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Abstract The palladtum-catalyzed reaction of 6-mbutylstannylundme denvative 5 with a variety of 
~1, vmyl, alkynyl, and ally1 hahdes provides an efficrent method for the synthesis of the corresponding 
Cross-~~upkd products In all cases, an enhancement on the rate and Isolated yields was attamed by using CuI 
as co-catalyst 

Since the discovery (in the middle 1980s) of 3’-azldo-3’-deoxythymldlne (zldovudme,AZT)‘as an 
antiretroviral agent for prophylaxis or therapy of acquired lmmunodeficlency syndrome (AIDS), there was a 
flurry of interest m the synthesis and btologlcal evaluation of modified nucleosldes * Furthermore, the potent 
and selective anttherpetlc action of (E)-S-(2-bromovmyl)-2’-deoxyundme (BVDUQ and 
5-(2-chloroethyl)-2’deoxyundme (CEDU)4 has led to continue efforts to develop new nucleoslde antivual 
agents Base-mod&d pynmldme nucleosldes, so far synthesized m this context, have generally been 
substituted at the 5-position, presumably because of the ease of functlonabzatton at this site 5 The synthesis of 
5-denvatlzed nucleostdes has been achieved either by elaboration of the easily accessible 5-halo compounds6 

(WI Heck coupling protocol) or by de nova synthesis (e g ,dtrect glycosylatton of the preformed pynmtdme 

base analogues by the procedure of Vorbruggen) 7 Thus, while the methods for the preparation of 
5-substituted nucleosldes are well established, there 1s a need for yet easier access to 6-denvattzed 
analogues * Recently, Mlyasaka and co-workersg have reported an mterestmg an&HIV-l acuvlty of VZWOUS 

6-substttuted undmes These compounds were synthesized by quenching of 6-110110 species with 
electroph1les, however, there are several bmltatlons to this route To circumvent these problems we have 
devised an alternative (and complementary) procedure for the access to bulky and higher homologues and in 
this paper we wdl highlight the ability of the protected 6-mbutylstannane 5 to act as a undm-6-yl anion 
equivalent (Scheme) Accordmgly, mcorporation of tin mto nucleosldes would promde the opportunity for 
cross-coupling reactions thereby extending the range of available denvahves yet further and most of these 
synthetically useful transformanons rely on the transmetallahon from Sn to Pd as a key step lo*** 

In all such couplmg reactions the mmal step appears to be the oxidattve addmon of the hall& on a 
palladium zerovalent complex ‘PdL,’ The subsequent steps are transmetallatton (I e ,transfer of a group from 
stannane to ‘WL,‘) and reductive ehmmatlon which can compete with p-ehmmatlon when alkylstannanes 
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wtth P-hydrogen atoms are employed 

I Scheme 

SnBu3 
G-X [Pd] 

b 
W) 

OA OK0 

In prmctple, the unprotected 6-stannylated undme 2 l2 could be prepared by metallatlon of undme 1 

per se and quenching the hthlo denvative with malkyltm halides In order to avoid complications, the 
hydroxy functions m 1 were. protected as 2’,3’-lsopropyhdene-5’-O-methoxymethyl denvattve 3 I3 It was 
well estabhshed that both protectmg groups m 3 can be easily removed under act&c condtuons such as 50% 
TFA in water l3 This intermediate hthlated (LDA, TI-IF, -7VC) regloseltively at C-6 (stabthzatlon by 
intramolecular complexatlon) and the stannylated product 5 was isolated, after quenching with n-Bu3SnC1, in 
vutually quantitative yield The stannane obtamed not only withstood slhca gel chromatography but could be 
kept at 0°C for prolonged penods of time without significant decomposltton [as Judged by t’9Sn(‘H) 
spectroscopy] l4 

0 0 
3XH 

X 1XH X 4XPh 
* Y .5-n.. 5 X SnBu3 

HO OH 
OK 

6x1 

We were now in a position to evaluate the Pd-catalyzed cross-couplmg of 5 (Stdle reactlon)ll’ with 

C-sp (alkynyl), C-sp* (aryl and vinyl), and C-sp3 (alkyl and pmpargyl) hybridized orgamc hahdes To this 
end, mdobenzene was employed as a model partner and its couplmg was attempted usmg various Pd 

complexes, such as Pd(PPh3)4, Cl,Pd(PPh,),, Cl*Pd(MeCN)*, Pd2(dba)3 CHCI,, and Pd(OAc), as catalysts, in 
the presence of a hgand, such as PPh3(TPP) or ms(2-furyl)phosphme (TFP), m various solvents, such as THF, 
CI-Q, DMF, N-methyl-2-pyrrobdmone (NMP) Although the results were con&hon dependent, low yields 
(as%) 111 the coupled product 4, messy reacaons and long reacnon ttmes were uniformly observed 
However, a spectacular Improvement on the rate of cross-couplmg could be achieved by adding purtfied 
copper(I) t&det5 as co-catalyst. For instance, m the presence of Pd catalyst alone and modellmg our 
condmons on those of Farmal [Pd*(dbah, TFP, NMP], the reacuon proceeded very slowly giving 35% of 4 
after 6 h (at 120°C), whereas m the presence of 5 mol% Pd2(dbah and 20 mol% CuI (Pd hgand CuI=l 2 2), a 
good yteld (72%) was obtamed and the reaction took only 15 mm (m THF at 60°C) to reach completion 
(TLC) (method B,Table). Furthermom, Pd(TPP)4 (10 mol%) m the weakly co-ordmatmg solvent DMF (at 

80°C) in the presence of CuI (20 mol%) (method A) also produced 4 m excellent yield (88%) 
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As demonstrated by the enmes m Table, the cross-couplmg of 5 through the agency of Cu(I)” WBS 

successfully achteved wtth a variety of orgamc halides Although there is no consensus concemmg the mle of 
CuI. It IS generally assumed that tt 1s related to the formatton of an organocopper dunng the transmetallatlon 

step from Sn to Pd.17’ 

When 2-lodcGV[2-(mmethyls~lyl)ethoxymethyl]mdole 7’* was coupled wtth 5 the yields of 8 were 

markedly lower (73%) than those obtamed with mdobenzene, suggesting stenc hmdrance of the hetaryl halide 
7 in the oxldauve ad&tion step 

0 0 
(Z)-9 R,, R, H R, COoMe 

C 
SEM 

7 
oA 8 

z-’ ;I’ ;;Et ;;, r 

11 R,, R3 H R, C(OH)Me, 

12 &,R,,R, H 

Unexpectedly, m the case of methyl 3-bromopropenoate l9 (entry 4) the transfer of vmyl group was 

not stenzoretenuve In fact, startmg from a 7 1 mixture of the 2 E Isomers we obtamed the product 9 of 3 1 
Z E purity, while the re-exposure of the startmg matenal or the reactlon product to the reacuon conditions &d 
not lead to lsomenzahon m either case As yet, the detaded stereomutauon mechamsm remams unclear but It 
1s likely more comphcated than nught have been expected, based on Stllle’s hypothesis z” In the other case 
(entry 6) the stereochemlcal putlty of vmylatmg reagent was completely transferred to the product 11 

0 0 

13 RH 16 R CH2GH=CMe2 

14 R Ph R 17 R CH&=CH 
R 

15 R TMS 18 R CH=C=CH, 

OK0 OK 

The transfer of C-sp hybmhzed groups (enmes 8, 9) deserves some comments In pnnC@e, the 
preparanon of the requred compounds 14 and 15 would be easdy accomphshed by Pd-medlated coupling of 

6-todo compound 66 with the correspondmg terminal alkynes *l One hmltauon 1s that the reaction seems to 
require the presence of a base (e g , dtethylamme, methylanune, n-BuNH2, NaOMe, NaOH under PTC 
condltrons) Although dus ptocedure was successfully apphed to prepare .5-alkynyIundmes22 and 
6-alkynylthymldmes,p It was felt that the use of a base could ulnmately cause problems when added to 
6-10d0 compound 6 As anticipated, it 1s worth notmg here that we have so far unable to react 6 wtth phenyl- 
and tnmethylsrlylacetylene under the above condlnons Appaxendy.the Increased electron density at C-6 m a 
6-mdothynndme (W , a 5-methyl-6-&o ppmrdme) m comparison to that of 6 renders the former compound 
less reacuve toward a nucleophlllc attack This result md~cated that the competmve nucleophthc 
Wtton-elimmatton pmcess 2A between 6 and the base was faster than the oxtdaave addition of 6 to Pd(0) 
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complex. Consequently, it became apparent to us that the stannane S nught serve as efffotent partner of 
l-haloallryncs (i.e.,Ph-C&l=and TMS-caCI”) in a reversal of the usual cross-coupling methodology. Thus, 
PdUPP)4_catalysed -on of 5 m the pnsence of CuI with PhCHCI (entry 8) and TMSC=CI (entry 9) in 
warm DMF W’C) gave the correspondmg alkynyl denvatlves 14 and 15% in 77 and 69% isolated ytelds, 
respecavely. Given the accesahlty of 5, the process described herem 1s the most convenient route to 
6-alkynylundmes described to date In addmon, these compounds may be of mterest for the synthesis of 
carboranyl nucleosides, a very pronusmg class oft0 B-camers for boron neutron capture therapy (BNO of 
cancer.n Reaction of 14 wtth hs(acetommle)decaborane [B,$I,,(MeCN)J?8 m refluxmg toluene led to the 
expected 1,2-dtcarba-close-dodecaborane 19 (54%), wherein the lcosahedral ocarborane cage contaming ten 
boron atoms, is lmked to the alkynyl moiety 29 

0 

6 b x 0 BH 

19 0 C 

As shown m Table (enmes 10-13) allyhc halides are also suitable as partners in cross-couplings 
However, the highest yields were obtamed employmg a modlficatlon of the Fanna protocol.‘6 The optlmiud 
procedure capltahzed on a report by Johnson 17r that employed Pd?(dba), CHCI, m the pnsence of TFIJ as 

soft ltgand and CuI (method B) Once agam, by simply adding CuI as co-catalyst a large rate enhancement 
WBS obtamed ( the reaction was 25 tunes faster than m the absence of CuI) In spite of cephem chlonde 20 
~~~SCSSCS senstttve functlonahties. not compatible v&h group IA or IIA-type organometalhcs. It coupled 
cleanly with 5 (entry 13) leading to 21(85%), thereby lughllghung the mildness of the coupling as well as the 
versatility of the stannane 5 

Cl 

CCKXHPh2 

20 

OK 21 

Finally, couplmg of propargylic halides with aryltms is, to best of our knowledge, unprecedented 

When we used 3-bromopropyne with 5 (entry 14) (method B), the allene 18 was the maJor product (47%) and 
the expected 6-propargyl nucleoslde 17 was not isolated,but its presence in the crude reaction mixture cannot 
be ruled out The production of 18 could be explamed by assummg that the oxldauve addmon reaction occurs 
leading to a (a-allenyl)palladmm(II) species pnor to transmetallauon and reducuve elmunation 30 

In summary, we have demonstrated that the synthesis of a broad range of undmes having different 
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functional groups and unusually subsututed at C-6 1s feasible going the Sn-based Pd-catalysed cross-couplmg 

through the agency of CuI Many of these compounds are not easily avatlable by altemattve methods and are 
of interest for further syntheuc elaborattons As yet, whether these compounds are acttve as antrretrovnal 
agents 1s unknown, but n IS expected that the series of 6-subsmuted undmes generated in thus work ~111 
funcuon as tools to more fully understand the structural and phystcochemtcal xequuements for in vwo activity 
of thrs important therapeuttcal class 

Table. PCCATALYZED COUPLING OF STANNANE 5 WITH HALIDES 

Entry method halide prcducts(yteld %) trme(min) 

1 A Phi S (88) 15 
2 B Phi 5 (72) 15 
3 A 7 8 (73) 30 
4 A Br-CH=CHCOzMea 9 (8Db 10 
5 A Br-C(CH2)C02Et 10 (56) 75 
6 A I-CH=CHC(OH)M~C 11 (7O)C 60 

7 A CH2=CH-BP 12 (80) 100 
8 A Ph-C=C-I 14 (77) 30 
9 A TMS-C=C-1 15 (69) 20 
10 A Me&!=CH-CH2Br 16 (62) 60 

11 B Me$=CH-CH*Br 16 (84) 30 
12 A 20 21 (58) 120 
13 B 20 21 (79) 30 
14 B H-C=C-CH*Br 18 (47) 120 

(A) halide 5=1 3, Pd(TPP), (10% mol), CuI (20% mol), DMF (8O’C) 
(B) halide 5=1 3, Pdz(dba)s (5% mol), TFIJ (20% mol), CuI (20% mol), THF (6O’C) 
‘Z E=7 I, bZ E=3 1, =E>98%, dsealed tube 
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EXPERIMENTAL PART 

All operanons were camed out under dry, oxygen-free nitrogen atmosphere Unless otherwtse spectfied ‘H 
and 13C NMR spectra (CDC13soluuons) were recorded on enher a Bruker WP-80 or a CPX-300 and 
chermcal shifts (m ppm) are reported m reference to TMS Couplmg constants are expressed m hertz(Hz) 
For “‘Sn NMR (CDCl,) the spectra were recorded on a Vanan XL-208 and chemical shifts am referred to 
tetramethyltm, IR spectra (CHCl,) were recorded on a Perkm Elmer 681 spectrophotometer, EI-MSCIO eV), 
HR-MS (R=SOOO) and FAB-MS (posmve mode, glycerol matnx) were performed on a VG-7070 EQ-HF 
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instrument. Startmg mater&s ethyl 2-bromopmpenoate 31 and (E>4-lodo-2-methylbuten-3-oP2 were 

prepared by adaptanon yf hterature methods Decaborane (B,,-&) was provided by Aldrich and this htghly 
toxic compound forms impact-sensmve mixture Hrlth several mater& (CAUTION!). 

dTributylstannyl-2’~‘-isopropylidene-5’-O-~t~xy~thyluridi~ 5. 
Freshly dned and dlstllled Qlsopropylamlne (860 pL) was dissolved with stlmng under nitrogen m dry TI-IF 
(10 mL) and the solution cooled to O” C n-BuLl (1 6M, 3 8 mL) was added dropwise over 5 mm and the 
solution stmed for 20 mm at 0°C before being cooled to -78’C A solution of 33 (820 mg. 2 44 mm011 in 
THWO mL) was added dropwse VW syringe After 90 mm, the resultmg clear, tight red soluuon of 
dlamon was treated with n-Bu3SnCl (1 59 g, 4 90 mmol) m dry THP (5 mL) The mixture was allowed to 
warm to r t and then partmooned between Et20 (100 mL) and sat NH&l soluaon (50 mL) The aq layer 
was extracted with EbO (2x25 mL) and the combined organic layers were washed with brme, dried 
(MgSOJ) and concentrated The oily residue was filtered on silica gel column (hexanes-AcOEt, 3 2) 
affording the stannane 5 (140 g, 93%) as a colourless oil, R, 0 34 HR-MS G&6N20$n (M+) calcd 
618 2327, obsd 618.2305 (the value 1s gtven for the most abundant peak m the M+ Ion cluster The shape of 
the M+ Isotope peaks and their mtenslaes are m full agreement with assigned tm-contammg stnrcture) 
‘H-NMR 0 26 (9H, t, J=6 8, Me), 1 29 (3H, s, Me-exo), 149 (3H, s, Me-endo), 1 l-l 7 (18H, ml, 3 31 (3H, 
s, OMe), 3 72 (2H, d, J=6 6, H-5’), 4 19 (lH, dt, J=6 6, 6 6, H-4’), 4 61 (2H, s, OCH,O), 4 85 (lH, t, J=6 6, 
H-3’), 5 65 (lH, d, J=6 6, H-2’), 5 25 (IH, s, H-l’), 5 66 (lH, s, H-5), 9 97 (lH, bs, NH). 

General Prucedure (Method A). 
In a typical expenment a IO-mL two-necked round-bottomed flask equpped ~th a reflux condenser, a 
septum inlet, and a magnetic stmmg bar, was charged with Pd(TpP), (0 01 mmol), halide (1 3 mmol) and 
freshly purified CuI (002 mmol) The flask was flushed with mtrogen and filled with dry DMP(5 mL) 
containing the stannane 5 (1 0 mmol) through the septum inlet with a syrmge The mixture was heated at 
80°C in an 011 bath with stlmng At suitable time intervals, a part of reaction mixture was sampled and 
SubJected to TLC analysis After the reaction was complete, the flask was cooled to r.t , and poured into Sat 

NH&l (10 mL) and extracted ~th Et20 (2x15 mL) The combined organic layers were washed wth sat 
IW 2H20 solunon, water (2x) and brme After drying, the coupled product was isolated by s&a gel flash 
chromatography 

General Pracedure (Method B). 
In a typical expenment a 25-mL flask was charged with Pd2(dba), CHCl, (0 005 mmol), TPP (0 02 mmol), 
CuI(0 02 mmol) and hahde (1 3 mmol) After flushmg with nitrogen, dry THP (10 mL) and the stannane 5 
(10 mmol) were added and the solunon was heated at 60°C (011 bath) After the reactlon was complete 
(TLC), the rmxture was evaporated ( ;?3OT) to dryness under reduced pressure and the black result=, 
treated as above, was chromatographed over nhca gel 

2’$‘-kuprupylidenc+5’-O-nwtboxymetbyl-6-phenyluridine 4 
R@xane-BtOAc, 1.1) 0.14; B&MS 404(C!&i~N207), IR 1695 cm-‘, ‘H-NMR. 128 & 136 (2xs. Me), 
3.35 (3H, s; OMe), 3 76 (2H, d, J=6 4, H-5’), 4 13 (IH, dt, J=6 4.4 4, H-4’), 4 65 (2H, s, OCH20), 4 83 (lH, 
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dd,J=6.6,4 4, H-3’), 5.19 (lH, dd. J=66,1.0, H-2’), 5 49 (lH, d, J=l; H-l’), 5.62 (lH, s, H-5), 8 72 (IH. bs; 

NH) Found C, 59.48%, H, 5 878; N, 6 89% Calcd for C,flz1N2Q C, 59 40, H, 5 94, N, 6 93 

2’J’-~ropylidene-5’-O-methoxymethyl-6[l-(2-t~~thylsiIy~thoxy~thy~ )indol3-yl]uridine 8. 
Rt(AcOBt-hexane, 2 1) 0.36, FAB-MS 825, ‘H-NMR 0.1 l( 9H, S, TMS). 0 83 @-I, t, JE8; CH&, 1.24 & 
1.32 (2% Me), 3 37 (2H, t, J=6 4, 0CH2), 3 74 (2H, d, J=6 4, H-5’), 4 10 (lH, dt, J=6 4, 4.4; H-4’). 4.65 
(2H, s. a,O). 484 (IH, dd, J=6.4,4 4, H-3’), 5 19( lH, d, J=64. H-2’), 5 45 (lH, s, H-5), 5 50 (2H, s, 
NCH@), 5 87 (IH, s, H-l’), 6 85 (lH, bs, H-3”), 7 22 (lH, t, J=8 2; H-6”), 7 35 (lH, t, J=7.8, H-5”), 7 52 
(lH, d, J=8.2, H-7’3, 7 68 (IH, d, J=7 8, H-4”), 9 37 (lH, bs, NH) HR-MS CuHz6N& [M+- 
o(cH2)2+l-MSI cakd 456 1770, obsd 456 1766 

(~)-2’~‘-~sopropylidene_6[2-(methoxy~r~yl)eth~yl]-5’-O-~hoxym~hyl uridine 9. 
Rf (AcOEt-hexane, 5 1) 0 19, IR 3380, 1710, 1695 cm-l, ‘H-NMR: 1.30 & lSO(2xs. Me), 3 35 (3H, s, 

OMe). 3 73 (3H, s, COOMe). 3 78 (2H, m, H-5’), 4 22 (lH, dt, J=7,4 6; H-4’), 4.65 (2H, s, 0CH20), 4 86 
(1H, dd, J=6 8-4 6; H-3’), 5 18 (lH, d, J=6 8, H-2’), 5 54 (lH, d, J=l, H-S), 5.63 (lH, s; H-l’), 6 28 (lH, d, 

J=ll4, H-l”), 6 78 (lH, dd, J=ll 4, 1, H-2”), 945 (lH, bs, NH) (E)3 Rf(AcOEt-hexaue, 5:l) 0.25, 
‘H-NMR 1 34 & 148 (2x3I-k 2xs, Me),3 39 (3H, s, OMe), 3.78 (2H, m, H-5’). 3 85 (3H. s, COOMe), 4 28 
(ly d0=6 8, 5, H-4’), 4 67 (2H, s, 0CH20), 4 86 (1H. dd, J=6 4. 5, H-3’), 5 19(1H, d, J=6 4, H-2’), 5 65 
(1H, s, H-5), 5 80 (U-I, s; H-l), 645 (lH, d,J=15 5, H-l”), 7 54 (lH, d, J=15.5, H-2”). 8 56 (lH, bs, NH) 
HR MS C,sHuN20g (M+)* calcd 412.1481, obsd 412 1495 

6~l-(Ethoxycarbonyl~thenyll-2’J’-i~p~pyliden~5’-O-~thoxy~thylu~di ne 10 
Rr(EtOAc-hexane, 5 1) 0 26, ‘H-NMR 0 93 (3H, t, J=7 2, Me-CH,), 1 34 & 150 (6H, 2xs, Me), 3 37 (3H, 
s; OMe). 3 75 (2H, m, H-5’), 4 18 (2H, dq, J=9 8,7 2, CHa,.), 4 30 (lH, dt, J=7.5, 5 1, H-4’), 4 66 (2H, s, 
ocH20), 4 84 (H-I, dd, J=6 8, 5 1, H-3’). 5.14 (lH, dd, J=6 8. 17; H-2’), 5 35 (lH, s, H-5), 5 62 (lH, d, 
J=1.7, H-l’), 6 12 (1H. d, J=O 8, H-2”), 6 71 (lH, d, J=O 8, H-2’9,8 90 (lH, bs, NH) HR-MS C19HzaN209 
(M+ )* calcd 426 1638; obsd 426 1645 

6(3-Hydroxy-3-methyl-l-butenyl)-2’,3’-isopropylidene-5’-O-~thox~thy~ur idine 11 

Rf (AcOEt -hexane, 5 1) 0 21, ‘H-NMR 131 & 153 (6H, 2xs, Me), 139 (6H, s, Me), 2 09 (lH, s, OH), 

3 35 (3H, s, OMe), 3.75 (2H, m, H-5’), 4 22 (IH, dt, J=7 3, 3 8, H-4’), 4 64 (2H. S; 0CH20), 4.86 (lH, dd. 
J=6 8.4 8, H-3’), 5 16 (1I-k dd. J=6 8, 1 8, H-2’), 5 65 (lH, s, H-5), 5 74 (lH, d, J=1.8, H-l’), 6 39 8r 6 53 
(AB syst, J=15 7, H-l” & H-2”), 9 10 (lH, bs, NH), 13C-NMR(AFT) 23.7 & 25 2(Me), 55 3(OMe), 

67 9(C-5% 71.O(C-3% 819(C-33, 84 O( C-2’), 87 O(C-4’), 92 3(C-l’), 96 6(OCH2O), 101 5(C-5). 
118.1(C-2% 149 0 (C-l”), 1504(C-6), 154 O(C-2), 162 6(C-4) HR-MS C,gHzaN20, (M+- H20) calcd 
394 1740, obsd 394 1746 

~~t~y~-2’J’-i~propylidene-5’-O-methoxymethyluridine 12 

Rt(AcOE~-bexane, 3 2) 0 12, ‘H-NMR 133 8~ 155 (6H, 2xs, Me), 3 35 (3H, S, OMe), 3.75 (2H, m, H-5’). 
424 UH, dt, J=7 5, 4 5, H-4’), 4 64 (2H, s, 0CH20), 4 86 (lH, dd, J=6 8, 4 5, H-3’), 5.19 (1H. d, J=6 8, 
H-2’), 5 64 (H-k d, J=12, H-2”), 5 71 (l+lH, 2xs, H-5 plus H-l’), 5 87 (lH, d, J=17 2, H-2”), 6 60 (lH, dd, 
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J=l7 2. 12, H-l”), 9 79 (lH, bs, NH), 13C-NMR 25 2(Me), 27.2(Me), 55 3(OMe), 68.1(C-5’). 82 l(C-3’). 

84.2(C-21, 87S(C- 4’), 92 3(C-I’), 96 6(OCH,O), 101 5(C-5). 125.1(C-2”), 128.7(C-1”) HR MS 

C,6Hz2N207 (M+) calcd 354 1427, obsd 354 1419 

2’J’-~propylidene-5’-G-~hoxymethyl-6(2-phenyl~h~yl)uridine 14 
R&H&-EtOAc, 1.1) 0 43. IR 3390,2210,1685 cm- l, ‘H-NMR 1.34 & 1 55 (6H, 2~s; Me), 3 33 (3H, s; 

OMe), 3.75 (2H, m; H-5’). 4 29 (lH, dt, J=6.8, 5 2; H-4’), 4 64 (2H, S, 0CH20). 4 87 (lH, dd, J=6 6, 5 2, 

H-31.5.22 (lH, d, J=6.6, H-23,6.00 (lH, s, H-S’), 6 39 (IH, s, H-l’), 7.40 (3H, m; H-3” and H-4”), 7 55 

(25 d, J=7 8, H-2”), 9 69 (lH, bs; NH) Found C, 617296, H, 5 71%. N, 6 58% Calcd for &HaN&’ C, 

6168,Y560,~,651 

2’~‘-~proylidene-5’-O-methoxymethyl-6(t~~hyl~lyleth~yl~~~ne 15 

R@OAc-hexane, 1 1) 0 28; IR 3380, 2240, 1690 cm- I, ‘H-NMR 0 26 (9H, s, TMS), 1 33 & 152 (6H. 

2Xs; Me), 3 33 (3H, s, OMe), 3.72 (2H, m, H-5’), 4 27 (lH, dt, J=6 5,4 4, H-4’), 4 63 (2H, s, OCH20). 4 81 

(lH,dd,J=66,44; H-3’), 5 18 (lH,d, J=66,H-2’), 590 (lH, s, H-5), 633 (lH, s, H-l’), 9.37 (lH, bs, NH) 

HR-MS CtsHzN20+ (M+- Me) calcd 409 1431, obsd 409.1419 

2’~‘-~op~pylidene-5’-O-methoxymethyl-6(3-~thyl-2-~tenyl)u~dine 16 
R@OAc-hexane, 3 1) 0 36, ‘H-NMR 1.30 & 151 (6H. 2xs, Me), 1 63 (3H, s, Me), 1.74 (3H, s, Me), 3 20 

(2H, dd, J=9 4,8 4, H-l”), 3 32 (3H, s, OMe), 3 73 (2H, m, H-5’), 4 30( lH, dt, J=6 6,5 2, H-4’), 4 62 (2H, s, 

MeOCH2), 4.83 (lH, dd, J=6 6, H-3”), 5 09(1H, m, H-2”), 5 16 (lH, d, J=6 6, H-2’), 5 58 (lH, s. H-l’), 5 72 

(lH, s, H-5), 9 70(1H, bs, NH) Found C, 57 6596, H, 7 18% N, 6 95% Calcd for C,gH2sN207. C, 57 57, 

H,707,N,707 

2’S’-Isopropylidene-5’-O-methux~thyl-6(1,2-pro~diyl)uridine 18 
Rf(AcOEt-hexane, 2 1) 0 26, IR 3380. 1955. 1943, 1695 cm- l, ‘H-NMR. 132 & 153 (6H. 2xs, Me), 3 32 

(3H, S, OMe), 3 71 (2H, m, H-5’), 4 24 (IH, dt, J=6 2,5 2, H-4’), 4 62 (2H, s, 0CH20), 4 86 (lH, dd, J=6.4, 

5.2, H-3’), 5 18 (IH, d, J=64, H-2’), 5.24 (2H, d, J=66, H-2”), 5 73 (lH, s. H-l’), 5 90 (lH, s, H-5), 6 11 

(H-I, t, J=6 6, H-l”), 9 63 (lH, bs, NH) HR-MS C17HzN2q (M+) calcd 366 1427; obsd 366.1421 

2’~‘-~p~pylidene-5~-O-methoxymethyl-6-(~r~~n-l-yl-phenyl~hyluridine 19. 

A solution of decaborane (122 mg, 10 mmol) (CAUTION!) and MeCN (140~L, 2 5 mmol) in dry toluene 

(5 mL) was heated under reflux for 1 h The solution was cooled to r t , and phenylethynylundme 14 (428 

mg,l 0 mmol) was added The mixture was heated for 20 h at 90°C The progress of the reaction was 

checked by TLC (AcOEt-hexane,l 1) Followmg evaporation of the toluene, the remauung residue was 

taken up in Et20 (20 mL) and filtered, and the filtrate was evaporated to dryness Punficatlon by column 

chromatography (AcOEt-hexane,f 2) yielded the carboranylundme 21 (296 mg. 54%) (R@ 15) as a 

colourless glass-hke compound FABMS a quasi-molecular ion with the appropriate Isotopic dlsmbuw 
was obserwd at 549 amu, IR(KBr) 3070,2605,1680 cm“ 
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~~(2’$‘-~p~pylid~~~‘-O-methoxym~hyl)u~din~-yl]~hyl-~x~7[(phenyla~yi)a~no]-S-thia 
-~~biCY~[d2.0loct-2ene-2carboxylic acid diphenylmethyl ester 21 
RAAcOEt-hexane, 2 1) 0 16, ‘H-NMR 125 & 1 30 (6H, 2xs, Me), 3 32 [5H, m, OMe & CH$(3”)], 3 55 & 

3.88 (Z-I, AB syst, J=17 5, Qastereotoptc H-2”), 3 58 & 3 65 (2H, AB syst, J=15, CH,CO), 3 72 (2H, m, 
H-5’), 4 18 (H-I, dt, J=6 7,5; H-4’), 4 62 (2H, s, OCH*O), 4 83 (lH, dd, J=6 7,5, H-3’), 4 98 (lH, d, J=5 2, 
H-67, 5.13 (lH, bd, J=6.7, H-2’), 5 39 (lH, s, H-5). 566 (lH, bs, H-l’), 584 (lH, dd, J=92, 52, H-73, 
6.87 (lH, s, mz), 7 65 (1H. bd, J=9 2, NH), 9 40 (lH, bs, NH), 13C-NMR 25 3 & 27 3(Me), 28 6(C-2% 
36 30&C-3”), 43 l(C&Ph). 67 9(C-5’), 82 2(C-3’), 84 4(C-2’), 87 2(C-4’), 91 l(C-1’), 102 5(C-5), 
111 l(CHPh2), 114 2(0-C-O), 134 2(C-4”), 150 l(C-6), 152 5(C-2), 160 4(C-4), 162 9(CO), 165 3(CO), 
1719(CO) (cephem nng numbering) 
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