
Note 

A convenient synthesis of D-glucose-2-C-d derivatives, 
and of methyl 4,6-0-benzylidene-2-C-methyl-a-D- 
glucopwanoside 

In connection wirh “Si-n.m.r. studies’ on trimethylsilyl ethers of carbo- 

hydrates. methyl 1 a-D-glucopyranoside--i-C-n (6) ~3s required. The published 

proctdurer for the przpararion of D-glUcOs?. or its deribstibcs. isotopically substituted 

iilrh deutsrium or rrirtum at C-2 involve enzyme-controlled incorporation of the 

isotope from deuterrum oxide or tritiatcd \!akr into D-glucose 6-phojphsk’ or 

D-iructux 6-phosphate3-‘. and the rcductron of sodium D-n~u-ahi,/o-h~~ulosonatz kvith 

lithium borolrirlidth. In each case. careful separation of the compound having the 

required gko-configuration is nsccssary from structural isomers or stereoisomers 

that arc produced concomitantly. Brief rsports’-” of high stereoselecti\ity evhibltcd 

in reductions of certain I-D-arubi,lo-he~op~rsnosid-~-ulosz derivatives prompted the 

development oi a simple, non-rnz>mic synthesis for ~-glucose and its derivatives 

labzlled l\ith dcuterlum at C-2. starting from the readily available” methyl 3-0- 

~enzoqI--F,6-O-brnz~rilicrIc-r-D-,olucop~ranoside (1). 

Oxidation of f \riLh mcrh!I sulpho\lde-phosphorus pentao\ide in h’,:\‘- 

dimethylformsmidz ’ I gabs a chromatographically homogeneous substance which 

appeared to he the hydrate (2) of merh) I j-O-bcnzo~l3.6-O-hcn~l~~~n~-,~-D-arahino- 

he\opyranosid-2-ulosz (3). Although the product had a large m.p. range and no 

satijfactov elemental snalysls was obtslned. ftirther rec~stallisstions and preparsti\e 

layer chromato,oraphy did not alter its physical prOpertie The n.m.r. spectrum 

indicated, unzqui\ocally, the struct?lrc 2. and pror idcd no eilidence for the prcsrlnce of 

an)’ impurities. The i.r. specrrum showed absorpIions for hjdroxyl groups, In addition 

to the ekpectzd carbonyl ahsorprion. 

Complete dehydration of 2. IO afford ketone 3, was not achicvcd by repeated 

azeorropic removal of \iatcr \iirh tolucnrl. Although an absorption for h>droxyl 

groups in the i.r. spectrum of the glassy msterial so obtained was only just dacctable. 

cr>stallisation of the substawe from dichlcromethane-light petroleum gale highly 

cr-stalline martrral (mainly ketone 3) which melted oier a large temperature-ran,ue. 

This range varied with each preparation. but at its narroi\cst was U-64’. Prolonged 
drying of h:,drare 2 in ~uruu produced marzri?l \%hicb gale an i.r. spectrum very 
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similar to that of this crystalline material. and which had an ekmental analysis close 

to that espticted for 3. 
Collins and his co-\\orkerj’ ’ reported the preparation of3, haking m-p. 51-52’. 

by the oxidation of 1 nith n-wh>I sulpho.uide-dicyclohe~ylcarbod~-imldl:’”. Thclr 

n.m.r. data for this compound agree dell with the corrcspondlng data for the de- 

hydration product of 2 prepared in this Hark. in this laboratory, rcpeiiricn of the 

described ’ ’ prepsrrlrion of 3 afforded material hs~ing i.r. and n.m.r. spectra in- 

distinguishable from those of the compound ohtaincd 1.i~ thz oxtdalion of 1 \!.rth 

methyl sulphouidc-phosphorus pentao\idc. and Gmilar melting-point heho\iour \\a~ 

obserbed. It is concluded that the complete dehydration of 2 prclceeds only \\ith 

difizulty, and !hat the hydration of 3 doe3 not occur jtoichlometrically. 

Reduction of hbdratc 2 \\ith sodium borodeuteride in ethanol solution gake 

an immediate prscipitate of the 3-benzoate. L\ hich M~S debenioblsted to aHord mclhj I 

4.6-O-benzylidene-a-D-glucopyranoside-2-C-d (4) In 5996 o\crall lieId. Catalytic 

hydrogenolysis of4 gave methyl ‘x-D-g,lucopgranosidrl- -?-C-l;/(6), in N hich the extent of 

deuterium incorporation wa3 shol\n to be not less than 96”; b] ewminatlon of the 

mass spectrum of the tars-O-acetyl derivatilc 7. Hbdroljsis of the gljcoside 6 gay< 

D-glucose--7-C-d. which \{a~ characteriscd 95 it5 penta-acetate 8. 

The high stcreoselecri\ity of tr~z reduction prompted an inbestigstion Into the 

stereochemistry of the reaction of3 with a Cirignard reagent. Treatment of 3 \\ith six 

molar equilaleots of methvlma,unesium iodide in ether, ivith lsolatlon of tlx maJor 
reaction product by p.!.c., esvc cvstalline methyl ~.h-O-benzqlidtlne-7-C-methyl-r-D- 

glucopyranoside (5). The configuration at C-2 in 5 was ascertained by measurement 
of the circular dichroism (c.d.) qectrum of a solution containing equal amounts of 

the diol and tris(dipivalomethanato)pmseod~mium I’. The positive evtremum of thr 

c.d. curve at 315~ nm indicated the gllrco configuration of the product: the 117~711110 

isomer would he elrpected to gi\e a cuwe having a negative ektrenum at this ~a\e- 
lcngt h. 

EhPERI?.IENT4L 

Preparatke layer chromato,oraphy was performed on Klesel,oel PF,,, . N.m.r. 
spectra were measured with Varinn HA-IOO or Perkin-Elmer R-12 instruments 
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!\eere collecred and dried in zwcuo over phosphorus pentaovde. The maternal (2.2 g), 

which had an RF value identical to that of I (t.1.c.: toluene-cthyi acetate. &I). was 

suspended in methanol (50 ml), and sodturn (0.02 g) N;LS added; dissolution of the 

solid occurred during 15 min. hfter 65 h at room temperature, solid carbon dioxide 

was added to the mixture, and the residue obtslned on concentration of the solution 

was triturzted with light petroleum. Crystallisntion of rhe resulting solid from ethyl 

acetate-light petroleum gake 4 (I .3 (I, 69 oh based on 2), m.p. 167-169 . [rlD + 105’ 

(c 0.2. chloroform): lit.” for the uni?bellrd compwnd. m.p. 163-163’. [x]~ + I IO- 

(c 2. chloroform). The n.m r. spectrurr, of 4 in (CD,),CO \$a~ simtlar IO that of the 

undeuterated compound. but the slpnal for H-l was a singlet at ‘5 4.7 instead of the 

doublet at ci 4.7 (J, .?. A Hz) observed In the latter case. 

A/erir.d :I-D-glrrc~i~p.~.nlrro c rrk 7-2-C-d (6). - A solution of 4 (0.96 g) In methanol 

(20 ml) containing one drop of trifluoroacetlc acid was slirred under hydrogen in the 

presence of palladiumxharcoal (0.1-I g) for 4 h After filtrstlon through kleselguhr. 

the solution was concentrated. and thz residue .%as crystalllsed from ethanol at 1 to 

,ul~e 6 (0.56 g_ 85?5). m p 169-171.. The n.m.r. spectrum In DIO was similar to that 

of undeuterated compound. but H-l apprzred ai a 5inplet at A 4.7s. Instead of 3 

doubler at ri 4.79 (J, .z -I Hz) in the latter case 

Treatment oi 6 with ac:Iic anhydride in p)rldlnc atl‘ordcd the tetra-acetate 7. 

m.p. IO?-103.. In the mass spectrum of7. the peal\ of highest rrr/e Lalue was at 33-3 

(hl - Ohlr) The ratio of intrnsitles of prahs at III/P 332 and 33 I Indicated that 7 was 

2 %I*‘, monodcuteratcd. 

Pt~t~ra-O-c7~e~f~~i-~-D-gl~tcop.i r.,wosc-2-C-d (8). - ,A solution oi 6 (0.1 p) in 0.51 

hydrochloric acid ~2s heated under refluv for I3 h After neutralization irith 

Ambcrlite IR-45 (HO-) ion-exchange resin (5 ml\. the solution \\as concentrated, and 

\\ater i\as rcmo\ed from the residue by azeotroplc dlsrlllatlon bbith absolute ethanol. 

The solid was dlrjol\ed III the mInImum qu;rltll\: oi \\ater. absolute ethanol (4 ml) 

added. and the solution itas seeded \\ith D-flUCOSrl. After I \xeek. the crystal< (0.12. ~1 

\\ere collected. and acetylated \\ith acetic anhydride-sodium acetate to eH;xd. after 

two recrystallisations from ethanol, 8 (0.07 9). m p. 130--I 32.. N.m r. data (CDCI,. 

100 hlHz): 6 1.99. 2.01 (x Z), 206. 2.09 (4 s. Ok). 3.70-3 3-l (m. H-5). 3 Y6--LlO 

(complex m. H-6,6’), 1.96-5.3-l (m. H-3.-I). and 5.7 ls. H-l). The n.m.r. spectrum In 

CDCIJ was similar to that of the undeuterated conlyound’“: in the latter case. the 

signal for H-l is a doublet at 3 5 76 (J, 2 6.9 Hz). 

Merlr~~I ~.4-O-brtr~~~lr~rttr-_‘-C-ttt~~lt~ I-x-o-ylrrrop~ ratro,rcie (5). - The cqxtalllne 

oxidation product 2 (1.3 g) {{as dehydrated by azrlotroplc removal of skater \rirh 

toluene (5 x 30 ml). A solution oi the resulting jbrup in ether (50 ml) was added 

during I h. with stirring. to an ethereal solurlon of meth>lmagnesium iodide, prepared 

from magnesium (0.49 g), methyl iodide (I 3 ml). and ether (I I ml). After I2 h. water 

(2 ml) \ias added and the ether was evaporated under reduced pressure. Chloroform 

(75 ml) and water (7.5 ml) were added. the mi\turs Has fltercd through hie~slguhr. 

and the chloroform layer was dried (Na,SO,) and concentrated. T.1.c. (ethyl acerate- 

toluene. ]:I) indicaied a major reaction product (Rr 0.7) l\hish was then isolated b, 
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p.l.c. CrysrGsation of the syrup (0.59 p) from ethyl acetate-light petroleum @ve 
material (0.4 8) which, after two further recrystallisations, gave 5, m.p. I S6-i W, 
[bjD +80’ (c 0.3, cbforoform). N.m.r. data (CDCI,, 100 hlHz): 8 1.31 (s. C-Me), 

2.50-2.7@(br, 2 OH), 3.40(s. OMc), 3.45-4.34(complexm, H-3,4,5,6.6’),4.42!(s. H-l), 
5.50 (s, benqlic-f-!). nnd 7.X-7.60 (m, A--H). 

..I&. Calc. for C,,HzoOG: C. 60.8; H. 6.8. Found: C, 60.6; H, 6.7. 
The c.d. spectrum of a solution of 5 (3 me) in carbon tetrachloride (100 ml) 

containing tris(dipivziomtthanaro)praseodymium (7 mp) had de f0.73 at 3 I5 nm. 

A solution of IFe dibenzoate of S in methanol gave 3 c.d. spectrum with 4s 
I- 18.13 at 235 nm, confirrnin_p” the gllrco conf&ursrion. 

The author thanhs Dr. P. hI. Collins for probiding an n.m.r. spectrum of 3 and 

for helpful discussion. 
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