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Abstract: The synthesis of various amphiphilic O-(n-alkyl)-D-glucopyrancses, having the
long alkyl chain (CgHj;9 - 015333) in 2-, 3~, 4~ or 6-position are described. The

investigations of the thermal behaviour of 6-0-(l3a-e), 4-0-(l4a-e), 3-0O-(15a-e) and 2-0-
(n-alkyl)-D-glucopyranoses (l6a-e) and the corresponding methyl~a-D-glucosides da-e,
8a~e and ]2a-e, respectively, are summarized in this paper.

INTRODUCTION

Despite the 1long knowledge about the existence of 1liquid crystalline
compounds the investigations of the potential carbohydrate derivatives
were intensified only in the last decade.? Most of the hitherto described
derivatives are the 1-0-(n-alkyl)-o/f~glycopyranosides?.3.4,5.6 and the 1-S-
analogous compounds.5:6.7 Furthermore, the 1,1-dithicacetals of several
aldoses,89%108  apphiphilic alditoles,!%.11 p-gluconamides'?'® and 4,6-0-(n-
alkylidene)-D-glucopyranoses™ were investigated by several research
groups. A systematical survey of the thermotropical behaviour of
monosaccharides containing one or more long alkyl chains at various sites
has not been carried out yet.

The object of our research for this report was to detect the relations
between the structure of a D-glucose mesogen and the temperature range,
where a mesophase is formed. We studied homologous series of 2'-0-(n-
alkyl)-, 3-0-(n-alkyl)-, 4-0-(n-alkyl) - and 6-0~(n-alkyl)-D-gluco-
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pyranoses, including the 1-O-methyl derivatives. Recently, we reported also
on the mesogenic properties of some di-0~ and tri-o-(n-alkyl)-D-
glucopyranoses, 13,1

DISCUSSION AND RESULTS

=6=0=~(n= =D= i : The methyl-2,3-di-O-benzyl=-4,6-0-
benzylidene-a-D-glucopyranoside 1 described by Zemplen!® was used to
prepare the methyl-6-0-(n-alkyl)-a-D-glucopyranosides 4a-e. Firstly, 1 was
converted to the 2,3,4-tri-O-benzyl derivative 2 by means of 1lithium
aluminium hydride and aluminium chloride'!® and than alkylated to give 3a=-e.
Finally, the products 4a-e could be obtained in good yields by the
hydrogenation of 3a-e (scheme 1).
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Scheme 1. Synthesis of the methyl-6-0-(n-alkyl)~a-D-glucopyranosides 4a-e

=4-0-(n~- =D- sides: We used a selective
hydrogenolytic ring cleavage of Kketals'” to prepare the carbohydrate
derivative § which is unprotected in the 4-position. In this case the
methyl-2,3-di-O-benzyl-a-D-glucopyranoside!® was converted into the
derivative § with acetophenone dimethylketal! (scheme 2). The compound 3}
differs from 5 in the orientation of the phenyl group at the 1,3-dioxane
ring (equatorial arrangement in 1, axial in S). This is the cause of the
different reactivity of ¢these two compounds under analogous conditions
(LiAlH4, AlCl3). The methyl-6-O-(methylphenyl)methyl-2,3-di-O-benzyl-a-D-
glucopyranoside 6 was alkylated to the compounds J7a-e and the following

hydrogenation yields the methyl-4-0-(n-alkyl)-a-D~glucopyrancsides 8a=-e.
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Scheme 2. Synthesis of the methyl-4-0-(n-alkyl)~a-D-glucopyranosides Sa-e

e =2=0~{n~ o osides: The 2-0O-alkylated derivatives
Lie~e aod L€E-% VAT DratArsl sGortivy WSD Xne I, I-hsagrrepeiddeane-s, F, &
tri~-O-benzyl-a-D-glucofuranoside 9.2 One obtains from this the anomeric
mixture of the methyl-D-glucofuranosides 10« and 108 by the acid-catalyzed
methanolysis.?®® These 2-O-unprotected derivatives were alkylated to 1lla-e
and subsequently debenzylated to give the methyl-2-0-(n-alkyl)-D-

glucofuranosides ;ga-e {scheme 3).
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Scheme 3. Synthesis of the methyl-2-0-(n-alkyl)-o/f-D-glucofurancsides
12a~e
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Figure 1. The thermal behaviour of the mono-0-(n-alkyl)~D-glucopyrancses
investigated with the help of a Beoetius micro heating stage
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The cleavage of the methylglucosides 4a-e, 8a-e and 12a-e to prepare
13a-e, l4a-e and l6a-e did not run without problems. The attempt to remove
the methoxy group in diluted hydrochloric acid failed?! because of the
lower solubility of the amphiphilic derivatives in aqueous systems. Better
results (but not satisfactory) could be obtained by use of 60% aqueous
trifluorocacetic acid. The t.l.c. indicated the presence of by-products
(probably partial acetylated products).

We got the best results by treatment of the methyl-a-D-glucosides with the
system triflic acid anhydride/acetic acid anhydride analogous to Angibeaud
and co-worker.? The unprotected compounds 13a-e, 14a-e and l6a-e could be

obtained in yields of about 75% (scheme 4).
The synthesis of the 3-0-(n-alkyl)-D-glucopyranoses 1lS5a-e were already
described in a former publication.®

R3%
1T1,0, Ac,0 0
2NaOCH,, CH.
4a—e, Ba—e, 12g—e XMy CHOR OH OH
R?0
R'O
13g—e: R® = CHypyy R' = R2 = H
14g—e: R? = CHzpyy R' = R® = H
Bo—e: R' = CHgpyy R2 = R® = H

R = Q CBHﬂ. b: Cme, c: CQH”, d: C“Hzg, e: CﬁH33
Scheme 4. Cleavage of the acetal function

The investigations of the thermotropic behaviour were carried out with a
polarizing microscop. Whereas the monoalkylated methyl-a/8-D-glucosides
4a-e, 8a-e and 12a-e did not form a mesogenic phase, the unprotected
derivatives i3a-e, l4a-e, 15a-e and 16a-e are liquid crystalline. The
mesophase type could be determined as a smectic A one by view of the fan

texture. The mesophases of the prepared mono-O-alkyl-D-glucopyranoses
turned out to be miscible among one another and with the one from 6-0-(n-
hexyl)<D-galactopyranose (contact method). The thermal behaviour of the
derivatives 1i3a-e, 14a-e, 15a~-e and 1l6a-e (curves of melting and clear
points) are given in figure 1. We found that the homologous 3-0-(n-alkyl)-
D-glucopyranoses 15a-e form the narrowest mesogenic phase range at all,
whereas the 6-0-(n-alkyl)-D-glucopyranoses 13a-e give the greatest
differences between the melting and clear points. We recognize during the
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investigations of the thermal behaviour that the melting point is not
sharp and the products are already highly viscous without any visible
changes in the crystals at a lower temperature as we determined for the
melting point. Some more exact values were obtained by D.S.C.-
measurenents. The results of the both measurements (polarizing microscopy,
D.S.C.) are given in the table 1; the 'H~n.m.r.-spectroscopical data of the
anomeric protons and the optical rotations of the investigated compounds
are also summarized in this table. The ¥BC-n.m.r. data are to find in the
table 2. ’

EXPERIMENTAL

The t.l.c. and the column chromatography were carried out by use of
t.l.c.-aluminium foil Silicagel 60 F,y (Merck) and Silicagel 60 (63-200 um,
Merck), respectively. The following systems were used as eluents:

system A: dichloromethane / acetone 95:5

system B: dichloromethane / acetone 7:3

and system C: dichloromethane / acetone 1:1

The hydrogenation was catalyzed by palladium on char-coal {10%, Merck).
The n.m.r.-spectroscopy was carried out with a WP-200 SY and a Bruker AC-
250, respectively. A Perkin Elmer 241 or a Polamat A (Carl-Zeiss-Jena)
were used for the determination of the optical rotations. The melting and
clear points were determined with a microc heating stage of Boetius
{polarisation filter). The D.S.C.-measurements were carried out with a
Mettler TA 3000 DSC 30 S instrument.
The deviations of the measured values from the elementary analysis are

less than % 0.5% compared to the calculated ones from the compounds 4a-e,
8a~e, l2a-e, l3a-e, l4a-e, l53-e and jéa-e.

General procedure for the O-alkylatjons

10 mmol of the monohydroxy derivative 2, 6 or 10 and 12 mmol of the
corresponding n-alkyl bromide were dissolved in 100 ml dry DMF. 1.6 g (40
mmol) sodium hydride was added to the solution at 0°C. The stirring has
been continued for 10-15 hs at room temperature. After indication of the
complete reaction by t.l.c. (system A) the excess of sodium hydride was
deconmposed by careful adding of 5 ml methanol. When the development of
hydrogen was finished about 10 ml water was added to the solution. After
evaporation of the solvents at 65-70°C the residue was dissolved in 150 ml
dichloromethane. The inorganic products and the rest of DMF could be
removed by washing with water.

After treatment of the organic phase with sodium sulfate the
dichloromethane was removed on the rotary evaporator. Starting material
indicated by t.l.c. could be separated by means of column chromatography
(system A); yields 80-90%.

=0=(n= =Q/jp P O s 4a-e, 8a-e and li2a-e
10 mmol of the derivatives 3a-a, 7a-e or 11a-e were dissolved in 50 ml dry
methanol and 0.45 g palladium on char-coal was added. These mixture was
stirred under hydrogen athmosphere overnight; the t.l.c. (system B)
indicated than the absence of the starting material. After filtration and
evaporation the residue was purified by flash chromatography (system B);
yields 65-80 %.
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Table 1. Melting points, clear points, optical rotations and 'H~n.m.r.-
data (anomeric protons)
comp. a/f-anomer ||comp. Boetius-data D.S.C.-data a/f-anomer
m.p. (a)p? §(H-1)b m.p.(c.p.) m.p.(c.p.) S(H-1)P
°c ppm °c *c ppm
4a - +102°(1.0) 13a 80- 85(153) 89.2(160.5)
4b 42-44 + 93°(0.9) 13b 82~ 86(155) 4.86(a)
c 59-61 + 82°(0.4) 4.48(a) [13¢ 92- 94(163) 4.24(B)
4d 62-64 + 78°(0.4) 134 91- 93(155) 94.7(158.8)
de 68-70 + 66°(0.3) 13e 85- 86(165)
8a 48-52 +128°(1.3) lda  103-105(140)
8b 52-55 + 99°(0.6) 14b  113-115(146) 115.2(147.2) 4.88(«)
8¢ 62-63 + 96°(0.5) 4.50(a) J14ec  106-109(140) 4.25(f)
8d 69-70 + 82°(0.8) 14d  102-105(142)
8e 72-74 + 79°(0.4) 14e  114-115(148)
12a - - 27°(0.6) 16a  104-105(138) 104.6(137.8)
12b - - 22°(1.0) 16b 99-101(157) 102.5(160.5) 5.07(a)
12¢ - + 50°(1.0) sc 95~ 97(163)  92.5(167.2) 4.33(f)
12d  46-47 - 32°(0.8) 4.68(0) [164 94- 95(168)  99.2(173.9)
12e 55-56 + 52°(0.2) 4.88(a) [ 16e 85- 86(167)  93.2(165.2)
15a  138-140(142) 139.4(142.2)
15b  127-130(141)
15¢  126-129(142) 127.5(141.8) 4.26(B)
154  138-142(163) 138.9(162.7)
15e¢  121-123(160) 122.0(161.3)

a) in methanol, 20°C, parentheses: concentration in g/100 ml of solution;
b) in DMSO-dg, TMS; deviation within a homologous series A = X 0.05 ppm.

Table 2. 1!3c-n.m.r.-data of the mono-O-(n-alkyl)-D-glucopyranoses l3a-e,
l4a-e, 15a-e and l6a-e as well as the corresponding methyl-a-D-
glucosides 4a-e, 8a-e and l2a-e (in DMSO-dg, TMS, § in ppm)a

da~e 8a-e 1l2a-e ]128-e l3a-e 1l3a-e a-e l4a-e ]S5a-e l6a-e l6a-e
a 8 a B8 a 8 B o 8
c-1 99.5 99.6 101.3 107.7 92.2 96.8 92.2 96.9 97.0 89.7 96.4
c-2  74.4¢ 73.39 85.8 88.8 = 72.29 74.7% 72.71 9s.2m 74.6 80.1 82.9
c-3  72.0¢ 71.69 77.6® 81.0f 73.19 5.2k 73,11 76.7m 85.2 71.80 76.3°
c-4 71.1¢ 78.1 74.0¢  73.0f 70.7P 70.4F 78.5 78.2 69.8 70.5 70.3
c-5 70.2¢ 71.3d  70.0 69.9 70.30 76.7%k 70,91 <75.5m 76.8 71.5n 75,80
c-6 170.4 60.5 63.1 63.6 70.6% 70,61 60.8 60.8 61.2 60.9 60.9
OCH3 5.2 54.3 54.6 54.7 - - - - - - -
aCHy 72.1  72.194  70.0 69.2 70.5i 70.sf 71.7 71.7 72.0 6€9.4 71.4
CHy  22.3- 22.1- 22.2- 22.2- 22.1- 22.1- 22.2- 22.,2- 22.1- 21.8- 21.8-
31.5  31.3 31.4 31.4 31.3 31.3 31.4 31.4 31.3 31.1 31.1
CH3  14.1 13.9 13.9 13.9 13.9 13.9 14.1 14.1 14.0 13.6 13.6

a) deviation within the homologoues series Aj= * 0.05 ppm;
c-0) assignment may have to be reversed.

b) in CDClj;
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t o ={n- =p= i3a-9, l4a-e, 15a-¢ apnd i6a-e
The cleavage of the acetal function in the anomeric position of 4a-e, Sa-e
and 12a~e was carried out by means of the method of Angibeaud and co-
worker;#2 yields > 75% after purification with the help of flash
chromatography {systenm C}.
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