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ABSTRACT 

3,4-O-Isopropyhdene denvatrves are obtamed in yields of 660% when 
i+fucose and 6-O-methyl-D-@lactose are treated with acetone and anhydrous cupnc 
sulphate. 3,4-O-Isopropyhdene-D-nbose is isolated m 15-20% yield after treatment 
of the parent aldose with the same reagent, whereas 4,6-U-rsopropyhdene-D-glucose 
1s formed in low yield from D-glucose m the presence of NJV-dimethylformamide 

INTRODUCTION 

Anhydrous cupnc sulphate m acetone has long been known as a nuld reagent for 
the preparatron of O-rsopropyhdene derrvatrves from glycols, and it has found 
apphcatton m the synthesis of such derrvattves from glycosidesl It has also been 
found favourable m syntheses of O-isopropyhdene derivatives which are not formed, 
or are formed m small amounts only, from free aldoses m the presence of acrd2 3 
Desprte the reported formatron of 3,4-Grsopropyhdene-D-arabmose wrth anhydrous 
cupric sulphate m acetone from the parent aldose m the absence of acrd3, httle 
attention seems to have been focused on the potential apphcabrhty of this reagent in 
syntheses of otherwrse inaccessrble mono-O-rsopropyhdenealdoses. The i~llzl of the 
present work was to mvestrgate the possrbrhty of preparmg mono-O-rsopropyhdene 
derrvattves of some analogues of D-arabmose usmg acetone m the presence of 
anhydrous cupric sulphate. 

RESULTS AND DISCUSSION 

D-Fucose and 6-O-methyl-D-galactose gave the correspondmg 3,4-O-rsopro- 
pyhdene derrvatrves (1 and 2) m yields of -40 and w-60%, respectrvely , no other 
mono-O-rsopropyhdene denvatlves could be detected after treatment with anhydrous 
cupnc sulphate m acetone for 34 h Prolonged reaction time gave mcreasmg amounts 
of dr-O-rsopropylidene derrvatrves. D-Rrbose whrch, m the presence of mmute 
amounts of acrd, reacts wrth acetone to grve the 2,3-O-rsopropyhdene derivatrve (3), 
was found to react completely wrth cuprrc sulphate m acetone wrthm one hour. The 
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products were 2,3- (3) and 3,4-O-rsopropyhdene-D-rrbose (4) m approxrmately equal 
proportions Shghtly prolonged reactlon time caused extensive conversxon of 4 + 3, 
and rt was only possrble to isolate crystalhne 4 m 15-20% yield_ 

Me&H HocylJ- Mei$gI)--oH xg.p 
0 OH OH 

Me 
Me 

1R=Me 

2 R = CH20Me 3 4 5 

For comparison with these aldoses which have the eryrlzro configuratron at 
positrons 3 and 4, D-glucose was treated wrth anhydrous cuprrc sulphate m acetone 
The reactron occurred consrderably more slowly, presumably aue m part to the low 
solubrhty m acetone of D-glucose The pnmary product was 4,6-O-rsopropyhdene- 
D-ghCOSe (3, which was isolated in low yield after the reaction had been camed out 
rn the presence of NJV-drmethylformarmde Thts solvent prevented further reactron of 
the pnmary product, but also slowed down the rate of its formation 

Identification of the O-lsopropyhdene denvatrves was based on methylation, 
penodate oxldatroc, and, m part, on mass spectrometry That HO-l and HO-2 were 
unsubstrtuted was shown by a posltrve Fehhng’s reactron and the response to 
penodate 

Methylatron of 34O-isopropylidene-D-fucose (1) and 3,4&sopropyhdene- 
6-U-methyl-D-galactose (2) with methyl Iodide-srlver oxrde and subsequent actd 
hydrolysis gave 2-U-methyl+fucose and 2,6-dr-O-methyl-D-galactose, respectively 
Perxodate oxidatron of I and 2 and subsequent oxidation of the products wrth silver 
carbonate-Cehte-benzene yielded fully substituted aldono-1,4lactones, the structures 
of which must therefore be 5-deoxy (6) and 5-O-methyl (7) derrvatives of 2,3-O- 
Isopropyhdene-D-lyxono-1,4lactone, respectively 

R+&O 

6Fi=Me 

7 R = CH20Me 

0 

G-?= 0 

M:Xi 

9 

The mass spectrum of 34O-isopropyhdene-D-fucose (1) showed the (M-Me)+ 
ion at m/e 189, whxh IS charactenstxc of O-lsopropyhdene denvatives4 Fragments 

wrth m/e 129 (189-AcOH), 85 ( ~~4 ), 59 (Me&OH+), and 43 (MeCO+), 
0 
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all expected Ions from a compound havmg this structure, were also observed 
A fragment of low mtenslty with in/e 187 was also seen, presumably (M-ON)+; 
such fragments are mdrcatrve of unsubstrtuted hemracetai hydroxyl-groups4. 

The identity of 3.4-0-rsopropyhdene-D-nbose (4) was established by penodate 
oxrdatron to 2,3-0-rsopropyhdene-o-erythrose (S), which was further oxrdrzed with 
silver carbonate-Cehte-benzene to 2,3-0-rsopropyhdene-o-erythrono-l&lactone (9) 
The identrty of 4 was supported by the mass spectrum, whrch showed only small, 
quantrtatrve drfferences from that of the configuratronal isomer 3,4-O-isopropyhdene- 
L-arabmose 

4,6-0-Isopropyhdene-D-glucose (5) has previously been prepared by treatment 
of n-glucose with 2,2-drmethoxypropane m N,N-dimethylformamrde-toluene-p- 
sulphonrc acid, but the product was isolated as a tnacetate5 When the work reported 
herem was complete, an elegant synthesis of 5 was described usmg the system 
D -glucose-N,N- drmethylformamrde-cthyl rsopropenyl ether-toluene-p- sulphomc 
acid6 The rdentrty of 5 was supported by the fact that penodate oxrdatron yielded an 
0-lsopropyhdene-D-erythrose which was different from the 2,3-0-rsopropyhdene 
denvatrve (S), and was rsomerized to this compound on treatment wrth acetone m the 
presence of acid 

The preferred formation of the 3,4- over the 1,2-0-rsopropyhdene derivatives 
from o-fucose, 6-0-methyl-D-galactose. and D- and r.-arabmose3 ’ * seems to be due 
to low reactivity of the glycol group mvolvmg the anomenc hydroxyl group That the 
low reactlvrty 1s not due to the tram relatronshrp of HO-l and HO-2 IS indicated by 
the fact that a-n-glucopyranose, m v hich HO-l and HO-2 are czs, yrelds a 4,6-0- 
isopropyhdene denvatrve (5) Moreover, 5 contams a 1,3-droxane rmg, and acetone 
usually reacts preferentially with vrcmal crs-drols to give 1,3-droxolane rings’ The 
recently reported formation6 of 4,6-0-isopropylidene-o-glucose (5) using ethyl 
rsopropenyl ether was suggested to be due to greater reactivrty of the primary hydroxyl 
group It IS of interest to note the resrstance to reaction of the anomenc hydroxyl 
group m n-glucose and other aldoses wrth acetone-cupnc sulphate, particularly m the 
presence of NJV-drmethylformamrde Smnlar, low reactrvrty was also observed wrth 
2,2-drmethoxypropane-N,N-drmethylformamrde5. 

The formations of the 3,4- (4) and the 2,3-0-mopropyhdene denvative (3) from 
D-nbose are about equally favoured kmetrcally, but 3 1s thermodynamrcally more 
stable than 4 and 1s the acetal obtamed m the presence of acid The rsomenzatron 4 -+ 3 
occurs because 3 can exist in the furanose form, and the 0-rsopropyhdene denvafive 
mvolves two crsfused five-membered rmgs, which 1s energetically more favourable 
than as-fused five- and six-membered nngs 

Anhydrous cupric sulphate m acetone IS a useful reagent for the preparation of 
reducmg mono-0-isopropyhdene derrvatrves from aldoses, or denvatrves thereof, 
which are soluble m acetone, when relatively short reaction trmes are applied 
Products of high punty are obtamed since there 1s no accompanymg occurrence of 
drmethyl acetalatron, a phenomenon observed when 2,2-dimethoxypropane 1s used. 
Moreover, removal of the reagents and rsolatron of the products are easily accom- 
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phshed. The 3,4-O-isopropyhdene derwatives are valuable startmg matenals for 
one-step degradation reactions by penodate or sliver carbonate on Cehte’, and 
O-alkylatzon by mzld alkylation reagents, mth subsequent aced hydrolysis, offers a 
rapld way to the 2-O-alkyl denvatives 

EXPERIhENTAL 

Thin-layer chromatography (t 1 c ) was performed on Slhca Gel G, usmg A, 
benzene+thanol (3-l) and B, benzene-ethanol (4 l), and detectzon wzth dzphenyl- 
amme-amlme-phosphoric acid9 and hydroxylamine-femc chlondel’. Mass spectra 
were recorded mth an AEI MS-902 mass spectrometer at an Iomzmg potential of 
70 eV. 

3,4-O-lsopro~~Zzdene-D-fucose (1) - D-Fucose (400 mg) was stied at room 
temperature mth acetone (200 ml) and anhydrous cupnc sulphate (4 g) for 3 h The 
solution was filtered and concentrated under reduced pressure The residue was 
extracted with hot benzene (2 x 15 ml), and the extract was filtered and concentrated 
to - 5 mi Addztlon of hght petroleum (b p 60-80”) gave a gelatmous precipztate, 
w&h was collected and crystalhsed from ethyl acetate-l&t petroleum (b p 60-80”) 
to @ve l(200 mg, 40%), m p 110-l 11”, [a]:’ + 86 (5 mm) + +71” (c 2, water; 24 h), 
wE;lch reduced Fehhng’s solutzon (Found C, 52 78, H, 7 81. CgH1605 talc C, 52 94, 
H, 7.84%) Mass-spectral data m/e 189 (12%), 131 (5), 129 (6), 101 (9), 100 (23), 
99(12), 85(16), 73 (47), 71(38), 59(100), 43 (99) 

2-0-Metlzyl-D-fircose -- 3,4-O-Isopropyhdene-D-fucose (1, 100 mg) was shaken 
with methyl lodlde (3 ml) and silver oxide (0 5 g) for 6 h More methyl lodlde (2 ml) 
and szlver oxide (0 5 g) were then added, and siakmg was contmued for 48 h The 
solution was diluted mth chloroform, filtered, and concentrated The residue was 
treated wzth 0 5~ sulphunc acrd at 100” for 4 h, then neutrahzed with Doksex- 
l(HC0,) reszn, atd concentrated under reduced pressure The residue was treated 
with ethyl acetate to @ve the title compound (47 mg, 52%), m p 1 Z&153”, [a]:’ + 79” 
(c 1, water, final), ht l 1 m p l55-l61”, [L& f87” 

Perzodate oxzdatzon of 3,4-0-zsopropyhdene-D--hose (1) - A solution of 1 
(90 mg) m water (4 ml) was treated mth sodmm penodate (200 mg) for 1 h The 
solution was mamtcined at pH 6 with so&urn hydrogen carbonate Excess of penodate 
was destroyed with ethylene glycol, and the solution was extracted with chloroform 
(5 x2 ml) The extract was dried (Na,SO,), filtered, and concentrated under reduced 
pressure The reszdue was extracted with hght petroleum (b p 60-80”), and concen- 
tratlon of the extract gave a chromatographcaliy homogeneous (t 1 c , solvent I?) 

syrup (55 mg) 
The product was oxldzsed wzth szlver carbonate on Cehte (0 5 g) m benzene 

(10 ml) at reflux temperature for 1 h The mixture was filtered and concentrated 
under reduced pressure to yield a syrupy residue contammg mamly one component 
[t 1 c , solvent B, hydroxylamme-femc chloride) Traces of startmg matenal and 
another compound could be observed The product etiblted strong I r. absorption 
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C, 50.74, H, 7.15. C!,H,,05 talc _ C, 50.53; H, 7 37%). Compound 4 reduced 
Fehlmg’s solutron. Mass-spectral data m/e 175 (M-Me)+ (S%), 173 (2), 159 (3), 
131 (3), 130 (2), 115 (l), 101 (2), 85 (9), 73 (ll), 69 (8), 59 (51), 43 (100) 

Perzodate oxzdatzon of 3,4-O-zsopropylrdene-D-rzbose (4) - A solution of 4 
(70 mg) m water (5 ml) was treated with sodturn penodate (150 mg) at room temper- 
ature for 90 mm, sodmm hydrogen carbonate bemg added at Intervals to keep the pH 
above 6 0 5M Banum acetate was then added untrl precrpltatron was complete, and 
the solution was centr&uged and subsequently treated wrth Dowex-l(HC0;) and 
Dowex-50W(HC) resms The filtered solution was concentrated under reduced 
pressure and the residue was drssolved rn benzene (10 ml). T 1-c (solvent B) showed 
the presence of a smgle component, mdrstmgurshable from 2,3-O-rsopropyhdene- 
D-erythrose (8) The solutton was borled and stirred with silver carbonate on Cehte 
(0 5 g) for 1 h, then filtered, and concentrated, and the resrdue was crystalhsed from 
hght petroleum (b-p 60-80”) to gave 2,3-O-isopropyhdene-n-erythrono-1,4-lactone 
(9, 15 mg), m p_ 68-69”) ht ’ 3 m.p 65-67 5” The I r- spectrum (CHCI,, strong 
absorptron at 1780 cm- ‘) was ldentrcal wrth that of an authentic sample of the 
L enantromer ’ 4 

4,6-O-Isopropylzdene-D-glucose (5). - A solutron of D-glucose (2 g) m NJV-dt- 
methylformamrde (4 ml) was poured mto a stirred suspensron of anhydrous cupnc 
sulphate (8 g) rn acetone (120 ml), and strmng was contmued for 6 h at room tempera- 
ture T 1 c (solvent A) showed the presence of unreacted D-glucose and one product 
wrth mob&y 0 87 relative to that of 1,2-0-rsopropyhdene-cl-D-glucofuranose The 
solutron was filtered and concentrated to -4 ml, and the resrdue was SubJected to 
chromatography on a column (45 x4 cm, I d ) of Srhca Gel H (solvent A). The 
fractrons contammg the product were collected and concentrated, and the residue was 
crystalhsed from ethyl acetate to grve 5 (170 mg, 7%) One recrystalhzatron from ethyl 
acetate gave matenal having m p 164-166”, [a] 6 -4” (c 2, water), wbrch reduced 
Fehhng’s solutron, ht.‘j m p 169-170”, [aID -7-3”. 

Oxzdatzon of 5 wzth perzodate. - A solutton of 5 (50 mg) m water (5 ml) was 
treated wrth sodmm penodate (200 mg), as described above for 4 T 1 c (solvent B) 
mdacated the presence of a smgIe compound wuh mobrhty 0 85 relative to that of 
2,3-O-rsopropyhdene-D-erythrose (8) and grvmg the same colour wrth the spray 
reagent The product was drssolved m acetone (5 ml) contammg cont. sulphurrc acrd 
(0 05 ml) After 2 h, the solutron was neutrahzed with sohd sodmm hydrogen car- 
bonate, filtered, and then concentrated The resrdue contamed a single compound 
(t-1 c , solvent B), mdrstmgurshable from 8 

Oxrdatron of the product m benzene (10 ml) wrth srlver carbonate on Cehte 
(0 5 g), as described above, and crystalhzation of the product from light petroleum 
(b p 60-80“) gave 2,3-O-isopropyhdene-D-erythrono-1,4-lactone (9), m p 65-66 5O, 
ht l3 m p 65-67 5’. The 1 r spectrum was rdentrcal wrth that of the authentic 
L enantromer. 
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