
Biw@anic & Uedicitwl Gemby Lmftcrs, Vol. 4. No. 3, pp. W-414.1994 
C&gh~ 8 1594 Elsevia Science L&i 

RinIcdinGreuBriuin.Allrighurelcrvcd 
0960~894-4 %.oo&00 

096@894X(93)EOO97-K 

AN IMPROVED, PRACTICAL SYNTHESIS OF #HI-D-GLUCOSE 

David J. Hardkka* and (the late) David W. Hutchinsonb 

Dqwtment of ChemistrJ, Univmity of Warwick, Cove&y CV4 7AL, U.K. 

Glucose in the pmursor to an emmous range of primary and smmdary mtabolitcs, including acetate 

andsevcralaminoacidswhicht&msclvcsarc ptecumm to mae complex natural products.t3 Research in our 

labomxy,forexampl~isfomedonthebi osynthe& in Strcptomyccs and Buciili micmorgahms, of the anti- 

Human Innn~~ Vii alkaloid, l-dcoxynojirimycin. Using detailed deutuium labclling expmimcnts, 

we have shown that this alkaloid is produced from glucose and not lium lysin~.‘*~ Gthcr important amine 

sugars, such as the mmmidae inhibitor, l-dcoxymnnojirimycin (cf. manmwe),waefoundtooriginatefroal 

glucoge in the same way by an untmual M-&Mail invasion of the sugar mokcule.3~ 

Often 7 labclkd with the heavy kotopcs of hydrogen can provide detailed information on a 

biosynthetic mchanistic pro&s that is not available from expuimcnts whae W ar other isotopes arc used as 

labels.Thishasmedebretfficientsynthesisddeutaatedor~~glucosesaprimarygoal,especiallyinview 

ofthcirimporcanceinbido~l In a recent publkation,~ it was nqnxtal that ptnta-Oecctyl-l%S-[- 

D-glucose had been pqared frood 3-O-bcnxyl-l,2-G-isopxopylidcne-6-CMritylu-D-xylofuran+5-ulose (12). 

howeve& no ekbaration of the c xpuinMttal method was inclWkd. In this Letter, we present a practical, gram- 

scale synthesis of 5-t%IW-glucose (U) which has been compkted in only seven steps from commrcidly 

WailablesmttingWerials.l%isdiastctWnm ‘tally pure, deutcratcd glucose (l5l is not available commrcially 

andprevkuslitantute syntiesu&‘~* of this coqouml had been relatively incffkient resulting in mixtures of 

diasoaeoisomraoflimitedpractMuseforbinorgtmicstudks. 
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The first of these synthetic routes involves the NaBzI-I.4 reduction of D-xylo-5hexulosonic acid (1) 

(scheme 1). produced iivm D-glucose using Giucotwbacter suix~qdans.~ This reaction had been reported6 to 

give equimolar quantities of the D-gluconic (2) and L-idonic acids (3). after which the acids were lactonised and 

further reduced to the casponding aldoses (4) and (5) rcspectively.7 In our hands, this method produced only 

trace quantities of 5[2H]-D-glucose, a result also mported in the literatum7 An alternative strategy from Mackie 

and Perfin* (Scheme 2). was the (503 oxidation. in low yield, of 1.2~0-isopropylidene-a-D-3,6-glucurono 

lactone (6) to ketolactone (7) and its subsequent reduction with NaBa* This gave a 2: 1 mixture of the gluco 

and ido lactones, (8) and (9) respectively, which required separation. 

The new mute to S-@-I]-D-glucose starts with the commacially available 125.6(U- 

D-glucose (10) which was smoothly converted into the protected furat& secondary alcohol (11) in 3 steps 

(35% overall yield) in accordance with literature ptecedent.9 Alcohol (11) has been oxidised to ketone (12) 

using the conditions of Albright and Goldman (acetic anhydri&YDMSO). although, in our hands, this gave the 

required product contaminated with impurities. ‘0 swan oxidation (-78°C oxalyl chlorWDMSo/NEt~) of (11) 

gave ketone (12) in 70% recrystallised yield. Reduction of ketone (12) with NaB& in CHzClz : EtOH (1 : 

1.25 “IV) led to the g&o diastereoisomer (11) exclusively, by rH NMR spectroscopy, although traces of a 

lower Rf component were detected by TLC (Sit&. Et20 : toluene, 1 : 9 ‘IV). As the absolute stereochemistry of 

(11) is known, the stereochemistry of the product derived from this reduction can be confidently assigned. 

Replacement of the NaB& with NaB%& allowed ready mcorpomtion of deuterium to produce (13). In 

particular, the absence of a multiplet for *H on C5 around 4.17ppm and both protons on C6 displaying only a 

small geminal J value (9.3Hz) were diagnostic, and no vicinal Jn_o was observed. Whereas, J54 (5.5Hz) W&S 

observed in (11). the protio isotopomer of (13). and 52-3 was appproximately OHz in these five-membered 

heterocycles. The origin of the stereoselectivity in this reduction has been alluded to in a synthesis of 

nojirimycin.10 In this case, ketone (12) was converted into the hydroxylamine oxime and reduced with LiAE-4 

or Raney nickel in methanolic ammonia solution. After purification, a 9 : 1 gfuco : ido dhtereomcric do was 

otxrvcd, lmai on circular dichroism measurements, as a result of attack from the least hindemd side of the C5 

carbonyi group away from the C3 benzyl group. Further high stereoselectivities were observed, for the same 

reason, when (12) was reacted with MeMgI to give 3-O-benzyl- 1,2-O-isopropylidene-5-C-methyl-GO-trityl-a- 

Dgluwfuranose exclusively.tt 

Deprotection of (13) by hydmgenolysis of the trityl and benzyl groups failed even at elevated hydrogen 

pressures (up to 100 atm). However. they were cleaved, in 86% yield, by dissolving metal reduction using 

lithium in anhydrous liquid ammonia to give (14). Hydrolysis of the acetonide moiety using aqueous sulfuric 

acid followed by puritication using a mixed bed ion-exchange column, afforded 5-[*HI-D-glucose (Is) in 37% 

overall yield from (11) which co-eluted with authentic D-glucose by TLC (Siq. “BuOH : AcOH : EtOAc : H20. 

1 : 1 : 1 : 1, v/v/v/v). Thus, the regioselectively deuterated glucose (15) [136&l-169] has been prepared on a 

gram scale. ‘H NMR confirmed the position of the label in the isolated glucose (no C5 epimer could be detected) 

and the ammonia CI mass spectrum of the peracetyl derivative showed an enrichment of 92 atom 40 w3 
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AnexcensioaofthestrategypnsentedhaewouldbetotritiateatcSofglucose. Apmvioussyntbesisof 

5-[3H+D-ghzosc h&l not given the nquircd steEoselectivity whal the uitillm isotcpe was inM’2 Hence, 

replacing tbc triphenyltncthyl group of (12) with bcnxoyl and subsequent reduction of rbc ketone with NaB% 

1aI to a 3 : 2 I&o of the cpimclic alcohols having the Lidose and Dglucosc corlfigu.rations respectively. Tbesc 

were then successfully separated by preparative TLC. 12 5-[3H+DGlucosc has also been p~parcd by an 

enzymatic route where D-glycualdehyde-3-phosphate was komrxiscd in 3H2O catalyscd by rriosc phosphate 

isomerasc.13 The hitium enriched glyccraldchyde-3-phosphate was then reacted with dihydroxyacetonc 

phosphate in the presence of an aldolasc enzyme to afford phosphorylated 5-(3H]-D-glucose. The strategy 

presented in thisLctru would achieve the samt result chemically. 

Anhydrous tctrahydrofuran was obtained by distillation from sodium/benzophenone. DicNoromcthane 

andtriethylaminewcrcdisdUcdfmmcalciumhydridc. GxalylcMoridcwasdistiUcdbcforeuscandstoredunder 

nitrogen. Dim&y1 sulfoxide was stored over activated 4A molecular sieve and was not purified fur&r. TLC 

was perfarmed using glass backed Si@ TLC plates (Merck Kieselgel6OF-254) and compounds wcxc visuali& 

with 10% sulfuric acid in ethanol followed by heating with a hot air gun. Merck silica gel 60 (23o-400 mesh 

ASTM) was used for flash chromatography.14 

lHNMR~wmrccadcdat2U)MHzusingaPtrkinElmtrR34orat400MHzusinga BrukerWH 

400 ~~~WXWW. Residual CHC13 (6 7.23ppm) and CHDzGD (S 3.4Oppm) were used as reference signals for 

samples in CDC13 and a-MeOH respectively. Mass spectra were recorded on a Kratos MS80 spectrometer 

using ammonia as the reagent gas for chemical ionisation. 

(11) was synthesised t?om (12) using the same procedure as that outlined below , except that NaB& 

was used instead ofNaB2H4. lH NMR (400 MHz, CDQ3) 6 1.31 (3H, s, Me). 1.49 (3H, s, Me), 2.67 (lH, br 

d. OH, 7.0). 3.23 (H-I, dd. H6. 9.4, 5.5). 3.42 (1H. dd. H6, 9.4, 5.5), 4.03 (lH, d, H3, 3.1), 4.15-4.19 (lH, 

m, H5). 4.32 (lH, dd. H4. 7.6, 3.1). 4.45 (lH, d, PhCH2, 11.6). 4.56 (1H. d, H2, 3.8). 4.61 (1H. d, 

PhCH2, 11.6). 5.91 (lH, d, Hl, 3.8), 7.20-7.45 @OH, m, aromatic H). 

Oxalyl chloride @IL, 23mmol) was added to dichloromthane (5OmL) at -78“C followed by the dropwise 

addition of dimethyl sulfoxkie (3.m 48mmol) over 5 min. The two reagents were stined together for 10 min. 

at -78°C before (11) (112g, Xhmnol) in dicNorou~thane (2OmL) was added dropwise. Immcd&ly following 

the addition. the re.action was warmrd to -WC whereupon the previously cloudy solution cleared. The solution 

was stirred at this temperature for a further 10 min. before tietbylaminc (14.6mL, 105mmol) was added. The 

reaction was allowed to teach room temperature slowly before water (5OmL) and dicNoroa~thane (~&XL) were 

added. The organic layer was separated and washed with more water (2 x 5OmL) and satura& brine (5OmL). 

After drying (MgSO4), the dicNoromethant solution was concentrated in vucuo to give a pale yellow solid. Re- 

crystallisation (cyclohexane) gave (12) (7.820. 70%). TLC (10% diethyl ether : toluenc) indicated that no 

alcohol was present. 
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(12): mp 160-162°C. lit.15 169-171°C, [a]23D = -9.7”C (c = 0.12, CHCl3), tH NMR (400 MHz, 

cDc13) 61.28 (3I-k s, Me), 1.45 (3H, s, Me), 4.03 (lH, d, CH2, 18.2), 4.09 (lH, d, CIi2, 18.2). 4.36-4.40 

@I-i, m, H3 OT H4 and H6), 4.47 (Hi, d, H6. 11.7). 4.50 (H-i, d, H3 CR H4, 3.6). 4.85 (lH, d, H2, 3.7). 5.92 

(1H. d, Hl, 3.6). 7.14-7.44 @OH, m, aromatic I-l), 13C NMR (100.6 MHz, CDC13) 6 26.3, 26.8, 68.2, 69.1, 

72.4, 81.6, 83.4, 84.5, 87.1, 105.6, 106.0, 112.2, 126-128, 136.8, 143.2, 146.8, 202.9. Analysis: found; C 

76.09, H 6.23% cak. for C35H3406; C 76.34, H 6.18%. 

To a solution of (12) (7.76g. 14mmol) dissolved in dichlommethane (6OmL) was added NaI3w (0.6g. 

14mmol) dissolved in ethanol (7SmL). wbal TLC (10% diethyl ethez : toluene) showed that no starting ma&ial 

remaine4& the solvent was evaporated in vf.7~~0 and the Fesidue was dissolved in dichl~ (5omL). This 

solution was washed with water (75mL). dried (MgSO4) and concentrated in vuciw to give (l3) (7.5g.%%). In 

~ti~expaimn*rusingNaBHaanlydK:glucoisomercMlldbtdetectedbytHNMRspactroscopy. 

After rtdraction of (12) with NaB21Q, (13) shows: lH NMR (220 MI-Ix, CDC13) 6 1.32 (3H. s, Me), 

1.51 (3H, s, Me), 2.69, (1H. s. OH), 3.25 (H-I, d. H6. 9.3). 3.45 (1H. d, H6. 9.3). 4.08 (1H. d, H3. 3.1). 

4.37 (lH, d. H4, 3.1). 4.50 (1H. d, PhCH2. 11.8). 4.60 (Hi, d, H2, 4.0). 4.65 (lH, d, PhCH2, 11.8). 6.08 

(lH, d, Hl, 4.0). 7.2G7.60 @I-I, tn. aromatic H). 

This WBS prepared according to InouyelO with modification to the purification. Ammoma gas was 

co&nsedintoadry.mundbottor& flask (25OmL). The total volum of the liquid was apIKoximately 1aklL 

After cooling to -78% the alcohol (13) (3.75g. 6.8mmol) in tetrahydrofuran (25mL) was added followed by 

lithium metal (2Ok.j~. 28mmol). As the lithium dissolved, the solution turned deep red After 45 min. at -78% 

ammoniumchlaide(3.0g,56mmol)was~inpoPtionsandthcrecrctioaweslefttoreschroom~ 

Once the ammonia had evaporated, the Emaining residue was washed npeatedly with tetlahydmfunul. This 

solution was iiltercd and concenaatedtogiveanoff-whitcoitThecnde~uctwastakenupinwam.washed 

with cyclohexane (2 x 4OmL) and lyophilised. After purification (Si&. 5% methanol : ethyl acetate), (14) 

(1.3g, 86%) was obtakd as an amorphous solid 

(14): lH NMR (22OMHz. d.t-MeOH) 6 1.20 (3H, s, Me), 1.36 (3I-I. s, Me), 3.50 (U-I, d, H6. 11.8). 

3.68 (lI-& d, H6, 11.8). 3.94 (1H. d, H3 or H4. 3.3). 4.14 (lH, d, H3 or H4, 3.3). 4.40 (lH, d, H2, 3.6). 

5.81 (lH, d, Hl. 3.6). 

S-[ZHI-D-Glucose(l5) 
1~-2-O-Isopropylidene-5-12Hla-Dgluco-hexo~ (14) (2.%g, 13.4mmol) was dissolved in water 

(4OmL) and conu?nuated sulfuric acid was added until the pH was less than 2 (meter). The solution was then 

hcatcdat900CforlhaftawhichtimcTUJ(109bmethanol:ethylacetatc)showedthatallthestartingmaterial 

had hydrolysed. The pH of the solution was adjusted to 6.6 (meter) with 1M aqueous sodium hydmxide solution 

befofe beiig applied to a short mixed bed ion-exchange column. After eluting with water, the mcovurd eluent 

was lyophilised to yield (15) (1.54g. 64%) as a clear, colourless syrup. 
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(15): lH NMR (400 MHz, &O) 6 3.19 (1H. t, H2p, 8.0), 3.35 (2H, m. H4a and H4p), 3.44 (lH, t, 

H3B, 9.3). 3.48 (lH, dd. H2a. 9.6, 3.8). 3.65 (IH, t. H3a, 9.6). 3.67 (IH, d, H6B, 12.3). 3.70 (lH, d. 

H6a, 12.3). 3.79 (IH. d, H6a, 12.3). 3.84 (lH, d. H6p. 12.3). 4.61 (lH, d, Hlfl. 8.0). 5.18 (Hi, d, Hla. 

3.8) (a aud B refer to the two anomers of glucose with the p anomer constituting approximately 609b of the 

mixtut@. The spectrum compared well with that of authentic D-glucose. H6 for both snomers displayed a 

doublet in the tH NMR spectrum and the H5 resonances for both anomers were absent. MS (peracetyl 

daivative) m/z 409 (M + NH&+, 332 (M + H -AcOH)+. C&I2tO&-I rcquizs m/z 391. 
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