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ABSTRACT 

Acetonation of D-glucose with 2,2-dimethoxypropane in N,N-dimethyl- 
formamide containing a trace of p-toluenesulfonic acid at room temperature gave 
4,6-O-isopropylidene-D-glucopyranose almost exclusively_ However, when this 
reaction was conducted at 95”, 5,0-O-isopropylidene-D-glucofuranose, 1,2:5,6-di-O- 
isopropylidenea-D-glucofuranose, and an acyclic di-0-isopropylidene derivative 
were obtained as major products. Such variation of products with temperature 
presumably reflects pyranose-furanose equilibria in which D-glucose exists mainly 
in the pyranose forms at room temperature, but in the furanose and acyclic ones at 
95”; this suggests that this reaction is controlled kinetically, with favored attack by 
the reagent at the primary hydroxyl group. 

lNTRODUCTION 

In the previous papers I-’ in this series, we have mainiy described the reaction 
of various N-substituted 2-amino-2-deoxy-o-aldohexoses with the 2,2-dimethoxy- 
propane reagent, and its potential utility for syntheses in the amino sugar field. When 
this reagent was used with non-nitrogeneous aldohexoses3t some interesting results 
were obtained; D-glucose gave 4,6-0-isopropylidene-D-glucopyranose (which could 
not be synthesized by the conventional acetonation methods), whereas D-mannose 
afforded the well known 2,3:5,6-di-0-isopropylidene-D-mannofuranose. 

We now report further studies of the acetonation of D-glucose with the 2,2- 
dimeihoxypropane reagent, and discus s the reaction mechanism in comparison with 

the thermodynamically controlled one associated with conventional acetonation 
methods. 

RESULTS AND DISCUSSION 

Treatment of D-&,lCOSe (1) with 2.9 mole-equivalents of 2,Zdimethoxypropane 
in dry N,N-dimethylformamide in the presence of a trace of p-toluenesulfcnic acid 

*The Behavior of Some _41doses with 2,2-Dialkoxypropane-h’,N-Dimethylfo~amide-p-Toluene- 
sulfonic Acid, Part IV. For Part III, see ref. 1. 
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at room temperature gave 4,6-0-isopropylidene-D-golucopyranose (2) in high yield 
(80%). Small proportions of 5.6-0-isopropylidene-D-glucofuranose (3) and 1,2:5,6- 
di-0-isopropylidene-cr-D-glucofuranose (4) were also isolated by column chromato- 
graphy. When this treatment was performed for 30 min at 95” (reaction A), two major 
products, 4 and 8, were obtained in 43 and 42% yields, respectively, with traces of 
mono-0-isopropylidene derivatives. However. the well known 1,2-O-isopropylidene- 
a-D-glucofuranose (5) was not isolated. 

To examine the acetonation mechanism in this reaction system, 1 was treated 
with 1.2 mole-equivalents of 2,2_dimethoxypropane for 10 min at 95” (reaction B), to 
give a mixture from which 2 (9.2%), 3 (25%), 4 (14%), and 8 (14%) were isolated, and 
36% of 1 was recovered unchanged. The subsequent addition of 1.7 mole-equivalents 
of 2,2_dimethoxypropane to the mixture obtained by reaction I3 (total amount. 

2.9 moles/mole of 1) and continuation of the reaction for another 20 min at 95” gave 
almost the same result as reaction A. These experimenta! results indicate that 1,2:5,6- 
di-0-isopropylidene-x-D-glucofuranose (4) was formed uiu 5,6-O-isopropylidene- 
D-ghtcofuranose (3): instead of via the 1,2-O-isopropylidene-cr-D-glucofuranose (5) 

associated with the conventional acetonation methods (see Scheme I). 
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The structure of 2 was determined on the basis of chemical evidence in a 
preceding paper3, and more-detailed characterization of 2 was reported in a related 
study using ethyl isopropenyl etherA. 

The product 3 was eluted slightly faster than 2 by column chromatography on 
silicic acid; it had the elemental composition C9Hr606 (corresponding to the mono- 
O-isopropylidene derivative of D-glucose), but the infrared spectrum was clearly 
different from those of 2 and 5. This product reduced Fehling so!ution, and consumed 
two moles of periodate per mole. In the n.m.r. spectrum of 3 in dimethyl sulfoxide-cl, , 
at lowest field, the I-OH protons of the two anomeric forms appeared as a doublet of 
doublets due to the couplings with H-ix (Jllr,OH 8.1 Hz) and H-l/? (JIB,OH 7 Mz) 
at 6 5.75-5.93, and their intensity ratio indicated an approximately equimolar, 
anomeric mixture. After DzO treatment, the only signals remaining below S 4.78 
were a narrow doublet at 6 5.23 (H-l ‘1, Jr ,z 3.9 Hz) and a singlet at 6 4.95 (H-l/3, 
J 

1.2 -0 Hz), indicating an anomeric mixture of furanoid structures. The mass 
spectrum of 3 was identicai with that reported by Morgenlie’. Acetylation of 3 gave 
a syrupy tri-0-acetyl derivative (6) (see Scheme l), the n.m.r. signals for H-l being 
shifted to much lower field (8 6.02, H-l /I; 6.32, H-l 2). The signals of H-2 and H-3 

were also shifted to lower field (6 5.08-X63), and their assignments were confirmed 
by decoupling techniques. Hydrolytic removal of the isopropylidene group under mild 
conditions gave a syrupy product (7), which consumed one mole of periodate per mole. 

An n.m.r. signal for the anomeric proton of the unknown product 8 was not 
observed, and treatment of 8 with 60% aqueous acetic acid at 55-60” gave a quanti- 
tative yieId of o-gIucose, indicating that 8 exists in an acyclic structure readily 

convertible into D-glucose. In the mass spectrum of 13, the peak at ~r/e 245 represents 
the loss of a methyl group from a di-0-isopropylidenehexose6*‘, whereas that at 
t~/e 187 may be due to further loss of an isopropylidene group, as acetone. The 

highest peak, at m/e 101, is strongly indicative of the presence of a 5,6-O-isopro- 
pylidene group, and the peak at 177/e 23 1 most likely represents the loss of an aldehyde 
group. Thus, the mass-spectral data strongly suggest the structure of 2,3:5,6- or 
3,4:5,6-di-0-isopropylidene-al&i~~do-o-glucose (9). The i-r. and n.m.r. data, however, 
showed the absence of an aldehyde group, su ggesting a structure such as the 
aldehydrol, or its dimerized form, which is readily convertible into 9 by dehydration. 
Similar aldehydrol derivatives were also isolated from the reaction mixture of D- 

xylose with the 2,2-dimethoxypropane reagent’. 
Scheme 2 illustrates the behaviour of D-g!ucose with the 2,2-dimethoxypropane 

reagent. The existence of such equilibria in the reaction solution accounts satisfactorily 
for the variation of products with temperature. It appears that, at room temperature, 
o-glucose exists almost exclusively in the pyranose form (la), and that the proportion 
of the acyclic forms (lb, lc) as well as of the furanose one (ld) is extremely small. 
However, it is known that the pyranose-furanose equilibria can be markedly altered 
by changes in temperature, or in such soIvents as N,N-dimethylformamideQ*‘o and 
dimethyl sulfoxide”*‘“. Indeed, products 3,1, and 8 were obtained as major products 
at 95”; this means that the proportions of lb, Id increase with rise in temperature. 
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It is most likely, therefore, that this acetonation reagent operates unrlcr kmcttt 

control. with favored attack at the primary hydroxyl group on C-6 10 form the 4,‘~ 
k)r 5,6-O-isopropylidene derivative as the initial step. This i4 in contr;tql IGI rhc ctrrb 
tentional acetonation methods involving the initial Tctrlnutiorl (I[ II~V I ,~-C>,B-~ 
propylidene derivative. Similar interesting phenomena wcrc nlw rrhrtnoi III !t~r 

acetonation of 2-(acylamidob2-deoxy-D-glucose with this rcagcrlf ’ ’ 

t \PERIHENT.AI 

General methods. - Melting points were determined with u Yarqirncrtt~ ~IWS: 

melting-point apparatus and are uncorrected. Specific rotatinns were dctc~mi~r~~i 

with a Yanagimoto OR-50 polarimeter, and i.r. spectra were recorded wrrh il JSWX 
IRA-I spectrophotometer. N.m.r. spectra were recorded al hO MHI, und *Ni btll~ 

with Hitachi R-24 and R-22 spectrometers for solutions in chlorc)furm-t/, unICa% 

otherwise noted; tetramethylsilane was used as the internal standard rtnd ttir: t$inpIc 
temperature was -35”. Chemical shifts arc given in d values, bind !hc r.-rrupIinep 

recorded are first-order spacings. Mass spectra were recorded with a Hiujshr M hit : 
6M spectrometer operating at 70 eV. N.N-Dimethylf~ormalnillr war d~elillcd, JW 
dried over Drierite. 

ilcetonation of D-glucose (1). - (a) ftf ram Irfnparulrw ( + ?(I 1. .ro in aif-f&d 

solution of snhydrous D-glucose (1) (4.0 g, 22.2 mmoles) in N.hl-drintt}rLlfiirtii~inl~~ 

(50 ml) were added p-toluenesulfonic acid monohydratc (x5 1t1g) irnd thrir 2.;” 
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Jimethoxypropane (8 ml. 64.6 mmoles, 2.9 moles/mole of 1). The mixture was 
+rted for 2 h at room temperature and then treated with Amberlite IRA-410 (OH-) 
~++exchange resin to remove the acid; this deacidification must be complete, because 
Z.ChQ-&isopropylidenaton occurs very readily under slightly acidic conditions. The 
resin was fihercd off, and washed with methanol. The combined filtrate and washings 
were evaporated in uucuo C-W bath), and the syrupy residue was chromatographed 
on a column (4 cm diam.) of silicic acid (160 g) with chloroform, and then with 
chloroform-methanol (100: I, 50: 1, and 30: 1). The 100: 1 eluate yielded 1,2:5,6-di-O- 

rqropyiidene-z-o-glucofuranose (4) (52 mg, 0.90%). Two monoisopropylidene 
a~setals. 5,6-0-isopropylidene-D-glucofuranose (3) (460 mg, 9.4%) and 4,6-O- 
I\opropylidene-D-glucopyranose (2) (3.7 g, 76%), were obtained as crystals from the 
?*I eluate. 

(6) Af 95“ (reucfion A). A stirred solution of anhydrous D-glucose (1) (4.0 g) and 
,~toiuenesulfonic acid monohydrate (85 mg) in NJ-dimethylformamide (50 ml) was 
heated to 95”. and then 2,2-dimethoxypropane (8 ml, 2.9 moles/mole of 1) was 
crsdually added; stirring was continued for 30 min at 95”. The mixture was cooled, 
and treated with Amberlite IRA-410 (OH-) ion-exchange resin; the resin was 
tiitered off and washed with methanol. The combined filtrate and washings were 
evaporated in t’ucuo (w 60” bath), and the syrupy residue was chromatographed on a 
column of silicic acid. The chloroform-methanol (1OO:l and 5O:l) eluates yielded 4 
12.5 8.43%) and 8 (2.5 g, 42%). Amounts of 3 (150 mg, 3.1%) and 2 (400 mg. 8.2%) 
uere obtained from the 3O:l eluate. 

(Reocfion B). A stirred solution of 1 (4.0 g) and p-toluenesulfonic acid mono- 
h&ate (85 mg) in NJ-dimethylformamide (50 ml) was heated to 95”, and then 
X-dimethoxypropane (3.31 ml, 1.2 moles/mole of 1) was added; stirring was 
cilntinued for IO min at 95”. The mixture was treated as described in reaction A. 
‘ohowed by column chromatography on silicic acid. The chloroform-methanol 
I 100~1 and 5O:l) eluates yielded 4 (800 mg, 14%) and 8 (830 mg, 14%) and the 3O:i 
?!uate yielded 3 (1.2 g, 2.5%) and 2 (450 rug. 9.2O/,). D-Gluccse (1) (1.4 g. 36%) was 
recovered unchanged. 

4,6-O-hpropylidene-D-glucopyrmose (2). -- The white, crystalline mass of 2 
was recrystallized from ethanokther, to give colorless needles (m.p. 170”), with some 
amorphous material which started to melt at 164O. Recrystallization of the latter 
from methanol-hexane gave powdery granules, m.p. 164167”, [cl]: -7.2” (c 2, 
equii., water) (lit4 - 7.3”. lit. l4 -4”); tiNuJo’ 3520, 3380 (OH), and 860 cm- ’ (Me,C); msx 
n.m.r. data at 90 MHz (in dimethyl sulfoxide-dh containing a trace of water): S 
(before D1O treatment) 1.29 and 1.44 (2 s, Me,C), 2.7-3.8 (m, ring protons), 4.37 

id of 6 J, .z 7.6, J, ,o,, 6.4 Hz, H-l fl), 4.6 (d, J 6.4 Hz, OH), 4.7-5.05 (m, H-l r and 
OH), 6.35 (d, J,,,, 4.6 Hz, l-OHz), and 6.69 (d, J,.ot, 6.4 Hz, I-OHP) (for the 

n.m.r. data in dry dimethyl sulfoxide-d,, see ref. 4); mass-spectral data: III/P 205 
(37, St’-Me), 187 (3.3, 205-H,O), 145 (4.8, 205-A&i-ii, i3i (29j, ii7 (7.Sj. 

103 (9.51, iO2 (1 lj, 101 (9.2). 85 (8.3). 73 (29), 69 (7.6), 61 (IO), 60 (9.7) 59 (100. 

UezCOH), 45 (6.5) 44 (7.6), and 43 (30, Me,dO). 
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Anal. Found for 8: C, 54.90; H, 8.44. 
A solution of this sample in 60% aqueous acetic acid was stirred for 30 min at 

55-&Y, and evaporated :i2 vacu to a white, crystalline mass, which was recrystallized 

from methanol-benzene, m.p. - 157”; the i.r. and n.m.r. spectra were identicai with 

those of D-glucose. 
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