| hd |

NRC Publications Archive
Archives des publications du CNRC

The alpha and beta 1,3,4,6-tetraacetyl-D-glucopyranoses and their
chloroacetyl derivatives
Lemieux, R. U.; Huber, G.

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. /
La version de cette publication peut étre I'une des suivantes : la version prépublication de I'auteur, la version
acceptée du manuscrit ou la version de I'éditeur.

For the publisher’s version, please access the DOI link below./ Pour consulter la version de I'éditeur, utilisez le lien
DOl ci-dessous.

Publisher’s version / Version de I'éditeur:
https://doi.org/10.1139/v53-136
Canadian Journal of Chemistry, 31, 11, pp. 1040-1047, 19563-11-01

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=59590406-2b4d-4466-a4 1d-48ffc30ff5fe
https://publications-cnrc.canada.ca/fra/voir/objet/?id=59590406-2b4d-4466-a4 1d-48ffc30ff5fe

Access and use of this website and the material on it are subject to the Terms and Conditions set forth at
https://nrc-publications.canada.ca/eng/copyright
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE.

L’accés a ce site Web et I'utilisation de son contenu sont assujettis aux conditions présentées dans le site
https://publications-cnrc.canada.ca/fra/droits
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Questions? Contact the NRC Publications Archive team at
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the
first page of the publication for their contact information.

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la
premiére page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez
pas a les repérer, communiquez avec nous a PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

 Ld

National Research  Conseil national de
Council Canada recherches Canada Canada


https://doi.org/10.1139/v53-136
https://nrc-publications.canada.ca/eng/view/object/?id=59590406-2b4d-4466-a41d-48ffc30ff5fe
https://publications-cnrc.canada.ca/fra/voir/objet/?id=59590406-2b4d-4466-a41d-48ffc30ff5fe
https://nrc-publications.canada.ca/eng/copyright
https://publications-cnrc.canada.ca/fra/droits

Can. J. Chem. Downloaded from cdnsciencepub.com by National Research Council of Canada on 09/14/23

THE ALPHA AND BETA 1,3,4,6-TETRAACETYL-n-
GLUCOPYRANOSES AND THEIR CHLOROACETYL
DERIVATIVES!

By R. U. Lemieux aNxp G. HUBER?

ABSTRACT

Reaction of 3,4,6-triacetyl-8-D-glucopyranosyl chloride with silver acetate
in acetic acid gave 1,3,4,6-tetraacetyl-a-p-glucopyranose, m.p. 97-98°C., [alp
-+145° (chloroform). 3,4,6-Triacetyl-a-p-glucopyranosyl chloride, m.p. 93-94°C.,
[alp +185° (chloroform), prepared from the 8-anomer by isomerization in acetone,
with silver acetate in acetic acid gave 1,3,4,6-tetraacetyl-8-D-glucopyranose,
m.p. 137-138°C., [alp +26° (chloroform). The structures of these glucose
tetraacetates were established by the interconversion of chloroacetyl derivatives. -

Our studies of the properties of the pentaacetylglucopyranoses (16, 17, 18)
have established the strong activating effect of C2-acetoxy group participation
in dissociation of the Cl to acetoxy group bond of the 1,2-irans-g-anomer. It
was now of interest to examine the effect of altering the C2-substituent on the
ease of dissociation and for this the anomeric 1,3,4,6-tetraacetyl-p-gluco-
pyranoses were desirable starting materials.

In 1921, Brigl (5) reported the preparation of 2-trichloroacetyl-triacetyl-g-
D-glucopyranosyl chloride (I) by reaction of pentaacetyl-g-p-glucopyranose
with phosphorus pentachloride. Ammonia in ether was shown to preferentially
remove the trichloroacetyl group to yield 3,4,6-triacetyl-3-p-glucopyranosyl
chloride (I1). The chloride (II) was shown to mutarotate in acetone solution
to yield a strongly dextrorotatory sirupy product presumed to be the a-anomer
(IIT). In re-examining these reactions we have found the yield of I to be much
more reproducible and substantially increased by lengthening the reaction time
from 2.5 hr. to 5 hr. and by adding carbon tetrachloride to hasten attainment
of homogeneity. Further, we have crystallized 111, and its chemical properties
agree with the structure proposed by Brigl.

Later, Brigl (6) reported the preparation of triacetyl-p-glucosan {1,6) « {1,2)
(Brigl’'s anhydride) (IV) by treating the B-chloride (II) with an excess of
ammonia in dry benzene. Brigl (6) discovered that the anhydride (IV)
reacts with methanol at room temperature to yield methyl 3,4,6-triacetyl-
B-p-glucopyranoside (VII). Hardegger and de Pascual (10) found that
reaction of the anhydride (IV) with acetic acid’ gave a glucose tetraacetate,
m.p. 131°C., [«Jp +28° (chloroform), which was presumed to be 1,3,4,6-
tetraacetyl-B-D-glucopyranose (VI). We have obtained the same substance,
m.p. 137-138°C., [aln +26° (chloroform), in high yield by reaction of
the 3,4,6-triacetyl-a-D-glucopyranosyl chloride (11I) with silver acetate
in acetic acid. Galkhokidze (8) has reported the preparation of 1,3,4,6-
tetraacetyl-8-p-glucopyranose with melting point 138°C. The rotation
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was not reported and an error may have been made (7, p. 40) in reporting
the preparative procedure. Reaction of 3,4,6-triacetyl-8-p-glucopyranosyl
chloride (IT) with silver acetate in acetic acid gave 1,3,4,6-tetraacetyl-a-D-
glucopyranose (V), m.p. 97-98°C., {a]p +145° (chloroform), in high yield. The
yield was much lower when ether was used as solvent. Proofs for the structures
of these glucose tetraacetates (V and VI) are described below.
Trichloroacetylation of the «-tetraacetate (V) yielded a trichloroacetyl-
tetraacetyl-a-D-glucose (VIIIc) which was identical to that obtained on
reaction of 2-trichloroacetyl-triacetyl-g-D-glucopyranosyl chloride (I) with
silver acetate in acetic acid. Therefore, the substance (V) must be 1,3,4,6-
tetraacetyl-a-D-glucopyranose. Monochloroacetylation of V gave a product
(VIIla) which was also obtained by anomerization of the product from the
monochloroacetylation of the B-tetraacetate (VI). Therefore, the latter sub-
stance (VI) must be 1,3,4,6-tetraacetyl-8-nD-glucopyranose. These conclusions
were substantiated in a variety of ways. Trichloroacetylation of VI yielded a
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product (IXc¢) with the physical constants reported by Brigl (5) for 2-tri-
chloroacetyl-tetraacetyl-8-D-glucopyranose. Dichloroacetylation of VI yielded
2-dichloroacetyl-tetraacetyl-8-p-glucopyranose (IXd) and anomerization of
this product gave a substance identical to that (VIIId) obtained on dichloro-
acetylation of the o-tetraacetate (V). Finally, the 2-monochloroacetyl-
tetraacetyl-8-p-glucopyranose (IXa) was shown to be different to the mono-
chloroacetyl-tetraacetyl-8-p-glucopyranoses which contain the monochloro-
acetyl group at positions 1, 4, or 6. This precaution seemed warranted since
acetyl migrations are known (12, 13) which involve positions 1, 2, 4, and 6 of
the glucopyranose molecule.

The 2-monochloroacetyl, 2-dichloroacetyl, and 2-trichléroacetyl derivatives
(Xa, Xb, and X, respectively) of methyl 3,4,6-triacetyl-8-D-glucopyranoside
were prepared (see Table I). The structure of the monochloroacety! derivative
(Xa) was corroborated by acetolysis to the 2-monochloroacetyl-tetraacetyl-
a-D-glucopyranose (VIIIa).

THEORETICAL CONSIDERATIONS

Lemieux (16) has pointed out that participation of the C2-acetoxy group in
replacement of the Cl-acetoxy group of pentaacetyl-8-D-glucopyranose affords
a reasonable account for the preferential chlorination of the C2-acetoxy group
by phosphorus pentachloride to yield 2-trichloroacetyl-triacetyl-8-p-gluco-
pyranosyl chloride (I). Abramovitch (1) has suggested that the preferential
chlorination of the C2-acetoxy group may be due to the —I effect of a chlorine
atom at CL .

The formation of the 1,2-cis-a-anomer (VIII¢) as the main product from
the reaction of 2-trichloroacetyl-triacetyl-8-p-glucopyranosyl chloricde (I)
with silver acetate in acetic acid should be contrasted with the usual tendency
for acetohalogenosugars to yield 1,2-frans-acetates under these reaction con-
ditions (19). This result is in agreement with the conclusion (17) that the
trichloroacetyl group has little tendency for participation in replacements at a.
neighboring carbon atom. Hickinbottom (14) has prepared a-glucosides by
reaction of 2-trichloroacetyl-triacetyl-8-D-glucopyranosyl chloride (I) under
the conditions of the Koenigs-Knorr reaction. The formation of the a-tetra-
acetate (V) from the 8-chloride (II) in 819 yield by reaction with silver acetate
in acetic acid was to be expected on the basis of the conclusion reached by
Winstein and Grunwald (20) that neighboring hydroxyl groups show little
tendency for participation in replacement reactions. The formation of the
B-tetraacetate (VI) from the a-chloride (III) in 799, vield under the same
reaction conditions indicates that this reaction was also free of appreciable
neighboring group participation. This result could not be predicted since
evidence exists (2) that the C6-oxygen atom of glucose can participate in
replacement reactions at the anomeric center. It is of interest to note that
Hardegger and Montavon (11) have prepared ethyl e-D-isorhamnoside from
3,4-diacetyl-B-D-isorhamnosyl chloride and ethyl 8-p-isorhamnoside from 3,4-
diacetyl-a-D-isorhamnosyl chloride. The high yields of the Walden inversion
products obtained in these reactions suggest that the transformations took



Can. J. Chem. Downloaded from cdnsciencepub.com by National Research Council of Canada on 09/14/23

TABLE I
SOME DERIVATIVES OF D-GLUCOPYRANOSES
% Carbon % Hydrogen
Compound Mg, °C. | [ | M Ab B ’ ’ Refer-
Calc. Found Calc. Found ence
Derivatives of tetraacetyl-
D-glucopyranoses
a-1,3,4,6- (V) 97-98 145° 50,500 48.27 48.57 5.78 5.82
+20,700 29,800
B-1,3,4,6- (VI) 137-138 26 9000 ¢
a-2-Monochloroacetyl (VIIIa) 143-144 98 41,600 45.19 5.01
+18,700 22,900 45.23 4.98
B-2-Monochloroacetyl (IXa) 118-118.5 9.8 4200 45.03 5.02
a-2-Dichloroacetyl (VII1Y) 128-129 97 44,500 41.87 4.39
-+18,800 25,700 42.00 4.38
B-2-Dichloroacetyl (1X5) 134-135 15.3 6900 : 41.84 4.36
a-2-Trichloroacetyl (VIIIc) 121-123 93 45,900 39.08 3.89 d
+18,600 27,400 38.92 3.88
B-2-Trichloroacety! (I1Xc) 165-166 17.9 8800 38.99 3.88 e
g-1-Monochloroacetyl 134-134.5 | —1.39 @
B-4-Monochloroacetyl 117-118 3 45.23 44.98 4.98 4.93
B-6-Monochloroacetyl 145-145.5 10 45.23 45.03 4.98 4.95
Derivatives of methyl triacetyl-
B8-p-glucopyranoside :
2-Monochloroacety! (Xa) 97.5-98 —-5.3 45.40 45.63 5.34 5.32
2-Dichloroacetyl (Xb) 101-102 4.4 41.77 41.55 3.72 4.68
2-Trichloroacetyl (X¢) 108.5~109 8 38.68 38.57 4.11 4.11

“Unless otherwise stated the rotations were measured in chloroform, (¢, 0.8—1 in the lemperature range 22-26°C). YValues calculated on the basis of Hudson's
rules of isorotation. °Lit. (10), m.p. 131°C., lalp +28° (¢, 1.8 in chloroform). dr. (6), m.p. 120°C., [a]g +101.5° (¢, 2.5 in nitrobenzene). €Lit. (5),
m.p. 167°C., [«:z]%i +28.8° (¢, 8 in nitrobenzene).

SHSONVHALODATO-CTALADVVILAL—VIHIE ANV VHITV "¥FINH ANV XQHIANIT
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place by the Sy2 type of mechanism proposed by Isbell and Frush (15) for the
reaction of a-acetobromoglucose with methanol in the presence of silver
carbonate. '

EXPERIMENTAL

Methods

The specific rotations were measured at room temperature, 22-26°C. The
melting points are corrected.

2-Trichloroacetyl-triacetyl-B-D-glucopyranosyl Chloride (1) (5)

Pentaacetyl-8-pD-glucopyranose, 78 gm., phosphorus pentachloride, 177 gm.,
and 40 ml. of carbon tetrachloride were heated under reflux for five hours. The
mixture was evaporated in the vacuum of a water aspirator to a bath tempera-
ture of about 85°C. The sirupy residue was dissolved in 160 ml. of dry ether
and the clarified solution was left overnight at —10°C. The crystalline deposit
was washed first with 20 ml. of cold methanol then with 20 ml. of dry ether.
The yield was 38 gm., 40%,, of material, m.p. 132-138°C., [a]p +14° (chloro-
form). After two recrystallizations from ether, the substance, [o]p +8.9°
(¢, 1.4 in chloroform) melted at 140~-142°C. Brigl (5) has reported m.p. 142°C.,
[l +2.95° (¢, 7.4 in benzene).

3,4,6-Triacetyl-a-D-glucopyranosyl Chloride

3,4,6-Triacetyl-g-D-glucopyranosyl chloride (5), 4.00 gm., was dissolved in
250 ml. of dry acetone. After four days at room temperature (5), the solution
was evaporated 2z vacuo to sirup which was dissolved in ether. Hexane was
added to near turbidity and the solution was left at 0°C. for several days. There
was deposited 3.70 gm., 92.59, yield, of crystalline compound, m.p. 90-91.5°,
Four recrystallizations from ether-hexane mixture raised the melting point
to 93-94°C. with [o]p +185° (¢, 1.2 in chloroform). Calc. for C12H105Cl:
C, 44.38; H, 5.28; Cl, 10.9%. Found: C, 44.18; H, 5.22; Cl, 11.0%.

1,8,4,6-Tetraacetyl-a-D-glucopyranose (V)

3,4,6-Triacetyl-8-n-glucopyranosy!l chloride (II), m.p. 156-158°C., [a]p
+28.7° (¢, 1.1 in chloroform) (5), 1.95 gm., and silver acetate, 1.08 gm., were
shaken with 20 ml. of acetic acid for six hours. The silver salts were removed
by filtration and the acetic acid by distillation ¢z vacuo to yield a sirup which
was dissolved in a little ether. The solution was clarified and left overnight at
—10°C. A crystalline product, m.p. 90-96°C., 1.40 gm., was formed. A second
crop, 0.30 gm., was obtained from the mother liquor to raise the yield to 819,.
The purified material is reported in Table I. Reaction of 3,4,6-triacetyl-g-D-
glucopyranosyl chloride (IT) 1 mM., with silver acetate, 3 mM., in 5 ml. ether
for two hours gave the same material in 439, yield. Gakhokidze (8) has reported
the use of silver carbonate instead of silver acetate under these conditions to
yield 1,3,4,6-tetraacetyl-g-D-glucopyranose. It has been suggested (7, p. 40)
that silver acetate was probably the reagent actually used. However, Gak-
hokidze's product melted at 138°C. and was probably of low specific rotation
since he believed the substance to be a §-D-anomer.
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1,8,4,6-Tetraacetyl-B-D-glucopyranose (VI) (10)

(a) The following reaction conditions are essentially those reported by
Hardegger and de Pascual (10). Pure Brigl anhydride (IV), m.p. 59-60°C.,
el +73° (¢, 0.8 in chloroform), was prepared by the method of Gladding and
Purves (9). The anhydride, 5.8 gm., was dissolved at 20°C. in 50 ml. of pure
acetic acid. After five hours, the acetic acid was removed by distillation in
vacuo at 30°C. The sirupy product crystallized from ether at —10°C. to yield
52 gm., 749, of product, m.p. 128-130°C. Several recrystallizations from
ethanol gave a pure substance, m.p. 136-137°C., [e]p +26° (¢, 0.8 in chloro-
form). Hardegger and de Pascual have reported, m.p. 131°C., [a]p +28°
(¢, 1.3 in chloroform).

(5) A mixture of 650 mgm. 3,4,6-triacetyl-a-D-glucopyranosyl chloride, 350
mgm. silver acetate and 10 ml. of acetic acid was'shaken at room temperature
for six hours. Benzene, 10 ml., was added, the silver salts were removed by
filtration, and the filtrate was evaporated 7n vacuo to a crystalline residue. The
substance was dissolved in ether and hexane was added to turbidity. On
standing at 0°C., 550 mgm., 799, yield, of a crystalline substance, m.p. 133—
134°C., was deposited. Five recrystallizations from ethanol-hexane mixture
raised the melting point to 137-138°C., [a]p +26° (¢, 0.9 in chloroform). The
substance did not depress the melting point of the above described preparation
and gave the same monochloroacetyl derivative (IXa).

Methyl 8,4,6-Triacetyl-B-D-glucopyranoside (VII)
This substance, m.p. 94-95°C., [a]p +19° (¢, 1 in chloroform), was prepared
in the manner described by Gladding and Purves (9).

Monochloroacetylations

The glucose derivative, 4 mM., was dissolved in 15 ml. of dry benzene and
2 ml. of dry pyridine. Monochloroacetic anhydride, 10 mM., was added to the
solution cooled to 0°C. After one hour, the mixture was left at room tempera-
ture for two hours. Chloroform, 50 ml., was added and the solution washed
twice with ice-cold 209, hydrochloric acid, once with cold water, and finally
with aqueous sodium bicarbonate solution. The colorless chloroform solution
was evaporated in wacuo to a sirupy residue which was crystallized from
ethanol. The yields of crude crystalline product were in the range 85-959%,.
The purified products from the monochloroacetylations of 1V, V, VI, 1,2,3,6-
tetraacetyl-8-D-glucopyranose (13) and 1,2,3,4-tetraacetyl-8-D-glucopyranose
(13) are reported in Table I.

Dichloroacetylations

Dichloroacetyl chloride, b.p. 107-108°C., n2® 1.481, was used as acylating
agent. The reaction conditions were essentially the same as described above for
the monochlorpacetylations. The reaction mixtures developed a dark reddish
brown coloration. Consequently, the chloroform extract, freed from pyridine,
was decolorized by percolation through Magnesol before concentration. The
yields of crude crystalline product were in the range 75-80%,. The purified
compounds derived from IV, V, and VI are reported in Table 1.
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Trichloroacetylations

Trichleroacetyl chloride, b.p. 116-118°C., nz; 1.468, was used as acylating
agent and the reaction conditions were essentially as described above for the
monochloroacetylations. The yields of crude crystalline product were in the
range 80-959,. The purified derivatives obtained from IV, V, and VI are
reported in Table I.

Amnomerizations and Acetolyses

The substance, 1 mM., was dissolved in 10 ml. of 50: 50 acetic acid - acetic
anhydride mixture 0.5 M with respect to sulphuric acid (3). The solution was
kept at 25°C. for the specified time and then poured into ice-water mixture
which contained sufficient sodium acetate to combine with the sulphuric acid.
In each case, a crystalline precipitate formed on allowing the solution to stand
overnight at 4°C.

2-Monochloroacetyl-tetraacetyl-g-p-glucopyranose (1Xa), 0.425 gm., after
7.5 hr. reaction time gave 0.32 gm., 789, of material, m.p. 138-139°C. After
several recrystallizations from ethanol the melting point was 142-144°C.
This melting point was not depressed by admixture of the 2-monochloroacetyl-
tetraacetyl-e-D-glucopyranose (VIIla). :

Acetolysis of methyl 2-monochloroacetyl-triacetyl-8-p-glucopyranoside (Xa),
400 mgm., for 6.5 hr. gave 0.21 gm., 489, of material, m.p. 138-140°C. and
this melting point was not depressed by 2-monochloroacetyl-tetraacetyl-a-Dn-
glucopyranose (VIIIa).

2-Dichloroacetyl-tetraacetyl-8-np-glucopyranose (1Xb), 460 mgm., after
24 hr. reaction time gave 300 mgm., 659, of material, m.p. 114-120°C.
Several recrystallizations from ethanol raised the melting point to 127-129°C.
and this melting point was unchanged by 2-dichloroacetyl-tetraacetyl-a-D-
glucopyranose (VIIIb).

2-Trichloroacetyl-tetraacetyl-a-D-glucopyranose

- 2-Trichloroacetyl-triacetyl-8-p-glucopyranosyl chloride (I}, 4.7 gm., was
shaken with silver acetate, 1.8 gm., in 100 ml. of acetic acid for 14 hr. at room
temperature. The product, isolated in the usual manner, was crystallized
from ethanol to yield 4.8 gm., 829, of material, m.p. 114-118°C. After several
recrystallizations from ether, the melting point was 120-122°C. and [a]p +93°
(¢, 0.8 in chloroform). The melting point was not changed by admixture of 2-
trichloroacetyl-tetraacetyl-a-D-glucopyranose (VIlIc) (see Table I).
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