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tracted with chloroform, and the chloroform
extracts subjected to preparative TLC using
benzene — EtOAc 1:1; yield 5 %. H NMR
(CDCl,): 6 3.35 (CH,-S), 4.46 (CH,-N), 6.20
(H-6), 7.22 [(H-7), J,, 8.5 Hz].
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Reaction of D-Glucose with Phenol
and with Pyrogallol under Acidic
Conditions

PER-AKE PERNEMALM

Department of Chemistry, Swedish University of
Agricultural Sciences, S-750 07 Uppsala 7, Sweden

Phenols are formed when carbohydrates are
degraded in aqueous weak acid!»® or in
alkali,* and phenolic compounds have also
been isolated from the reaction of glucose
with methylamine ¢ or glycine ® (the Maillard
reaction). As the phenols are isolated in lower
yields in the presence of amines, it is reasonable
to assume that amines, besides favouring the
formation of other reaction products, catalyze
the further reactions of the phenols. The
henols may react to some extent with the
arge excess of unreacted carbohydrates present
in the reaction mixture.

In acidic media, glucose may attack phenol
at oxygen or carbon. The former reaction
yields phenyl glucosides,® while the latter
(Friedel-Crafts) reaction yields phenylglucitol
derivatives. Thus, 2 has been isolated from the
reaction mixture of phenol and glucose in
hydrogen fluoride.” In an early investigation
of the reaction between glucose and phenol in
hydrogen chloride-acetic acid or in concentrated
hydrochloric acid, one water-soluble (A), one
water- and benzene-insoluble (B) and one
benzene-soluble (C) reaction product were
isolated.® This investigation has now been
repeated, using chromatographic and spectro-
scopic techniques.
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Product A was a complex mixture, while B
seemed to be a polymeric material. Product C
was pure leucoaurin (3). Product A was frac-
tionated on silica gel columns and phenyl «-
and B-D-glucopyranoside and I and 2 were
isolated. The molecular formula of I was
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established by high-resolution mass spectrom-
etry, and the initial fragmentation of the glucose
moiety indicatedy a C-glucoside.® This was
confirmed by the *H NMR spectrum, which
showed the presence of a para-disubstituted
phenyl group. The pyranose structure followed
from the uniquely high field gosition (6 3.72—
3.94) of the H-5 multiplet and the S configura-
tion from the large splitting (J, , 9.5 Hz) of the
H-1 doublet in the well-resolved 'H NMR
spectrum of the pentaacetate. Compound 2
was identified by spectral means and previously
published data.’* Compounds I — 3 are analogues
of reaction products from anisole and glucose
in hydrogen fluoride,'® and the original tentative
structures suggested for A, B and C® are in-
consistent with the present results.
Pyrogallol was one of the phenols isolated
from the reaction of glucose 1n water at pH
4—5 with® and without® the presence of
glycine. In order to investigate aromatic
substitution reactions under similar conditions,
glucose was treated with an equimolar amount
of pyrogallol in acetate buffer (pH 4.6) at
reflux temperature. In a parallel run an
equimolar amount of glycine was added. From
the latter experiment the new compound 4
was isolated by column chromatography and
identified analogously to I. Small portions
were removed during the reaction and analyzed
by GLC (Fig. 1). It was found that glycine

% yield
AOF
A—"A\
30} A
20 .
O e O
10} o—
L M
ok
1 '} 1 1 1 A Il Iy 1 ] A

0 10 20 30 40 S0 60 70 80 90 100

Fig. 1. The formation of 1,5-anhydro-1-C-
(2,3,4-trihydroxyphenyl)-(S)-D-glucitol (4) from
pyrogallol and D-glucose in acetate buffer at
100 °C. A, with glycine; O, without glycine.

catalyzes the formation of £, probably owing
to the formation of immonium ions with
glucose.

The formation of aryl C-glycosides and
related compounds in weakly acidic solutions
may be important when brown polymeric
substances are formed in carbohydrate degrada-
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tions as well as in'reactions between lignins and
carbohydrates, for example in humification and
in pulping processes.

Ezperimental. Evaporations were performed
under reduced pressure below 40 °C. TLC
was effected with silica gel (Merck, HF,,,).
Ethanolic p-anisaldehyde —sulfuric acid and
aq. iron(III) chloride were used as spray
reagents. CC was carried out on silica gel (Merck,
230-400 mesh). Compound 4 was analyzed by
GLC1 ag its per(trimethylsilyl) ether on a
Varian 1840 instrument, using inositol as
internal standard, and a column containing
3% OV-1 on Varaport 30 (100— 120 mesh).
The temperature was programmed from 200
to 300 °C at 6 °C/min. IR spectra were recorded
on a Perkin-Elmer 337 and 'H NMR spectra
on a Varian HA-100 D instrument. Low- and
high-resolution mass spectra were recorded on
Varian MAT CH 7 and AEI MS 902 instruments
respectively, the latter spectra at the Institute
of Medical Biochemistry, University of Gothen-
burg.

Reaction of D-glucose and phenol. Products
A, B and C were prepared from D-glucose
(90.0 g) and phenol (47.0 g) and isolated as
previously described (slow process).® A (9.1 g)
was charged on a silica gel column and eluted
with ethyl acetate—ethanol —water, 83:11:6
(v/v/v). The mixture of slower moving com-
pounds were rechromatographed on a silica
gel column with aqueous 2-butanone. The
separation was monitored by TLC, using the
same eluent. Two fractions were collected: 1.
A mixture of phenyl a,B-D-glucopyranoside
(identified by TLC) and 2, from which 2
crystallized on standing. 2. Compound 1.

1,5-Anhydro-1-C-(4-hydroxyphenyl )-(S)-D-
glucitol (1). Colourless p, 62 mg. [a];e 2
+19° (¢ 1.5, ethanol). MS [IP 70 eV; m/e
(% rel. int.)]: 256 (0.7, M), 238 (6), 166 (7),
165 (32), 136 (7), 124 (9), 123 (100), 121 (13),
107 (40), 95 (21), 77 (17), 60 (20), 57 (10), 43
(8). Mol. wt., obs. 256.096, cale. for C,,H 0O,
256.095. *H NMR (100 MHz, CD,OD): 4
3.25—-3.95 (6 H, m), 4.05 (1 H, d, J, ; 8.5 Hz,
H-1), 6.76 (2 H, d, J 9.0 Hz), 7.23 (2 H, d,
J 9.0 Hz). IR (film): 3340 (s), 1610 (m), 1600
(m), 1510 (m), 1425 (m), 1250 (m), 1230 (m),
1085 (s), 1045 (s), 905 (w), 880 (w), 835 (s), 805
(w) em™. Acetylation. (Ac,O/pyridine) yielded
the pentaacetate, recrystallizes from isopropyl
ether, m.p. 163 — 164 °C. Anal. C,,H,,0,,: C, H.
H NMR (100 MHz, CDCl,): 6 1.80 (3 H, s),
1.98 (3 H, s), 2.04 (3 H, s), 2.07 (3 H, s), 2.26
(3 H, 8), 3.72—3.94 (1 H, m, H-5), 4.15 (1 H,
dd, Jy, 2.1 Hz, J,o —12.5 Hz, H-6), 4.27
(1 H, dd, J,, 4.9 Hz, H-6"), 440 (1 H, d,
Jys 9.6 Hz, H-1), 5.00—5.46 (3 H, m, H-2,
H-'3 and H-4), 7.08 (2 H, d, J 8.5 Hz), 7.35
(2H,d,J 8.5 Hz).

1-Deoxy-1,1-bis(4-hydroxyphenyl )-D-glucitol
(2) was recrystallized from ethyl acetate, 125
mg, mp. 177—178 °C. (lit!* 176—177 °C).
MS [IP 70 eV; m/e (% rel. int.)]: 201 (12), 200
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(49), 199 (100), 181 (10), 153 (6), 152 (6), 107
(16), 55 (9), 44 (21), 43 (17). '"H NMR (100
MHz, CD,OD): 6 3.55—3.75, (56 H, m, H-3,
H-4, H-5, H-6 and H-6¢), 4.11 (1 H, d, J,,
10.0 Hz, H-1), 441 (1-H, dd, J,; 1.5 Hz,
H-2), 6.66 (2 H, d, J 8.5 Hz), 6.70 (2 H. d,
J 8.5 Hz), 7.12 (2 H, d, J 8.5 Hz), 7.20 (2 H,
d, J 8.5 Hz).

Product B (46 g) seemed to be polymeric
material (TLC) and was not further investigated.

Tris(4-hydroxyphenyl )methane (Product C,
leucoaurin) (3), 33 mg, m.p. 235-237 °C
(lit. 240 °C). MS [IP 70 eV; mje (9, rel.int.)]:
293 (20), 292 (100, M), 291 (34), 275 (32), 199
(62), 198 (35), 197 (28), 181 (18), 115 (11), 65
(11).

'H NMR (100 MHz, CD,OD): ¢ 5.25 (1 H,
s), 6.66 (6 H, d, J 8.5 Hz), 6.86 (6 H, d, J 8.5 Hz).

Reaction of D-glucose and pyrogallol. A
solution of D-glucose (18.0 g), pyrogallol (12.6
g) and glycine (7.5 g) in acetate buffer (200 ml,
0.5 M, pH 4.6) was refluxed for 60 h. During the
reaction, small portions were removed for
GLC analysis. The water was evaporated and
the residue treated with abs. ethanol in an
ultrasonic bath for 2 h. The supernatant was
evaporated and charged on a silica gel column,
which was eluted with aq. 2-butanone. The
separation was monitored by TLC and 4 was
isolated.

1,5-Anhydro-1-C-(2,3,4-trihydroxyphenyl ) -
(S)-D-glucitol (4). Amorphous, 135 mg.
foseso 2° +30° (¢ 1.6, ethanol). MS [IP 70 eV;
mle (% rel.int.)]: 288 (3, M), 270 (9), 252 (2),
234 (3), 198 (5), 179 (9), 178 (10), 168 (27), 155
(10), 140 (12), 139 (100), 138 (18), 126 (24)
65 (12), 43 (21). Mol. wt., obs. 288.086, cale.,
for. C,H,,O, 288.085. *H NMR (100 MHz,
CD;OD): ¢ 3.256—3.95 (6H, m), 4.44 (1H, d,
Jus 9.0 Hz, H-1), 6.37 (1H, d, J 8.5 Hz),
6.68 (1H, d, J 8.5 Hz). IR (KBr): 3360 (s), 1740
(w), 1630 (m), 1510 (m), 1480 (m), 1370 (m),
1310 (m), 1240 (m), 1075 (s), 1015 (s), 885 (w),
800 (w) om™. Acetylation (Ac,O/pyridine)
yielded the heptaacetate, recrystallized from
isopropyl ether, m.p. 148—150 °C. Anal.
CyeH,0y: C, H. 'H NMR (100 MHz, CDCl,):
6 1.83 (3 H, s), 2.01 (3 H, s), 2.06 (3 H, s),
2.10 (3 H, s), 2.26 (6 H, s), 2.35 (3 H, 8), 3.69—
3.92 (1 H, m, H-5), 4.10 (1 H, dd, J; 4 2.1 Hz,
Jow —12.5 Hz, H-6), 4.27 (1H, dd, J, ¢ 5.4
Hz, H-6"), 460 (1 H, d, J,, 9.0 Hz, H-1),
5.06—5.46 (3 H, m, H-2, H-3 and H-4), 7.19
(1H,d,J 9.0 Hz), 7.38 (1 H, d, J 9.0 Hz).

The same reaction was also carried out
without glycine, but was only used for GLC
analysis of 4 (Fig. 1).
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