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Large-scale preparation of D-allose : 

observations on the stereoselectivity of the reduction 
of 1,2:5,6-di-O-isopropylidene-a-D-r~~o-hexofuranos-3-uIose hydrate* 
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Department of Chemistry, The Ghlo State Umversrty, Columbus, Ghlo 43210 (U S A ) 

(Recewed Aprl25th, 1972, accepted for pubhcatlon, May 19th, 1972) 

The title ketone, obtamed 1-S by oxidation of 1,2 5,6-dl-O-lsopropyhdene-x-D- 
glucofuranose (l), IS knownle5 to undergo reduction almost stereospectically by 
borohydrzde to give 1,2 5,6-di-O-lsopropyhdene-oc-D-allofuranose (3), and it has been 
reported6 that reduction of the ketone with hthmm alummum hydride gves a 7 3 
mixture of the allo and glzlco derrvatzves, 3 and 1, respectively The synthetic utlhty 
of the title ketone, and the convement access that It offers to the rare, naturally occur- 
ring’ sugar D-allose, prompted a thorough evaluation of synthetic procedures for 
convertmg 1 mto 3 by way of the ketone, the cyanohydrm route* to D-allose from 
D-ribose affords only a 30% yield An Interest in this laboratory in the syntheses of 
sugars havmg specific deutenum (or tritzum) labeling, by reductzon of carbonyl 
sugarsg*10 or by enohzatlon proceduresg-“, prompted conslderatron of the reduction 
of the ketone with lithium alummum deutende to afford, albezt as the mmor product, 
a C-3 labeled denvatlve of D-glucose that would be useful for blochemzcal stu- 
dles’o.12 13 

This report describes the result of a detazled evaluation of synthetic procedures 
for the ketone and its subsequent reduction to 3 and further conversion mto 4 It 
also Bves quantitative data on the product dlstrlbutlon in the reduction of the hydra- 
ted ketone (2) by sodmm borohydrlde, hthmm alummum hydride, and sodmm bls(2- 
methoxyethoxy)aIummum hydnde (“Vltnde”). For the oxldafion of 1 to 2 it was 
found that the methyl sulfoxlde-acetic anhydrIde procedure apphed to carbohydrates 
m ths laboratory l 4s l5 and Independently by others4a1’ was less effective for large- 
scale (125 g) work than an improved verszon of the procedure5 employmg a catalytic 
amount of ruthemum tetraoxlde that IS contmuously regenerated” by the actlon of an 
excess of potassmm metapenodate For converslon of 2 into D-allose (4), the best 
procedure found Involved reduction of 2 with borohydnde and hydrolysis of the 

*Supported, m part, by the Natlonal Institutes of Health, U S Pubhc Health Service, Department of 
Health, Education, and Welfare, Bethesda, Maryland 20014, Grant No GM-11976 (The Ohlo 
State Umverslty Research Foundation Project 1820) 
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product 3 by use of a catlon-exchange resm It was found that all three of the reduc- 
tants exammed gave >98% of the allo product 3 from 2, and a preparatively useful 
route to C-3 labeled denvatlves of D-glucose was not achieved 
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The procedure for oxldafion of 1 to 2 IS essentially a large-scale adaptation of 
an earher procedure’ that employs a water-chloroform system and a catalym. amount 
of ruthemum tetraoxlde, wluch IS regenerated contmuously by the presence of excess 
penodate The procedure was found qmte effective on a 0 5-mole scale, provided 
that vigorous stlrrm g was mamtamed by use of a heavy-duty stlrrmg motor and a 
Morton flask Tt was necessary to avold over-oxldatlon of the ketone (presumably 
Ieadmg to a iactone”), as this resuited m a marked decrease m yleid 

The stereoseIectlvlty of the reduction of 2 by various reductants was examined 
by use of a g 1 c system that gave a clear separation of 1 and 3, and verified that the 
hydrated ketone 2 used was free from any trace of the precursor 1 Reduction with 
borohydnde was found to give an exceedmgly small proportlon (c <O 5%) of the 
g!rrco Isomer I, and the use of “Vltrrde” was also extremely stereoselectlve, glvmg 3 
as the prmclpal product and only 1 4% of 1 When hthmm ahnnmum hydride was 
used, the mam product, either from the hydrate 2 or the correspondmg parent ketone, 
was agam the allo Isomer 3, and the proportlon of g&o Isomer (1) formed was found 
to be only 2 7% This result IS at vanance with the hterature report ’ that this reductron 
affords 1 and 3 m 3 7 proportlon, such a dlstrlbutron might have been observed had the 
ketone contamed some of the unoxldlzed precursor It IS concIuded that reduction 
of 2 with the three reducing agents exammed does not afford a method that can be 
adapted convenientIy for preparatron of D-giucose-3-d, although mmute quantltles 
of D-glucose-3-t have been obtained by this method”. 

Preparative reduction of 2 with sodmm borohydrlde gave 3 m excellent yield, 
and the latter was hydroIyzed m water at 45” w&h Amberhte IR-120 (H+) resm to 
afford D-allose, Isolated as the crystaIime j?-pyranose anomer (4) m essentially quantl- 
tatlve yield Exammatlon of the mother hquors after crystalhzatlon showed that less 
than 0 2% of D-glucose had been produced m the reaction 

This procedure has been repeated many times by experienced expenmentahsts 
and aIso by begmnmg undergraduate students, and has been found consistent and 
reproduclbie, It Bves D-aIlose m 68-70% overall yield from 1,2 5,6-dl-O-IsopropylI- 
dene-a-D-gIucofuranose (1) In our hands, the methyl sulfoxlde-acetlc anhydnde 
procedure 4~14*16 for ox&zmg 1 to the 3-ketone4*lg is less effective for large-scale 
work as It IS lower-yleldmg, Bves an Impure product, and 1s exceedmgly malodorous 
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JsxPEEuMENTAL 

General methods - Evaporations were performed m uacuo at -40’ Meltmg 
pomts were determmed wrth a Thomas-Hoover “Ummelt” apparatus and are uncor- 
rected G 1 c was performed wrth a Beckman GC-5 dual-column Instrument equipped 
with flame-romzatron detectors, and hehum was used as the carrier gas Condmons 
were erther A, a 3 mm x 3 3 m column of 10% Carbowax 20M on 60-80 mesh HMDS 
Chromosorb W, hehum flow-rate 80 ml/mm, column temperature 200”, mJector tem- 
perature 250”; or B, a 3 mm x 1 8 m column of 3% SE-30 on 80-100 mesh Chromo- 
sorb P, helmm flow-rate 40 ml/mm, column temperature 155”, InJector temperature 
240” Retentron trmes grven are adJusted values, relatrve to the solvent peak, which 
was taken as trme zero Standard solutrons of compounds 1 and 3 were used to cali- 
brate the detector response to allow conversron of peak-area ratros mto quantrtatrve 
ratros, the two compounds gave almost rdentrcal responses T 1 c was performed on 
0 25-mm plates of srhca Gel G (Merck) activated at llO”, and 10% aqueous sulfur-m 
acid was used for detectron 

Preparatzon of 1,2 S,d-dz-O-zsopropyIzdene-u-~-nbo-12exof~ranos-3-~lose lzydrate 
(2) - To a well-stn-red solution of 1,2 5,6-dr-O-rsopropybdene-cr-D-glucofura- 
nosel’**O (1, 125 g, 0 48 mole) m 550 ml of alcohol-free chloroform (prepared by 
passing reagent-grade chloroform through a 3 x50-cm column of neutral alumma, 
actrvrty I) contamed m a 3-1 Morton flask (a flask wrth indented srdes), was added 
water (500 ml), potassmm metaperrodate (165 g, 0 72 mole), potassmm carbonate 
(18 g), and 2 g of ruthemum droxrde (50&O% hydrated reagent, Engelhard Industries, 
Newark, New Jersey, U S A ) The mixture was stirred vigorously for 12-15 h at 
~25”, by whtch trme t 1 c (1 1 ether-chloroform or 19 1 benzene-methanol) mdlcated 
complete drsappearance of the startmg matenal 1 (RF 0 37 and 0 45, respectrvely) 
The resultant ketone hydrate (2) was observed as a slower-mrgratmg zone (RF 0 31 
and 0 39, respectively); m some preparatrons a faster-mrgratmg zone, presumably 
the parent ketone, was also observed * The oxrdatron was then termmated by adding 
2-propanol(50 ml) and stnrmg the mixture for 10 mm The mrxture was then filtered 
through a pad of Cebte, and the filter was washed wrth two 50-ml portrons of chloro- 
form The organic layer was separated, and the aqueous phase was extracted wrth 
three 200-ml portrons of drcbloromethane The combmed organrc extracts were dared 
(magnesmm salfate) and evaporated to give the hydrated ketone 2 as a yellowish, 
crystalline sohd suitable for use dnectly m the next step 

Dlssolutron of the crystalhne mass m ~250 ml of warm ether, add&on of an 
equal volume of warm petroleum ether (b p. 30-60”), and allowmg the product to 

*If t 1 c showed mcomplete reactron, addmonal potassmm metapenodate and potassium carbonate 
were added, and the reactton was aliowed to proceed untrl no component correspondmg to 1 could be 
detected (generally 2-3 h) Thss step was reqmred tf removal of alcohol from the chlorofo~ WaS 
incomplete It was important to ensure that excess reagent (mdrcated by a greemsh coloratron) drd 
not remam m the mrxture longer than necessary, as the product 2 IS susceptrble to further oxrdatton, 
leadmg to substantml decrease m *yield 
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crystalhze afforded pure 2 (114 g, 86%), m p 111-l 12”, [a];’ +44” (c 1, ethanol), 
lit ’ m p 112-l 14”, [aln +44 5” (ethanol) 

Preparatzon of I,2 5,6-dl-O-lsopr”l?vlrdene-a-D-allofuranose (3) - The non- 
recrystallized product from the preceding preparatton was dissolved m 700 ml of 3 7 
ethanol-water, and 12 g (1 3 equrvs ) of sodmm borohydrlde was added portlonwlse 

at -25”, with stn-rmg and coolmg to moderate the mtldly exothermrc reaction 
After 1 h the solutton was evaporated to -500 ml Water (200 ml) was added and the 
solution was agam evaporated to -500 ml The solutron was extracted with four 
200-ml portions of dichloromethane, and the combmed extracts were dried (magne- 
slum sulfate) and evaporated to grve crystalline 3 (94 g, 75% based on l), suitable for 
use directly m the next step Recrystalhzation from cyclohexane gave analytically 
pure 3, m p 75 5-76”, [a]*2 +37 8” (c 1, chloroform), ht 6_ m p 75-76”, [a],, +38” 
(chloroform) 

Preparation Of j?-D-dhe (4) - To a stirred suspension of 3 (90 g, 0 35 mole) 
m water (700 ml) kept at 45 +5” was added 150 g of Amberhte IR-120 (H+) ton- 
exchange resin (moist resin, 50 mesh, analytrcal grade) The rmxture was stirred for 
3 h, and then filtered through a pad of Celrte, and the resm was washed with two 
50-ml portrons of water The filtrate was etther lyophihzed or evaporated, to give 
crystalhne 4 (62 g, 99 5%) The product was recrystalhzed by drssolvmg It m the mnn- 
mum volume of water at 60” and addmg 2 vol of ethanol Slow coolmg and seedmg 
gave whrte crystals of chromatographrcally and analytically pure p-D-allose (4) 
(yreld 59 g) From the mother hquors there was obtamed, after slow crystalhzation 
at -2O”, a further 2 55 g of 4 (total yield 61 55 g, 98 8%), m p 141-142” (ht ‘I 
m p 141-142”) (a drmorph havmg m p 128” was also encountered on occaston), 
[a]‘,” -2 5” (2 mm) + + 14 5” (equal , c 1, water, complex mutarotatron observed) 
(in 22 [cY]~ + 14 4” in water), Rplucose 1 28 (chromatography on Whatman No I 
paper; 8 2 1 ethyl acetate-pyndme-water as developmg solvent) 

The resrdual syrup (0 45 g) obtamed by evaporation of the final mother liquor 
was trimethylsilylated with N-(tnmethylsilyl)tmidazole m dry pyridme (“Trr-Sri Z”, 
Pierce Chemical Co , Rockford, Illinois, U S A ) G I c analysis in system B showed 
three maJor components, one correspondmg to per(tnmethylstlyl)ated P-D-allose 
(retentton time 10 2 mm) m -75% proportton, and the other two correspondmg to 
per(trtmethylsilyl)ated a (and 13)~D-glucose (retention times 12.1 and 18.9 mm, res- 
pectively m -25% proportion) The amount of D-glucose detected corresponds to 
0.15% of 1 and 99 85% of 3 being formed in the borohydnde reduction of 2 

Analytwal studies on the redrrctlon of the hydrated ketone 2 - A With lrthm 
aZumznum Izydrzde To a solutton of 210 mg (0 76 mmole) of 2 (shown to be free of 1 
by g 1 c m system A) m anhydrous ether (20 ml) was added lithium alummum hydrrde 
(30 mg), and the mrxture was heated for 4 h under reflux m an atmosphere of nitrogen 
The solutton was cooled and the excess reagent was decomposed by adding 10% 
aqueous ammomum chlortde (0 5 ml) The mixture was filtered, the salts were washed 
wrth three 5-ml portions of ether, and the filtrate was dned (magnesmm sulfate) and 
evaporated to a syrup that crystallized to a sohd mass upon addrtton of ether (183 mg, 
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93%) A solutron of this total, crude product in tetrahydrofuran was analyzed by 
g 1 c (system A), and three components were observed, the major one (97 3% of the 
reduced products, T 43 6 mm) corresponds to the aIIo derivative 3, a mmor component 

(2 7 +O 5% of the reduced products, average of 3 expenments, T 49 1 mm) corres- 
ponds to the gluco denvatrve 1, and a rap&y eluted product (N 10% of the total pro- 
ducts, T 1 9 mm) corresponds to the peak obtamed when the unreacted ketone hydrate 
2 was processed srmrlarly Crystalhzatron of the crude product from cyclohexane 
afforded 170 mg (86%) of pure 3 

Sunrlar results were obtamed when the nonhydrated ketone was used as startmg 
mater& 

B Wzth sodzum bzs(2-methoxyethoxy)aZtzmzrtum hydrzde The foregoing proce- 
dure (A) was repeated with 102 mg (0 37 mmole) of 2, but with 0 5 ml of a 70% 
solution (I 79 mmole) of sodmm bls(2-methoxyethoxy)alummum hydrxde (“V~tride”, 
Eastman Orgamc Chemicals, Rochester, N-Y, U S A ) m benzene as the reductant 
The crude product was freed from 2-methoxyethanol by keepmg It zn vaczo at 5 tort. 

G 1 c analysis (system A) of the product (95 mg, 96%) mdrcated 3 as the near-exclusive 
product, and the proportion of a component correspondmg to the gluco denvatrve 1 
amounted to only 1 4&O 5% (average of 3 expenments) Crystalhzatron of the pro- 
duct gave pure 3 m tigh yield 

C Wzth sodztzm borolzjdrzde Reductron of 2 (100 mg) by a scaled-down 
version of the preparatrve expernnent already grven, and g 1 c analysis of the product 
(system A) showed quantttatrve reductron of 2 and the near-exclusrve formation of the 
aZlo derrvatrve 3 Only a trace (~0 5%) of the gZuco product 1 was detected 
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