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SYNTHESIS OF D-(6R)- AND D-(6S)-(6-*H,)GLUCOSE’ 

Laboratory of Chemistry for Natural Products, Tokyo Institute of Technology, Midori-ku, 
Yokohama 227, Japan 

(Received in Japan 20 July 1983) 

Aba&wt4cmical synthesis of &(6R)- and m(6S)-(6-%I,) glucose is described comprising (i) formation 
of (6-*H,~3-0-benzy1-5,6dideoxy-1, 2-O-isopropylidene-a-D-xylo-hex-Qnofuranose from ~-glucose; (ii) 
stereospecific reduction of the deuterated acetylene functionality to (E)- or (Z)deuterated olefm; (iii) 
stercospecific cirdihydroxylation of the deuterated oletin; and (iv) separation of stereoisomers based on 
the intrinsic chirality of ~-glucose and subsequent deprotection. 

The mechanisms and stereochemistry of enzyme reac- 
tions are of current interest in bio-organic chemistry. 
Essential to investigation of the stereochemistry of 
reactions are preparations of suitably labelled sub- 
strates with defined chirality and analytical methods 
for chirally-labelled reaction products. A number of 
approaches have so far been described for the syn- 
theses of various compounds having chit-ally-labelled 
site(s) by the use of enzymatic and/or chemical 
reactions.* 

~-Glucose is among the most fundamental com- 
pounds for living organisms and is also a principal 
precursor of various organic natural products. The 
hydrogens on the prochiral centre of the C-6 hy- 
droxymethyl group of ~-glucose are obviously non- 
equivalent (diastereotopic) and the stereochemistry of 
enzymatic reactions involving this centre- is quite 
intriguing from the biological as well as the chemical 
standpoints. These problems can be clarified only by 
using D-glucose or its derivatives labelled with iso- 
topes (2H and/or ‘H) at the C-6 position with defined 
stereochemistry. Those chirally labelled ~-glucose 
derivatives have been prepared heretofore by the 
methods consisting of complex enzymatic reactions.‘~’ 
Since the amount of ~-glucose being dealt with is 
minute, the enzymatic approaches are attainable only 
for the highly sensitive but rather timeconsuming 
tritium labelling method. In contrast, deuterium 
NMR spectroscopy has recently become practical 
and is as convenient for analyzing deuterium-labelled 
sites as carbon-13 NMR spectroscopy in the “C 

tracing technique. One of the drawbacks of the 
*H-NMR technique is that the sensitivity is not high 
enough to detect the deuterium resonances in a small 
amount of sample. Consequently, chemical synthetic 
methodology which can supply an adequate quantity 
of the deuterium-labelled substrates is highly de- 
sirable to utilize this safe hydrogen isotope with good 
availability of materials. 

This paper describes the 6rst stereospecific chem- 
ical synthesis of D(6R)- and D-(69-(6*Hi) glucose in 
detail,‘*’ the products of which have actually been 
utilized to the stereochemical studies on the bio- 
synthesis of an aminocyclitol antibiotic ribo- 
stamycin.6~7 

Previously, Horton and coworkers reported a syn- 
thesis of 6-Cdeutero-Dghnose derivatives by a 
chemical approach,* which used sodium boro- 
deuteride reduction of a 6-ulose intermediate pre- 
pared by photolysis of methyl 6_azido&deoxy- 
a-r>-glucopyranoside. However, this method only 
gave rise to an unseparable mixture of (6R> and 
(6S)&Cdeutero-D-glucose derivatives. 

Since no stereospecific reduction of D-ghtCOSe- 
6-ulose derivatives is yet known (in contrast to 
versatile reactions of simple deuterated aldehydes 
with chiral reducing agents? a method of choice for 
the stereospecific introduction of deuterium to the 
C-6 prochiral hydroxymethyl group of n-glucose 
seemed to be an analogous method to the classical 
synthesis of chiral acetic acid by Comforth et d.‘O 

The synthetic plan is illustrated in Scheme 1. A 
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monodeuterohydroxymethyl group of Ia or Is seems 
to be prepared by dihydroxylation of mono- 
deuteroolefin Hz or IIs , which may be derived from 
a deuteroacetylene III by sterospecific reduction. 
Thus, a common precursor to both D-(6R> and 
~-(6@(6-‘H,) glucose is a 5,6-yne derivative III, 
which can conceptually be obtained either by addi- 
tion of acetylene to a L-rhreo C, precursor IV such as 
those derived from L-tar&c acid or by formation of 
an acetylene functionality from a D-Xyh C, precursor 
V and C, unit. The former approach requires stereo- 
chemical control of two sites, i.e. the C-5 and C-4 
positions of ~-glucose, whereas the latter route needs 
only one site (C-S) of steric control. Therefore, 
the latter route was chosen in the present synthesis 
and a suitable precursor with ~xylo configuration 
was 3-O benzyl- 1,2-O Gsopropylidene- a-D-xylo - 
pentodialdo-1 +furanose 2, readily available from 
o-glucose,” as shown in Scheme 2. 

Further convenience of this route was that the 
unlabelled compounds corresponding to the inter- 
mediates are known and a precursor 3-O-benzyl- 
I ,2-O-isopropylidene-a-o-glucofuranose 1 can be a 
direct reference for assignment of the stereochemistry 
of the C-5 position at a later stage of the synthesis. 

The precursory dibromo-olefin 3 was obtained as 
syrup from the aldehyde 2 by reaction with carbon 
tetrabromide in the presence of triphenylphosphine.‘* 
Subsequent treatment of 3 with two equivalents of 
n-butyllithium in THF at -7O”, followed by quench- 
ing with deuterium oxide afforded the deuterated 
acetylene 4,” together with an undesired n-butylated 
product 5 (de infu). Care was taken to avoid 

possible exchange of deuterium tith protium during 
work-up by immediate acidification of the reaction 
mixture. Formation of the byproduct 5 is presumably 
due to competitive deprotonation at the benzyl posi- 
tion and subsequent attack of this benzyl anion to 
n-butyl bromide generated in situ by the initial lithio- 
olefin formation. A slightly deficient amount 
(1.7-l .8 mol equivalent) of the base was usually used 
to reduce the formation of S in the preparative 
operation. 

Transformation of the deuteroacetylene 4 to 
r+(S.S)-(6*H,) ghrcose is illustrated in Scheme 3. 
Stereospecific reduction of 4 to the (E)-olefin 6 was 
affected by treatment with Cr(II) sulphate in aqueous 
DMF.” Some difficulties were encountered to isolate 
6 from the reaction mixture. The n-butylated acety- 
lene 5 was resistant to this reduction, probably 
because of the steric hindrance which inhibits simul- 
taneous approach of two molecules of the reducing 
metal complex. 

Dihydroxylation of the olefin 6 was achieved by 
oxidation with a catalytic amount of OsO, in the 
presence of N-methylmorphohne N-oxide. This ox- 
idation is believed to proceed via stereospecific cb- 
addition of hydroxyl groups. In this instance, the re- 
action of 6 gave a mixture of (6S>(6-2H,>3- 
0 benzyl- I ,2-0-isopropylidene-a -o-glucofuranose 7 
and its (6R)-(6-2H,)-L-ido isomer 8 in a ratio of 4: 1 
in favor of the desired product. These di- 
astereoisomeric glycols were conveniently separated 
by chromatography. The configuration of the C-5 
position of 7 was firmly assigned by comparison of its 
behaviour on TLC and the ‘H-NMR spectrum with 

Scheme 2. 
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those of the nondeuterated standard 1 (vi& supru). 
Thus the configuration of the deuterohydroxymethyl 
group was determined to be S. The deuterium en- 
richment of 7 was estimated to be 94% by mass 
spectrometry. The prc R proton on the C-6 position 
of 7 was observed in the ‘H-NMR spectrum at 6 
3.66 ppm (1 H d, J = 4.5 Hz), the coupling constant of 
which was consistent with the previous discussions by 
Horton.8 Compound 7 was further derivatized to the 
crystalline diacetate 9. 

The protected D-gh~cose 7 was then deprotected to 
the free D-(6S)-(6-*H,) ducose 11, first by the cata- 
lytic hydrogenation in the presence of 10% Pd-C to 
remove the be.nzyl group and by the subsequent acid 
hydrolysis. 

As can be seen in Scheme 4, D-(~RH~-*H,) glucose 
was prepared similarly from 4 through (Z> 
deuterated olefin 12, which was obtained by the 
catalytic hydrogenation over Lindlar catalyst in the 
presence of quinoline while monitoring the reaction 
from time to time by TLC. During this reaction slight 
loss of deuterium was observed and the deuterium 
enrichment of 12 was estimated to be 90% by the 
integration of the ‘H-NMR spectrum. Prolonged 
hydrogenation resulted in the formation of un- 
desirable (E)-olefin 6 as a byproduct. Earlier at- 
tempts to affect the stereospecific hydrogenation with 
Pd/BaSO, in pyridine or with Lindlar catalyst in 
EtOH also resulted in substantial contamination of 
nondeuterated olefin and (Q-olefin 6. Although the 
reduction of 4 with an equimolar amount of potas- 
sium azodicarboxylate/acetic acid in MeOH under- 
went stereospecifically, the desired 12 was obtained in 
low yield as an unseparable mixture with a saturated 
product 13, MS: m/z 264 (M+-15); ‘H-NMR: 6 0.91 
(br. t H-6) and I .76 ppm (q, H-5). 

The (Z)-olefin 12 was further manipulated to 
D-(~R)-(~-~H,) glucose 17 by the above-mentioned 
sequence of reactions. 

The 400 MHz ‘H-NMR spectra of these stereo- 
specifically deuterated glucose 11 and 17 to- 
gether with those of ~(6,6-*H,) glucose’J and non- 
labelled D-glucose are shown in Fig. 1. It is worth 
noting that all proton signals of D-glucose are now 
completely assigned including the protons of the C-6 

prochiral hydroxymethyl group, i.e. the a-anomer: 
6E 5.22 (d, J = 3.5 Hz, H-l), 3.52 (dd, J = 3.5 and 
9.5 Hz, H-2), 3.70 (t, J =9.5 Hz, H-3), 3.39 (t, 
J = 9.5 Hz, H-4), 3.82 (ddd, J = 2, 5 and 9 Hz, H-5), 
3.75 (dd, J = 5 and 12.5 Hz, H-6R) and 3.82 ppm (dd, 
J = 2 and 12.5 Hz, H-6s); j?-anomer: 6 4.63 (d, 
J = 8 Hz, H-l), 3.23 (dd, J = 8 and 9 Hz, H-2), 3.47 
(t, J = 9 Hz, H-3), 3.38 (t, J = 9 Hz, H-4), 3.45 (ddd, 
J=2, 5.5 and 9Hz, H-5), 3.71 (dd, J = 5.5 and 
12.5 Hz, H-6R) and 3.86 ppm (dd, J = 2 and 12.5 Hz, 
H-6s). 

It now appears that the present preparative method 
facilitates the use of D-(6R)- and D-(6S)-(6-*H,) glu- 
cose for the stereochemical studies of wide variety of 
biochemical reactions. Furthermore, this approach 
seems to be useful for preparation of other com- 
pounds containing a stereochemically defined chiral 
methylene group. For instance, the deutero-olefin 6 
and 12 were able to be epoxidized by peracid 
oxidation to 5,6-anhydro-D-gluco- and L-ido- 
hexofuranose derivatives with defined stereo- 
chemistry,’ which could in turn be facile precursors 
for further transformation to compounds containing 
a chiral methylene functionality through the nucleo- 
philic oxirane opening with inversion of con- 
figuration at the deuterated methylene group. 

EXPERIMENTAL 

Melting points were determined-with a Mitamura Riken 
melting point apparatus and are uncorrected. Infrared spec- 
tra were taken on a Hitachi 264blO spectrometer. Proton 
magnetic resonance spectra were recorded on a JEOL PS- 
100 or a IX400 spectrometer using deuterochloroform as 
solvent. Chemical shifts are reported as 6 values in parts per 
million relative lo tetramethylsilane as an internal standard. 
Optical rotations were measured using a Perkin-Elmer 
Model 241 MC polarimeter. Electron inpact mass spectra 
were recorded on a Shimadzu LKB-9000s spectrometer at 
70eV by a direct inlet method. Analytical thin layer chro- 
matography (TLC) was conducted on precoated TLC plates. 
Silica gel 60 F-254 (thickness 0.25mm Merck, Art 5715). 
Silica gel columns for chromatography utilized silica gel 60, 
7&230 mesh ASTM (Merck Art 7734). Elemental analyses 
were performed by the microanalysis laboratories of Insti- 
tute of Applied Microbiology, the University of Tokyo, and 
of the Institute of Physical and Chemical Research. 
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Fig. 1.400 MHz ‘H-NMR spectra of the deuterium labeled and unlabeled ~glucose, Spectra were taken 
in deuterium oxide solvent and the chemical shift scale was standardixcd based on the HDO signal at d 
4.80ppm (see text). Spectrum A: commercial n-glucose; Spectrum B: ~-(6,6’H3 glucose prepared by a 
literature method’r; Spectrum C: ~-(6Sb(6-%I,) glucose 11; and Spectrum D: u-(6R)-(G2H,) glucose 17. 

3-O-Beruyl-6,6-dibromo-5,6-dideoxy-1,2-O-~opropyli&~- 
a-D-xyldex-5-enofianose 3 

To a stirred mixture of 106g (0.4 M) of triph- 
enylphosphine and 67 g (0.2 M) of carbon tetrabromide in 
1OOmL of methylene chloride was added a soln of 25 g 
(0.09 M) of 3-0-benxyl-1,2-0-isopropylidenea-u-xylo- 
pentodialdo-1,4furanose 2, prepared by a known pro- 
cedure,” dissolved in 65 mL of methylene chloride over a 
period of 30min at 0°C. The mixture was then stirred for 
30 min at the same temp and for 1.5 h at room temp. To the 
mixture was then added 800 mL of n-hexane with shaking 
and the resulting colourless soln was decanted. The dark 
brown residue was redissolved in 300 mL of methylene chlo 
ride and 1.5 L of n-hexane was added. The organic soln was 
decanted and combined with the tirst extract. Evaporation of 
solvent under reduced pressure gave a residue, which was 
purified by silica gel ~column chromatography using n- 
hexane-ether (4: I) as eluant to give 28.5 g (73% yield) of 3, 
[aIf: -50.8” (c 1.0, CHCl,), MS: m/r 417, 419, 421 
(M+ - 15)andm/z353,355(M+-HBr); ‘H-NMR: 134(3H, 
s), 1.52 (3H, s), 4.02 (1H d, J=3.2Hx, H-3), 4.58 (1H d, 
J =4.0Hz, H-2), 4.50 (1H d, J = 13 Hz), 4.64 (1H d, 
J = 13 Hz), 4.78 (1H dd, J= 3.2 and E.OHx, H-4). 5.92 (1H 
d, J = 4.0 Hz, H-l), 6.66 (1H d, J = 8.0 Hx, H-5) and 7.35 
(5H, brs). 

(6- 2H)- 3 -0 - Benzyl- 5,6-di&oxy - 1,2- 0- isopropylidene- 
a-o-xylo-hex-5-ync-fianose4 

To a stirred soln of 28.5 g (65.7 mM) of 3 dissolved in 
70 mL of tetrahydrofuran under argon atmosphere was ad- 
ded dropwise 72mL (112.5mM) of 10% (w/v) n- 
butyllithium in n-hexane over a period of 2 h, during which 
time the temp of the mixture was maintained below -70”. 
After addition was completed, stirring was continued for 3 h 
at the same temperature. The mixture was then allowed to 
warm to room temp and further stirred for 1 h. To the 
resulting brown solution was added 1OmL of deuterium 
oxide (Merck 99.75 atom% enriched) and stirring was con- 
tinued for 30 min. The mixture was then poured into 200 mL 
of ice-cold 1N HCl solution and organic solvent was re- 
moved by evaporation under reduced pressure. The residual 
aqueous suspension was extracted three times with 200 mL 
portions of ether and combined extract was washed with 
aqueous saturated sodium bicarbonate solution and brine, 
and then dried over anhydrous magnesium sulfate. Filtration 
and strinnina of solvent gave brownish syrup, which was 
cbroma&ra~hed on sili& gel using n-hexan&thyl acetate 
(10: 1) as solvent to give, along with 4.5 g of 5, 9.4 g (52%) 
of 4, [a]f3+ 7.0” (c 1 .O), CHCl,), MS: m/z 260 (M +-15)); IR: 
vz 2650 and 198Ocm-‘; ‘H-NMR: 1.30 (3H, s), 1.47 (3H, 
~),4.OO(lHd,J=3.2Hz,H-3),4.59(1Hd.J=3.8Hz,H-2), 
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4.73 (IH d, J= l2Hz), 4.81 (IH d, J= l2Hx), 4.83 (IH d, 
J = 3.2 Hz, HA)), 5.98 (IH d, J = 3.8 Hz, H-1) and 7.35 (5H, 
br.s). (Found: C, 70.16; H + D, 6.82. Calc. for C,JJ,,O,D: 
C, 69.80; H + D, 6.9%.) 

(E~~2H,~3-o-Beruyl-5,6-dideoxy-l,2-Oisopropylidenea- 
o-xylo-hex-5-erwfruunose 6 

To a stirred solution of 5.0 g (18.2 mM) of 4 dissolved in 
IO0 mL of dimethylformamide under argon atmosphere was 
added 250 mL of a chromous sulfate solution prepared by a 
literature procedure” at room temp and stirring was con- 
tinued for 4 days. The reaction mixture was then saturated 
with solid ammonium sulfate and the whole was extracted 
three times with I50 mL portions of ether. Combined ethereal 
extract was washed with brine and dried over anhydrous 
magnesium sulfate. Filtration and stripping of solvent under 
reduced pressure gave yellowish syrup, which was chromo- 
graphed on silica gel using n-hexane-ethyl acetate (IO: I) as 
eluant. Fractions were collected and examined by TLC using 
the same solvent system. Appropriate oletin containing 
fractions were combined and stripped of solvent under m- 
duced pressure gave 2.4 g of 6 as colourless syrup (48%) [a&’ 
-66.5” (c 1.3, CHCI,); cH-NMR: 1.32 (3H;s). i.50 (3H, s), 
3.89 (IH d, J = 3.0 Hz, H-3), 4.56 (IH d, J = I2 Hz), 4.62 
(IH d, J = 3.8 Hz, H-2), 4.64 (IH dd, J = 3.0 and 7.0 Hz, 
H-4). 4.65 (IH d, J = I2 Hz), 5.42 (IH d, J = 17 Hz, H-6). 
5.%(1Hd.J=3.8Hz.H-1).6.00(1Hdd.J=7.0and17Hz. 
H-5)‘and 7.32 (5H, br.s). (Found: C, 69.28; H + D, 7.66: 
Calc for C,,H,,O,D: C, 69.29; H + D. 7.63x.) 

(6S)-@-*H,)-3-0-BenzyI-1,2-W.sopropy1idenea-~-glucofira- 
nose 7 

To a stirred soln of 2.4 g (8.7 mM) of 6 dissolved in IO mL 
of tetrahvdrofuran were added 4.0 a (31.5 mM) of N- 
methylm&pholine N-oxide, 45 mL of> mixturn of t-butyl 
alcohol-tetrahydrofuran-water (10: 3: I) at room temp. and 
then unweighed catalytic amount of osmium tetroxide was 
added to the mixture, which was further stirred overnight at 
room temp. To the mixture was added 0.2g of sodium 
bisulfite and 5 mL of water, and stirring was continued for 
I h. The mixture was filtered with an aid of Celite 545 and 
the brown precipitate was washed with 20mL of acetone. 
Combined filtrate and washings was evaporated under 
reduced pressure to give brownish suspension, which was 
acidified with IN hydrochloric acid and extracted five times 
with 40 mL portions of ethyl acetate. Combined extract was 
washed successively with IN hydrochloric acid, saturated 
sodium bicarbonate solution and brine, and then dried over 
anhydrous sodium sulfate. Filtration and evaporation of 
solvent under reduced pressure gave 2.69g of brownish 
syrup. The syrup was purified by flash chromatography16 on 
silica gel 60 (Merck Art 9385, 230-400 mesh ASTM) using 
n-hexane-acetone (2: I) to give, along with 0.5 g (18.70/,) of 
8, 2.0 g (74.8%) of 7 as colourless syrup, [a]B -40.2” (c 1.2. 
CHCI,); MS: m/z 296 (M+-15) : m/z 295= 100:6.6; 
‘H-NMR: 1.30 (3H, s), I.48 (3H, s), 3.23 (2H br.s, D,O 
exchangeable), 366 (I H d, J = 4.5 Hi pro R H-6). 3.95430 
(3H m. H-3. H4 and H-5). 4.56 (IH d. J = 12 Hz). 4.58 (IH 
d, J =~3.9 Hz, H-2). 4.69’(lH d, J =.12Hz), 5.92 (IH d, 
J = 3.9 Hz, H-l) and 7.33 (5H, br.s). 

(6S~6-2H,)-5,6-O-Dioceryf-3-O-benzy/-1,2-O-~opropylid- 
ene a -o-glucofianose 9 

To a soln of 74.4 mx (0.24 mM) of 7 in I mL of pvridine 
was added 0.5 mL of &tic anhydride and the mixture was 
allowed to stand overnight at room temp. The mixture was 
poured into 15 mL of water and extracted three times with 
30 mL portions of ether. Combined extract was washed with 
IN hydrochloric acid, saturated sodium bicarbonate solu- 
tion and brine, and then dried over anhydrous magnesium 
sulfate. Filtration and stripping of solvent gave a co1ourless 
syrup, which was crystallii from ether-n-hexane to give 
71 mg (79%) of colourless rods 9, mp 118.5-l 19”; ‘H-NMR: 
1.33 (3H, s), 1.50 (3H, s), 1.91 (3H, s). 2.04 (3H, s), 3.95 (IH 

d,J=3.2Hz,H-3),4.15(1Hd,J=4.8Hz,proRH-6),4.33 
(IH dd, J=3.5 and 8.6Hz, H-4). 4.45 (IH d. J= 11.7Hz), 
4.61 (IH d, J= 3.6Hz, H-2). 4.62 (IH d, J= 11.7Hz), 5.33 
(IH dd, J=4.8 and 8.6Hz, H-5), 5.92 (IH d, J=3.6Hz, 
H-1) and 7.32 (5H. br.s.). (Found: C, 60.59; H+D, 6.64. 
Calc. for C&H,O,D: C 60.75; H + D, 6.88x.) 

(6S)-(62H,)-I,2-O-Isopropyli&me-a-rr-glucof~unose 10 
Under hydrogen at atmospheric pressure, 469 mg of loo/, 

palladium on activated carbon (Kawaken Fine Chemicals 
Co, Tokyo) was activated by magnetic stirring for 1 h in a 
mixture of ethyl alcohol-water-acetic acid (3: I : 1) at room 
temp. To the mixture was added I.8 g (5.8 mM) of 7 
dissolved in 6mL of ethyl alcohol and the whole mixture 
was stirred for 2 days under hydrogen at room temp. After 
disappearance of 7 was confhmed by TLC using 
chloroform-methyl alcohol (5: I) as solvent, the mixture was 
filtered with aid of Celite 545 and the catalyst was washed 
with ethyl alcohol. Combined filtrate and washings were 
evaporated to dryness under reduced pressure to give white 
precipitate, which was recrystallii from methyl 
alcohol-ether to yield 1.2g (94%) of 10. m.p. 159-161”. 
(Found: C, 48.50; H + D, 7.34. Calc. for C.$J,,O,D: C, 
48.84; H + D, 7.74x.) 

o-(6S~(62H,)-G/ucose 11 
A mixture of I .55 g (7 mM) of 10.20 mL of 0.1 N sulfuric 

acid was heated with stirring at 105” for 30min. The 
reaction mixture was cooled to room temp and was neutral- 
ized by adding Ambcrlite IRA-410 (OH cycle) with stirring. 
The mixture was then filtered and the resin was washed with 
distilled water. Combined filtrate and washing was evapo- 
rated to dryness under reduced pressure. The colourless 
residue was taken in 6 mL of methyl alcohol, to which was 
added isopropyl alcohol until the mixture became turbid. 
The mixture was allowed to stand at room temp for a week 
to give I. 19 g (94%) of white crystalline precipitate 11, m.p. 
136-140” (Found: C, 39.37, H+D, 6.80. Calc for 
C,H,,O,D: C, 39.78; H + D, 7.23x.) 

(Z)-(6-2H,~3-O-Benzyl-5,6-dideoxy-1,2-Wsopropylidene-aar- 
n-xylo-hex-5-enojiianose 12 

To a solution of 6.0 g (2 I .8 mM) of 4 in 50 mL of acetone 
were added 109 mg of5% palladium on calcium carbonate 
(Lindlar catalvst: Kawaken Fine Chemicals Co. Tokyo) and 
2 mL of freshly’ distilled quinoline, and the mix&m was 
stirred magnetically under hydrogen atmosphere. The reac- 
tion was monitored by TLC using n-hexane-ether (4: I) as 
solvent. When the acetylene 4 was almost consumed, the 
mixture was filtered with aid of Celite 545 and the catalyst 
was washed with acetone. The filtrate and washings were 
combined and removed of solvent under reduced pressure. 
The residue was partitioned with l5OmL of ether and 
I50 mL of IN hydrochloric acid, and layers were separated. 
The aqueous layer was further extracted three times with 
150 mL portions of ether. The ethereal extracts were com- 
bined and washed with saturated sodium bicarbonate solu- 
tion and brine, and then dried over anhydrous magnesium 
sulfate. After filtration and removal of solvent under re- 
duced pressure, the syruppy residue was purified by silica 
gel column chromatography using n-hexane-ether (4: I) as 
eluant. Fractions were collected and examined by TLC as 
above. Appropriate olefin fractions were combined and 
evaporated to dryness to give 5.91 g (97”/$ of colourless 
syrup 12, ‘H-NMR: 1.32 (3H, s), 1.50 (3H, s), 3.90 (IH d, 
J= 3.0Hz. H-3), 4.56 (IH d, J = 13Hz), 4.62 (IH d, 
J= 3.8Hx, H-2). 4.64 (IH d, J = 13Hz), 4.64 (IH dd, 
J = 3.0 and 7 Hz, H-4). 5.32 (IH d, J = 10 Hz. H-6), (IH d, 
J = 3.8 Hz, H-l), 6.00 (IH m. H-5). 7.36 (5H, br.s). 

Diimiak reduction 
To a stirred mixture of 1.75 g (6.4mM) of 4, I.51 g 

(7.8mM) of potassium axodicarboxylate” and 40mL of 
methyl alcohol under nitrogen atmosphere was added drop 
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wise 1 .O mL (17.5 mM) of glacial acetic acid and the mixture 
was stirred for 21 h at room temp. The reaction mixture was 
stripped of solvent under reduced pressure. The residue was 
partitioned between ethyl acetate and saturated sodium 
bicarbonate solution. Layers were separated and the aque- 
ous layer was further extracted with ethyl acetate. Com- 
bined organic extract was washed with brine and dried over 
anhydrous magnesium sulfate. Filtration and evaporation 
of solvent under reduced pressure gave yellowish syrup, 
which was chromatographed on silica gel using n- 
hexane-ethyl acetate (10: 1) as eluant. Fractions were col- 
lected and examined by TLC. Appropriate fractions were 
combined and evaporated to dryness to give 735 mg of the 
recovered acetylene 4 and 846 mg of a mixture of 12 and 13. 
The component ratio of the latter mixture was estimated to 
be co. 5:4 by the ‘H-NMR spectrum (6,, 3.90 ppm for 12 
and a,., 3.80 ppm for 13). 

(6R~&‘H,)-3-0-Benzyl-l,2-O-isopropyl~~u-D-g~UCO~Ur- 
anose 14 

By the procedure described for the preparation of 7, 
5.91 g of 12 was subjected to the osmium tetroxide oxidation 
to give 3.34 g of 14, [a]B - 38.9” (c 1.08, CHCI,), ‘H-NMR: 
1.30 (3H. s). 1.48 (3H, s), 2.64 (2H br, exchangeable), 3.77 
(IH d, J =3.0 Hz,‘pro s H-6). 3.95-4.20 (3H m, H-3, H4 
and H-51. 4.57 (IH d. J = 12 Hz). 4.60 (IH d. J = 3.9 Hz 
H-2). 4.;i)(IH d, J=i2Hz), 5.96(lH d; J=3.9Hz, H-l); 
and 7.36 (5H, br.s). 

(6R)-(6-*H,)-5,6-0-Diace?yl-3-O-benzyl-1,2-O-isopropyl- 
idene-a -D-&COfienOSe 15 

By the procedure described for the preparation of 9, 
25.5 mg of 14 was acetylated to give 29 mg (90%) of 15, m.p. 
118-119”. (Found: C, 60.83; H +D, 6.67. Calc. for 
&,H,,O,D: C, 60.75; H + D, 6.88x.) 

(6R)-(6-*H,)-1,2-O-Isopropylidenea-~-glucofuranose 16 
By the procedure described for the preparation of 10, 

3.34 g of 14 was hydrogenated to give 2.04 (86%) of 16, m.p. 
16&161”. (Found: C, 48.51; H+D, 7.40. Calc. for 
qH,,Op: C, 48.86; H + D, 7.74x.) 

o-(6R)+-*H,) GIucose 17 
By the procedure described for the preparation of 11, 

2.0 g of 16 was hydrolysed to give 1.41 g (85%) of 17, m.p. 
140-143”. (Found: C, 39.74; H +D, 6.91. Calc. for 
C,H,,O,D: C, 39.78; H + D, 7.23x.) 
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