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ABSTRACT 

Methyl 6-deoxy-2,3-O-isopropylidene-or-D-hexopyranosides having the gulo (6) 
and the aZZo (15) structures have been synthesised from methyl 4,6-U-benzylidene- 
c+D-glucopyranoside, and each has been oxidised with ruthenium tetraoxide to give 
methyl 6-deoxy-2,3-O-isopropylidene-cr-D-ribo-hexopyranosid-~~ose (16). The two 
qynthetic routes have been compared. Reduction of the Culose 16 with sodium 
borohydride gives the alloside derivative 15. 6-Deoxy-D-gulose gives the j?-D-pyrauose 
tetra-acetate (9) upon acetylation, and the 2,3-0-isopropylidene$-D-furanose (7) 
upon acetonation. 

INTRODUCTION 

In order to extend our investigations into the photochemistry of pyranosid- 
Culoses l, it was necessary to synthesise methyl 6-deoxy-2,3-O-isopropylidene-o- 

ribo-hexopyranosid4ulose (16). This compound could be prepared by oxidation of 
methyl 6-deoxy-2,3-O-isopropyhdene-cr_D-hexopyranosides having either the allo or 
guZo structures. We have studied both synthetic routes, employing methyl 4,6-0- 
benzylidene-x-D-glucopyranoside as the starting material in each case. 

RESULTS AND DISCUSSION 

Guloside route. The 4,6-0-benzylidene derivative of methyl cr-D-glucopyranoside 
was converted into its 2,3-di-0-benzoyl-6-deoxy_PU-p-tolylsulphonyl derivative (1) 
by five conventional synthetic steps2-4 in an overall yield of 42%. Treatment of the 
sulphonate 1 with base gave methyl 3,4-anhydro-6-deoxy-cr_D-galactopyranoside4 (2) 
which was readily converted into its 2-acetate (3) (48% from compound 1). The key 
step in this synthesis is the acid-catalysed opening of the epoxide ring in compound 3, 
in which the propensity of the neighbouring acetoxyl group to participate is exploited 
to direct the stereochemistry in the desired direction. Buchanan and his co-workers3 * ’ 

have shown that the acetoxyl group in the 6-0-benzyl and 6-0-trityl derivatives of 
2-0-acctyl-3,4-anhydro-or-D-galactopyranoside could be used to control their 
hydrolyses to give gulosides. 
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Treatment of the 6-deoxy analogue (3) with aqueous acetic acid at 100” afforded, 
within 30 min, ring-opened products comprising approximately nine parts of the 
guloside acetate(s) 4 and one part the gulose acetate(s). The composition of this 
mixture was determined by g.1.c. and by n.m.r. spectroscopic analysis on the per- 
acetate mixture obtained after the epoxide-cleavage products had been completely 
acetylated. For this determination, an authentic sample of 6-deoxygulose tetra-acetate 
was prepared from a small portion of the guloside-gulose acetate mixture, by se- 
quential acid-catalysed hydrolysis and acetylation. 

The crystalline 1 ,2,3,4-tetra-O-acetyl-6-deoxy-fl-D-gulopyranose6 (9) so ob- 
tained was readily characterised from its elemental analysis, mass-spectral molecular 
weight, and n.m.r. spectrum, which did not exhibit an aglycon methyl signal, but 
showed signals for four OAc groups, a C-5 methyl group, and five ring protons that 
could all be assigned. The /3-D-gulo structure was established from the couplings of the 
ring protons, which were J1 ,2 8.5, J2,3 3.2, J3,4 3.5, and J4,5 1.5 Hz, and these 
compare in the expected way with those of the 6-deoxy-a-D-gulopyranoside triacetate 
(8) (Jl,z 4.0, J2,3 4.0, J3,4 4.0, J4,5 1.7 Hz). Furthermore, the splitting of the signal 
for the anomeric proton is very close to the J1 ,2 value of 8.3 Hz reported by Lemieux 
and Stevens’ for /I-D-gulose per&-acetate, and the optical rotation values are also 
similar (+2.4’ for D-D-gulose pen&acetate and + 11” for the 6-deoxy analogue 9; 
c& + 87” for a-D-gulose penta-acetate*). 
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Since the 6-deoxyguloside monoacetate (4) were only slightly contaminated 
with the gulose derivative, this impure mono-acetate mixture was used for the next 
stage of the synthesis. The ester grouping was removed with sodium met&oxide, and 
the crude product 5 was treated with acetone and phosphorus pentaoxideg. Two 
compounds, present in the ratio of 2:1, were isolated from the product mixture by 
column chromatography. The major component (RF 0.5) was the desired compound, 
methyl 6-deoxy-2,3-0-isopropylidene-c+D-gulopyranoside (6). Its n.m.r. spectrum 
showed H-l as a doublet (Jl,z 4.0 Hz), signals for four other ring protons which could 
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not be analysed (in the 60-MHz spectrum) by first-order means, and the C-5 methyl 
group as a high-field doublet (J 7.0 Hz). The isopropylidene and aglycon methyl 
groups gave sharp singlets at the expected chemical shifts and the hydroxyi-proton 
signal was established by exchange with DzO; this assignment was confirmed by the 
i.r. band at 3500 cm-l. The mass spectrum contained a peak at mje 203 for the 
(M’ -Me) ion, which is typical of an isopropylidene derivative”, and several other 
fragment ions which were consistent with the proposed structure. 

The minor component X (RF 0.3) was shown not to be a methyl glycoside by its 
n.m.r. spectrum, which clearly indicated that it was a 6-deoxy-dihydroxy-O-iso- 
propylidene derivative. All the other signals in the spectrum were well resolved and 
could be analysed by fist-order methods. Compound X was assigned the 6-deoxy- 
gzrlo structure because it could be prepared by acetonating 6-deoxygulose; further- 
more, acetylation of a hydrolysed specimen of Xgave 6-deoxygulose tetra-acetate (9). 
The points of attachment of the isopropylidene unit were shown to be at O-2 and O-3 
of the sugar ring, because the compound exhibited reducing properties with ammonia- 
cal silver nitrate. 

A compound satisfying these requirements could be either 6-deoxy-2,3-U- 
isopropyhdene-j?-D-glofuranose (7) or its pyranoid form. The former appears more 
likely since the mass spectrum of X exhibited a substantial peak at m/e 159, corre- 
sponding to the ion 10 which is diagnostic of a furanoid derivative” (for exampie, a 
similar peak was found in the mass spectrum of 6-deoxy-1,2-U-isopropylidene+D- 
glucofuranose). A peak of low intensity at m/e 187, due to the (MC -OH) ion, was 
also present. This type of ion has been observed11D12 in the mass spectrum of other 
furanose derivatives that were unprotected at C-l. 

A furanose structure for compound X was further indicated by the unspht signal 
for the anomeric proton seen in its n.m.r. spectrum (CDC13). A sinular signal 

(JLZ to.5 Nz) was shown by 2,3:5,6-di-0-isopropylidene-/I-D-allofuranose which is 
locked as a furanose derivative1 ‘. 

Equilibrium between fiuanoid and pyranoid forms has been studied’ 3 * ’ 4 for a 
system closeIy reIated to X, namely, 6-deoxy-2,3-O-isopropyhdene-L-mannose, which 
has been shown by Angyal et al. ’ 4 to exist preferentially (65%) in the furanoid form. 
Similar methods of estimation indicated that there was less than 10% of the 6-deoxy- 
gulopyranose derivative present in the sample of X. Smaller amounts of the pyranoid 
form would be expected at equilibrium with the 6-deoxygulose derivative than was 
found iu the 6-deoxymanuose derivative, because it is knownIS that the gulopyranose 
structure is less favoured than the mannopyranose structure. 

Ailaside route. Methyl 4,6-0-benzyhdene-or-D-allopyranoside (11) was prepared 
from the analogous gZuco derivative in four conventional synthetic stepsI in 51% 
overall yield. Treatment ” of the ahopyranoside 11 with Wbromosuccinimide gave 
mainly the 6-bromo-4-benzoate 12 which was reduced (without prior purification) 
with Raney nickel to the 6-deoxy4benzoate 13. This compound was not isolated but 
direcffy treated with acetone and phosphorus pentaoxideg to give, after column 
chromatography, a crystalline compound in 31% overall yield. This had an elemental 
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analysis and i.r. and n.m.r. spectral data consistent with the expected methyl PU- 
benzoyl-6-deoxy-2,3-O-isopropylidene-c-~opyranoside (14) structure. In particufar 
the n.m.r. spectrum had resonances for a phenyl group, four methyl groups [two 
singlets from those in the isopropylidene group, one singlet from the aglycon methyl, 
and one doublet (J 6.3 Hz) from the C-5 methyl], and five ring protons. The coupling 
constants (JI,z 5.2, .?& 5.2, J3,4 4.5, and J4,5 10.2 Hz) corroborated the a-n-aho- 
pyrano configuration proposed, and the low-field chemical shift of H-4 clearly 
indicated that the compound was a 4-benzoate. This material was debenzoylated to 
give (94%) methyl 6-deoxy-2,3-O-isopropylidene-a-r+allopyranoside (15), which was 
oxidised without purScation. 
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Oxidation, The methyl 6-deoxy-2,3-0-isopropylidenehexopyranosides having 
the gulo and allo con@gurations (6 and 15) were oxidised with ruthenium tetraoxide” 
to give the same pyranosidulose (16) in very similar yields (- 80%). The elemental 
analysis and mass-spectral molecular weight of the product were correct for the 
proposed compound and the absorptions at vmaX 1740 cm- ’ and &_ 285 nm 
(E 240) were typical for a ketone carbonyl group in this class of compounds. The 
n.m.r. spectrum exhibited the expected resonances (three singlets and one doublet) 
for four Me groups and four ring protons. The couplings, Jl,z 3.8, J2,3 9.0, and 
J 1.2 Hz, were compatible with the a-D-ribo-hexopyrano structure 16, although 
JzI: was larger than the coupling usually found between cis-vicinal hydrogen atoms 
situated at the junction of the two ring systems present in compound 16. The formation 
of one 4-ulose from the C-4 epimeric glycoside derivatives also supports, but does not 
prove, the proposed structure (16), since rsomerisation at the carbon atoms adjacent 
to the carbonyl group could have occurred. The C-5 position would be the more 
susceptrble to epimerisation, but this possibility can be rejected since authentic 
methyl 6-deoxy-2,3-0-isopropyIidene-8-L-lyxo-hexopyranosid~~ose is kr~own~~. 
Epimerisation at C-3 would be less favourable on steric grounds since it requires 
trans-fusion between the two rings; however, in the present case, it required consider- 
ation because the value of J2,3 was unusually large. This possibility was excluded 
when reduction of the pyranosid4ulose 16 with sodium borohydride gave the 
6-deoxyalloside derivative 15. Therefore, the observed value of J2,3 must indicate that 
the dihedral angle between H-2 and H-3 is small’l, and consequently the compound 
probably adopts a conformation close to the “S, formz2 (17) rather than the “C, 
form. These oxidations support our previous Aim20 that, unlike other oxidants in 
current use, ruthenium tetraoxide does not cause ketones to isomerise. 
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Hydride reduction of ulose 16 should be stereoselective since the lower face of 
the pyranoid ring (see 17) is sterically crowded, whereas the upper face is notz3. This 
would prevent formation of the guloside derivative 6 and lead to the alloside derivative 
15 as the preponderant product. 

Some comparisons can be made between the two methods of preparing the 
pyranosid4ulose 16. In our hands, the nine-stage synthesis via the alloside gave an 
overall yield of -12%, which was greater than that obtained via the eleven-stage 
guloside route. The overall yield could not be determined accurately for the latter 
method, because the isolated yield in the conversion 5-+6 was not determined. 
However, analytical measurements made at this stage of the multi-step synthesis gave 
10% as the upper limit and 2% as the lower limit over the whole synthesis. The weak 
stage in the 6deoxyguloside route was the isopropylidenation of compound 5. It is 
possible that, with further study, the efficiency of this reaction could be improved and 
the side reaction, in which 7 was formed by loss of the C-l methoxyl group, eliminated. 

FXPERIhSNTAL 

U.V. spectra were measured for ethanolic solutions with a Perkin-Elmer 
Spectrophotometer model 402. 1.r. spectra were measured for solids dispersed in 
potassium bromrde or for gums smeared on sodium chloride discs with a Perkin- 
Elmer Infracord model 137. N.m.r. spectra were measured on Varian A60D, Varian 
HA220, or Jeol JMN-MH-100 instruments, and mass spectra were measured on an 
AEI MS9 instrument_ Optical rotation determinations were made with a Bellingham 
and Stanley polarimeter. 

Silica Gel G (Merck) was used for t.1.c. with the following solvent systems: 
benzene-ethyl acetate (A 1: 1, D 4: 1, E 3:2), ethyl ether (B), and chloroform-methanol 
(9:1, C). For g.l.c., a Varian Aerograph model 202B instrument was employed with 
hydrogen carrier-gas and a thermal-conductivity detector, using columns A 20 ft or 
B 10 ft, packed with Chromosorb W 60-80 mesh impregnated with 15% SE52. 

Methyl 3,4-anhydro-6-deoxy-a-D-gaiactopyranoside (2). - Methyl 2,3-di-O- 
benzoyl-6-deoxy-4-O-p-tolylsulphonyl-o-glucopyranoside (1, 87 g) in dichloro- 
methane (500 ml) was treated with M methanol&c sodium methoxide (200 ml) at 0’ for 
16 h, according to the method of J&y and Capek4. This afforded a waxy, crystalline 
product which was purified by sublimation to give 2 (20 g, 78%), m.p. 64-66”; lit.4 
m.p. 66-67”. N.m.r. data: z 5.35 (d, J1,2 5.0 Hz), 6.20 (q, J2,s 1.0 Hz), 6.90 (4, J3,4 
4.0 Hz), 6.75 (4, .74,5 1.0 Hz), 5.90 (0, Js,Me 7.0 Hz), 8.70 (d, J& 7.0 Hz), 3.40 broad 
(s., OH, exchangeable with D,O). 
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Methyl 2-0-acetyl-3,4-a-6-deo~-a-~-gaIactopyr~oside (3). - The 
anhydride 2 (13 g) was acctylatcd in the usual4 way to give a solid which, after 
recrystallisation from light petroleum (b.p. 40-60”), gave 3 (10 g, 61%), m.p. 107-109”; 
lit.4 m.p. 113-115”. N.m.r. data: ~5.20 (.s, 2H, H-1,2), 6.85 (4, J3,2 l.OHz), 6.75 
(q, J4,3 4_OHz), 5.85 (0, JSv4 1.0 Hz), 8.65 (d, Jhle,5 7.OHz), 6.55 (s, OMe), 7.85 
(s, OAc). 

MethyZ 2(3)-0-acetyl-6-deoxy-a-D-gulopyranoside (4). - The anhydro-acetate 3 
(10 g) was heated at 100” in 80% aqueous acetic acid for 30 min. The aqueous acid 
was distilled off under diminished pressure and &~a! traces of water were removed as 
an azeotrope with a 1:l mixture of ethyl acetate and benzene (200 ml) to give a crude, 
crystalline product (10.5 g, 95%). 

A small portion (0.2 g) of this syrup was completely acetylated to give a product 
(0.3 g) which exhibited n.m.r. signals at z 3.70 (d, Jl ,2 8.5 HZ) and 6.82 (s) (see below) 
assignabIe to the H-l of gulose tetra-acetate (9) and the OMe grouping of the 
guloside triacetate (S), respectively, indicating the presence of these compounds in the 
ratio - 1:9. 

The acid-ca ta”lysed epoxide opening was monitored. Four samples (10 mg) of 
anhydro-acetate 3 were heated with aqueous acetic acid at 100” for 0.25, 0.5, 0.75, 
and 1.0 h. G.1.c. (column B) at 160” showed that 88,98,100, and 100% of the epoxide 
(T 6.6 min) had reacted during these periods to give the acetate 4 (T 17.8 min). The 
four samples were evaporated to dryness and each was treated with acetic anhydride 
(100 ,YI) and pyridine (100 ~1) for 16 h. G.1.c. (column A at 200”) of these acetates 
showed that the proportion of gulose tetra-acetate (9, T 11.0 min) compared with 
guloside triacetate (8, T 7.3 min) increased with reaction time, reaching - 10% after 
1 h. 

The syrupy mixture of acetates (4,7 g) was deacetylated with sodium methoxide 
(0.2 g) in methanol (100 ml) during 16 h at 20” and then neutralised with Amberlite 
IR-12O(H+) resin. Evaporation of the solvent gave a syrup (5.4 g, 95%) which 
contained the guloside 5. 

Methyl 6-deoxy-2,3-O-isopropylidene-a-D-gulopyranoside (6). - The crude 
guloside 5 (5.4 g) was vigorously stirred in anhydrous acetone (500 ml) with phos- 
phorus pentaoxide for 1 h at 20”. The usual work-up gave a syrup (6.0 g, 95%), 
comprising three components, RF 0.7 (trace), 0.5 (major), and 0.3 (solvent A), only 
the least mobile of which was strongly reducing towards ammoniacal silver nitrate. 
G.1.c. of the mixture (column A) at 130” revealed that the Iast two compounds had 
T 20.0 and 23.0 min, with peak areas in the ratio of 2:1, respectively. 

Separation of a portion of this crude material by column chromatography 
afforded the most-mobile material as an oil, the n.m.r. spectrum of which could not 
be analysed. The second fraction was methyl 6-deoxy-2,3-O-isopropylidene-cr-o-gulo- 
pyranoside (6, 0.9 g), v,, 3500 cm - ’ (OH), N.m.r. data (C,D,): r 5.40 (d, J1,* 
4.0 Hz), 6.22 (m, H-2), 6.00-5.60 (m, H-3,4,5), 8.85 (d, JMe,5 7.0 Hz), 6.80 (s, OMe), 
7.50 broad (.Y, OH exchangeable with D,O), 8.37 and 8.69 (2 s, CMe& Mass-spectral 
data: m/e 203 (10%) @l’ -Me], 187 (3) (M+ - OMe], 143 (7) (M+ - (Me, MeCO&)], 
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100 (100) [Me,C!]+, 85 (53) [O-Me,+, 71 (60), 59 (70), 43 (93). 
The final fraction (x) was the isopropylidenated 6-deoxyhexofuranose 7, v_ 
3500 cm-’ (OH). N.m.r. data (C,D,-C,D,N, 9:1, 100 MHz): r 4.27 (s, H-l), 5.24 (d, 
J2,3 6.0 Hz), 5.47 (4, J3,,+ 3.0 Hz), 5.81 (4, J4,5 8.0 Hz), 5.62 (0, JS,Me 6.0 Ez), 8.61 (d, 
Me), 4.70 broad (.s, 2OH), 8.59 and 8.82 (2s, CMe,); H-5 becomes a doublet (J4,5 
8.0 Hz) when z 8.61 was irradiated 6. Mass-spectral data: m/e 189 (22%) [M+ -Me], 

187 (1) [M+-OHJ, 159 (4) [M+ -HOCHCHJ], 129 (I 6) ~OEHd:CHOCMe,&], 

101 (22) [CHzOCMe,OCHj+, 100 (18), 73 (76), 71 (3i), 60 (46) [A&J, 59 (100) 

[Me&-Q, 58 (38) [Me,COlf, 57 (31), 45 (37), 43 (100). 
Methyl 2,3,4-tri-O-acetyl-6-deoxy-a-D-gzdopyranosi& (8). - The mixture of 

guloside acetates (4) was acetylated with acetic anhydride in pyridine. The crude 
product had an n.m.r. spectrum (C,D,) which could be assigned to the guloside 
triacetate 8: z 5.22 (d, JI,z 4.0 Hz), 4.60 (t, Jz,J 4.0 Hz), 4.43 (t, JSS4 4.0 Hz), 4.90 

(4, J4,s 1.7 Hz), 5.60 (0, Js.m 6.7 Hz), 8.90 (d, Me), 6.82 (s, OMe), 8.17, 8.20, and 
8.29 (3 s, 3OAc); a doublet at o 3.70 indicated that tetra-acetate 9 (- 10%) was 
present. 

1,2&f-Terra-0-acetyld-deoxy-j?-D-gzdopyranose (9). - The syrupy mixture of 
guloside acetates (4, 0.1 g) was heated in 90% aqueous methanol with Amberlite 
IR-120&I+) resin for 2 h. The hydrolysed product was then acetylated with acetic 
anhydride in pyridine to give an oil which partially crystallised during eight weeks at 
0”. The acetate 9 had m-p. 133-135”, [aID + 11” (c 2, chloroform), v_ 1750 cm-’ 
(CO); lit.6 m.p. 137-139”, [a],, +5.2”. N.m.r. data (C6D6): z 3.70 (d, JI,z 8.5 Hz), 
4.51 (q, J2,3 3.2 Hz), 4.27 (r, J3,.+ 3.5 Hz), 5.08 (q, J4,5 1.5 Hz), 5.91 (0, Js,Me 6.5 Hz), 
8.95 (d, Me), 8.28 and 8.43 (2 s, 2OAc), 1.65 (.r, 2OAc). 

6-Deoxygulose tetra-acetate (9-45 mg) was deacetylated with sodium methoxide 
in methanol and the crude 6-deoxy;g Aose (22 mg) was dissolved in acetone and treated 
with phosphorus pentaoxide. The product obtained gave only one spot on t.1.c. 
(RF 0.3, solvent A) identical with 7 prepared above, and it also showed similar 
reducing properties with silver nitrate. 

Methyl 4,6-0-benzylidene-a-r-D-allopyranoside (11). - A solution of methyl 
4,6-0-benzyLidene-2-O-p-tolylsulphonyl-a-D-~op~anoside16 (180 g) in methanol 
(6 1) containing sodium methoxide (22 g) was photolysed in ten equal batches with a 
450-watt lamp in the annular space of a quartz photolysis wel124. After 18-h irradiation 
of each batch, t.1.c. (solvent B) showed that detosylation was complete. The solution 
was neutralised with carbon dioxide and then evaporated to -500 ml, water (2.5 1) 
was added, and the product was extracted into dichloromethane (3 x 1 litre). Eva- 
poration afforded 11 (107 g) which, after recrystallisation from light petroleum 
(b.p. 60-80”), gave crystals (92 g, 80%), m.p. 170-173”, RF 0.5 (solvent I?); lit. 16b 
m-p. 175-177”. N.m.r. data: r 5.28 (d, JIz2 4.OHZ), 6.5-5.5 (m, H-2,3,4,5,6,6’), 
6.58 (s, OMe), 7.0 broad (s, 20X3), 4.47 (s, PhCHO,), 2.8-2.4 (?Yz, Ph). 
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MethyZ QO-henzoyZ-6-deoxy-2,3-O-isopropyIidene-~~~-alZopyr~o~~de (14). - 
Six batches of 11 (15 g) were heated under reflux in carbon tetrachloride (600 ml) 
containing” N-bromosuccinimide (11.5 g) and a suspension of barium carbonate 
(6 g). Evaporation of the solvent gave a syrup (107 g, 93%), RF (solvent C) 0.6 (major), 
0.5 (trace), and OS-O.9 (trace). A small portion of this product was purified by p.1.c. 
and the bromobenzoate 12 so obtained had v,, 3500 (OH) and 1750 cm-l (C=O). 
N.m.r. data: 2 5.15 (d, Jz ,z 4.0 Hz), 6.4-5.7 (m, H-2,3,5,6,6’), 5.10 (4, & 2.5, 

9.5 Hz), 5.55 broad (s, 2OI-I), 6.50 (.s, OMe), 2.1-1.8 (m, 20-H, Ph), 2.7-2.4 
$:&z-H and p-H, Ph). 

A solution of 12 (104 g) in methanol (6OOml) was hydrogenolysed in the 
presence of Raney nickel (prepared from nickel-ahuninium alloy, 100 g) and barium 
carbonate (17.5 g). The solution was evaporated to a gum, which was then redissolved 
in dichlorometbane. This solution was titered and evaporated to give the syrupy 
deoxybenzoate 13 (63 g, 80%), the n.m.r. spectrum of which clearly showed, inter alia, 
a doublet at r 8.7 for the CMe group. 

The 6-deoxybenzoate 13 (21 g) was vigorously stirred in acetone (500 ml) with 
phosphorus pentaoxide (3 x 6 g) for 1.5 h at 20”. The usual work-up gave a syrup 
(23 g, 96%) composed of one major component R, (solvent 0) 0.4 and small amounts 
of at least four other components, RF O-5-0.7, three of which were present in crude 14. 
Column chromatography gave methyl 4-O-benzoyl-6-deoxy-2,3-O-isopropylidene- 
c+D-allopyranoside (14; 10 g, 42%), m.p. 84-86” (from light petroleum, b-p. 60-800), 
V max 1750 cm-’ (GO). N.m.r. data (CsDs-CSD5N, 9:1): z 5.55 (d, J1,2 5.2Hz), 
6.0 (t, J2,3 5.2 Hz), 5.30 (q, JSS4 4.5 Hz), 4.85 (q, J4,5 10.2 Hz), 5.58 (0, Js,Me 6.3 Hz), 
8.77 (d, J~es 6.3 Hz), 6.82 (s, OMe), 8.27 and 8.75 (2 S, CMe,), 1.8 (2H, Ph), and 
2.85 (3H, Ph). 

Anal. Calc. forCX7HZ206: C, 62.3; H, 6.9. Found: C, 62.2; H, 6.9. 
The alloside benzoate 14 (3.1 g) was deacetylated during 16 h at 20” with 

sodium methoxide (0.2 g) in methanol (600 ml). The solution was then neutralised 
with Amberlite IR-120(Hf) resin and evaporated to give syrupy isopropylidene- 
alloside 15 (2 g, 94%), v,, 3500 cm- ’ (OH). 

Methyl 6-deoxy-2,3-0-isopropyIidene-cr-D-ribo-hexopyranosid-4-uloseose (16). - A 
solution of the guloside derivative 6 (0.7 g) in carbon tetrachloride (50 ml) was 
oxidised l8 with ruthenium tetraoxide (prepared from 0.65 g of ruthenium dioxide 
dihydrate and sodium periodate) during 1 h at room temperature_ The oily product 
(0.56 g, 80%), RF 0.9 (solvent E), distllled at 120”(bath)/O.l x 133 NmB2 to give 16 as 
a colourless syrup (0.45 g), v,, 1740 cm- ’ (C=O), &.,, 285 nm (E 240). N.m.r. data 
(220 MHz): ~4.93 (d, J1,* 3.8 Hz), 5.16 (q, Jz,3 9.0 Hz), 5.23 (q, J3,5 1.2 Hz), 5.79 

(0, Js.m 7.5 Hz), 8.60 (d, Me), 4.48 (s, OMe), 8.44 and 8.57 (2 s, CMe,). Mass- 
spectral data: m/e 201 [Mt-Me]. 

Anal. Calc. for C,,,H,605: C, 55.5; H, 6.9. Found: C, 55.7; H, 7.7. 
The alloside derivative 15 (2 g) was oxidised in similar fashion to give 16 (1.6 g, 

80%). 
A solution of 16 (50 mg) in methanol was treated with sodium borohydride 
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(20 mg) at room temperature for 0.5 h. The usual work-up gave a product (v,, 
3500 cm-‘) which, on analysis by g.1.c. (column A) at 130”, showed one peak with 
T 12 min. Authentic samples of methyl 6-deoxy-2,3-0-isopropylidene-c+n-hexo- 
pyranosides having the gulo and aZlo structures had T values of 20 and 12 min, 
respectively. 

ACKNOWLEDGMENTS 

We thank Professor J. G. Buchanan for discussion about the synthesis of 4 and 
for a sample of 3. Mr. R. Egan is thanked for the determination of IOO-MHz n.m.r. 
spectra, and we also thank the S.R.C. for providing funds for measurements made at 
the P.C.M.U. (Harwel!). 

REFERENCES 

1 
2 

3 
4 
5 
6 

P. M. COLLINS AND P. GUPTA, J. C/rem Sac., C, (1971) 1965. 
H. OHLEAND K.!%PENCKER, Ber., 61(1928)2381;D.S. MATHER~AND G.J. ROBERTSON,~. Chem. 
SOC , (1933) 1076; D. J. BELL, ibid., (1934) 1177. 
J. G. BUCHANAN, J. C'ilem. Sot., (1958) 2511. 
J. JARYAND K. ~APEK, Collect. Czech. Chem. Commun.,31(1966) 315. 
J. G. BUCHANAN AND R. FLETCHER, J. CIzem. Sot., (1965) 6316. 
K. CAPEK, I. TxAL,J. JURY, AND M. MASOJIDKOVA, Collect. Creclt. Chem. Commun., 36 (1971) 
1973 

7 
8 

9 
10 

11 
12 
13 
14 
15 
16 

R. U. LE~VX AND J. D. STEVENS, Can. J. Chem., 43 (1965) 2059. 
H. L. FRUSH AND H. S. ISBELL, J. Res. Nut. Bw. Srand, Sect. A, 35 (194.5) 111; L. C. STEWART 
AND N. K. RICHTMMR, J. Amer. Chem. SW., 77 (1955) 1021. 
J. HONEY~~AN, J. Chem. Sot., (1946) 990. 
D. C. DEJONGH AND K. BIEMANN, J. Amer. Chem. Sot., 86 (1964) 67;N. K. KOCHETKOVAND 
0. S. CHIZHOV, Aduun. Curbohyd Chem., 21 (1966) 78. 
J. M. BALLARD AND B. E. STACEY, Curbohyd. Res , 12 (1970) 37. 
J. S BFUM~XCOMBE AND P. A. GENT, Curbohyd. Res., 12 (1970) 1. 
A. S. PERLIN, Can. J. Chem., 42 (1964) 1365. 
S. J. ANGYAL,V.A.PICKLES,AND R.AHL~~ALIA, Curbohyd. Res.,3 (1967) 300. 
S. J. ANGYAL, Angelo. Chem. Int. Ed Engl., 8 (1969) 157. 
(a) N. K. RICHTMYER Methods Curbohyd. Chem., 1 (1962) 108; (b) B. R. BAKER AND D. H. Buss, 
J. Org. Chem, 30 (1965) 2304. 

17 S. HANNJZSSIAN AND N. R_ P~s.q J. Org. Chem., 34 (1969) 1582. 
18 P. J. BEYNON, P. M. COLLINS, P. T. DOGANGES, AND W. G. OVEREND, J. Chem. Sot., (1966) 1131. 
19 P. GUPTA, Ph. D. Thesis, University of London, 1970. 
20 R. F. B~RWORTH,~. M.Corrr~s, AND W.G.O~EREND, Chem. Commun.,(1969)378. 
21 M. KARPLUS, J. Chem. Phys., 30 (1959) 11; J. AJ~w. Chem. Sot., 85 (1963) 2870. 
22 J. C. P. SC~VARZ, Chem. Commzm , (1973) 505. 
23 P. M. COLLINS AND W. G. OVEREND, J. Gem. Sot., (1965) 1912. 
24 S. ZEN, T. TASHIMA, AND S. KOTO, Bull. Chem. Sot. Jup, 41 (1968) 3025; A D. BARFORD, 

A. B. FOSTER,J_ H. WESTWOOD, L.D. HALL, AND R.N.JOHNSON, Curbohyd. Res., 19 (197’1)49. 


