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Phase-Transfer Catalyzed Synthesis of Acetylated Aryl
B-D-Glucopyranosides and Aryl f-pD-Galactopyranoesides

D. DEss, H. P. KLEINE, D. V. WEINBERG, R. J. KAUFMAN,
R. S. SIDHU*

Monsanto Agricultural Products Co., 800 N. Lindbergh Boulevard,
St. Louis, Missouri 63166, U.S.A.

The synthesis of aryl glycosides has historically attracted in-
terest because these compounds are widespread in nature and
hence are frequently the final target of a total synthesis and
because of their utility in the elucidation and assay of enzyme
activity, particularly, glycosidases. In spite of this interest, no
general method for the synthesis of aryl glycosides exists
which possesses the desirable characteristics of good yields,
high stereospecificity, and reproducibility'-*. Recently, several
reports on the application of phase-transfer catalysis to the
synthesis of aryl glycosides have appeared. In the first proce-
dure’, resin-bound phenoxides are employed in the condensa-
tion with 2,3,4,6-tetra-O-acetyl-a-D-glycopyranosyl bromides
to produce the desired nitrophenyl p-D-galactopyranosides
and f-D-glucopyranosides. Despite the good yields obtained,
the generality of this method has not been explored. Initial
preparation of the resin-bound phenoxide is required and this
limits the ease and scale-up of this method. The second proce-
dure® involves the phase-transfer catalyzed condensation of
2,3,4,6-tetra-O-benzyl-a-D-glucopyranosyl bromide with the
appropriate aryl aglycon in a two-phase dichloromethane/
aqueous alkaline system containing a phase-transfer catalyst.
The failure of acetylated glucosyl halides to react similarly
lead to the conclusion that the phase-transfer method requires
a fully etherified glucopyranosyl derivative, or at least one
with non-participating groups at C-2 and C-6, to be success-
ful. These results are in direct contrast to our own findings on
the application of phase-transfer catalysis to glycosylation.

Acetylated aryl f-D-glucopyranosides (2h-m) and aryl f-p-
galactopyranosides (2a-g) can be synthesized efficiently from
their respective 2,3,4,6-tetra-O-acetyl-a-D-glycosyl bromides
(1) by condensation with the appropriate sodium phenoxide
in a chloroform/water two-phase system employing benzyl-
triethylammonium bromide as catalyst.
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X' = OAc, X2 = H (glucose)
X' = H, X2 = OAc (gal:gtose)
BTEAB = CgHg—CH, —NICsHs),Br ©

The product is isolated by simple aqueous work up and purifi-
cation is achieved, without recourse to chromatography, by
crystallization from ethanol. The yields obtained range from
moderate (glucose series) to good (galactose series) (see Ta-
ble).
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SYNTHESIS
Table. Aryl 2,3,4,6-Tetra-O-acetyl-f-D-glycopyranosides (2)
2 Parent Rin Yield® m.p. [°C] [2]% (c 2, CHCl) Refer-
sugar Aglycon %] ence
found reported found reported
a galactose 4-NO, 70 143-145° 145-146° —-10° —-11° 3
b 3-NO; 73 105-106° 110-112° - 8° - 9° 3
c 4-OCH, 56 98-100° 102--103° + 2.7° + 2.9° 2
d 4-Br 62 98-100" 102-103° + 4.8° + 4.4° "
e 3-Br 70 89-91° 90-91¢ + 1.2° + 1.2° :
f 4-CH, 51 98-100° 99-100° + 3.9° + 4.2° "
g H 64 120-122° 123-124° -27.6° —-264° ¥
h glucose 2-NO, 68 158-159° 161-162° +41.5° +42.0° 3
i 4-NO, 58 172-174° 174-175° -39.3° -37.0° 3
j 4-Cl 34 118-120° 124° -20.8° —20.5° 3
k H 30 118-120° 124-125° =21.7° -22° 8
1 4-C¢H; 38 151-153° 155° —13.2° —-12.3° 3
m 4-Br 36 125-126° 133° —18.4° -19.2° ¢
* All reactions were carried out on a 24 mmol scale.
In addition to the desired aryl-glycoside arising from dis- OH
placement of the bromide at C-1, T.L.C. analysis of the crude AcO ©/ / BTEAB/CHCLs /
reaction mixture indicates that f-elimination to form 3 and  AcQ =0 H,0/NaOH. 60°C, 3 h
hydrolysis to form 4 have also occurred in both the gluco- and AcO //'A
the galacto-series.
Br
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In general, the f-elimination is a more common side reaction
in the gluco- than the galacto series. This is consistent with the
work reported in Ref.” which investigated the condensation of
hexopyranosyl bromides (D-allo, D-gluco, D-gulo, and D-galac-
to) with sodium 4-nitrophenoxide in dimethylformamide to
determine the relative tendency for displacement at C-1 to
form the 4-nitrophenyl 2,3,4,6-tetra-O-acetyl-f-D-hexopyrano-
side versus f-elimination to give the 2,3,4,6-tetra-O-acetyl-1,5-
anhydro-D-hex-1-enitol’. The tendency for the formation of
tetra-O-acetyl-1,5-anhydro-D-hex-1-enitols decreased in the
order D-allo > D-gulo > D-gluco > D-galacto whereas the
preference for the formation of 4-nitrophenyl tetra-O-acetyl-f-
D-hexopyranosides was in the reverse order (D-allo < D-gulo
< Dp-gluco < D-galacto).

The hydrolysis side reaction of 2,3,4,6-tetra-O-acetyl-a-D-gly-
copyranosyl bromides (1) is again more pronounced in the
gluco-series than in the galacto-series. Attempts to minimize
the hydrolysis reaction, by using alumina impregnated with
sodium hydroxide and eliminating the aqueous phase as re-
cently reported"® were unsuccessful; similar yields of desired
product were obtained by this procedure.

Phase-transfer catalyzed reaction of 2,3,4,6-tetra-O-acetyl-a-
p-mannopyranosyl bromide (5) with phenoxide takes a dif-
ferent course. Anchimeric participation of the acetate at C-2
leads to the corresponding orthoester 6 in low yield. In addi-
tion, hydrolysis of 5 gives 2,3,4,6-tetra-O-acetyl-D-mannopy-
ranose (7).

Spectral analysis of 6 provided convincing proof for the assigned
structure. "H-N.M.R. analysis revealed the signal of the orthoester me-
thyl group at §=1.85 ppm. The stereochemistry of the orthoester me-
thyl group has been tentatively assigned to the sterically less encum-

bered endo isomer. *C-N.M.R. analysis showed a signal of C-1 of the
orthoester moiety at §=24.48 ppm.

In summary, phase-transfer catalyzed glycosidation of acety-
lated a-D-glycosyl bromides provides for facile, stereospecific,
synthesis of aryl 2,3,4,6-tetra-O-acetyl-f-D-glucopyranosides
and aryl 2,3,4,6-tetra-O-acetyl-p-D-galactopyranosides.

Melting points were determined on a Laboratory Devices Mel-temp
apparatus and are uncorrected. 'H- and *C-N.M.R. spectra were re-
corded on Varian T-60 and JEOLCO FX-100 spectrometers, respec-
tively. Optical rotations were recorded on a Perkin-Elmer 241 MC Po-
larimeter. Microanalysis were performed by the Atlantic Microlab Inc.
Acetylated glucosyl- and galactosyl bromides were obtained from
Sigma Chem. Co., St. Louis, MO.

Phenyl 2,3,4,6-Tetra-O-acetyl-f-D-glycopyranosides (2g, k); Typical
Procedure:

A solution of the appropriate 2,3,4,6-tetra-O-acetyl-a-D-bromohexose
(1: 10 g, 24 mmol) in chloroform (100 ml) is stirred vigorously (over-
head mechanical stirrer) at reflux (60°C) with a solution of phenol
(4.58 g, 48 mmol) and benzyltriethylammonium bromide (.53 g, 20
mmol) in aqueous 1.25 normal sodium hydroxide (50 ml, 62 mmol).
After 3 h, the mixture is cooled and diluted with water (100 ml). The
two phases are then separated and the organic layer washed with 1.25
normal sodium hydroxide (2 x 50 ml). The organic layer is dried with
magnesium sulfate, filtered, and concentrated in vacuo. The crude
product is purified by crystallization from ethanol.

3,4,6-Tri-0-acetyl-1,2-0-(1-phenoxy)ethylidene-¢-D-mannopyranose
(6):

This compound is synthesized from freshly prepared 2,3,4,6-tetra-O-
acetyl-a-D-mannopyranosy! bromide'? (5; 10 g, 24 mmol) and phenol
(4.58 g, 48 mmol) using the same procedure as above. The product is
recrystallized from ethanol; yield: 1.55 g (16%): colorless crystals, m.p.
178-180°C; [@]%: —1.5° (c 1, chloroform).
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C20H24010 cale. C 56.60 H 5.70

(424.4) found 56.67 575

'H-N.M.R. (CDClL;/TMS;,,)): §=1.85 (s, 3H); 2.03 (s, 3H); 2.04 (s,
3H); 2.10 (s, 3H); 3.46-3.86 (m, 1H); 4.06-4.3 (m, 3H): 4.9-5.5 (m,
3H); 7.0-7.5 ppm (m, 1H).

BC-N.M.R. (CDCl;/TMS,,,.): § =170.07, 169.42, 129.14, 124.70, 124.32
[H;C—C(0—);]; 122.88, 97.26, 75.91, 71.52, 70.14, 65.49, 62.45, 24.48
[H;C—C(0—);]; 20.68 ppm.

Chromatography of the mother liguors affords compound 7 which is
formed as a side product by hydrolysis of 5; yield: 1.8 g (23%); m.p.
81-84°C; {al: +23.9° (¢ 1.5, chloroform) (Ref.'%, [a]*? of pure a-
isomer: +23.1°).
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