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ABSTRACT 

Acetonation of D-allose m the presence of sulfuric acid sves 2,3 5,6-dl-0- 
lsopropyhdene-P-D-allofuranose (4) In good yield Oxldatlon of 4 with methyl 
sulfoxlde and acetxc anhydnde gave 2,3 5,6-dr- O-lsopropyhdene-D-allono-l&lactone 
(7) Compound 4 was also obtamed from 1,2 5,6-dl-O-lsopropyhdene-a-o-allofuran- 
ose (1) in one step by an acetal-mlgratlon reactlon The acetonatlon of D-nbo- 

hexulose (D-pacose) m the presence of anhydrous copper sulfate and sulfuric acid 
has been re-exammed, and the main product has been shown to be 1,2 3,4-dl-0- 
isopropyhdene-D-pacofuranose (12), by converslon of 12 into 6-deoxy-D-pslcose (16) 
through 1,2 3,4-d~-O-~sopropyl~dene-6-O-p-tolylsulfonyl-D-ps~cofuranose (14) 

INTRODUCTION AND DISCUSSION 

Recent advances with oxidants such as ruthemum tetraoxlde’ and methyl 
sulfoxlde w&h acid anhydrldes ‘* 3 have greatly faclhtated stules on rare sugars4 
For example, convenient preparations through oxldatlve procedures of D-allose 
from D-gluCOSe3’ 5, and D-nbo-hexulose (D-pslcose) from D-fructose6 ‘, have been 
reported m recent years Nevertheless, only a few derlvatlves of these two sugars are 
known These sugars have stimulated the attention of blochemlsts smce, although 
D-allose IS still unreported m Nature, D-pslcose has been shown to exist m molasses*, 
Itea plantsg, human urine’ O, antrbrotics’ ‘, and metabohtes of Pseudomonas methcz- 

maL2. In tlus paper, the clusopropyhdene acetals of D-allose and D-pslcose are 
described 

Crystalline D-allose was prepared 3V5 from 1,2 5,6-dl-O-lsopropyhdene-c- 
glucofuranose, and a crystalhne acetate (2) and benzoate (3) of the mtermehate 
1,2 5,6-dl-O-lsopropyhdene-cz-D-allofuranose (1) were prepared. 

Acetonatlon of D-allose m the presence of sulfuric acid ylelded a crystalhne 
dusopropyhdene acetal (4) m good yield as the sole product (t 1 c). The dracetal 4 
was apparently different from the known dlacetal 1 and gave a crystalhne mono- 
acetate (5) and mono-benzoate (6) On the other hand, compound 4 was resistant 

iAfter submlsslon of this manuscript, a paper entItled “The acetonation of D-allose” by J M 
Ballard and B E Stacey appeared In this Journal, 12 (1970) 37 
*School of Medlcme, Hokkaldo Uruverslty, Sapporo, Japan 
**Faculty of Pharmaceutical Sciences, City Uruverslty of Nagoya, Nagoya, Japan 
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to sulfonylation by p-toluenesulfonyl chloride m pyrrdme This fact lmphed that the 
anomerlc hydroxyl group of 4 was free l4 Compound 4 did not reduce Fehhng 
solution, but it IS known that 2,3 5,6-dl-0-lsopropyhdene-c+D-mannofuranose, which 
has a free hydroxyl group at the anomenc carbon atom, also resists the actlon of hot 
Fehhng solution 15. 

The structure of 4 was tentatively assigned as 2,3 5,6-dl-U-lsopropyhdene-/3-D- 
aIlofuranose because oxldatlon with methyl sulfoxlde and acetic anhydrlde gave a 
lactone that was considered to be 2,3 $6~&-O-isopropyhdene-D-alIono-I&l-lactone 
(7), smce It had a characterlstlc 1 r absorption maximum at 1785 cm- ‘, typlcal of a 
y-lactone16 The anomerlc configuration of 4 was deduced by n m r spectroscopy 
(chloroform-d) The H-l sIgna of 4 appeared at low field as a smglet at 7 4 65, and 
the small couplmg (J1 2 t0 5 Hz) signtied a trans-arrangement” of the protons at 
C-l and C-2 

Further confirmation of the furanose structure was provided by mass spectro- 
scopy As shown m Figs I and 2, a peak at m/e 101 was pronunent m the mass spectra 
of 1 and 4, mdlcatmg the well known fragmentation process of sclsslon of the C-4-C-5 

bond m the dl-0-lsopropyhderlealdohexofuranose structure”. The mass spectra of 
IL and 4 are closely similar Peaks at m/e 245 (M - 15), 187, 159, 127, 73, 59, and 43 
Indicated that both 1 and 4 have a dl-0-lsopropyhdenealdohexofuranose structure 
Compound 4 has an additional peak at m/e 243 (M - 17), because of the location” 
of the hydroxyl group on the anomenc carbon atom rather than on C-3 These 

-results are m good agreement with the data reported for the chacetal of D-talose” 
Treatment of 1,2 5,6-dl-0-,sopropyhdene-a-D-allofuranose (1) with sulfurx acid m 

acetone gave 2,3 5,6-dl-U-lsopropyhdene-/I-D-allofuranose (4) m high yield The 

Rg 1 The mass spectrum of 2,3 5,6-dl-O-lsopropyhdene-p-D-ailofuranose (4) 
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Fig 2 The mass spectrum of 1,2,5,6-dl-0-lsopropyhdenea-D-allofuranose (1) 

facile mlgratlon of the 1,2-acetal group IS consistent with recent observations on the 
rates of hydrolysis of 1,2-O-lsopropyhdenealdoses’ 3 

In 1935, Stelger and Relchstem2’ reported that acetonatlon of r_-pslcose m the 
presence of anhydrous copper sulfate and sulfunc acid gave a crystalhne dlacetal 
as the mam product The structure of 1,2 3,4-dl-O-lsopropyhdene+pslcofuranose 
was assigned smce oxidation with potassium permanganate gave a carbovyhc acid (m- 
dlcatmg a primary hydroxyl group) which, after the removal of the lsopropyhdene 
groups, was not converted mto the so-called ascorbic acid homolog (that IS, It was not 
a 2-ketohexanolc acid) Later on, the dlacetal of the D-sugar was also reported by the 
same authors2’ The ready avallablhty of D-pslcose 6 ’ facdltated a re-exammahon of 
the dlaceta12 ‘. The mtermedlate, known 6 7 dlacetal 1,2 4,5-di-O-isopropyhdene-D- 
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pslcopyranose (9), was further characterized through the preparation of a crystalhne 
3-benzoate (10) and a crystalline 3-p-toluenesulfonate (11) 

Acetonatlon of D-pslcose accordmg to the directron of Stelger and Reichstem2’ 
m the presence of anhydrous copper sulfate and sulfunc acid ylelded a crystallme 
dlacetal (12) havmg physrcal constants as stated. The acetal migration procedure6 
from 9 also gave the same diacetal 12 m high yield Benzoylatlon or p-toluenesul- 
fonylatlon of 12 m the usual manner gave the crystalline 6-benzoate (13) and 6-p- 
toluenesulfonate (14), respectively, m good yield 

Although 6-p-tolylsulfonyloxy groups m aldohexose derlvatlves undergo 
reduction with hthium aluminum hydride to ave 6-deoxy denvatlves, 
1-p-tolylsulfonyloxy groups m ketohexoses, on the other hand, are usually only 
desuIfonyIated . I4 Accordmgly, It was expected that the sulfonate 14 would be de- 
sulfonylated to the orlgmal dlacetal 12 by hthmm alummum hydnde rf the tosyl 
group were to be at C-l 

However, treatment of the sulfonate 14 w&h hthmm alummum hydride m 
tetrahydrofuran yIelded a desulfonyloxylated product, 6-deoxy-1,2 3,4-dl-O-lsopro- 
pyhdene-D-psicofuranose (15) as a moblle syrup, mdrcatmg that the sulfonyloxy 
group had been at C-6 Defimtlve structural proof for 15 was provided by n m r 
spectroscopy, smce the newly formed methyl group m the sugar moiety resonated as 
a doublet (J = 6 Hz) centered at z 8 75 The appearance of ths sIgna as a doublet 
mdlcated that it arose from a methyl group at C-6, smce a methyl group at C-l of a 
ketose would have resonated as a smglet 

Removal of the lsopropyhdene groups from 15 gave syrupy 6-deoxy-D-psrcose 
(la, which was characterized as its known phenylosazonez2. The anomerlc con- 
figuration of the D-pslcose denvatlves IS still unknown 

Furanose denvallves such as 4 and 14 are of interest, smce they provide poten- 
teal mtermehates for the preparation of nucleosldes contammg these sugars23. 

EXPERIMENTAL 

General. - Meltmg pomts are uncorrected Evaporations of solvents were 
conducted under dlmmlshed pressure below 40” ReactIons were followed by t 1 c 
on Slllca Gel G (E Merck, Darmstadt, Germany), with solvent systems (A) 4 I(v/v) 
benzene-ether, (B) 3 1 ethyl acetate-hght petroIeum (b p 30-70”), and (C) 19 i 
benzene-methanol DetectIons were effected with sulfunc acid or Iodine vapor 
Descendmg paper chromatography was conducted on Whatman No 1 paper with 
the followmg solvent systems (A) 3 1 l(v/v) propyl alcohol-28% ammoma solution- 
water and (B> 14 3 3 ethyl acetate-acetic acid-water. Spots were detected by perlodate- 
benudme. I r spectra were obtamed on NUJO~ mulls m^& a Shlmazu spectrometer. 
N m r spectra were obtamed at 60 MHz with a Hitachi H-60 spectrometer \vlth 
tetramethylsllane as internal reference and chloroform-6 as solvent Mass spectra 
were measured with a Hltach~ IMU-6E spectrometer (Iomzmg potential 80 ev), by 
using an mdlrect Insertion technique. 

3-0-AC&-1,2 5,6-dr-0-zsopropyhdene-a-D-allojirranose (2) - 1,2 5,6-DI- O- 
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Isopropylidene-a-D-allofuranose’ (1, 1 0 g), m p 7&75”, [a];’ +37”, was acetylated 
with acetic anhydnde (5 ml) and pyndme (5 ml) ovemlght at room temperature The 
reaction nurture was poured mto Ice-water (200 ml) and extracted with dlchloro- 
methane (3 x 20 ml) The extract was washed successively with 5% sulfuric acid, 
saturated aqueous sodmm hydrogen carbonate, and water The dried (sodium sulfate) 
solution was evaporated, and the residue was crystalhzed from light petroleum, yield 
1 0 g (86%), m p 75 5-76 Y, [c];’ + 107 6” (c 1 0, chloroform) 

Anal Calc for C,,H,,O,. C, 55 62, H, 7 34 Found C, 55 77, H, 7 37. 
3-0-BeIz=oyl-1,2 5,6-c!z-O-zsopropylzde-a-D-al!ofuranose (3) - The dlacetal 1 

(1 0 g) was benzoylated w&h benzoyl chloride (2 ml) and pyndme (5 ml) overmght 
at room temperature After decomposltlon of the excess reagent with Ice, the rmxture 
was poured into Ice-water (200 ml) The precipitate was collected by filtration and 
recrystallized from cycloheuane, yield 760 mg (56%), m p_ 73-74-S”, [LY]~’ + 125 9” 
(c 1 0, chloroform) 

Anal Calc for C19H2407 C, 62 62, H, 6 64 Found C, 62 54, H, 6 54 
2,3 5,6-Dz-O-zsopropyizciezze-B-D-al(ofitrr (4) - A P-PAllose was prepared 

from 1,2 5,6-dl-U-lsopropyhdene-x-D-allofuranose 1 as follows- compound 1 (20 0 g) 
was suspended rn water (300 ml) and stirred with the H+ form of Amberhte IR-120 
(50 ml) for 4 h at SO” The resm was removed by filtration and washed with water 
(3 x 50 ml) The combined filtrate and washmgs were concentrated to give a crystalhne 
mass, which was recrystalhzed from ethanol-water, yield 11 6 g(85%), m p 127-128 5”, 
b]k” + 15” (equil , c 2 3, water) [lit 24, m p 128-128 5”, [& + 14” (equil , water)] 
D-Allose (10 0 g) was shaken with anhydrous acetone (300 ml) containing sulfuric 
acid (7 ml) for 6 h The reactlon m.uture was neutrahzed with anhydrous sodmm 
carbonate (100 g), filtered, and the filter washed with acetone (3 x 50 ml) The filtrate 
and washmgs were concentrated to a syrup that was dissolved m ether (100 ml) The 
solutxon was washed with \+ater, dried (sodmm sulfate), and evaporated to dryness 
Crystallization and recrystalhzatlon were effected with hght petroleum, yield 9 8 g 
(68%), m p 66-67”, b]k” -27 4” (c 3 4, chloroform) and - 1 5” (c 1 9, water), n m r 
data (after deuteratlon) 7 4 65 (l-proton singlet, H-l), 7 5 18 (l-proton doublet, 
J 10 Hz, H-2), 7 5 46 (l-proton doublet, J 10 Hz, H-3), x 5 60-6 20 (4-proton multiplet, 
H-4,5,6,6’), o 8 45 (6-proton smglet, 2Me), z 8 68 (3-proton smglet, Me), and o 8 70 
(3-proton smglet, Me) 

Anal. Calc for C12H200s C, 55 37, H, 7 75 Found C, 55 18, H, 7 65 
B_ 1,2 5,6-Dl-O-lsopropylldene-a-D-allofuranose 1 (10 0 g) was dissolved m 

anhydrous acetone (200 ml) contamm, = sulfuric acid (2 ml) ?nd kept overnrght at 
room temperature A spot havm, m RF 0 23 (solvent B), correspondmg to the starting 
matenal 1, had completely disappeared and a spot havmg RF 0.40, correspondmg 
to the rearranged product 4, was detected by t 1 c The solution was neutralized 
with anhydlous sodium carbonate (50 g), filtered, and the filter was washed with 
acetone (3 x 50 ml) The combined filtrate and washmgs were evaporated to dryness 
and the residue was recrystalhzed from hght petroleum, yield 8 9 g (89%), m p and 
muted m p. 66-67”. 

Carbohyd Res , 14 (1970) 237-244 





ACFXALS OF D-ALLOSE AND D-PSICOSE 243 

form), ht , m p 57-57 5', [& - 89 6' m chloroform6, m-p 57-58 5’, [cY]~ -98 lo 

m chloroform’ ’ 
Anal Calc for C,,HZoOs C, 55 37, H, 7 75 Found C, 55 38, H, 7 55 
B The dracetal 9 (20 0 g) was drssolved m anhydrous acetone (300 ml) con- 

taining sulfuric acid (4 ml) and the solution was kept 07rermght at room temperature 
The dlacetal 12 (12 8 g, 64%) was obtained after treatment as described for 4, m p 
and nuxed m p 56-58”. 

6-0-Benzoyi-I,2 3,4-dz-0-zsopropylldene-D-pslcofurmose (13) - The dlacetal 
12 (1 5 g) was benzoylated with benzoyl chlonde (2 ml) and pyrldme (5 ml) as de- 
scribed for 3, and the pure benzoate was obtamed after recrystallization from ethanol, 
yield 1 5 g (75%), m p 70-71°, [GL]~’ -59 6’ (c 2 9, chloroform) 

Anal Calc for C19H2.+0,_ C, 62 62, H, 6 67 Found C, 62 70, H, 6 62 
I,2 3,4-Dz-0-zsopropylfdene-6-0-p-tolylsulf (14) - The 

dlacetal 12 (6 0 g) was treated with p-toluenesulfonyl chlorrde (6 0 g) rn pyrrdme 
(50 ml) overmght at room temperature The reaction mixture was poured mto ice- 
water (1 liter) The resultant precipitate was recrystallized from hgrom, yield 7 7 g 
(74%), m p 98-99”, [LY]~ -42 4” (c 3 4, chloroform) 

Anal Calc for C19HZ608S C, 55 18, H, 6 32; S, 7 73 Found C, 55 26, H, 6 36, 
S, 769 

6-Deo_ly-1,2 3,4-dl-0-lsopropyhdene-D-ps~cofurmose (15) - 1,2 3,A-DI-O-ISO- 
propyhdene-6-0-p-tolylsulfonyl-D-psicofuranose (14, 5 0 g) was dissolved m anhy- 
drous tetrahydrofuran (100 ml) and htlum alummum hydnde (4 0 g) was added 

The reaction mixture was gently reflexed for 8 h under protectlon from moisture. The 

excess of hydride was then decomposed by the addmon of water and the nuxture was 
filtered The filtrate was evaporated to dryness, and the residue was dissoIved m ether 
(100 ml), washed with water, dried (sodmrn sulfate), and evaporated to a syrup 
Dlstlllatlon of the product under a lugh vacuum gave a moblle syrup, yield 2 5 g 
(85%), b p 85-90”/10-3 torr, [a]“,” - 97 3” (c 1 1, chloroform), n m r data t 5 45 
(2-proton quartet, H-1,1’), z 5 60-6 20 (3-proton multlplet, H-3,4,5), z 8 60 (6-proton 
smglet, 2Me), z 8 65 (3-proton smglet, Me), T 8 70 (3-proton singlet, Me), and 7 8 75 
(3-proton doublet, H-6) 

Ana1 Calc for C12HZ005 C, 59 00, H, 8 25. Found C, 58 97, H, 8 17 
6-Deoxy-mpsrcose (16) - 6-Deoxy-I,2 3,4-di-O-isopropyhdene-D-psicofuran- 

ose (15, 650 mg) was dissolved m water (10 ml) and treated with Amber&e IR-120 

(H+) (2 ml) for 4 h at 60” After removal of the resm, water was evaporated off to pve 

a thick syrup, yield 370 mg (85%), optlcal rotation m water was not observed 
Anal Caic for C6H120s C, 43 90, H, 7 37 Found C, 43 75, H, 7 30 
6-Deoxy-D-rzbo-hexulose phenylosazone, m p 178-l 80”, [a]%’ - 67 2 (c 0 9, 

pyndme) was obtamed by treatment of the sugar 16 mth phenylhydrazme m aqueous 
acetlc acid olt 22, m p 179-180”, I&, - 70 4” m pyndme-ethanol] 
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