G.99, 17.10, 17.15, 17.21, 17.25, and 17.44(4 
CH&.,), I 63.95( C-S’), 74.29( C-3’), 75.77( C-2’), 77.00( C-l’) ,  S2.55( C-4’), 119.21, 
126.44, 125.40, 129.67, 129.S5, and 133.12(2 I’ll), 152.63 and 160.39(C-2, C-5), 
166.27( CO). 

2-( 2-Butoxy)-5-( 2,3,5- tri- ~bcnzoyl-~-D-ribofuranosyl)-l,3,4oxadiazole (8g). 

‘H-NAIR (CDC13) S 0.96(t, 3H, QCH; 3 J  6.1 Hz), 1.79(1n, 2H, C&Me), 4.60(m, 
l H ,  H-5’), 4.75(ni, lH ,  H-4’), 4.7G(dd, l H ,  H-3’), 4.94(1n, l H ,  CBhleEt),  5.41(d, 
l H ,  H-l’), 6.02(t, lH, H-2’), 7.37, 7.45, 7.95, and 8.12(5in, 15H, 3 Ph); J,,,, 5.6 Hz. 
13C-NMR (CDC1,) 5 9.2S(CH2&), 19.9O(CH&), 2S.56(CH6,R,le), 63.69(C-5’), 

72.48(C-3’), 73.63(C-2’), 74.57(C-1’), SO.%( C-4’), 83.25(OCHhleEt), 128.47, 125.57, 
128.76, 129.47, 129.74, 129.51, 133.15, and 133.61(3 Ph), 157.95 and 164.99(C-2, C- 
5 ) ,  165.21 and 166.16(3 CO). 

2-Vinyloxy-5-[5- Obc~~oyl -2 ,3-  @( 1,1,3,3-tctrdsopropyIdisiloxanc-1,3-diyl)-~- 
D-ribofur~osyl)-1,3,4-oxadii~zolc (8L). ‘H-KAIR (CDCl,) S 1.05(m, 28H, 4 i-Pr), 
4.40(m, l H ,  H-4’), 4.43(dd, l H ,  H-5’), 4.53(m, lH, H-3’), 4.6l(dd, l H ,  H-5”), 4.79 
(dd, l H ,  OCH=CH-a; ’ J  6.0, J,,,,, 3.0 Hz), 4.S2(rn, l H ,  H-2’), 5.04(d, lH ,  H-l’), 
5.13(dd, l H ,  OCH=CH-b; 3 J  13.5 Hz), 7.10(dcl, 1H, OCH=CH,), 7.44, 7.57, and 
8.04(2tt and 111, 5H, P h ) ;  J13.), a i d  J?,,,, - 4.5, J3,4, 5.0, J4,5, 3.0, J4,5., 4.3, J,,5,, 11.6 
Hz. 13C-NhIR (CDC1,) 5 12.6S, 12 76, 13.07, and 13.21(4 CHAIe,), 16.91, 16.95, 
17.05, 17.11, 17.16, 17.21, 17.37, and 17.40(4 CH&.,), 63.79(C-5’), 74.19(C-3’), 
75.77(C-2’), 76.90(C-l’), S2.54(C-4’), 100.02(=CH2), 125.36, 129.63, and 133.10 
(Ph), 144.05(OCH=), 1G0.3G, 164.34, and 1GG.20( C-2, C-5, CO). 

2-Vinyloxy-5- (2,3,5- tri- U-bcnaoyl-~-D-ribofur~osyl)- 1,3,4-oxadiazolc (8i). 
IH-NRIR (CDCl;,) 5 4.60(111, l H ,  H-5’), 4.7G(dtl, l H ,  OCH=C€J-a; 3 J  6.0, J,,,,, 2.9 

Hz), 4.77(111, 1H, H-4’), 4.79(dd, l H ,  H-5”), 5.10(dd, IH, OCH=C€J-11; 3 J  13.5 Hz), 

7.37, 7.44, 7.53, 7.9G, a d  S.12(5111, 15H, 3 Pli); J13.,, 5.9, J2,,, 5.6 Hz. 13C-NhfR 
5.44(d, lH, H-l’),  5.9S(t, l H ,  H-3’), G.OS(t, l H ,  H-2’), ’i.OG(dd, l H ,  OCFJ=CH,), 
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(CDC1,) 6 63.31(C-5’), 72.29(C-3’), 73.46(C-2’), 74.20(C-1’), 80.89(C-4’), 99.99 
(=CH,), 123.27, 125.52, 129.20, 129.27, 129.53, 129.55, 129.57, 133.04, 133.46, and 
133.49(3 Ph), 143.52(OCH=), 15S.54 and 164.27(C-2, C-5), 164.80, 165.00, and 
165.57(3 CO). 

3-( 2,2,2-Tric~lorocthyl)-5-(2,3,5-tri- O-bcnzoyl-~-D-ribofurmosyl)-l,3,4oxadi- 
azolc-2(3H)-onc-: (9a). ‘H-NRIR (CDC1,) 6 4.60(111, l H ,  H-5’), 4.7S(m, 2H, H-4’, H- 

( t ,  l H ,  H-2’), 7.35, 7.55, 7.90, 7.99, and s.o7(5111, 15H, 3Ph);  J,,,, 4.8 Hz. 13C-NMR 

l’), 99.O7(CCl3), 125.44, 125.53, 129.66, 129.71, 129.76, 133.28, 133.60, and 133.67(3 
Ph), 147.32 and 161.SS(C-2, C-5), 165.04, 165.27, and 166.04(3 W P h ) .  

5”) ,  4.54(d, 2H, CH,CCl,, J,,,,, 7.2 Hz), 5.29(d, l H ,  H-l’), 5.92(t, 1H, H-3’), 6.04 

(CDC1,) S 63.71(C-5’), 72.25(C-3’), 73.SO(C-2’), 75.8S(NCHL)), 80.92(C-4’), 83.42(C- 

3-[2- (Trichloromcthyl-2-propyl)-5-( 2,3,5-tri- Obcnzoyl-P-D-ribofuranosyl)-l ,3,- 
4-oxadiazolc-2(;3H)-one (9b). ‘H-NMR (CDC1,) S 1.91 and 1.93(2s, 6H, CMe,), 4.54 
(dd, l H ,  H-5’), 4.65(1n, lH ,  H-47, 4.75(dd, l H ,  H-5”), 5.17(d1 l H ,  H-l’), 5.83(dd, 
l H ,  H-3’), 6.0S(dd, 1H, H-2’), 7.25, 7.35, 7.52, 7.50, 7.90, and 8.02(6m, 15H, 3 Ph); 
J,,,, 4.1, J2,,, 5.S, J3’41 6.9, J4,,$ 5.3, J,,,,, 3.7, J,,,,, 11.7 Hz. ‘3C-NMR (CDCl,) 6 
21.10 and 21.24(C&‘)), 63.6O(C-5’), 71.67(C-3’), 73.6S(C-2’), 79.SS(C-4’), 53.61(C- 
l’), 91.61(NC1\bIe,CC1S), 104.92(cCl3), 125.25, 125.30, 125.42, 125.62, 128.84, 
129.51, 129.71, 129.S1, 133.11, 133.41, and 133.53(3 Ph), 145.94 and 159.81(C-2, C- 
5),  164.77, 164.136, and 165.9S(3 m P 1 i ) .  

2-( 2-Trichloromcthyl-2-propoxy)-5-( ~-D-ribofuranosyl)-l,3,4-oxadiazolc ( l lb) .  
‘H-NRIR (DRISO-dG) S 1.97 and 1.9S(2s, GH, 2 Me), 3.45(m, 2H, H-5’, H-5”), 

3.S5(m, lH,  H-4’), 3.97(1n, l H ,  H-3’), 4.26(m, lH,  H-2’), 4.69(d, l H ,  H-l’), 4.79(t, 

5.2, J57,01r-51 and Jy,,oII-53 5.5 Hz. “C-NR4R (DMSO-d,) 6 20.69 and 20.75(Ck&), 

(OCMe9), 166.00(C-2, C-5). 

lH ,  OH-5’), 5.14(~1, l H ,  OH-3’), 5.41(d, l H ,  OH-2’); J139, 6.4, J ~ ~ o I I - ~ ~  5.5, J3tOII-3, 

61.51(C-5’), 71.13(C-3’), 73.53(C-2’), 75.01(C-1’), 55.54(C-4’), 93.35(CCI3), 104.30 

Received November 1 7 ,  1993 
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