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1) SUGAR ENOLONES. VIII . 
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'Ihestructurdffeaturesinherentin~ranoid~~oftype1and11prcmisehicllhsynthetic 
potentialfor~~~a~of4-deoxyand2~~~~zedoi~the~l 
group at C-2 and C-4, respectively, hence providing acoess to a variety of daoxy-, amino- 

l-4) andbr~sugars.Aseriesofthesesugarenolcnes~beingreadilyacoessible , 
~ha~eXploitedthei.rSynthetiC Utility along this Veinandhere, firstly, describe a facile 
preparationofdeoxy-hexosidulosesand decolyfiexosidesuiahydmqenand/orhydrideaddition. 

Jil the 3,4_enolone 1" theenolicdoublebcndcanreadilybesaturatedwithoutaffectingthe 
oarhonylgro~, e.g.byhydrogenationove.rPd/C inmaMl/ethylacetate. Ihe resultins 3:1 

mixture (NMR) oferythro-2v 
[alD +81S" (C 0.5)15' 

id-4-t&xe 2_ [syrup, [a$ +230°; 2,4-m: m.p. 192 - 194O, 
and the threprl-ul~ida 2 [m.p. 88 - 89 , [a], +12P; 2,4-m: m.p. 

157 - 159O, [alI, -372' (c 0.3J6)] were separauadasilicagel. Iheyieldon&huezver, did 

notexceed33%duetoitstendencyti rearrrmgeonlongerstan&gorduringc+uxmatxqaphy 
to the isaaaric ezytJzru-3-uloside $ [m.p. 174 - 176O, iaID +195O; 2,4-m: m.p. 186O, [a], 

+243O], isolable in yields of up to 10 % on separation of-2 and 2 on silica 
contrast, the three epimar~is entirelyunaffectedhy SiliCagel. 
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-The oonversion2_ -+A is notwithoutanalogy7'8) andmayheraticmalizedon*hasisofanaoid 
ca~ysed3,4-enolisilticmfollcMedbyan~3 - ~4-hensoylmigraticm via an enediol-orthoacid 

intermediate (z+& ands~t~~~~~~,asillusttated.Ihereby,thedcew 
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confolnation adopted by 2 on the basis Of NM&data (J1 2 = 5.5 and 7.0, J2 3 = 7.5 and 14 Hz), 
utilization of the quasi-axial protcn (H-3) for the irLtial enolization and the preferential 
axialattacbmm tofaprotonatc-4inthefinalstep,reasonab ly account for the remarkable 
stereoselectivity of the *action as well as for the higher propensity of erythro-4-uloside 

2tiundsrgo* rearmngemant. Apparently, in the three isanx~,whichexists inanonly 
slightiy distorted4C,-anfoWi~ (J, 2 = 2.0 and 4.0, J2 3 = 7.0 and 12.4 Hz), the axially 
diqxxed protonatc-3is less amnable'toenolization than'thequasi-axialH-3 inz. 

1 9 10 

Saturationof tie cazbonylgmup,inhexulosides 2 -AbyPt/H2 andsubsequentdsbenzoylation 
yields2~idesindistinctlyvary~?esreesofstereoselectivity.Yrdrogenati~of 

three-4-uloside 2 emcee&ad essent&illys 
91°, [@ +134O ("al&g) 

tereqaxific to the 24aoxyarabinoside c [m.p. 89 - 
, isol. yield: 69 %], only a trace of the 2~x0 eptir being detect- 

able"). The erythrw-3-ulcside 4 afforded a 3:2 mixtum lo) of the 2-deoxyriboside 2 [syrup, 

kli5 +179O (c 0.5, MEGI) , 9) 40 % upon separationon silicagel] audg. Incontrast, the 
hydrcgenation of erythro-4-ulcside 2 proved to be rather ccqlex yielding a mixtuna of all 
four 2-deoxyhexosides in the ratio 'O) of 20 (ribo) : 3 (arabino) : 2 (Zyxo) : 1 b_JZo). since 

the arabino-portion cannot originate fran direct saturation of the C-4 carbonyl group in 2, 
but, obviously, fm the erythro-3-ulase 4, whid~ itself gives a 3:2 mixture of 2 and 5, the 
relativeproportions of ismers cbtainedall~ ah assessment of them&mnism underlying their 
formation: 60 % of~addshydrcgen to theC-4 carkmylgroupdirectlyor to theGCdouble 
bmd of enediol inkmediates 2 or 2 (&s-addition) from the sterically less hinaered B-side 
30 % of 2 is rearranged to the erythro-3-ulose 1 which is subsequently hydrogenated with a 3:2 
preference for H-addition fran above, 7 % of 1 undergoes &s-addition of hydrogen to an enediol 
intermdiate from below (- lyxo-portion), whilst only 3 % of 2 saturates the C-4 carbonyl group 
fran the sterically less favored a-side (- xyto isamr). In acaxd with these rationalizations 
perhydzogenation of enolone~usingPd/C for= andPtforC=O saturationaffordedafterde- 
benzoylation a 20 (ribo) : 12 (arc&no) : 2 (Zyzo) : 1 bylo) mixturd") of 2-deoxyhexosides, 

frcxn which the major products could readily be c&ained in yields of 40 (2) and 23 % (5) by 
silica gel ciuxmatography. 

S&Un borohydride reduction oflTlone 1 inmethanolgave the saw prcducts in al7 (2) : 10 
cg, : 1 (Zyxo) : 1 (zyZ0) ratio yet Uia an entirely different mxhanism: preferential 
additionof tiehydride species to the mlcaxbon fmnthe lesshindered B-side (1 +s) 
is follawedby ~~~~-+Q~-ben~aylmigration th.roughorthoacidintemediate~to liberate the 
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carbonyl groupatc-3; the resultingerythro-3-uloside~ subsequently is reducedwith a 3:2 
prqxmderanceofhydrideattack frunabove to yield2 and&. This rationalization is pruvedby 
the isolati~ of 9, in 44 % yield, on reduction of enolcne 2 with the less reactive zinc 
borchydride indimethoxyethane,by the fommticnofaspecifically C-4 deuterated$qon 
treabtent with ZnW4)2 (absence of the 9.5 Hz do&let for H-4 at 6 5.56), and by the 1.6 : 1 
preferenceof forhydride additicm frunthe B-sickcmreducticnwith sodiunbotiydrick. 

Analogousme&anistic andstericpreferences governthehydrcgen andhydride ackliticms to 
3,2-enolones, e.g. u and 2. In an essentially s bzeoqecific hydrcgenatia (Pa/C) 2 afforded 
the 4-&oxy-three-2-uloside as its rtra-&ydrab Ip2 +edles of m-p. 101 - 103O, [aj:’ -35.3O 
(c O-S), H-3 at 6 5.22 as dd with J, 4 = 6.5 and 11.0 Hz, isolated yield: 43 %I, which ccmtained 
up to 20 % of uloside 32a (H-3 at ~5 G.77 with J3 4 = - 7.0 and 12.5 Hz), its proportion varying 
with the solvent of recrysta.U.ization. Ihe prcdu&12a/B readily - undergoes 03-+ 02-bensoyl 
migration (g +&) ands ubseqznteUminaticnoftheancstericsubstiuent(~+~) cmbx~ger - 
standing or in amtact with silica gel. plus, the erythro-3-ulcside & [m-p. 119 - 120°, 

MD -57.1° (c 0.3), 8.5 Hz-d for H-l and H-2 at 6 4.82 and 5.851 and dibenzql-dihydrokojic 
acid 2 [m-p. 144 - 145', [cz]D +124', H-5 at 4.95 with J4,5 = 6.5 and 13 Hz] are obtained in 
yields of 6 and 11 % yield cn purificaticn of s on silica e column. Ne veMEless,enolone~ 
canhe utilizedforaneffectivepreparationof thehitherto inaccessible 4-&oxy-lyxcside~ 

c syrup, 1.0 Hz-d for H-l at 6 4.75 in D20; trism 'W&enaoate: m-p. 142O, iaID -108O, 69 %], 
since onperh~ti~,en@_cybgPd/C for Crc andPtforC=O saturation, the side reacticns 
of the intermediateulcsel&are suppressed togive anessentiallystereospecificH-addition to 
the carbonyl group fran the a-side, i.e. a 26 : 1 n-bture (glc) of Y and its qyLo epbner P. 
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Ccmsiderably less stereose lective proved tobe theNaBH4-re&ction of2 affording a 3 : 1 : I:1 
mixture of four products (glc), frun I&MI the major, lyxosick 2, and the highly crystalline 
qZoistxer~ 11) were isolable in yields of 40 and 13 %, respectively. Since on NaED4-reduction 
of~nodeutebnnwas incorpcratedinto theC-4 positicnofeither~or~ (NMR), the ccnver- 
sion mnprises an initialhydride addition to the carbonylgroupwith a 2 : 1 preference for 
attack frun the a-side - notunfxpectedfrrxnthestericanlrse of hydride reductions of other 

methyl B-D-glycosid-2-uloses 12) ;theresp=ctix intem&iates~~dergoan~3+~2-benz0yl 
shift to & (n-her product) and the C-2-epimeric three-3-uloside (major), of whi& the C-3 
~ylfunctions are again reducedwithpreference ofhydrideadditicmfranthe less- 

hindxed a-side13). 
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As in the 3,I-enolane case Q 

e-=-dme~:vingamixt7lre 
affordedan Dtel:l 
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* $1 I zincbordqdrid=rducthnwas~s anprehensive,the 
of&~andtwootherproducts (tlC),wfiil.Sta-enolohle 14 = 
mixture (tic) of an unstable tribenzoyl-4-deoxy-ulose of 

anceivable a-D-erytkro aznfigurati~~ and& frunti& the latter is isolable ingcodyield. 

?heforegoing~tssu3gestaxlsiderablepotentidlofsucJareraolonesforaspecificaccess 
notcnlytovariousbranched&ainanddeoxy-mninwsugars -MidlaelandGrigIlXdtypeadditianS 
aswellas ~of~~~~itthes~oratleastverysMlarstereo_ 
selectitities -but, given the availability of erytkro-3-ulcdde 2 frun enolone A, also to key 
intenlwiatesforthesynthesisof&uwxane B type natural prcd~ts'~). Iheseandother 

aspectsofthe&Emistxyofsugarenolonesan?p mtly underinvestigaticm. 
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The predcminantfollMtionof4-deoxy-lyxoside~onNaBH4-reducticnof~isoontrastedby 
the hydride additim to a 6-theophyllinylwlone which exclusively (isolated yield: 58 %) 
gave the 4-&oxy-6-;?/Z0-nucleoside in an "unusual attack of hydride ion fran the nest 
hindxed side"8) , i.e.&s to theaglyax. Intiewof the~lybulkyheteroqcleas 
anmricsubstitwtwNch.willpreferentiallyadcptanmzti-~~~trelativetothe 
pyratxoidring inasofaumformati~, thehydride attadcattheC-2 czubcmylgroup appears, 
in fact, tobeless stericallyhinderedfromthe 6-side,as seen frunrrolecular rr0del.s. Ihus, 
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