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Rhizobial Saccharides 2. Sektive Synthesis of B&b Diastereomers 
of4&-4%Pyruvylated wGlycopyranosidesl 

T-as Ziegler 

4,aCMyrlwylatod hexopymnos yl[4,60( l+Xrboxyethylidene)-ww l~residuesarefoundin 
many bacttxial polysacchkdes Most pkmklently, 4,~@ynlvylated D mannosyl iesidues are flequently 
de&c&d in Klebsicuo bacbaiaz and 4,6-O-pyruvylated D+cosyl and mgaktosyl residues in Rhizobium 

bacte&~.AsfarasdetaminedbyNMR w of bzwtekl saccwdes4 ~14,6Gpyruvylated glycosyl 
residues contain a tbumodynamkaUy favowuW axiafuimte4zl carboxyl group at the pyruvate ace&l moiety. 
Since pyruvic acidacetala as nonedrate substitwnts of bactaial polysac&ukk are immuM&n+ant 
group& and the interaction of 4,~pyruvylakd hexoyranoses with leetins @end8 on the 8tereochemi8tty of 

theacetalcarbonof~~ace2al~~~vesyntheclwr~requiffdin~toprovide 
sufficimt ma&al for tinill studies of protein-it-l-ens with pyrwate ac&al+xnltainin8 sac&k&s. lllis 
appears tobe espe&lly impartant for the agricultumlly @ikant Rhizobium species because much controversy 
isfaundintheli&zature whew% the pynIvylated polysac&aridea of tkse bacteria are imrolved in specks- 
specific infection tllCChglliSm8 tith the& kguminou8 iKe8. 

Table 1 wmmarka the results of the BF3-dktbyl~~yaed umdensatiou of gome 2,3-G- 
alkyl and phenyl 1-thio Dgl m&e 1 with methyl pyruvare iu different solvents to give the 
wXrqo&ng 4,6-0-[1+netboxyc&xmyl)ethyli~J-~gl~ 21911. For cmllpmison, also some 
exampksfizrrpyruvylatiawindic~methau+arcad&d. 
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Table 1. Condensation of Dglycosides 1 with methyl pyruvate under d&rent reaction conditions? 

aohvnt. BF3-fip~O 
H3CCOCO$H3 

e + 

lcR=ClAc+ 

-----~--T---1 l-l. ___-- 

/S-ZaR=Piv 69% R-2aR=Piv traces 

33% 

R3b R = Bz O%b 

0% 

34% 

R-2 c R = CIA& 0% 

39% 

dvea~t, BF3-Et20 
H3CCOCO#JH, H3COOC 

+ 

OCH3 ocH3 a3 
. . . . . . . . . . . . . . . _.......___.________....................... . . . . . . . . . . .._............................................. i”’ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ . . . . . . . . . . . . . . .._.... _ . . . . ____._.....______.._.....................................,.............. _ 

8 ldR=Bz (332a2 IS-2dR=Bz 432b R-2d R = Bz o%b 

9 H3CCN 81% 

10 leR=Piv H3CCN IS-2eR=Piv 60% R-2eR=Piv tmca 

I1 dYl PPd 41% 35% 

COOCH3 

0 0 
HO OH 

4 

solveat. BF3-Et20 
H3COOC JT- A 

0 

RO 
0 

H3CCOCOflH3 
v 0 + 0 

SPII RO 
Q+- 

SPh RO 

RO 
Q+- 

SPh 

RO 80 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ . . . . . .._.............._........................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

a2c12 ;R-2fR=BBz 58%‘=d S-2fR=Bz O%b 
H$CN 91968 O!JP 

methylpyruvate 1 37%f 372f 

H&CN [R3gR=Piv 77% S-2gR=Piv 0% 

methylpyruvate f 0% 95% 

starting mate&l had IVX&XP~. b; T&en from ref. Jb. c: ClAc = chkowetyl. d: A 52:48 mixture of a$ 
anomers is famsdsb. e: Taken from ref. 5d f: An unacparable mixnne of dkkreomers is funned 
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In the ~gluco (entries l-7) and ~manno series (enbies g-11) a w diastereocontrol of the x&al 

forma6on is found for condent&i~s in @irile. In all Casey, the wly fav~& S-2 sre 

obtainedastbeaole~.lncootrast,whenmethyl~~is~as~solventboth~~c 
pyruvrbc metals am formed in vsriable ratios (-1:l for entries 57, 11 and 1:3 for entry 2). Although the 

dias@eoselectivity is not signific+tJy gowxaed by the pro&&# group at positions 2 and 3 oftbe startihg diols 

1, pmpmatiw useful ratios of S-2 and R-2 a obtained for pivaloyl groupr (entries 2 and 11). ‘l-be sepumtion 
of the respective d is easily achieved by a single chroay. 

In the D&act@ seri~~(enlries 12-l@, how;eva, a dramatic influence of the mg group is observed 

The2,3-Oben~~&lfyiel&al:lmixtunoftbereapecti\n~acetals2finmeLhyl 

pyNvate (entry 14) wti the cornspond& 2,3-O-pivaloylated gakx&~&& lg is Bvely 
aetalad tie givb S-2g almost q-y’* (entry 16). The strong depmdeoce of the selectivity of the 

acetalation6romthe~ggroupmaybeduetoasteaichindranceofthec~~~~of3-0and4-0inD 

gala&sides thst favoLKs the farnation of the kinetically contlolled disstereomer s-2g having an e-&l 

carboxylate group. In D-glucosidea and L~~~~~osides, steric t%ctors aze less operative since 3-O and 4-O are 

rrrm@em here. Compound S-2 g is also easily converted by subseqti &pivaloylation (Zempl&) and 

~~(BzCI,Wridine)~~S-2f(93%)whichcouldnotbeobtainedinpunefonnfromthe2,3-Q 

henzuym gala&xi& 1 f (entry 14). 
~S-2gisinfaetthelcinecicallyfavolued~despiterhesterici~uenceofthe3-o-pivalayl 

groupisabyitsconversiontothe_ystableisomerR-2g. TmamK!ntof s-2g in 

acetonitrile with 3F+li&hylet&r complex for 2 h at room temp. gives R-2g in 95% yield The found 

equilibrium mixtute of S-2g and R-2g of ~5% is in good agreement with previously perfom& AM 1 

calculations in the D-gluco sexk& that revealed a 2.3 kcal/mol higher stability far diasteFeomerc pyruvylated 
glycosib with an axiiiZ-ori_ ca&oxylate gKn+. 

I) NaOMe. MeOH 
2) B&l. pyridine 

93% 

H3CCN 
BF3-&O 

r 
SRI 95% SPb 
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BF3-die&yl&her (2.4 ml, 19 nunol) was ad&d at room temp. tn a suspension of 
g (4.40 i 10 mmol) in methyl pyrwate (40 ml) wheruw dissolution of the educt ocurred 

Theaolutianwass~atroomtanp~untiltlc~thccomplebamveraioa oftheeducttoasingle 
faster moving prod? (10 min.). The mixture was e onto aq. Nz$IC@ solution and extracted with 
CH$Zlz. 

7 compound s- 
of the solvent and 0 of khygtif”T; aoebone(h-hararle gave 

g (5.0 g, 95%). .Fo” physical dptp Of new Corn 
&y-d5 2 rve _mskctuy elementa analyses. G oil, [Gf]p i12i.4’ (1 .O, CHC13); 13C- 

$: 8 95. (C l), 68.5 (C-2), 70.9 (C-3), 75.7 (C-4), 62.1 (C-5), 65.4 (C-6), 52.6 
(CGGCH~), 25.3 (CH3). 99.3 (&&; R-28: mp. 141% [ab 98.90 (0.6, CIiCk), *%NMR 
(cDcl3): b 95.9 (Gl), 69.0 (C-2), 71.7 (C-3 ,5 
17.8 (CH3), 98.4 (C&&; S-2c: oil, [ab + 3 -2“ (0.4, CHC13), t3C-NMR (CDC13): 8 95.3 (C-l), kg 

(C-4), 53.6 (C-S), 63.2 (C-6), 52.9 (CGGCH3), 

70.7 (C-2), 72.5 (C-3), 74.8 (C-4), 62.2 (C-5), 65.2 (C-6), 52.8 (C-3), 25.2 ((3H3), 99.4 (C.c&; 
R-2c: oil, [a]D +83.7O (l-0, CHCls), t%XlMR (CDCl3): b 95.4 (C-l), 70.8 (C-2), 71.4 (C-3); 72.8 

; s-h!: O& [a]D +55.5O (0.7, 
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