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Abstract—A series of acetylated aryi-D-glucopyranosides were prepared in-53% vyields from tetra®-
acetyle-D-glycopyranosyl bromide and phenols containing acyl, formyl, and hydroxy substituents, and also
from sterically hindered phenols in the two-phase system chlorefagureous alkali in the presence of trieth-
ylbenzylammonium chloride. Hydroxyethylated sucrose and dibenzo-18-crown-6 do not behave as phase-
transfer catalysts in glycosylation of phenols.

One of the main routes to acetylated Ir@rs Lewis acids fp-toluenesulfonic, sulfuric, and ortho-
glycosides is the Koenig&norr procedure based on phosphoric acids, tin tetrachloride, zinc chloride, etc.)
the reaction of appropriate 1¢®s-halo derivatives of failed also.

protected sugars (mainly bromides) with phenols in Low yields of aryl glycosides prepared by the

solution of an alkali in aqueous acetone [2]. The reacg ; : - :
tion is accompanied by inversion of the gIycosidgKoenlgernorr reaction of bromidé with phenols are

isomers. In several studies, glycosylation of phenolg s, oen-containing substituents under the reac-
with bromo derivatives of benzylated and acetylate ion conditions

sugars was performed with phase-transfer catalysts
[3-7]. Such a modification of the Koenigknorr In this connection, we examined the possibility of
procedure allows not only synthesis of knownpreparing glycosides of some natural phenols by the
1,24rans-arylglucopyranosides in high yields, but alsoKoenigs-Knorr reaction using phase-transfer catalysts:
preparation of previously unknown derivatives. Fur-

thermore, the synthesis and workup procedure is —Q —OOR

very simple. + ROH + KOH -, + KBr + H,0.
Proceeding with studies on synthesis of arylglyco- Br

sides, we faced serious problems with glycosyla- OAc OAc

tion of complex and sterically hindered phenols with [ M
tetraO-acetyla-acetyla-D-glucopyranosyl bromidé R s substituted phenyl; cat. is phase-transfer catalyst.
under classical conditions of the Koeniggsorr reac-

tion. Phenols with acyl, formyl, and hydroxymethyl The initial tetra©-acetyle-D-glucopyranosyl bro-
substituents, as well as phenols with other hydroxylmide | was prepared by treatment of pei@sacetyl-
containing substituents and phenols contairorgub- o- and B-D-glucopyranose with a solution of hydro-
stituents in the aromatic ring, did not react witkace- gen bromide in glacial acetic acid [8]. Because of in-
tyloromoglucosd, and only in a few cases the corre- stability of I, it was stored for no more than-2 days
sponding acetylated an-D-glucopyranosides were in a vacuum desiccator in the dark. As phase-transfer
isolated in very low yields. Our attempts to preparecatalysts we tested hydroxyethylated sucrodg,
glycosides of complex and sterically hindered phenolglibenzo-18-crown-6v, and triethylbenzylammonium
by their glycosylation with full acetates of sugarschloride VI. Hydroxyethylated sucrose containing
(Helferich reaction) in the presence of Brgnsted andeven hydroxyethyl groups per hydroxy group of
_— sucrose was prepared by treatment of sucrose with
1 For communication 1il, see [1]. oxirane in dimethyl sulfoxide [9]. Triethylbenzyl-
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Table 1. Aryl tetra-O-acetyl$-D-glucopyranosides

, [o]3° Found, % Calculated, %
oo Aryl viewd T | (c 1, CHew), Formula
' deg C H C H
la 4-Acetylphenyl 42 | 168-169 27 56.49| 5.41 | Cy,H,s0;; | 56.65| 5.65
b 4-Propionylphenyl 44 | 158-159 -13 57.19| 5.68 | Cy3H,g044 | 57.50| 5.87
llic 2-Propionylphenyl 12 | 164-165 -9.5 57.28 | 5.84 | Cy3H,g044 | 57.50| 5.87
ld 2-Methoxy-4-propionyl-| 63 | 158-159 -38.5 58.20| 6.58 | CyyH3004, | 56.47 | 5.92
phenyl
llle 2-Formylphenyl 35 | 138-139 -29 54.97| 5.35 | CyyHy3044 | 55.75| 5.35
nf 2-Methoxy-5-formyl- 50 | 140-141 -25 55.45| 5.67 | C,,H,s045 | 54.77 | 5.43
phenyl
llg 4-Hydroxymethylphenyl 39 | 168-169 -12 54.83| 5.79 | CyH,s044 | 55.50| 5.77
llh 4-(1-Hydroxypropyl)- 35 a -5.5 53.98| 6.08 | CyyH35,04, | 56.24 | 6.29
2-methoxyphenyl
i 2,6-Dimethylphenyl 25 91-92 0 54.58 | 6.02 | Cy,H,5015 | 58.40| 6.24

2 Syrupy substance.

ammonium chloride was prepared from benzyl chlomethanol [2]. The product purity was confirmed by
ride and triethylamine [10]. elemental analysis, optical rotation, affdC NMR

The catalytic activity oflV andV in glycosylation spectroscopy (Tables-3).
was tested using as an example the reactiohwith By the example of the reactions of bromitlevith
4-acetylphenolla in the system acetonsolid KOH  4-hydroxymethylphenollg and 4-(1-hydroxypropyl)-
at room temperature. The reaction completion wag-methoxyphenollh , we demonstrated that glycosyla-
judged from attainment of the constant optical rotationjon in the presence of triethylbenzylammonium chlo-
angle of the reaction mixture. We found that the reacride involves exclusively phenolic hydroxyl, yielding
tion is complete in approximately 45 h, giving 4-ace-ary| glycosidesllg andlilh . The alcoholic hydroxyl
tylphenyl tetra©-acetyl$-D-glucopyranosidella in  js not involved. Furthermore, alcoholic hydroxyl is
7-13% yield depending on the initial amount of thenot involved even in attempted glycosylation with
Catalyst In the absence bf andV, the results were of a Compound Containing no pheno”c hydroxyL
similar. 1-(3,4-dimethoxyphenyl)-1-propanol.

The pattern was quite different when the reaction oyr experimental data allowed evaluation of the
was performed in the system chloroforaqueous rejative effect of various substituents in the aromatic
KOH in the presence of triethylbenzylammoniumying on the reactivity of phenols in glycosylation.
chloride. Preliminary experiments with varied initial ; is seen thab-formyl and especiallyo-acyl substit-
amounts of reactants and catalydt showed that the o5 decrease the reactivity of phenols and the yield
highest yields of the target produtit are attained of the target products. Thp- and m-substituents af-

with the molar ratio of phenolg-acetylbromoglu- - ) :
cose |, and triethylbenzylammonium chloride of {ﬁg}gt;]i?ig;ﬂg; (zfr:gicylf)ted arptD-glucopyranosides

2:1:1. This ratio is close to that used by Detsal.
[6] in syntheses of glycosides of the simplest phenols. Thus, the reactivity of phenols in phase-transfer
For example, we prepared glycosildia in 42% yield glycosylation with bromidel is determined by the

by refluxing the reaction mixture for 3 h. Glycosy- presence and nature of oxygen-containing substituents
lations of other phenols containing acyl, methoxy,n the o-position of the phenyl ring. This conclusion
formyl, and hydroxyalkyl substituents in variousis consistent with Tulvitie’'s data [7]; however, we
positions of the benzene ring, and also of stericallcannot agree with Tulvitie’s statement that the sug-
hindered phenols are complete ir53h. Thus, we gested procedure is inapplicable to synthesis of glyco-
prepared various acetylated ap¢D-glucopyranosides sidues of sterically hindered phenols, as we managed
lla —Illi in 12-63% vyields (Table 1). Unprotected to prepare 2,6-dimethylphenyl tet@-acetyl3-D-gly-

aryl B-D-glucopyranosided/lla-VIlg were prepared copyranoside in 25% yield. Our results, along with the
by Zemplén deacetylation of the corresponding acedata of Kleinet al [11] who prepared acetylated aryl
tates with catalytic amounts of sodium methylate in3-D-galactopyranosides by phase-transfer glycosyla-
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STRUCTURE AND REACTIVITY OF GLYCOSIDES:

Table 2. Aryl B-D-glucopyranosides

V.

1813

: []3° (c 1, | Electronic spectrunj Found, % Calculated, %
Cg(r)np. Aryl Y'g}ld’ T(F:) pyridine), Formula
: deg hmaxe M| l0gh | C H C H
Vlla |4-Acetylphenyl| 56 |188-189| 32 214, | 4.032, |56.61] 6.10 | C;4H;50, |56.37| 6.08
264 4.184
Vib |4-Propionyl- | 77 |162-163|  -30 214, | 3.967, |55.85| 6.23 | CicHygO, |57.69| 6.45
phenyl 263 4.180
Viid 2-Methoxy-4- 89 |175-176 -34 223, 4.180, |54.44( 6.79 | CigH,50q [56.14| 6.48
propionylphenyl 265, 4.042,
300 3.787
Vile |2-Formylpheny| 62 |185-186| -19 210, | 4.233, |52.78] 6.04 | CiH,60; |54.93| 5.67
253, 4.024,
310 3.531
VIIf  |2-Methoxy-5- | 64 |174-175| 21 226, | 4.194, |50.63| 5.66 | Cy4H;g0g |53.50| 5.77
formylphenyl 276, 4.075,
300 sh 3.978
Vlig 4-Hydroxymeth{ 70 |169-170 -17.5 249 4.140 |51.13| 6.20 | Cy3H g0, [54.54| 6.34
ylphenyl
Vilh 4-(1-Hydroxy- 15 [182-183 +55 - - 61.17| 7.68 | CigH,40g | 56.81| 7.02
propyl)-2-meth-
oxyphenyl
Table 3. 13C NMR spectra of acetylated and unprotected gyD-glucopyranosides g, ppm)
Comp. Carbohydrate moiety Aromatic ring Other
NO- | ¢l | c2|c®|ct|co|ch|cHy cO cl | c2| 3| ct| cs| co| signals
llla 98.0(70.9(72.1{68.1{ 72.4{61.8({20.3{170.1, 169.8/160.1| 116.2| 130.2( 132.3| 130.2| 116.2(26.1 (CHy)
169.1, 168.9
b 98.0(70.9(72.0{68.0{ 72.9(61.7(20.2(170.1, 169.7},159.8| 116.2| 129.7| 134.0( 129.7| 116.2(31.2 (CH,),
169.0, 168.8 8.0 (CHy),
198.9 (CO)
lid 99.5|70.8(71.8|68.1(72.1|61.6|20.1| 169.9, 168.9,149.7| 150.1| 115.6| 132.9{ 121.4| 117.7[55.8 (OCH),
168.9, 168.7 31.1 (CH,),
8.1 (CHy,
198.9 (CO)
llle 99.0170.9|72.1/68.1| 72.3|61.7(20.3|170.3, 169.8,158.6| 126.6| 128.1| 123.4| 135.4| 116.0/ 188.8
169.1, 168.9 (CHO)
lif 99.9170.9|72.1/68.3|72.3|61.9(20.3|170.3, 169.8,146.4| 155.4| 111.7| 128.4| 129.9| 117.4|56.0
169.2, 168.9 (OCHy),
189.9
(CHO)
llig 98.0170.9|72.0{68.1| 72.4|61.8(20.3|170.1, 169.8/ 160.0| 116.0( 131.3| 124.8| 131.3| 116.0|51.7
169.1, 168.9 (CH,)
lh 100.6(71.1|71.7/68.4| 72.5|61.8|20.2/170.4, 170.0, 144.9| 150.4| 110.1| 134.7 119.8| 118.3|55.9
169.2 (OCHy),
130.2
(x-CH),
125.0
(B-CH), 16.1
(CHy)
Il 101.3|71.5/71.7/68.5[72.9/61.6/ 20.1{ 170.1, 168.1{ 152.6| 127.4| 128.9| 124.8| 128.9| 127.4/16.6 (CHy)
Vlila 99.9|73.3|76.7/69.8| 77.8/60.8| — - 161.3| 116.1] 130.2 131.1| 130.2| 116.1| 26.7 (CHy),
196.7 (CO)
Vb 100.2(73.5/76.8[69.977.4|61.0[ - - 161.3| 116.2| 130.2| 130.9| 130.2| 116.2|8.5 (CH),
31.2 (CH),
199.4 (CO)
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tion of phenols with tetr&-acetyla-D-galactopyra- Aryl B-D-glucopyranosides Vlla-Vilh. A 5-mmol
nosyl bromide, demonstrate wide prospects for usingortion of appropriate acetylated arnfi-D-gluco-
this modification of the Koenigdnorr procedure for pyranoside was suspended in 10 ml of absolute meth-

preparing glycosides of various phenols. anol, and 1 ml of a 1 M NaOMe solution in absolute
methanol was added. The deacetylated product started
EXPERIMENTAL to crystallize within 16-15 min. The mixture was left

overnight in a refrigerator, and the crystals were fil-
The 3C NMR spectra of acetylated aryl glycosidestered off, washed with methanol (30 ml), and
were recorded on a Varian CFT-20 spectrometer withacuum-dried at 6TC.
50% solutions in CDGJ and those of the unprotected
compounds, with solutions in (GRSO. The internal REFERENCES
reference wagMS. The electronic absorption spectra Petushkova, S.G.. Paviov, A.E.. Sokolov, V.M., Za-

of aryl-B-D-glycopyranosides were recorded on an ™ \,=co0 "\ " g Lavrentev. ANZh. Obsheh. Khim
SF-26 spectrophotometer with 010° M aqueous 1993, vol. 63, no. 5, pp.,li4§1-43. T

solutions. The optical rotation angles of the acetylated, \1ethods in Carbohydrate ChemistryWhistler, R.L.
compounds were measured in chloroform, and those ang Wolfrom, M.L., Eds., New York: Acédemic,
of the unprotected derivatives, in pyridine, using an  1962. Translated under the titdetody khimii ugle-
SU-3 universal saccharimeter. vodoy Moscow: Mir, 1967.

Aryl 2,3,4,6-tetra-O-acetyl8-D-glucopyranosides > 5'36)‘”5155’% Cv'of‘ngoRosen%r?ig%ECta Chem. Scand.
llla —I1li. A solution of 20 mmol of tetr@-acetyla- 7 =% Y0 T PP~ PP
D-glucopyranosyl bromidé in 100 ml of chloroform ' op 823824 heal o T
was added to a solution or suspension of 40 mmol of Bréwster K. Harrison, J.M., and Inch, T.DTgtra-
appropriate phenol, 50 mmol of KOH, and 20 mmol ™ ,o4.0n Lett. 1979, no. 52 "pp_ 5055054,
of triethylbenzylammonium chloride in 40 ml of Dess. D.. Klein Hp Weint’)erg DV Kaufman. R.J
water. The mixture was refluxed with stirring for ™ ahq sighy, R.S.Synthesis(FRG), 1981, no. 11,
3-5 h. At 30-min intervals, a 1-ml sample was taken,  pp 883885.
and the optical rotation angle was determined after di-7  Tavitie. A. Finnish Chem. Lett. 1985, no. 1,
lution with 9 ml of chloroform. After a constant value pp. 9-12.
of the rotation angle was attained, the mixture wasg Fischer, E.,Ber, 1916, vol. 49, p. 584.
cooled to room temperature, and the CE&blution g Gyyper, H. and Greber, GMonatsh. Chem.1981,
was separated, washed with 1 M KOH {200 ml) vol. 112, nos. 89, pp. 10631076.
and water (2« 100 ml), and dried over sodium sulfate. 15 |ngold, C.F. and Ingold, E.HJ. Chem. So¢.1928,
The solvent was distilled off in a vacuum, and the  p "2249.
syrupy residue was crystallized from a minimalyj Kjein, H.P., Weinberg, D.V., Kaufman, R.J., and Sid-
amount of hot ethanol. The product was vacuum-dried hu, R.S., Carbohydr. Res. 1985, vol. 142,
at 60C. pp. 333-337.
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