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ABSTRACT 

Ethyl isopropenyl ether reacts with D-glucose in N,N-dimethylformamide 
containing a trace of p-toluenesulfonic acid to give crystalline 4,6-U-isopropylidene- 
a&D-glucopyranose (2) in near-quantitative yield. The structure of 2 was established 
by n.m.r. spectroscopy of it and of its fl-triacetate 3, and by conversion of 3 through 
deacetonation and subsequent acetylation into j?-D-glucopyranose pentaacetate (5). 
The acetonation reagent operates under kinetic control, with favored attack at pri- 
mary hydroxyl groups, instead of by the thermodynamic control associated with 
conventional acetonation methods. The reagents converts methyl cr-D-glucopyranoside 
(7) into the 4,6-isopropylidene acetal8, and D-mannitol(9) into a 2:l mixture of the 
1,2:5,6d&isopropylidene acetal 10 and the 1,2:3,4:5,6-tri-isopropylidene acetal 11. 

INTRODUCTION 

In a program evaluating the reaction of vinyl ethers with carbohydrates, the 
late Professor M. L. Wolfram and his associates described2 various 1-alkoxyethyl 
ethers and ethylidene acetals formed from sugars by reaction with alkyl vinyl ethers 
in the presence of a trace of acid. As a route to analogs that would not introduce 
additional asymmetry at the acetal carbon atom, the use of ethyl isopropenyl ether3 
was initiated, and it was shown4 that this ether reacts with D-glucose to form a new 
monoisopropylidene acetal of then unknown s’acture. 

This paper is concerned with the application of ethyl isopropenyl ether as an 
acetonation reagent for sugars, and with the characterization of the new mono- 
isopropylidene acetal as 4,6-O-isopropylidene-a&D-glucopyranose (2). 

*Dedicated to Dr. HorackS. Isbell, in honor of his 75th birthday. 
Q?wapze%&wy~~~r&E% 
TPermanent ~address: Groupe de chin+e organique 1, U&e&it6 de Clermont-Fen-and, Ensemble 
scientifique des Gzeaux, BP 45, 63170 AubBre @rancej. 
l *To v&s-zI %z&&?s z&-s&d six% a&rss&. 
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DISCUSSION 

D-GhCOSe (1) was brought into reaction with a twofold excess of ethyl 
isopropenyl ether3 and a catalytic amount of p-toluenesulfonic acid in a solvent 
(N,N-dimethylfonnamide) that did not decompose the ether and permitted a 
homogeneous reaction-medium. Scrupulously anhydrous conditions were required, 
otherwise reaction of 1 was incomplete. After -5 h at O-5”, all of the starting 
material had reacted, and the water-soluble product was isolated crystalline in 
practically quantitative yield. The structure 4,6-U-isopropylidene-cc,B_D-gluco- 
pyranose (2) was assigned to this product on the basis of chemical and physical 
evidence. 
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The product had the empirical formula C,H1606, corresponding to a product 
of condensation between one molecule of D-glucose and one molecule of acetone, but 
it was clearly different from the well-known 1,2-O-isopropylidene-a-D-glucofuranose. 
A molecular formula of C9H1606 (mol. wt. 220) was indicated by the mass spectrum, 
which showed at highest mass a peak having m/e 205 (Mt - -CH3). The product 
reduced Fehling solution but gave a negative Schiff test, and it showed mutarotation 
(downward) but no carbonyl-group absorption in the infrared; these data indicate 
that a hemiacetal structure is present. The compound was thus formulated as a mono- 
O-isopropylidene-D-glucose having the anomeric position in the hemiacetal form. 
The compound consumed two moles of periodate per mole and gave a triacetate 
having no remaining hydroxyl-group absorption in the infrared, demonstrating that 
three contiguous hydroxyl groups are present, one of them being the anomeric 
hydroxyl group. All of these data accord eqttally well with the structures 4,6-O- 
isopropylidene-D-ghrcopyranose and 5,6-O-isopropylidene-D-glucofuranose, and the 
4,5-acetal of the septanose form could not be excluded. Deacetonation of the tri- 
acetate with aqueous acetic acid, followed by acetylation of the product, gave’s high 
yield ofj7-D-ghrcopyranose pentaacetate @). Tb& conversion estabhshes the structure 
of the tr&Xtate as 1,2,3-tri-0-ace~l~,6-~-isopropylidene-~~D-g~~copytanose (3); 
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tautomeric change during the deacetonation-acetylation sequence can be ruled out 
because 0-l remains substituted in the intermediate 1,2,3-tri-0-acetyl-/I-D-gluco- 
pyracose (4). 

The structure 3 is confirmed by n.m.r. spectroscopy (Table I). The H-l signal 
appears as a wide doublet at lowest field, and H-2 and H-3 resonate substantially 
downfield of the rerrsining protons, as anticipated for ring protons at positions 
substituted by acetoxyl groups; the chemical shifts and spin-couplings observed for 
H-l, 2, and 3 correspond closely with those found for fi-D-glucopyranose penta- 
acetate (5), and confirm the triaxial disposition of these three protons. The H-4 signal 
of 3 resonates at much higher field than it does in 5, as expected for a structure having 
O-4 engaged in an acetal bridge, whereas the H-5 resonances of the two compounds 
have approximately the same chemical shifts. 

TABLE I 

P.M.R.-SPECTRAL DATA FOR ~,~,~-TRI-~-ACETYL~,~-~-ISOPROPYLWENE-&D-GLU~~P~RANOSE (3) 
_4w~ SD-GLUCOPYRANO~EPENTAACETA~~(~) 

Soluent Compd. Chemical shifts (6) CMe, 

H-l H-2 H-3 H-4 H-5 Hd H-6’ AC 

(CD3)zCO 3 5.79 4.97 5.21 a-3.95 -3.50 __3 2.05,2.00,1.93 1.47, 1.28 

5 5.37 4.63 4.93 4.67&.10-3.6E---, 

GD6 3 5.83 5.40 5.32 3.64 3.10 3.50 3.71 1.71, 1.69, 1.60 1.31, 1.14 

CDC13 3 5.75 5.10 5.25 -JO--3.W 2.15,2.12,2.10 1.55, 1.48 

First-order couphgs (Hz) 

J 1.2 J2.a 13.4 54.3 JM Jw J~.cv 

(CD,),& 3 8 9 9 9.5 9.5 6 10.5 

(CD3)KO 5 7.2 8.3 8.2 8.1 

In a recent report5, Hasegawa and Fletcher described the treatment of 
D-glucose with 2,2-dimethoxypropane-N,N-dimethylformamide-p-toluenesulfonic 
acid to give an amorphous mixture which, after acetylation and chromatography, 
gave 42% of a crystalline product. It was concluded that the latter was, most probably, 
1,2,3-tri-O-acetyl-4,6-@-isopropylidene-~-D-glu~~yranose, as it could be converted 
into the pentaacetate 5. Their product had m.p. and specifk rotation in good agree- 
ment with values reported here for 3. 

The firm structural evidence obtained for the triacetate 3 allows the non- 
acetylated precursor to be identified as 4,6-O-isopropylidene+-glucopyranose (2), 
but does not permit assignment of anomeric configuration to 2 because anomerization 
is possible under the acetylation conditions used. The observed downward mutaro- 
tation of 2 suggests the CY-D configuration but does not exclude the possibility of an 
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anomeric mixture richer in the cc anomer than is the equilibrium mixture of anomers 
in water. 

Direct evidence that the crystalline 2 obtained is an anomeric mixture was 
afforded by g.1.c. and n.m.r. data. G.1.c. of the per-O-(trimethylsilyl) derivative of 2, 
in comparison with per(trimethylsilylated) D-glucose, 1,2- O-isopropylidene-a-D- 
glucofuranose, and 1,2:5,6-di-O-isopropylidene-a-~glucofuranose (6, reference 
standard, TR LO), showed two peaks, in approximately equal proportion, migrating 
zespectively faster (TR 2.4) and slower (TR 3.4) than the single peak from the derivative 
of 1,2-O-isopropylidene-o-glucofuranose (TR 2.8); by comparison, the derivative of 
mutarotated D-glucose showed peaks for the two anomers (T’s 5.0 for CL, 8.7 for fi) at 
much longer retention-times. 

The n.m.r. spectrum of 2 (m-p. 169.5-17O.S’) in dry methyl sulfoxide-de she-ed 
low-field resonances for the l-OH protons of the two anomeric forms, and hydroxyl- 
proton exchange by deuterium oxide left at low field only two signals, that for H-l a 

(as a narrow doublet) downfield of that for H-l J? (a wide doublet). The ratios of 
intensities of these two signals, and those of the l-OH protons, indicated that the 
initial, crystalline product 2 was an 11:9 mixture of the a and p anomers. Such 
anomeric mixtures have been encountered in previous examples in this laboratory6 
and characterized’ by n.m.r. spectroscopy in methyl sulfoxide-d, . 

A sample of 2 that had been recrystallized three times from acetone had a 
higher m.p. (174-175’), and g.1.c. of the pertrimethylsilylated derivative indicated that 
it contained -75% of the CL form and 25% of the /I form. In dry methyl sulfoxide-d6, 
the HO-la and HO-l/l signals for this sample showed intensities in a similar ratio, 
also observed, after deuteration, in the initial, relative intensities of the H-la! and 

H-1/3 signals. At mutarotational equilibrium, this ratio changed to a$ = l:l, and in 
deuterium oxide alone the a$ ratio was 2:3. This higher-melting preparation of 2 
mutarotated from about +36” (initial) to -6.7” (equilibrium) in water. Assuming a 
Hudson 2A value’ (M,--M,, the rotatory contribution of the anomeric center) of 
- 37,500 (as observed for a range of anomeric pairs of D-glucopyranose derivatives), 
the specific rotations of the pure a and j? anomers may be estimated at about + 100” 
and - 70”, respectively. 

For D-glucose at mutarotational equilibrium in water, Isbell and I?igmang found 
the cz:j3 ratio to be 36.2:63X, as determined accurately from polarimetric data on the 
pure anomers. For compound 2, the LX$ ratio of -4&60, as estimated by n.m.r. 
spectroscopy, is in close accord, indicating that the 4,6-substituent does not greatly 
affect the relative free-energies of the anomers in aqueous solution. 

The mass spectra of the acetal2 and its triacetate 3 were useful for assigning 
molecular weight from the M-15 peaks, but the observed fragment-ions should be 
interpreted with caution. Thus, the weak peak at m/e 101 in the spectrum of 2 might 

be consideredlO as indicative of the MezC 
c*2 

ion arising from a 5,6-O-isopro- 
=CH 

o 
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pylidenehexofuranose structure by C-PC-5 cleavage. However, other pathways to a 
fragment of m/e 101 are available, as evident from the fact that 4,6-O-ethyliaece-D- 
glucopyranose also displays a weak peak at this mass number. Only when the m/e 101 
peak is of high intensity should it be considered strongly indicative of the 5,6-acetal 
structure. 

The acetonation reagent evidently operates under kinetic conditions, presu- 
mably by initial attack at the most accessible (primary) hydroxyl group in 1, with 
subsequent ring-closure at O-4 to give 2 while the intermediate retains the original 
pyranoid ring-form. When 2 is conventionally acetonated (acetone-sulfuric acid), it 
gives, in high yield, 1,2:5,6-di-O-isopropylidene-c-glucofuranose, the thermo- 
dynamic product of acetonation with excess reagent. 

The furanoid analog of 2, 5,6-O-isopropylidene-D-glucofuranose, has evidently 
not yet been prepared; a claim I1 that it is produced by partial hydrolysis of 1,2:5,6- 
di-O-isopropylidene-3-O-viny&-D-glucofuranose with acid is not supported by 
structural evidence, and the preparative route, together with the m.p. (161-162.5O) 
cited, suggest that the product was 1,2-O-isopropylidene-E-D-glucofuranose. 

Acetonation of methyl cr-D-glucopyranoside (7) with ethyl isopropenyl ether 
gave a high yield of methyl 4,6-O-isopropylidene-c-glucopyranoside (8); in this 
instance, the tautomeric form of the initial sugar is fixed, and the product is the same 
as that obtained1z*13 by use of 2,2_dimethoxypropane or acetone as the acetonation 
reagent. 

D-Mannitol (9), when allowed to react with excess ethyl isopropenyl ether until 
all of the starting material had disappeared , gave a mixture from which 1,2:5,6-di- 
0-isopropylidene-D-mannitol’4 (10) and 1,2:3,4:5,6-di-O-isopropylidene-D-manni- 
tol’ 4 (11) could be obtained, in N 60 and N 30% yields, respectively. _ 
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EXPERIMENTAL 

General metho&. - Evaporations were effected in vactlo below 40”. Melting 
points were determined with a Thomas-Hoover “Unimelt” apparatus and are 
uncorrected. T.1.c. was performed on 0.25-mm plates of Silica Gel G (Merck) 
activated at llO”, and 10% aqueous sulfuric acid was employed for detection. 
Column chromatography was conducted with Silica Gel No. 7734 (70-325 mesh, 
Merck). Chromatographic solvents were either ethyl acetate or 4:l ethyl acetate- 
methanol. 1.r. spectra were recorded with a Perk&Elmer Model 237 spectrophoto- 
meter. Optical rotations were determined with a Perkin-Elmer Model 141 polarimeter 
with use of I-dm tubes. N.m.r. spectra were recorded at 100 MHz with a Varian 
HA-100 spectrometer with Me& as the internal standard and the source of a lock 
signal. Chemical shifts are given in p.p.m. and the couplings given are first-order 
spacings. Mass spectra were recorded with an AEI-MS-9 spectrometer at an ionizing 
potential of 70 eV and an accelerating potential of 8 kV; a direct-insertion probe was 
employed. Analyses were performed by W. N. P.ond. X-Ray powder diffraction data 
give interplanar spacings in A for CuKcr radiation (camera diameter = 114.59 mm). 
Relative intensities are estimated visually: m, medium; s, strong; v, very; w, weak. 

4,6-O-Isopropylidene-a&D-glucopyranose (2). - (a) Synthesis. To a solution 

of D-glucose (1, 5.4 g, 30 mmoles) in iV,N-dimethylformamide (100 ml, dried oker 
Drierite) kept below 5” in an ice bath was added ethyl isopropenyl ether3 (5.2 g, 
60 mmoles) and p-toluenesulfonic acid (- 10 mg). The mixture was stirred magneti- 
cally at O-5” until t-1-c. monitoring indicated that all of the starting material had 
disappeared (about 5-6 h), whereupon anhydrous sodium carbonate (~5 g) was 
added, with energetic stirring of the cold mixture for 1 h. The mixture was refrigerated 
overnight and then filtered, and the Gltrate was poured into ice-water (50 ml)_ The 
resultant solution was extracted with dichloromethane (3 x 50 ml), and the combined 
organic extracts were washed with water (4 x 20 ml). The aqueous phase and combined 
aqueous extracts were freeze-dried (48 h) to yield 2 as a white solid (6.25 g, 95%) that 
was homogeneous by t.1.c. and after trimethylsilyl&on showed no appreciable peaks 
for components other than the a and j? anomers of 2. It reduced Fehling solution, gave 
a negative Schiff test, and consumed 2 moles per mole of periodate”. 

Recrystallization could be effected from ethanol-hexane to give small white 
granules, m-p. 169.5-170.5”, [a];’ + 24 + 2 (initial, extrapolated) -+ + 8.5 (toes 
9 min) --, -7.3” (fir&, 48 h; c 2.1, water); RF (t.1.c.) 0.2 (ethyl acetate), 0.6 (4:1 ethyl 
acetate-methanol); I_ _ KBr 2 98 (OH), 7.29 (CMe2), 11.72 pm (a anomer: 6); mass 
spectrum* m/e 205 (8, M* - - CH& 187 (1, 205-HH,O), 145 (3, 205-AcOH), 
131 Q, 127 (4, 205-HH,O-AcOH), 101 (3), 73 (23), 59 (100, MezCOHf), 43 (97, 
MeCO’); X-ray powder diffraction data: 11.87 m, 6.66 m, 5.84 m, 5.37 m, 5.31 VW, 
4.92 vs (l), 4.65 vw, 4.46 m, 3.94 s (2), 3.67 w. 

*A sample of 4,6-O-ethylidene-n-glucopyranose17 showed the follow& mass-spectral data: mfe 
205 (I), 191 (1, Mt-• CH3, 144 (ll), 117 (241, 116 (lo), 103 (12), 101 (ll), 87 (18), 73 (loo), 60 
(50), 57 (39), 45 (65), 43 (49). 
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Anal. Calc. forC9H1606: C, 49.09; H, 7.27. Found: C, 49.33; H, 7.55. 
Recrystallization of the product 3 times from acetone gave material having 

m.p. 174-175”, [czJi3 +36 +2 (initial, extrapolated)+ -I- 13 (?o.5, 12 mm)-+ -6.7” 
(final, 48 h; c 2, water): this product appeared to be richer in a anomer than the 
product obtained from ethanol-hexane. 

Evaporation of the dried (magnesium sulfate) dichloromethane extract gave a 
residue that by t.1.c. showed two components migrating faster than 2; the latter was 
absent from this fraction. The faster-moving components are under investigation. 
These components were usually very minor, but on certain occasions the procedure 
gave a somewhat lower yield of 2 and a greater proportion of these side-products. 

If the reaction was not conducted under scrupulously anhydrous conditions, 
some D-glucose accompanied 2 in the initial freeze-dried product. Pure 2 could 
readily be isolated by chromatography of the product (3 g) from a column (45 x 3 cm) 
of silica gel (90 g) with 41 ethyyl acetate-methanol. 

(b) Anonzeric composirion of2. The lOO-MHz n.m.r. spectrum of a sample of 2 
(crystallized from ethanol-hexane) dissolved in methyl sulfoxide-d, showed, at lowest 
field, two doublets at 6 6.45 (JIS,OH 6 Hz, HO-l B) and 6.15 (Jlor,oH 4.5 Hz, HO-l 0~); 
their intensity ratio indicated an a$ anomeric ratio of - 11:9. These peaks dis- 
appeared when a drop of deuterium oxide was added to the solution, and the only 
signals remaining below 6 3.9 were a narrow doublet at 6 4.84 (.ilcl,z 3.5 Hz, H-l CZ) 
and a wide one at 6 4.26 (J,,,, 7.5 Hz, H-l p) in the intensity ratio -5:4. Before 
deuteration, the H-la and H-l /I signals appeared as narrow and wide apparent 
triplets, respectively, and the additional splitting of each signal permitted differen- 
tiation of the HO-Ice and HO-l/3 signals. Also observed in the spectrum before 
deuteration were daublets at 6 4.65 (JzzOH 4.5 Hz) and 4.45 (JHeOH 6.5 Hz), assigned 
to HO-2 and HO-3 but not individually differentiated. The spectrum showed a poorly 
resolved nultiplet, 6 2.52-3.52 for the remaining ring-proton resonances, together 
with 3-proton singlets at 6 1.43 and 1.32 for the CMe, group. At equilibrium in 
deuterium oxide, 2 showed (at 40”) the H-l c( and H-l /I signals in the relative-intensity 
ratio of -40:60. 

The product 2 (10 mg) was per(trimethylsilylated) by heating it with shaking in 
a closed vial for a few min at 60-70” with IV-trimethylsilylimidazole in pyridine 
(Tri-Sil Z, Pierce Chemicals, 1 ml). After 15 mm, it was analyzed by g.1.c. on a 
Beckman GC-5 dual-column instrument with flame-ionization detectors, and helium 
as the carrier gas. A column (3.18 mmx 1.83 m) of 3% SE-30 on 80-100 mesh 
Chromosorb P was used, with a helium flow-rate of 75 ml.min-l, an injection 
temperature of 210-220*, and a column temperature of 145”. Both the initial freeze- 
dried product, and 2 that had been crystallized from ethanol-hexane, gave only two 
peaks, TR 2.4 and 3.4, corresponding to the a and /3 anomeric forms of irimethyl- 
silylated 2; no components corresponding to per(trimethylsilylated) D-glucose 
[TR 5.0 (a) and 8.7 (B)], 1,2-O-isopropyhdene-a-D-glucofuranose (TR 2.8), or 1,2:5,6- 
&- O-isopropylidene-a-D-glucofuranose (6, TR 1.0) were detected. 

The sample of 2 (m-p. 174-175”) that had been thrice recrystallized from 
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acetone gave two peaks havin g the same TR values as before, with an a$ ratio of 
-3:l. In dry methyl sulfoxide-d,, this sample showed n.m.r. resonances for HO-l a 
and HO-l J? in 3: 1 ratio, and this same ratio was observed, after addition of one drop 
of deuterium oxide, in the intensities of the H-l CL and H-l p signals, changing to 1:l 
after 48 h. 

Equilibrium acetonation of 2 to give 6. - To a solution of 2 (60 mg) in dry 
acetone (25 ml) was added one drop of cont. sulfuric acid, and the mixture was 
stirred for 15 h at -25”. Sodium carbonate (0.3 g) was added and, after 2 h, the 
mixture was filtered and the filtrate evaporated. Crystallization of the residue from 
chloroform-hexane gave 1,2:5,6-di-O-isopropylidene-a-D-glucofuranose (6; 45 mg, 
63%), m.p. 1 lo”, indistinguishable from authenticl’ material by mixture m.p. 

~,2,3-Tri-O-acety~~,6-O-isopropylidene-8_D-gI~copyranose (3). - A mixture of 
compound 2 (2.2 g, 10 mmoles), acetic anhydride (6.1 g, 60 mmoles), and sodium 
acetate (9.8 g, 120 mmoles) was stirred thoroughly and heated for 1 h at 100’. The 
cooled mixture was poured onto ice and the product was extracted with dichloro- 
methane. The dried (magnesium sulfate) extract was evaporated and the crystalline 
residue was recrystallized from ethanol to give 3 as microscopic needles (2.9 g, 81%), 
m-p. 171-172”, [c&’ -30” (c 1, chloroform) (Hasegawa and Fletcher’ gave m.p. 169”, 
[LY]~’ -34” in chloroform); RF 0.9 (ethyl acetate); 12: 5.80 (C=O), 7.23 ,um (CMe,); 
for n.m.r. data, see Table I; mass spectrum: nz/e 331 (26, Mf - *CH3), 245 (24, 
Mt- Me&OH+ -CH,CO), 226 (26, Mt - 2AcOH), 203 (16), 169 (46), 157 (38, 

AcOCH=CHdHOAc), 143 (69), 127 (44), 115 (200, 157-CH,CO), 109 (58), 103 (26, 
Ac,OH’J 101 (44), 97 (26), 73 (52), 59 (100, Me&OH+), 43 (1160, CH$ZO+); 
X-ray powder diffraction 11.75 m, 11.18 m, 8.93 vs (l), 6.92 w, 6.19 m, 5.59 m, 
5.22 s (2), 4.81 m, 4.43 s (3), 4.21 w, 4.03 m. 

Anal. Calc. for C1sH,,O,: C, 52.02; H, 6.36. Found: C, 52.01; H, 6.64. 

The n.m.r. spectrum in acetone-d, showed first-order behavior for H-l, H-2, 
and H-3. The spectrum in benzene-d, showed second-order character in the H-l 
signal because of the close proximity of the H-2 and H-3 signals, but the H-5,6,6’ 
signals were- essentially first-order (see Table I)_ A comparison of data for 3 and 
/3-D-glucopyranose penta-acetate’g (§) is given in Table I. 

Deacetonatiou of 3 andacetylation to give 8-D-glllCOpyrffnOSepentaaCet~te (5). - 

A solution of 3 (200 mg) in 1:3 acetic acid-water (10 ml) was heated for 1 h at 70”. 
T.1.c. then indicated disappearance of the starting material and formation of a single 
component having a lower RF value. The solution was freeze-dried to give amorphous 
1,2,3-tri-O-acetyl+3-D-glucopyranose. To this product was added a solution of acetic 
anhydride (177 mg) in pyridine (137 mg) at N 0”. After 15 h at - O”, the mixture was 
poured onto ice and the product was extracted with dichloromethane. The dried 
(magnesium sulfate) extract was evaporated to give 5 (248 mg, 97%), m.p. 127-128”, 
which was recrystallized from ethanol to give pure 5 (220 mg, 86%), m-p. 131-132”, 
undepressed on admixture with authentic 5 and indistinguishable from it by n.m.r. 
(TableQandmassspec&a_ 
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