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ABSTRACT

When treated with a large excess of 2,2-dimethoxypropane or 2,2-dibenzyloxy-
propane in 1,4-dioxane solution in the presence of p-toluenesulfonicacid, 2-acetamido-
2-deoxy-D-glucose and 2-(benzyloxycarbonylamino)-2-deoxy-D-glucose yield the
corresponding 3,4 :5,6-di-O-isopropylidene-aldehydo-D-glucose dimethyl or dibenzyl
acetal in good yield.

INTRODUCTION

In the course of studies involving the use of 2-(acylamino)-2-deoxyaldohexoses
as intermediates in synthesis, our work*~? has shown that, for some aldoses, 2,2-
dialkoxypropane—N, N-dimethylformamide—p-toluenesulfonic acid is a unique aceton-
ating agent that may give unexpected, and potentially useful, products on changing
such reaction conditions as the temperature, the reaction time, and the ratios of the
acid, the 2,2-dialkoxypropane, and N,N-dimethylformamide. We now describe a
highly contrasting result that provides a simple preparation of 2-(acylamino)-2-
deoxy-3,4 : 5,6-di-O-isopropylidene-aldehydo-p-glucose dimethy! and dibenzyl acetals,
obtained when the 2,2-dialkoxypropane in 1,4-dioxane solution (instead of N,N-
dimethylformamide) in the presence of p-toluenesulfonic acid was employed at 60-70°.

RESULTS AND DISCUSSION

Treatment of 2-acetamido-2-deoxy-D-glucose (1) with a large excess of 2,2-
dimethoxypropane in dry 1,4-dioxane in the presence of p-toluenesulfonic acid for
2 h at 68-70° gave 2-acetamido-2-deoxy-3,4:5,6-di-O-isopropylidene-aldehydo-D-
glucose dimethyl acetal® (3; 67.5%) as the main product, together with a small pro-
portion of methyl 2-acetamido-2-deoxy-5,6-O-isopropylidene-§-D-glucofuranoside®
(9). The result shows that the dimethyl acetal is mainly formed when 1,4-dioxane is
used as the solveant instead of N,N-dimethylformamide; on the other hand, when



266 A. HASEGAWA, M. KISO

treated with 2,2-dialkoxypropanein N, N-dimethylformamide under similar conditions,
2-(acylamino)-2-deoxyaldohexoses afforded the corresponding 5,6-O-isopropylidene-
B-hexofuranosides® ™3 as the main product. The method provides a facile preparation
of the 1,1-diacetals of 2-(acylamino)-2-deoxyaldohexoses. A possible mechanism for
the reaction will be described later. Hydrolytic removal of the 5,6-O-isopropylidene
group in 3 under mild conditions gave crystalline monoisopropylidene dimethyl
acetal derivative 7 in quantitative yield; in the n.m.r. spectrum of a solution of 7 in
dimethyl sulfoxide-ds;, H-1 appeared as a doublet at é 4.35 (7.0 Hz) (ref. 10), the
OH-6 proton as a triplet due to coupling with H-6,6" at § 4.43 (5.2 Hz), and the
OH-5 profon as a doublet at § 4.65 (4.6 Hz), and other data were consistent with
structure 7. The assignment of the OH protons was confirmed by D,O treatment.

Treatment of 2-(benzyloxycarbonylamino)-2-deoxy-p-glucose (2) with the
2,2-dimethoxypropane reagent at 60-65° gave 2-(benzyloxycarbonylamino)-2-deoxy-
3,4:5,6-di-O-isopropylidene-aldehydo-p-glucose dimethyl acetal (4) in 699 yield
after column chromatography. Speciral observations showed the product to be a
dimethyl acetal having a free benzyloxycarbonylamino group and two isopropylidene
groups, and the H-1 signal appeared as a doublet at § 4.35 (J; , 5.2 Hz)—all suggestive
of structure 4. Removal of the 5,6-O-isopropylidene group of 4 was accomplished
by heating at 40° with 809, aqueous acetic acid, to give, in almost quantitative yield,
a syrupy diol (8); in the n.m.r. spectrum of 8 in dimethyl sulfoxide-dg, the OH-6
proton appeared as a triplet, due to couplings with H-6 and H-6', at § 4.45 (5.6 Hz),
the OH-5 proton as a doublet at é 4.70 (5.0 Hz), and the other data were in harmony
with structure 8. On the other hand, when treated with 2,2-dibenzyloxypropane!!

, H H
R'OCOR! MeOCOMe
CH20H HCI:NHRZ HCNHR
o —odn
OH D~OH __}MezC’—OCIH L Me o¢
HO HCO HCO
NHR , :
1 R=Ac H(I:O\CM HC'OH
e2
2 R=CO2CH;Ph HCO~ H,COH
3 R'=Me. R®=Ac 7 R=Ac
4 R'=Me, R*=CO,CHzPh 8 R=CO,CHzPh
5 R'=CHsPh. RZ=Ac
6 R'=CHaPhs R2=CO2CH2Ph
OCH, _OCH,
MeaC__ 1 Me,C” |
<OCH O OMe “\0CH_0
<OH Pl OH
o
NHAc AcN—é:N/Me



ACETALS OF aldehydo-D-GLUCOSE DERIVATIVES 267

in the presence of p-toluenesulfonic acid for 2 h at 60-65°, 2-acetamido-2-deoxy-D-
glucose (1) or 2-(benzyloxycarbonylamino)-2-deoxy-D-glucose (2) respectively gave
2-acetamido-2-deoxy-3,4 : 5,6-di-O-isopropylidene-aldehydo-p-glucose dibenzyl acetal
(5;: 669%) and 2-(benzyloxycarbonylamino)-2-deoxy-3,4:5,6-di-O-isopropylidene-
aldehydo-D-glucose dibenzyl acetal (6, 799;). All of the spectral features were con-
sistent with structures 5 and 6, respectively.

However, treatment of D-xylose (11) with the 2,2-dimethoxypropane reagent
for 2 h at 65-68° gave in good yield a mixture (12, 13) showing a single spot in t.l.c.;
each compound bears two isopropylidene groups. Mild hydrolysis of the mixture
yielded two monoisopropylidene derivatives, 14 and 15. The n.m.r. spectrum of
14 showed the presence of an isopropylidene group at § 1.44 (s, 6 H), two O-methyl
groups at 8 3.45 (s, 6 H), two hydroxyl groups, and H-1 as a doublet (due to coupling
with H-2) at J 4.38 (5.6 Hz), and these data were consistent with structure 14, whereas
the n.m.r. spectrum of 15 revealed an isopropylidene group, and an anomeric proton
at § 5.96 (3.0 Hz); the specific rotation and melting point of 15 were identical with
those reported!? for 15.
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Although the present investigation has been restricted to a very limited number
of aldoses, it appears that 1,4-dioxane or dibenzyloxypropane employed as the solvent
gives results that are, in general, qualitatively different from those earlier noted!~?°
when the reagent was used in N,N-dimethylformamide. It is considered that furanose
structures are much more frequently encountered under the drastic conditions
employed, or in such solvents as N,N-dimethylformamide!®:'* and dimethyl sulfo-
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xide'-*®, and the main route of glycoside formation may involve the attack of a
methoxyl or benzyloxyl group on a possible intermediate (10) formed by N,N-
dimethylformamide in the course of the reaction. However, when 1,4-dioxane is
used as the solvent, such an intermediate is not formed, and the products described
here are obtained, via the furanoid and aldehyde forms, by stepwise acetalation.

EXPERIMENTAL

General methods. — Melting points were determined with a Yanagimoto micro
melting-point apparatus, and are uncorrected. Specific rotations were determined
with a Yanagimoto OR-50 polarimeter, and i.r. spectra were recorded with a Jasco
IR A-spectrophotometer. N.m.r. spectra were recorded at 90 MHz with a Hitachi
R-22 spectrometer. Preparaiive chromatography was performed on 300-mesh silica
gel (Waco Co) with the solvent systems specified. 1,4-Dioxane was distilled, and dried
over sodium metal. Evaporations were conducted in vacuo.

2-Acetamido-2-deoxy-3,4 : 5,6-di-O-isopropylidene-aldehydo-D-glucose dimethyl
acetal (3). — A suspension of 2-acetamido-2-deoxy-D-glucose (1; 1.0 g) in 1,4-dioxane
(10 mL) was stirred at 68-70°, while 2,2-dimethoxypropane (4 mL) and p-toluene-
sulfonic acid monohydrate (150 mg) were added; stirring was continued for 2 h at 70°.
The mixture was cooled, and treated with Amberlite IRA-410 (OH ™) ion-exchange
resin to remove the acid; the resin was filtered off and washed with 1,4-dioxane. The
filtrate and washings were combined, and evaporated to a syrup that was chromato-
graphed on a column of silica gel (30 g) with (a) 100:1 and (b) 70:1 chloroform—
methanol. Eluant a gave 2-acetamido-2-deoxy-3,4 : 5,6-di-O-isopropylidene-aldehydo-
D-glucose dimethyl acetal (3) (1.06 g, 67.5%), m.p. 57°, [a]25 +5.0° (¢ 1.0, methanol)
{lit.® m.p. 55-57°, [«]3' +5.0° (methanol)}, and eluant b afforded methyl 2-acet-
amido-2-deoxy-5,6-O-isopropylidene-B-D-glucofuranoside® (9) (155 mg, 12.5%).

2-(Benzyloxycarbonylamino)-2-deoxy-3,4 : 5,6-di-O-isopropylidene-aldehydo-p-
glucose dimethyl acetal (4). — A solution of 2 (1.0 g) in 1,4-dioxane (10 mL) was
heated at 60-65° and stirred while 2,2-dimethoxypropane (3 mL) and p-toluene-
sulfonic acid monohydrate (150 mg) were added. The mixture was stirred for 2 h
at 60-65°, cooled, and freed of the acid by addition of Amberlite IRA-410 (OH™)
ion-exchange resin. The suspension was filtered, and the filtrate evaporated, to give
a syrup which was chromatographed on a column of silica gel (30 g) with chloroform
and then 200:1 chleroform-—methanol. The latter eluate afforded 960 mg (68.6%)
of 4 as a syrup, [«]3° +13.6° (c 0.7, methanol); vi'= 3420 (OH), 3310 (NH), 1720
and 1500 (amide), 870 and 840 (Me,C), and 745 and 690 cm™* (Ph); n.m.r. data (in
chloroform-d): & 1.27 (s, 9 H, Me,C), 1.40 (s, 3 H, Me,C), 3.27,3.30 (25, 6 H, 2 McO),
3.45-4.27 (m, 6 H, H-2-H-6"), 435 (d, 1 H, J, , 5.2 Hz, H-1), 5.06 (s, 2 H, benzyl
methylene), 5.22 (d, 1 H, J, ny 8.0 Hz), and 7.21 (s, 5 H, Ph).

Anal. Cale. for C;,H33NOg: C, 60.12; H, 7.57; N, 3.19. Foand: C, 60.33;
H, 7.60; N, 3.03.

2-Acetamido-2-deoxy-3,4: 5,6-di-O-isopropylidene-aldehydo-p-glucose dibenzyl
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acetal (5). — A suspension of 1 (1.0 g) in 2,2-dibenzyloxypropane!! (10 mL) was
stirred at 60-65° while p-toluenesulfonic acid monohydrate (150 mg) was added;
stirring was continued for 2 h at 60-65°. The product was chromatographed on a
column of silica gel (50 g), with chloroform as the eluant, to give compound 5 (1.48 g,
65.5%) as a syrup, [«]3° +32.5° (c 0.76, methanol); v/ii™ 3260 (NH), 1650 and 1520
(amide), 870 and 835 (Me,C), and 730 and 680 cm™! (Ph); n.m.r. data (in chloro-
form-d): 6 1.33, 1.44 (2 s, 6 H, Me,C), 1.36 (s, 6 H, Me,C), 1.97 (s, 3 H, AcN),
3.55-4.13 (m, 6 H, H-2-H-6"), 432 (d, 1 H, J, , 8.0 Hz, H-1), 4.60-4.71 (m, 4 H,
2 benzyl methylene), 5.84 (d, 1 H, J; yy 8.0 Hz, NH), and 7.31 and 7.32 (25, 10 H,
2 Ph).

Anal. Cale. for C,3H;;NO;: C, 67.31; H, 7.46; N, 2.80. Found: C, 67.08;
H, 7.39; N, 2.78.

2-(Benzyloxycarbonylamino)-2-deoxy-3,4 : 5,6-di-O-isopropylidene -aldehydo-p-
glucose dibenzyl acetal (6). — A suspension of 2 (1.0 g) in 2,2-dibenzyloxypropane
(10 mL) was stirred at 60-65° while p-toluenesulfonic acid monohydrate (150 mg)
was added; stirring was continued for 2 h at 65°. The product, purified by chromato-
graphy on a column of silica gel (50 g) with chloroform, was obtained as a syrup:
wt. 1.48 g (79%), [«]3° +23° (¢ 1.1, methanol); vf'™ 3320 (NH), 1720 and 1520
(amide), 870 and 835 (Me,C), and 720 and 680 cm ™! (Ph); n.m.r. data (in chloro-
form-d): § 1.33 (s, 6 H, Me,C), 1.34, 1.44 (2 s, 6 H, Me,C), 3.60-4.15 (m, 6 H,
H-2-H-6"), 4.33 (d, 1 H, J, ; 7.0 Hz, H-1), 4.44-5.25 (m, 6 H, 3 benzyl methylene),
7.28 (s, 5 H, Ph), and 7.31 (s, 10 H, 2 Ph).

Anal. Calc. for C;,H,;NOg: C, 69.01; H, 6.98; N, 2.37. Found: C, 69.15;
H, 6.93; N, 2.21.

2-Acetamido-2-deoxy-3,4-O-isopropylidene-aldehydo-D-glucose dimethy! acetal
(7). — A solution of 3 (300 mg) in 809, aqueous acetic acid (10 mL) was heated for
1.5 h at 40°; it was then evaporated at 40° to a syrup which was chromatographed
on a column of silica gel (10 g) with (a) chloroform, (b) 50:1, and (¢) 30:1 chloro-
form—methanol. Eluant ¢ gave 7 (260 mg, 98 9;) as needles, m.p. 110-111°, [«]3’
+5.8° (¢ 0.4, methanol); vNul! 34503350 (OH), 3230 (NH), 1640 and 1540 (amide),
and 860 cm~! (Me,C); n.m.r. data (in dimethyl sulfoxide-dg): & 1.29, 1.31 (2 s,
6 H, Me,C), 1.91 (s, 3 H, AcN), 3.20, 3.31 (2 s, 6 H, 2 OMe), 3.40-4.21 (m, 6 H,
H-2-H-6"),4.35 (d, 1 H, J, , 7.0 Hz, H-1), 443 (t, 1 H, Js,on = Je-0ou = 5.2 Hz,
OH-6), 4.65 (d, 1 H, J;5 on 4.6 Hz, OH-5), and 7.17 (d, 1 H, J, ny 8.4 Hz, NH).

Anal. Cale. for C,;H,sNO,: C, 50.80; H, 9.51; N, 4.56. Found: C, 50.59;
H, 9.46; N, 4.38. ’

2-(Benzyloxycarbonylamino)- 2-deoxy-3,4-O-isopropylidene-aldehydo-D - glucose
dimethyl acetal (8). — A solution of 4 (200 mg) in 80 % aqueous acetic acid (10 mL)
was heated for 1.5 h at 40° and then evaporated at 40°. The residue was purified by
chromatography on a column of silica gel (10 g) with () 200:1 and () 70:1 chloro-
form-methanol. Eluant b gave 168 mg (92%) of 8 as a syrup; [«]2° +8.8° (¢ 0.5,
methanol); vfil® 34503280 (OH, NH), 1690 and 1510 (amide), 870 (Me,C), and
730 and 680 cm™?! (Ph); n.m.r. data (in dimethyl sulfoxide-d,): & 1.29 (s, 6 H, Me,C),
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3.22,3.30 (2 5, 6 H, 2 MeO), 3.43-4.23 (m, 6 H, H-2-H-6"),4.33 (d,1 H, J, , 7.0 Hz,
H-1), 4.45 (near t, 1 H, J5 oy = Js-,0u = 5.6 Hz, OH-6), 4.70 (d, 1 H, J5 oy 5.0 Hz,
OH-5), 5.04 (s, 2 H, benzyl methylene), 6.87 (d, 1 H, J, ny 9-5 Hz, NH), and 7.32
(s, 5 H, Ph).
Anal. Cale. for C,oH,,NOg: C, 5
H, 7.38; N, 3.63.
2,3-O-Isopropylidene-aldehydo-D-xylose dimethyl acetal (14) and 1,2-O-iso-
propylidene-a-D-xylofuranose (15). — To a stirred solution of 11 (1.0 g) in 14-
dioxane (10 mL) at 65° were added 2,2-dimethoxypropane (4 mL) and p-toluene-
sulfonic acid monohydrate (150 mg). The mixture was stirred for 2 h at 65-68°
and then treated with Amberlite IRA-410 (OH™) ion-exchange resin to remove the
acid; the resin was filtered off, and washed with methanol. The filtrate and washings
were combined and evaporated, and the syrupy residue was chromatographed on a
column of silica gel (15 g) with chloroform, to give a mixture (1.4 g) of 12 and 13
showing a single spot in t.l.c. A solution of the mixture (400 mg) in 809, aqueous
acetic acid (20 mL) was heated for 1 h at 40°; it was then evaporated at 40° to a syrup
which was chromatographed on a column of silica gel (15 g) with (@) 100:1 and (b)
70:1 chloroform-methanol. Eluant a gave 14 (210 mg) as a syrup; [«]3> —19°
(c 0.42, methanol); n.m.r. data (in chloroform-d): § 1.44 (s, 6 H, Me,C), 2.29-2.72
(2 H, 2 OH), 3.45 (5, 6 H, 2 Me0), 3.73-4.23 (m, 5 H, H-2-H-5’), and 4.38 (d, 1 H,
Ji.» 5.6 Hz, H-1).
Anal. Calc. for C, H,,0¢: C, 50.83; H, 8.53. Found: C, 50.69; H, 8.45.
Eluant b yielded 15 as needles, wt. 105 mg, m.p. 42-44° (lit.? 41-43°), [«]2°
—23° (¢ 0.7, methanol) (lit.12 —19°); n.m.r. data (in chloroform-d): & (betore D,O
treatment) 1.32, 1.48 2 s, 6 H, Me,C), 3.03 (near t, 1 H, J5 o4 = J5. 0u = 5.0 Hz,
OH-5), 3.98-4.35 (m, 5 H, H-3-H-5', OH-3), 451 (d, 1 H, J, ; 3.0 Hz, J, ; 0 Hz,
H-2), and 5.96 (4, 1 H, J,;,, 3.0 Hz, H-1); (after D,O treatment) 1.32, 1.48 (2 s,
6 H, Me,C), 3.98-4.10 (m, 2 H, H-5,5'), 4.18 (m, 1 K, H-4),4.30(d, 1 H, /5 4 2.4 Hz,
J,30Hz H-3),451(d,1H,J,,30Hz J,; 6 Hz, H-2), and 596 (d, 1 H, J, »
3.0 Hz, H-1).
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