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Key Work stmnylstcd fumnoii &cals. lithioglycals. palladium-medtted cocpling 

Abamct: l-(I%n-butylsnnnyl)fufadd glycds have been pewnd for Ihe fti lime by lithidon of the carnspading 3- 

O-unsukaimtd glycals followed by reactia~ with tri-n-batylstanayl dlaidc. F’unoid gJycds buving an alkoxy (ailyloxy) group at 

C-3 undergo elimination and furan fccmarion. A 3-O-bcnzyl-l-(ui-n-butylstannyl)furanoid glycd was plepmd from the l- 

phenylsulfonyl furawid g&al using ui-n-butylsmnnylHydd& and AIEN. Smlated furadd glycals and iodaaglyam derivatives 

tmde#wcntpallndilnn-medlttd~lingloyieldfhecarcspadine I-substilutc!d~glycalsingocdIocx~tyieldo. 

We report the first pmparadon of I-(tri-n-butylstannyl)furanoid glycals and illustrate their synthetic utility 
by palladium-med+d coupling reactions with aryl, nitrogen heterocyclic and anthracyclic iodides for C- 
glycoside syntheses.l Similar palladium-mediatrd coupling macdons of l-(tri-n-butylstannyl)pymnoid glycalsa 

have been repa~&.~g 

1 2 2 4 
&R,.R -H 
l&R,-&H#CPlb R -H 
c. R, - CH#. &‘-&I 
d, RI I CHpSiUq+Su, R2 - CH 

Tri-n-butyl derivative 2r. formed by lithiation of 2,3dihydrofuran (la) and reaction with tri-n- 
butylstannyl chkxidc is known.lfJ Using this procedure, the 2,3dideoxyfum~kl glycal (lb), prepa& in two 
steps from S(+)-~trityloxymetyl-‘yLbutyrolactoae,ll was converted to the synthetically versatile, chiral l- 

sta~yl-3-deoxy glycal2b. Use of this pmcedum for ui-n-butylstannylation of 3-substituted hydroxy glycals, e. 
g. 312 failed. Unlike pyranoid glycals~ furanoid glycals, in the pmsence of t-butyllithium, sufkr ehmination 
of the 3oxy substituent to yield the corresponding furan or, if tri-n-butylstannyl chloride is added, the 
stannylated furan, e. g. 4. However, by use of the 3-O-unpm@cted glycals lctg and 1413 in which formation 
ofalithitmralkoxideinhibitsthe~reaction,we~ in pmparing stannylated furanoid glycals 2c 
and 2d bearing 3-hydroxy substituents. The resistance of lc to base-catalyxed elimination was established 
when introduction of deutero methanol following treatment with t-butyllithium produced only the l- 
deuteroglycal. Following formation of the trilithio derivative of lc, addition of tri-n-butylstannyl chloride 
produced the stannylated glycal2c together with the corresponding stannylated furan in ratios varying with the 
rate of addition. Slow addition led to a 3: 1 ratio of 2c and the stannylated furan; presumably the furan arises 
from a 3-O-(tri-n-butylstannyl) intermediate. Id yielded 2d (63%) together with a bis-ui-n-butylstannylated 
product famd by lithiation of a silyl methyl group;3 in this case, no furan was observed. 
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We succeeded in preparing stannylated 3-O-benzyl furanoid glycal8 by a route previously employed for 
preparation of stannylated pyranoid glycals.14 Phenylthioglycoside 515 was oxidized to the corresponding 
sulfone (6) using m-chloro perbenzoic acid (MCPBA). Treatment of 6 with n-butyllithium resulted in 
elimination of the 2benzyloxy substituent and formation of the unsaturated sulfone 7; replacement of the 
sulfonyl group with tri-n-butylstannyl was accomplished using tri-n-butylstannylhydride in the presence of 2,2’- 
azobis(2-methylpropionitrile) (AIBN). We were unable to accomplish this latter step in yields better than 40%; 
invariably the corresponding stannylated furan and l,4-anhydro-2-dcoxy-3~-bio-O-benyl-D-eryrpent- I- 
enitol, the glycal formed by replacement of the sulfonyl group by hydrogen, were also formed. 

w 
PhCG &C”ph Pha$d 

IR=SPh 
6,R=SO,Ph 3 

7,R=SO$h 
&R=SnBy Ic 

a. MCPBA (2.2 eq.), NaHU&. Cl-t&l,, 0 d, 84%; b, n-BuLi, THF, 
-75 b. W%; c, n-BuSSnH (2.5 aq.), AIBN, tolwne~, dlux, 40% 

Nuclear magnetic resonance (nmr) spectrometry and thin layer chromatography (tic) of reaction mixtures 
served to characterize the I-(tri-n-butyMannyl)furanoid glycak formed. Since the stannylated glycals rue labile 
and often difficult to purify,‘6 we found it generally convenient to utilize them without purification for 

palladium-mediated coupling reactions with iodoaglycon derivatives 9.17 10.18 ll,l219 and 13.20 Results 
obtained for these coupling reactions, which demonstrate impressive generality, are summari& in Table 1. 

In a typical pmcedum glycal Id in tetrahydrofuran (I’HP) at -78 Y! was treated with 3.5 equivalents oft- 
butyllithium followed by warming to 0 ‘C for 15 minutes. Then the reaction mixture was reccoled to -78 ‘C and 
3 equivalents of tri-n-butylstannyl chloride was added slowly. The reaction mixture was monitored by tic; when 
the reaction was complete, water was added and the stannylated glycal was extracted into ether and dried over 
NazS04. The solvent was removed and the stannylated furanoid glycal 2d was separated by flash 
chromatography using ether-hexane-triethylamine (1 : 3 : 0.06). A mixture of 2d (1.3 eq.), iodaglycon 13 (1 .O 
eq.), triethylamine (2.0 eq.), triphenylarsine21 (0.2 eq.) and palladium(I1) acetate (0.1 eq.) in dried CH$N- 
THP (2:l) was stirred under nitrogen at 40 ‘C for 16 hours. The coupled product (Table 1, entry 8) was 
separated by flash chromatography using ethyl acetae-hexane-triethylamine (3 : 1: 0.1). 

Palladium-mediated coupling reactions of stannylated dihydrofuran derivative 2atu with vinyl and aryl 
halides have been reported.22 We found this stannylated derivative to undergo facile palladium-mediated 
coupling with even complex nitrogen heterocyclic iodo derivatives 18 under mild conditions (Table 1, entries 1, 

2). Stannylated furanoid glycals 2b (entries 3-6), 2~ (entries 7), 2d (entry 8) and 8 (entry 9) were coupled 
equally effectively. Typically, tic of the coupling reaction mixture indicated the formation of a single product; 
The somewhat modest yields isolated in some instance (e. g. entries 3.7) are a result of difficulties experienced 
in purifying these arylated enol ethers which undergo elimination to furans and facile double bond hydration, 

particularly when the aryl group is relatively electron rich. 
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Table 1. Palladium-Maliated Coupling of S~nnyhtcd FUranoii Glycds w&h Iodoaglycon Derivatives 

entry annyl 
dafivativa 

Ad SChlt temp. 
( “Cl 

time % yiev 
th) ofafylglycal 

1 2a 

2 2a 

3 2bb 

4 2bb 

5 2bb 

6 2bb 

7 2cb 

6 2d 

OMe 

CHaCN 40 

I 0 

6 

CH&N 25 0 65 

M&N-THF 40 
2:l 

CHsCN-THF 40 
21 

0 CHsCN-THF 40 
2:l 

10 CH&N-THF 25 
2:l 

9 CHsCN 40 14 

Cl&N ;yF 40 16 

6 59 

10 

10 

12 

70 

66 

62 

54 

61 

9 8 0 CHsCN 66 0.5 66 

‘Isolated yields folbwing chromatography; basad on Ad 
bused without purifiibn 
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it is noteworthy that bdopyrazob[4,3-d)pyrimtdbs derivattve 10’8 undergoes palladium-mediated * 
coupling with stannyl derfvatives 28 and Pb (entries 2 and 6) more faciieiy than bdopyrhntdine derivative 

9 (entries 1 and 5). This contrasts with the mechanisticaiiy ditterentt palladium-mediated coupling 
reactions of these bdoderivatives with ~iycak in whkh 9 is more reactive than 10.18 Presumably these 

differences in reacttvity are owing to the retattve electron denstties of the heterocycik ring systems. 

The formation and palladium-mediated coupiing of 8tannyiabd furanoid giycair wlth bdo aI’yi and 

heterocycik derivattves provide8 a route b furaIMXyi C~lycosides whkh is complementary to that devebped 
in our laboratory which invoiver palladium-mediated coupling of glycals with haio. mercurial or 

stannyiated99 derivatives of atyi and hererocydk agtycones.l 
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