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Abss%ct: Additionoforganolithiumreagentstothesugarenones:alkyl2,3,6-rrideoxy-a-L-and2,3dideov-
a-mhex-2arpyrsnosid-4-ubse has been exartrined. Butyl, benzyl and 2,5-dimethoxy4-
-methylphenyllitfdumadd,withincreasingstereoselecdvity,to theeahnyl groupof the o$-unsatumted
ketosugar$whereas2,5-dimethoxylIetuyllithitanundergoesstetecqedic conjugateadditionand 1,2-
additionin theratioof 1.7:1.TheWmctoreof theresuftanteatbinolsis basedon X-rayqslaflogmphic
evidcnee.@1997PublishedbyElsevierScienceLtd.

One of the general methodologies for the total synthesis of anthracycline rmtibioticsle.g.daunomychr(la) or

adriamycin(lb), relies upon constructionof the chiralbuildingblock of rings AB comprisingstereogenic centers with

the absoluteconfigurationcorrespondingto those appearingin the target antibiotic

o OH o
R

M
la R = H
lb R = OH

In a project aimed at the development of a novel route to the anthracyclineantibiotics la,b we envisage the

dihydropyranderivative3 as an advanced intermediatefor the preparation of the chiml AB precursor 2 (Scheme 1).

The retroanalysisshown in Scheme 1 reveals that intermediate3 (R= H or OH) could be obtained by a 1,2-addition

reaction of 2,5-dimethoxybenzyllithium(4) to the 2,3-unsaturated ketosugar 5 (R = H or OH). The versatile

reactivityof @-unsaturated ketosugars has provided an excellent opportunityfor devisingnew synthetic routes to

variousaminodeoxyand branched-chainsugars as well as other natural products3.In pursuit of these objectives
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Scheme 1
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the stereo- and regioselectivityof the additionreactions of carbanionsto cc,~-unsaturatedpyranosiduloses11 (R = ~

Bz, Ac, Tr) (Scheme 2) have been examined4’5.1,2- or 1,4-additionproducts were obtained depending on the

reagent used, Thus reaction with lithium dialkylcuprate gave only conjugate addition products with none or only

traces of 1,2-adductsd.However, when only catalytic amounts (0.02 mole) of the copper salt complex (Bu,PrCuI)

were useda mixture of 1,2- and 1,4- adducts was obtained4b.The same regioselectivitywas also reported for the

additionof the 1,3-ditbirmeanion to the ct,~-unsaturated sugars 12a or 12b (Scheme 3), carried out in the presence

of a copper cataIystG.On the other hand reaction of methyllithiumwith ketosugar 11 (R= Bz) yieldedthe 1,2-adduct

as the exclusive productc , in accord with general rule of the reactivity of organolithium compounds towards

ct,~-unsaturatedcarbonylcompounds’.

In the present paper we report on the regio- and stereochemical course of the addition of butyl-, benzyl-,

2,5-dimethoxy-4-methylphenyl-(7) and 2,5-dimethoxybenzyllithium(4) with sugar enones lla,b and 12a,b.

RESULTSAND DISCUSSION

Organolithiurncompound

Benzyllithiumand 2,5-dimethoxybenzyllitbium(4) were prepared immediately before use by reductive Iitbiation,

with metallicIitbiuq of benzylethyl and 2,5-dimethoxybenzylethyl ether, respectively. A complex of benzyllitbium

with diazabicyclooctarre(DABCO) was obtained by treatment of toluene with butyllitbium9.Promoted by the

methoxy groups lithiation of 2,5-dimethoxytoluene (6) by butyllitbiu~ unlike a similar reaction with

2-methoxytoluenewhich gives both products of metallation: on the ortho position and on the methyl group, led

almostexclusivelyto metalationon the phenylring. As couldbe inferredfrom the structure of resultingadducts, (vi&
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irrra) a mixture of 2,5-dimethoxy-4-methylphenyUithium(7) and the 3-methylisomer 8 was obtained’”.The course

of the lithiationdid not appear to change upon additionof DABCO or -‘-

OMe OMe

IR’2221JA.

OMe

@Me‘“’i”‘@Me+“@rMe
Sugarenones

a,&Unsaturated ketosugars 11 and 12 were obtained in 4 and 3 steps from D-gksctd(9) and I.,-rhammd(10),

respectively,accordingto literature proceduresll. Additionof lithiumreagents to the sugar enones was carried out in

ether/THF at -70”Cand after the usual work up products were separated by flash chromatography on a siica gel

column.The results are collected in Table 1.

Structureof odiucts

Gross structures of 1,2- and 1,4-adducts were evident from their spectroscopic (lH Nh@ JR, HRMS) and

analytical data. The assigned configuration at C-2 in the 1,4-adduct 20 was based on the H-2 proton coupling

constant values: JI,Z= 3.95 Hz, Jv = 8.0 Hz and J2Y= 4,9 Hz, which are similar to those reported for the

analogous ketopyranosides4cand which indicate a trans relationship of the substituents at C-1 and C-2. The

configurationof the new stereogenic center at C-4 in the 1,2-adducts could not be deduced from their ‘H NMR

spectra. For compound 13a,a major product of benzyllithiumadditionto ketosugar lla the a-erythro configuration

Scheme2

~c~4.ep.w+&*R’”Et+~’,,
9 lla R = TBDMS 13a R = TBDMS, RI = Pr 14a R = TBDMS,R1= Pr

Ilb R = Tr 13b R = Tr, RI = Pr 14b R = Tr, R%= Pr
15 R = TBDMS, ‘1 = Ph 16 R = TBDMS, R1= Ph

a. BuLi(orPhC&Li)~HF, -7@C
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has been demonstratedby singlecrystal X-ray rrnalysis12and consequentlythe et-threo configurationfollowedfor the

minorproduct 14a.The configurationsat C-4 in other adducts with 4-C berrzyland 2,5-dimethoxybenzylgroups

Scheme3

.Cop‘-cYORAJGoR+ph@
OAC Ph

~eog: yye . Oq;

21 19 Ar= 2,5-(MeO~C6H4CH2- 20
Me 20a Ar = Ph

a. PhCH20Et,Li,THF/ether,-1SIC, then - 700C, 12 or PhCH3,BuLi,DABCO,893C,then-7@C,
12, ether;b. 2,5-(OMekC6H3CH3,THF, BuLi,8CPC,then-700C, ether,12;c. 2,5-(OMekC6H3CH2C

Li,THF/ether,-2@c, then-700c, 12.

were assignedon the basis of their ‘H NMR spectra. The chemicalshifl of H-3 is of particular diagnosticvalue. In

the a-etythro stereoisomersH-3 appeared at 55.4, whereas a downfieldshiflof about 0.5 ppm to ?55.9 indicatedthe

a-threo configuration. rx-Erythro (13a) and wthreo (14a) adducts with C-4 butyl substituents have been

differentiatedchemically.The facile reductive rearrangement of 13a by treatment with LAH in ether at rt to the 3-

deoxyglycrd22, in contrast to the unreactivhyof 14a under these conditions, was taken as indicative13of rz-erythro

configuration

/
OAC

bBu o

13a
1. LAH
2. AC20,Py(.>

HO

22
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The structure and a=erylhroconfigurationof the 1,2-adduct21, obtainedin the reaction of the 2,3-unsaturated

pyranosid-4-ulose12a with 2,5-dimethoxy-4-methylphenyllitbium(7), was also determined by siigle crystal X-ray

analysis.The ORTEP drawing of 21 with the numberingscheme is shown in Fig. 1. From the torsion angles of the

z = 967 ~d A~z = 2s, 16 have been caicu1ated14.Thekpyranosidemoiety (Table 2) asymmetry parameters ACZ

valuesshowthat conformationof the sugar ring could be describedas a non-idealhalf-chairdistorted towards a sofa.

The plane of the phenylring which occupies a pseudoaxirdposition is ahnost perpendicularto the best plane defined

by the sugar ring atoms 01 through C5 (the dihedralanglebetween both planes is 87,30(8)~. It is held in this position

by a strong intramolecularhydrogenbond, the only one observed in the crystal structure, between the C-4 hydroxyl

group and the orthomethoxygroup. It has followingdimensions:03-H3’ 0.82;H3’....O41.890(9);03....04 2.603(3)

~ and angle03-H3’....O4145°,All C-C and O-C bondshave acceptabledimensions.

Fig. 1. ORTEP drawingof21 showingnumberingof atoms,

03

C8

C12

C13

Clo

Re~”o-andstereoselectivity ofadiition

The reaction of butyllithiumwith ketosugars lla and llb was regiospecbic atYordin~as in the case of the

addition of methyllithiumsmentioned above, exclusively1,2-adducts, albeit with ahnost no stereosekwtion(ratio

1.76:1,Table 1, entry 1)15.

h case of benzyllithiumaddition to sugar enones lla and 12a,b was also highlyregioselective,yieldingalmost

solely 1,2-adducts.Products of conjugate addition were detected (lH NMR) in crude reaction mixtures in minute

amounts.Reaction of this lithiumreagent proceeded with a modicumof stereoselectivityailiordingthe C-4 epimeric

alcoholsin the ratios 3.6- 2.5:1 (Table 1, entries 3, 4 and 5), with a predominanceof the C+erythrostereoisomers

resultingfrom an axialapproach of the nucleopbileto the C-4 carbonylgroup. Using the benzyllithiumcomplexwith

DABCO did not improve stereoselectivhybut led, as could be expected16,to the increased formation of 1,4-adduct

(Table 1, en~ 6).

The reaction of2,5-dimethoxybenzyllithium(4) with sugar enone 12a (Scheme 3), which was of interest for our

synthetic plaq took a dWrent course The addition was not regioselective and yielded both 1,4- (19) and
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1,2-adducts(20) in a ratio 1.7:1 (Table 1, entry 7), However the reaction was virtualystereospeciiic. Both adducts

19 and 20 arose from an axial attack of the nucleophileat the C=O and C=C doublebond, respectively.Attempts to

improveregioselectivityin favour of 1,2-addition,either by reacting 4 prior to addition with anhydrous cerium@I)

chlorideor by treating ketosugar 12a with the same salt”, led to essentiallythe same results as obtainedwhen using4

without additives.Possiblythe presence of stoichiometricamounts of lithiumethoxide had detrimentaleffects on the

formationof organoceriumcompounds

Table 1

Lithium Adducts, yield (%)”
Entry Substrate

reagent (1.2) (1,4)
1 Ila CdHgLi I13a , 41.4 14a I 23.7 -;

I
2 Ilb C4HgLi 13b ! 47.4 14b ! 29.6 -;

1
3 lla PhCH2Li 15 ; 51.5 16 ; 21.2 -;

1 1
4 12a PhCHzLi 17a ; 59.5 18a ! 16.6 -;

1
5 12b PhCH2Li 17b ; 57.5 18b ! 20.6

1
1

I I

6 12a PhCH2LiDABC0 17a i 41.2 18a i 21.3 20a ~ 12
1 I

7 12a 2,5-(MeO)zCCH~CH2Li 19 ; 14.3 -; 20 } 24.1
I I I

8 12a 2,5-dimethoxy-4-methylphenyl- 21’8 ; 45.8 -; 1
lithium I I I

I I 1

“Isolated yields.

CONCLUSION

Formation of a single stereoisomer 20 with the substituent at C-2 tram to the aglycon is consistent with the

literature precedent for conjugate addition to sugar enones4’! It appears that stereoselectivity of the 1,2-addition

improveswith the increasingbulk of the carbanion residue in the order: C.Jig-< PhCH2-<< (CH30)2C&3CH2-=

(CH~O)z(CHs)C&z-.The most significantfinding is the dtierence in regioselectivitybetween 2,5-dimethoxyben-

zyllithium(4) and benzyllithium.The favoured conjugate addition in case of 4 can be explained by the effect of

complex formation with an intramolecular donor (ortho methoxy group), similarto one exerted by solvents like

hexametapolor TMEDA” on the 1,2-versus 1,4-selectivity.

EXPERIMENTAL

Generalprocedures
‘H NMR spectra were recorded in CDCISon a Vatian Gemini200 or Brucker AM 500 spectrometer usig TMS as
internalreference. IR spectra were recorded for CHCISsolution with Nicolet FT-IR Impact 400 or Perkin Elmer FT
IR, 1725Xspectrophotometer. Chromato~aphy refers to columnchromatographyon Merck Kieselgel 60 (230-400
mesh). Analyticalthin layer chromatographywas petiormed using pre-coated aluminumplates (Merck Kieselgel60



Addition of organolithium reagents to enones 6041

F2M)and visualizedwith UV lightor acidic ammoniummolybdate(IV)-ceriumsulfate reagent. ButyUhhium(2,5 M in
hexane) was obtained from Aldrich, All reactions were cunducted in oven-dried glassware under an atmosphere of
dry argon, Air sensitive solutions were transferred by syringe or canr,daand introduced to reaction flasks through
rubber septum. Solventsand reagents were purified before use accordingto standard procedures20.

CrystallographicA4eczwementsandStructureAnalysisof212’.
A columnarcrystal of dimensions0.3x0.3xQ.4mrq obtainedtl-omhexane-ethersolutio~ was mounted on the KM-4
K-axis single crystal ditliactometer, CuKrxradiation (k=l.54178~) was used to collect the data. Cell parameters
a=7.9780(6), b=12.03s4(9), c=16,567(l)~, ct=&y=90°, V=1591,1(2) ~3 in an orthorombic SyStemwere obtained

by the least squares treatment of25 reflectionswith 40S20S50°. 1706reflectionswith OShS9, -14SkS4 and -19~lS5
were collected up to 2El=130°(R@3.0637), Systematicabsences(hOO,h=2n; OkO,k=2n; 001,1=2n)led to the choice
of the P212121space group (Z–+, ~=294.34, D,=l.229 mg m-3,w(CuKr_$=O.747mm-l,F(OOO)=632).The structure
was solved using direct methods from SHEL,K313622program and then refined basing on F* by application of
SHELXL9323.All non-hydrogen atoms were located horn the E-map. All hydrogen atoms were located afler
anisotropic refinement using standard geometrical criteria. In the last cycles of the fill matrix refinement all non-
hydrogen atoms positions together with their anisotropic displacement parameters and the isotropic then-ad
coefficients for hydrogen atoms were refined. Isotopic displacement parameters being 1.5 times larger than the
respectiveparameters of the adjacent carbon atoms were ascribedto the idealizedmethylgroup hydrogens.Thefinal
R, WR(F2)and S were 0.0376, 0.1012 and 1.059, respwtively, for 1452 observed, independent reflections with
1220(1).Weights used were w=l/[@Fo2)+(0.0742P)2+0.1179P] where P=(Fo2+2Fc2)/3.The number of data per
refinedparameter was 1452/204=7.11, and the A/o ratios in the last cyclewas less than 0.001. The peaks on the final
Ap map were in the range -0.124 and 0.226 &-3. The absolute configurationof 21 was verifiedbasing on the Flack
paramete?4 whichwas -0.05(31),

Table 2, Selectedtorsion anglesin the solidstate structure of 21a

C(5)-0(1)-C(I)-C(2) 42.2(2)
0(1 )-C(I )-C(2)-C(3) %.0(3)
C(I)-C(2)-C (3)-c(4) -5.6(4)
C(2)-C(3)-C(4)-C(5) -16.8(3)
C(3)-C(4)-C(5)-0(1) 50.6(2)

-C(4)-C(5)-0(1 )-c(1) %6.3(2)

aAtomnumberingasinFig.1.

Additionof organolithiumcompoundsto enones ha, llb, 12aand 12b.Typical procedure.
To a finelycut lithiumwire (160 m~ 22.2 mmol) suspendedin THF (1 mL) cooled to -10”Cwas added slowly,

with stirring berrzylethyl ether (410 mg, 3 mmol) dissolvedin ether (1 mL) and the mixture was stirred for 1 h at
-lO°C.The benzyllthiumsolutionwas added dropwise via syringeto a cold (-70”C)solution of enone 12a (150 mgj
1.1.mmol)in ether (2.5 rnL). Afler stimingat -70”Cfor 30 minthe reaction mixturewas diluted with ether (25 mL),
quenched with sat. aq. NH4C1,washed with water, brine, dried (MgS04), filtered and evaporated. Flash
chromatographyof the residue on a silicagel columnin a hexane- ethylacetate (4:1) gave homogeneous(tic) adducts
17aand 18a. Yieldsof products obtainedin particularreactions are collectedin Table 1.

Ethyl 4-C-bu~k&@(td-bu@ldimethyls@l}2,3,&tndeo~-&~khex-2*nopy~noside (13a):
IHNMR (2OOMHZ,CDC13)?5:5.91 (old,JZ3= 10.3,J]>= 1.2F@ H-3); 5.67 (old,JI.2= 2.5 I-IzjH-2); 4.93 (ddd, JI,S
=0.6 Hz, 1~ H-l); 4.02-3.73 (W 3~ H-5, H-6, H-6’); 3.82 and 3.57 (tidq, Jda.6, Jq= 7.0 ~ 2N -OCH2-);

1.75-1.25 (W 6fi -[CHZ]3-);1.22(t, 3~ -CH$; 0.90($ 9~ SiC(CH&); 0.12 (s, 3~ SiCHl); 0,11 (s, 3~ SiCH3).
JR (CHC13)VW 3495, 1083,841 cm-l. HRMS calcd. for C&IslOISi (M - OC2H5): Z99.Z04ZS. Fomd: 299.20381.
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Ethyl4-C-bu~l-6-0-(td-bugldimethylsfiyl}2,3,6.tfidmW-~~threOhex.2.enopymnoside (14a):
‘HNMR (200 MHz, CDC1,)& 5,92 (old,JZ3= 10.1,JI,3= 0.7 Hz, lfi H-3); 5.83 (old,J,,, = 2,8 F@ 1~ H-2); 5.02

(~ IH>H-1); 4.01-3.78 (m 3~ H-5, H-6, H-6’); 3.90 and 3.55 (fidq, J, = 9.6, J, = 7.1 HZ,2~ -OCH2-);1.63-
1.56(~ 2~ C4-CH2-);1.36-1.27 (~ 4~ -CH2-CH2-);1.24(t, 3~ -CH3);0.91 (s, 9~ SiC(CH3)3);0.10 (s, 6~
Si(CH3)z).IR (CHC13)v- 3579, 3442, 1099, 1004, 840 cm-l. HRMS cdcd. for C,,H3103Si (M - OC*H,):
299.20425.Found:299.20411.

Ethyl4-C-bu~l-&O-tn~l-2,3dideo~.GD-qthrOhex-2-enopyranoside (13b)25:
‘H NMR (200 MHz, CDC13)& 7,49-7.43 (q 6~ aromatic); 7.36-7.24 (~ 9~ aromatic); 5.89 (old,JZ3= 10.3,
J,,, = 1.1~ 1~ H-3); 5.68 (old,J,,, = 2.5 Hz, lfi H-2); 4.93 (~ 1~ H-l); 4.12 (t, 1~ H-5); 3.94 and 3.54 (2xdq,
J,= 9.5, J,= 7.1 Hz, 2~ -OCH,-); 3.46 (old,J,,,, = 9.6, J,,, = 6.6 Hz>IH, H-6); 3.24 (old,J,,,, = 6.8 Hz, IH, H-6’);
1.50-1.05 (m, 6H, -CH2-CHZ-CH2-);1.27(t, J = 7.0 Hz, 3~ -CH3);0.80 (t, J = 6.8 Hz, -CH3).

Ethyl4-C-bu~l-6-O-tfiql-2,3-dideoxy-GD.threGhex.2-enopyranoside (14b)25:
IHNMR (200 ~ CDC13)& 7.52-7.47 (W 6~ aromatic); 7.34-7.18 (W 9H, aromatic); 5.91-5.80 (m, 2~ H-
2, H-3); 5.08 (bd, J,,2= 2.5 EQ 1~ H-l); 4.16 (old,Js,, = 5.4, JS,,,= 4.2 Hz, IM H-5); 4.1Oand 3.62 (2xdq, Jd =
9.5, J~ =7.1 Hz, 2~ -OCH2-);3.42-3.35 (rq 2~ H-6, H-6’); 1.33(t, 3~ -CH3);1.40-1.10 (W 6~ -CHZ-CHz-
CH,-); 0.83 (t, J = 6.5 Hz>3H, -CHS).

Ethyl4-C-benql-6-O-(td-bu~ldimethylstiyl}2,3,6-tridmW-a-D-qthr&hex-2-enopyranoside (15):
‘H NMR (2OO~ CDCl,) & 7.28-7,20 (p 5fi -C&); 5.62 (old,Jz,,= 10.3, J,,, = 2.5 Hz,lFL H-2); 5.42 (old,
J,,, = 1.I Hz, IH, H-3); 5.01 (old,1~ H-l); 4.12-3.83 (m, 3~ H-5, H-6, H-6’); 3.86 and 3.55 (tidq, Jd= 9.6, J~=
7.1 Hz, 2H, -OCH2-); 2.39 (AB, J~a = 13.3, Am = 6.9 Hz, 2H, C4-CH2-); 1.21 (t, 3~ -CH3); 0.96 (S, 9~
SiC(CH3)3);0.16 (s, 3~ SiCHs); 0.15 (s, 3~ CH3).El (CHCIS)VW 3494, 3006, 2929, 1085, 1010, 841 cm-’.
HRMScalcd. for ClsHzOO&i(M - OC2HS- C&g): 276.11817.Found:276.11746.

Ethyl4-C-ben~l-6-O-(teti-bu~ldimethylsilyl)-2,3,6-trideoxy-~wthreGhex-2.enopyranoside (16):
‘H NMR (2OOMHZ, CDC13)& 7.32-7.23 (q 5~ -C&5); 5.92 (old,J2,3= 10.3, J1,3= 1.1 H.z, IH, H-3); 5.67 (old,
J,,, = 2.5 Hz, IH>H-2); 5.02 (old,1~ H-l); 4.1-3.75 (m, 4~ H-5, H-6, H-6’, O-CH<); 3.54 (dq, Jd= 9.7, Jd = 7.1
Hz, 1~ -OCH<); 3.12 (d, Jm= 13.8~ 1~ C4-CH<); 2.63 (d, lfi C4-CH’<); 1.29 (t, 3fi -CH3);0.92 (S, 9~
SiC(CH~)s);0.11 (s, 6~ Si(CHs)2).HRMS calcd. for ClsHz003Si(M - OCzH~- C&g): 276.11817. Found:
276.11862.

Methyl4-C-be~l-2,3,6-trideoxy-&L~thrOhex.2-enopyranoside (17a):
‘H NMR (200 MHz, CDC13)& 7.40-7.15 (W 5fi aromatic); 5.65 (old,Jz, = 10.2,J1,2= 2.5 Hz, IH, H-2); 5.44 (d,
J,,s = 1.0Hz, 1~ H-3); 4.90 (m, 1~ H-l); 4,03 (q, J,,, = 6.6 Hz, 1~ H-5); 3.46 (S, 3~ OCH,); 2.86 (S, 2~ C4-
CHZ-);1.35 (d, 3~ -CHS). IR (CHC13)VW 3581, 1052, 1009 cm-’. HRMS calcd. for C,3H1502(M - OCHS)
203.10720.Found:203.10701.

Methyl4-C-be~l-2,3,6-trideoxy-~~thre~hex-2-enopyranoside (18a):
‘HNMR (200 MHz, CDC13)& 7.35-7.15 (q 5~ aromatic); 5.90 (old,JZ3= 10.1,J1,3= 2.9 Hz, 1~ H-2); 4.82 (m,
1~ H-1); 4.20 (q, J,,, = 6.6 Hz, lfi H-5); 3.42 (S, 3~ OCH3);2,96 and 2.53 (AB, Jm = 14,7Hz, 2~ C4-CH2-);
1.33(d, 3H, -CH3).IR (CHC13)V- 3577, 1062, 1004 cm”’.HRMS calcd. for C13H1502(M - OCH3)203.10720.
Found:203.10736.

Etbyl4-C-benzyl-2,3,6-trideoxy-a-~erythro-hex-2-enopyranoside(17b):
‘H NMR (200 MHz, CDC13)& 7.35-7.17 (W 5fl aromatic); 5.65 (old,JZ3= 10.2,J,,, = 2.6 Hq 1~ H-2); 5.44 (old,
J,,s = 1.0Hz, 1~ H-3); 5.01 (m, 1~ H-l); 4.06 (q, J~,b= 6.6 Hz, 1~ H-5); 3.86 and 3,57(2xdq, J~= 9.6, J~= 7.1
Hz, IH, -OCHZ-);2.86 (S, 2H, C4-CH2-);1.43 (S, lfi OH); 1,33(d, 3~ C5-CH3);1.25(t, 3~ -CH3).
IR(CHC]S)VU 3580, 1046, 1010cm-].HRMS calcd. for C13H150Z@l - OC2H5) 203.10720.Found:203.1O741.
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Ethyl4-C-benzyl-2g,6-trideoxy-&Hhrea-hex-2-enopyranoside (18b):
‘HNMR (200 MI-@CDC13)& 7.38-7.13 (W 5~ aromatic); 5.88 (old,JU = 10.1,J13= 0.7 fi Ifi H-3); 5.76 (old,
JI,2= 2.9 W, 1~ H-2); 4.94 (d, Jl~ H-l); 4.06 (q, Js,c= 6.5 I-@ IM H-5); 3.83 and 3.58 (tiq, Jd= 9.7, J, = 7.1 ~>
2~ -OCH2-);2.75 (AB, J- = 13.8E@ 2~ C4-CH2-);1.26(d, 3~ C5-CH3);1.23 (t, 3H -CH3).~ (CHC13)VW:
3579, 1064, 1006cm-l,HRMS calcd. for C13HUOz(M - OC2H5)203.10720.Found: 203.10719,

Methyl 4-C-(2,5-dimethoxybenql)-2,3,6-trideoxy-&he~thr@hex-2-enopyranoside (19)2’:
‘H M (2OOhllb, CDC13)& 6.85-6,71 (m, 3H, aromatic); 5.58 (old,Jzs = 10.2, J1,2= 2.4 I-k IH, H-2);
5.46 (old,Jl,q= 0.9 Hz, IH, H-3); 4.88 (old, IH, H-l); 4.05 (q, JS,G= 6.50 Hx, H-5); 3.78, 3.76 and 3.45 (3xs,
3x3H, 3xOCH3); 2.93 (AB, J.s~ = 13.7 Hz, 2H, C4-CHZ); 1.35 (d, 3H, -CH3). IR (CHC13)V~a 3486, 1500,
1465, 1055 cm-l. Anal, calc. for C16H2Z05:C, 65,29; N ‘7.53yo; Found: C, 65,42, H, 7.63%

Methyl 2-C-(2,5-dimethoxyben~l)-2,3,6-tfideoxy-&~threo-hexopyranos id-4-ulose (20):
*HNMR (500 MHz; CDC13)6: 6.76 (d, J3,,4.= 8.84 Hz, IH, H-3’); 6.72 (old,Jq,,b,= 3.0 Hz, IH, H-4’), 6.66 (d,
Jo.,b.= 2.95 Hz, IH, H-6’); 4.62 (d, J1,2= 3.95 Hz, IH, H-l); 4.19 (q, Js,’ = 6.75 Hz, IH, H-5); 3.76, 3.75 and
3.42 (3xs, 3x3H, 3xOCH3);2.77 (old,Jh,z., = 13.26, Jz,z~= 6.32 Hz, IH, H-2a), 2.66 (old,JW = 8.32 Hz, IH,
H-2’a); 2.47 (old,J3,3.= 15.18, Jz,q= 4.88 Hz, IH, H-3); 2.41 (m, IH, H-2); 2.29 (old,J2,3, = 7.9S H% IH, H-

3’); 1.31 (d>J5,6= 6.77fi, 3H, -CH3). 13CNMR (125 MHz, CDC13)& 211.2 (C-4), 153,3 (C-2’); 151.9 (C-
5’); 128.0 (C-l’), 117.3 (C-6’); 111.9 (C-4’); 111.2 (C-3’); 102.2 (C-l); 71.o (c-5); 55.7 (2x0CH3); 55.4
(OCHS);40.1 (C-2); 39.1 (C-3); 33.5 (C-2a), 15.0 (C-6). IR (CHC13)v~a 1725, 1500, 1067 cm”’,Anal. calcd,
for Cl,5H@5: C, 65,29; H, 7.53Yo;Found: C, 65.29, H, 7.51%. HRMS: CalC.fOr C16H2205 (M+): 294.14672.

Found: 294.146352

Methyl 4-C-(2,5-dimethoxy-4-methyIphenyl)-2,3,6-trideoxy-&Le~thro-hex-2-enopyranoside (21):
‘H NMR (200 MHx, CDCl~))& 6.76 and 6.71 (2xs, 2H, aromatic); 6.05 (old,JZ,3= 10.OHz, J1,3= 1.0 Hz, IH,
H-3); 5.91 (old,Jl,z = 2.5 Hz, IH, H-2); 4.96 (m, IH, H-l); 4.16 (q, J5,b= 6.4 Hz, IH, H-5); 3,86, 3.74 and
3.45 (3xs, 3x3H, 3xC)CH3);2.20 (S, 3H, -CH3); 1.08 (d, 3H, CH3),

l,5-Anhydro-6-O-ace&l-4-C-bu@l-2,3-dideoxy-D-e~thr@hex- l-enitol (22):
To a solution of 13a (100 mg, 3 mmol) in ether (5 mL) was added lithium aluminum hydride (50 mg, 1.3 mmol)
and the mixture was stirred overnight at rt. After standard work-up reduction product, treated with acetic
anhydride - pyridine mixture at rt, after work-up and flash chromatography afTorded acetate 22 (58 mg, 850/0).
IH NMR (2OOMHz, CDC13)& 6.31 (dt, JI,2= 6.0, JI,3= JI,3,= 2.0 Hz, IH, H-l); 4.71 (dt, J2,3 = J2,3, = 3.8 ~,
IH>H-2); 4,21 (old,J6,6.= 11.4, J5,6= 2.7 Hz, IH, H-6); 4.10 (old,J5,’, = 8.1 Hz, IH, H-G’); 4.00 (old, IH, H-5);
2.10 (s, 3H, OAC);2.01 (m, 2H, H-3, H-3’); 1.60-1.25 (m, 6H, ‘[CH2]3-); 0.90 (t, 3H, CHS).HRMS calcd. for
CUHXIO,(M+)228.13616. Found: 228.13594.
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