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Arylglycerol Glucosides from Pinus sylvestris*

LENNART N. LUNDGREN, THOMAS POPOFF ** and OLOF THEANDER

Department of Chemistry and Molecular Biology, Swedish University of Agricultural Sciences, S-750 07

Uppsala, Sweden

The 2- and 3-0-f-p-glucopyranosides of 1-(4-hy-
droxyphenyl)-1,2,3-propanetriol [1-C-(p-hydroxy-
phenyl)glycerol] and 1-(4-hydroxy-3-methoxy-
phenyl)-1,2,3-propanetriol [1-C-guaiacylglycerol]
have been isolated from needles of Pinus sylvestris L.
and identified. Syntheses of the (1S, 2R)- and (1R,
2R)-forms (p-erythro- and p-threo, respectively) of
the above aglycones are reported. The results
indicate the presence of both p- and L-forms of the
respective aglycones in the plant material.

Using chromatography on Sephadex LH-20 and
silicic acid, a series of dilignol and flavonoid
glycosides have previously been isolated from
needles of Pinus sylvestris L. and Picea abies,
respectively, and identified.!'? The isolation of the
1- and 2-0-B-p-glucopyranosides of 1-C-guaiacyl-
glycerol ® is also reported. By treating heartwood of
Pinus resinosa with p-dioxane under acetylating
conditions, acetates of p,L-threo- and p,L-erythro-1-

* Part 9 in the series The Constituents of Conifer Needles.
Part 8, see Ref. 2.

**Present address: Waters Associates AB,
Sommarvigen 5, S-171 40 Solna, Sweden.
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C-guaiacylglycerol have been isolated in trace
amounts.* These were suggested to be lignin
degradation products. The compounds were subse-
quently isolated from the cambium of Tsuga hetero-
phylla® and, after mild hydrolytic treatment, from
wood of Picea excelsa® and Picea jezoenesis.” In
the latter publication, the isolation of 1-C-(p-
hydroxyphenyl)glycerol was also reported. It has
also been shown that arylglycerols, obtained in the
form of threo- and erythro-isomers, can be formed
enzymatically from cinnamyl alcohols,® which are
proposed to be lignin precursors. A dimer of
guaiacylglycerol and a series of lignans in which
guaiacylglycerol is linked by ether bonds were
recently isolated®'® from Larix leptolepis. The
present publication reports the isolation of 1-C-
(p-hydroxyphenyl) glycerol (6), 1-C-guaiacylglycerol
(5) and their 2- and 3-0-f-p-glucopyranosides 1 —4
from needles of Pinus sylvestris L. and their identifi-
cation, and the synthesis of the p-erythro- and o-
threo-forms of 5 and 6. The configuration of the
isolated compounds is discussed.
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RESULTS AND DISCUSSION

The compounds I —6 were all obtained amor-
phous but chromatographically homogeneous after
subfractionation on anion-exchange resins and
silicic acid columns. The positive colour reactions
towards spray a — orange for compounds I, 2,
and 5 and yellow for 3, 4, and 6 — indicating free
phenolic hydroxyl group (s), were in accordance
with those previously reported 7 for guaiacylglycerol
and p-hydroxyphenylglycerol, respectively. Enzy-
matic hydrolysis (f-glucosidase) of compounds !
and 2 yielded p-glucose and a mixture of erythro-
and threo-1-C-guaiacylglycerol (5) (shown by borate
buffer paper electrophoresis!! and 'H NMR of
their acetates ! 2'*3; identical with those of authentic
samples). Periodate oxidation'# of compound I
gave vanillin, indicating that the glucose was linked
to the 3-hydroxyl group in the glycerol chain.
Compound 2 was chromatographically and electro-
phoretically identical with the previously isolated
B-glucoside® and, since periodate oxidation of
compound 2 did not give vanillin, the glucose must
be linked to either the 1- or the 2-hydroxyl group
in the glycerol chain. In the ‘H NMR comparison
of compound 2 with that of its acetate, a downfield
shift for the benzylic proton was noted, indicating
an acetyl on the 1-position. Glucose must hence be
linked to the 2-hydroxyl group. The sugars in
compounds I and 2 are linked as f-glucopyrano-
sides, which was shown by 'H NMR (J, , 7 Hz)
and by hydrolysis with f-glucosidase.

In the same way, compounds 3 and 4 were
identified as 3-O- and 2-O-f-p-glucopyranosides,
respectively, of 1-C-(p-hydroxyphenylgltycerol (6).
By 'H NMR and electrophoresis, compound 3
was found to be a mixture of erythro- and threo-iso-
mers while compound 4 was found, by 'H NMR,
to be a pure threo-isomer ([o],+18.7°).

Small amounts of pure threo-5 and -6 ([«],+12.8
and [a]p+19.5°) were isolated by preparative

electrophoresis. The optical rotations for these
threo compounds differ markedly from those for
the synthetic o-threo-5 and -6 ([a]p—26.1 and
[«]p—33.8°) and that previously 3 found for threo-5
([«]o—18°). To check these results, pure erythro-
and threo-5 and -6 were isolated from a larger batch
of an enzymatically hydrolyzed glucoside mixture
by LC on Sephadex LH-20 and silicic acid and
by preparative HPLC. Before hydrolysis, only
traces of the free aglycones 5 and 6 could be detected
in the aqueous extract remaining after extraction
with chloroform and ethyl acetate, respectively.
The isolated aglycones released by hydrolysis
showed almost no optical rotation ([a]p<|2°|).
A check was also made on pure erythro-6 that the
mild conditions used during the isolation experi-
ment B had no influence on its optical rotation.
These results support the notable existence of both
p- and L-forms of compounds 5 and 6, glycosidically
linked in the plant. Enantiomeric mixtures of
procyanidin polymers in Palmae species were also
reported recently.!* )

The p-erythro- and p-threo-5 and -6 were prepared
by addition of 2,3-O-isopropylidene-p-glyceralde-
hyde to (4-benzyloxy-3-methoxyphenyl)magnesium
bromide and (4-benzyloxyphenyl)magnesium bro-
mide, respectively. All isomers were crystalline, as
previously reported for p,L-mixtures of erythro-'®
and threo-5° and erythro-6.%"

EXPERIMENTAL

General. 'H NMR spectra were determined at
89.60 MHz (TMs as'internal reference); s, d, m and
q denote singlet, doublet, multiplet and quartet,
respectively. Data for the strongly coupled protons
in threo-5 and -6 were obtained by ABX analysis,
checked by computer simulation, and adjusted
if necessary.?® TLC studies were performed on
silica gel HF , 5, plates with (a) 2-butanone — MeOH
—H,0, (9:0.5:1) as solvent, and for further deter-

Table 1. Mobilities on paper electrophoresis in borate buffer and retention on HPLC on a RAD-PAK C,

column.

Compound* It le 2t,2e 3t 3e 4t 5t Se 6t 6e
Mg-value® 0.50 0.27 0.18 0.52 0.28 0.20 0.59 043 0.65 0.46
HPLC® - - - - - - 3.0 24 37 2.8

9t =threo and e = erythro. ® Mobilities compared with glucose (1.0) and 5-hydroxymethylfurfural (0). ¢ Rgtention times in
min. Mobile phase: H,0 —MeOH —HOAc, 100:10:1 for 5 and H,0 —HOAc, 100:1, for 6, respectively. Flow rate

for both: 1 ml/min.
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mination of the purities of the compounds, aiso
with (b), CHCl;—MeOH-H,0, (7:3:0.5). TLC
plates (after inspection in UV light) were sprayed
with (a) 0.1 % diazotized sulfanilic acid in 10 %,
Na,CO,, followed by 50 %, H,SO, or (b) anisalde-
hyde—H,SO, — EtOH (1:1:18). Electrophoresis was
performed on Whatman 1 paper with 0.05 M
borate buffer, pH 9.2, as electrolyte, for 1.5 h at
1500 V. The mobilities are given in Table 1. The
visualizing agents used were spray a (without
subtreatment with 50 %, H,SO) and (c) AgNO,
[1.5 % in aq. (CH,),CO], followed by 2 N NaOH.
HPLC was performed on a RAD-PAK C,; high-
sensitivity column (Waters) and the UV-absorbance
at 254 nm was measured. The mobile phase con-
sisted of H,O—MeOH —HOAC, 100:10:1 for com-
pound 5 and H,0—HOAc, 100:1 for compound
6. The retention times are given in Table 1. All
reagents were commercial samples of good grade.
1-Hydroxy-2-methoxybenzene was brominated' as
described for hydroxybenzene.!® The benzyl deriv-
atives of 1-bromo-4-hydroxy-3-methoxybenzene
and 1-bromo-4-hydroxybenzene were prepared by
reaction with benzylbromide in the presence of
tetrabutylammonium hydrogen sulfate.'® Melting
points are corrected.

Syntheses

(1S, 2R )- and (IR, 2R )-1-(4-hydroxy-3-methoxy-
phenyl)-1,2,3-propanetriol [ p-erythro-5 and o-threo-
5]. 1-Benzyloxy-4-bromo-2-methoxybenzene (6.9 g,
25 mmol) was allowed to react with magnesium
metal (0.52 g, 21.3 g-atom) and 2,3-O-isopropylidene-
p-glyceraldehyde (1.8 g, 16 mmol) was added to the
Grignard reagent as described for bromobenzene
in the synthesis of p-erythro- and p-threo-1-phenyl
glycerol ([a]p+19.6 and [a]p—38.6°),2! but with
tetrahydrofuran as solvent. The reaction mixture
was poured onto ice-water, neutralized with dilute
hydrochloric acid and extracted with ether. LC of
the evaporation residue on silica acid [light
petroleum (60 — 70 °C) —EtOAc, 4:1] yielded a mix-
ture of (18, 2R)- and (IR, 2R)-1{4-benzyloxy-3-
methoxyphenyl) - 2,3-0 -isopropylidene- 1,2,3-pro -
panetriol. The mixture was debenzylated by catalytic
hydrogenation on 5 %, Pd/C in methanol for 1 h.
After filtration and evaporation, it was hydrolyzed
in 0.05 M sulfuric acid for 1 h at room temperature.
The solution was neutralized with barium carbonate,
centrifuged and evaporated. By LC of the residue on
Sephadex LH-20 (elution with water) and prepara-
tive  HPLC, bp-erythro-5 and b-threo-5 were
separated. Recrystallization was performed from
acetone — dichloromethane. p-erythro-5 contained
1 mol water as previously reported.'® It was not
intended to optimize the preparations for yield,
but rather to obtain pure reference specimens.
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Compound 5. v-erythro-Isomer. (96 mg, 2.8%),
m.p. 82— 84 °C (Lit.!® p,.-mixture 83 — 84 °C), [at]?)3
+9.4° (¢ 3.0, EtOH). Anal. C,,H,,O,, H,0; C,
H, O. MS, m/e (rel. int.): 214 (7, M), 197 (4), 154 (13),
153 (100), 152 (36), 151 (19), 137 (17), 125 (31),
110 (13), 93 (82), 65 (51). 'H NMR (CD,OD):
634-39m (3 H),38 s(3 H),452d,J 59 Hz
(1 H), 6.7—7.0 m (3 H). Tetraacetate of p-erythro-5
(Ac,O-Pyr): 'H NMR (CDCl;): 6 2.00 s (3 H),
203 s (3 H), 2.13 s (3 H), 2.30 s (3 H), 3.84 s 3 H),
424d,J50Hz (2 H),539q (1 H),601d,J 56 Hz
(1 H), 6.8—7.1 m (3 H).

Compound 5. p-threo-Isomer. (60 mg, 1.7%),
m.p. 133—134°C (Lit.% p,.-mixture, 133—134°C),
[«]3® —26.1° (c 1.4, EtOH). Anal. C,,H,,05; C, H,
O. MS was identical with MS for the p-erythro-
isomer. 'H NMR (CDCl;): 6 3.32dd, J 11.2 and 6.3
Hz (1 H), 3.45 dd, J 11.2 and 3.4 Hz (1 H), 3.65 m
(1 H),3.85s(3H),4.51d,J62Hz(1H),6.7—70m
(3 H). Tetraacetate of p-threo-5 (Ac,0-Pyr): 'H
NMR (CDCl,): 2.05 s (3 H), 207 s (3 H), 209 s
(3 H), 2.30 s (3 H), 3.81 dd, J 5.6 Hz and 12.0 Hz
(1 H), 3.84 s 3 H), 4.29 dd, J 3.7 Hz and 12.0 Hz
(1 H),53-56m (1 H),596d,J 7.5 Hz (1 H), 6.8 —
7.1 m (3 H).

(1S, 2R)- and (IR, 2R)-1-(4-hydroxyphenyl)-
1,2,3-propanetriol [p-erythro-6 and o-threo-6] were
prepared from 1-benzyloxy-4-bromobenzene (8.9
g, 34 mmol) in the same way as the isomers of 5.
The compounds were recrystallized from acetone —
dichloromethane.

Compound 6. v-erythro-Isomer. (320 mg, 9.7 %,
m.p. 140—141°C (Lit.!” p,.-mixture, 149 —151°C),
[«]Z3 +21.3° (c 0.6, EtOH). Anal. CoH,,0,; C, H,
O. MS, m/e (rel. int.): 166 (4, M—18), 124 (13),
123 (100), 122 (12), 121 (25), 107 (26), 95 (58), 77 (58),
65 (14). 'H NMR (CD,OD): 6 34—-39 m (3 H),
451d,J57Hz(1 H),6.74d,J 85 Hz(2H),7.21d,
J 8.5 Hz (2 H). Tetraacetate of p-erythro-6 (Ac,0—
Pyr): 'H NMR (CDCl;): § 2.00 s (3 H), 2.03 s (3 H),
2.12 s (3 H), 2.30 s (3 H), 423 d, J 50 Hz (2 H),
538q (1 H),6.02d,J55Hz(1 H),7.08d,J 8.5 Hz
(2 H), 7.39 d, J 8.5 Hz 2 H).

Compound 6. p-threo-Isomer. (570 mg, 17.2 %),
m.p. 144—146°C, [a]3* —33.8° (c 1.2, EtOH). Anal.
CgH,,0,; C, H, O. MS was identical with MS for
the p-erythro-isomer. 'H NMR (CD;0D): 6 3.32
dd, J 11.2 and 6.3 Hz (1 H), 3.45dd, J 11.2 and 34
Hz (1 H),3.65m (1 H),4.50d, J 6.6 Hz (1 H), 6.74d,
J 85 Hz (2 H). 7.19 d, J 8.5 Hz (2 H). Tetraacetate
of p-threo-6 (Ac,0—Pyr): 'H NMR (CDCl,):
82.05s (3 H),206s (3 H),2.08s (3 H),2.29 s(3 H),
3.79dd, J 5.6 Hzand J 12.2 Hz (1 H), 429 dd, J 4.0
Hzand 122 Hz(1 H), 53—-5.6 m(1 H), 598 d,J 7.2
Hz(1 H),7.10d,J 8.5Hz (2 H),7.39d,J 8.5 Hz(2 H).
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Isolation

Experiment A. Needles of Pinus sylvestris L.
(190 g dry weight), collected in spring, were extracted
without drying for 1 h with boiling Me,CO. After
filtration, the needles were dried, milled and
extracted on a boiling water bath, 2 x 30 min with
Me,CO and 2 x 30 min with Me,CO—H,O (1:1).
The extracts were combined, the Me,CO was
evaporated, and the suspension obtained was
extracted several times with CHCIl;. The remaining
H,O fraction (24 g) was fractionated on a Sephadex
LH-20 column (elution with H,0). Twelve main
fractions were collected. From fraction 1 (10.6 g),
by repeated subfractionation on anion-exchange
resin (Dowex 1-x8 in its acetate form), I, 3, 2, 4, 5
and 6 were eluted with water in the order given;
and on a silicic acid column (elution with CHCl; —
MeOH - H,0, 7:3:0.5) compounds 1 —6 were ob-
tained in chromatographically pure form. The
yields corresponded to 0.01 (compounds 3, 5 and
6), 0.02 (compounds 1 and 4) and 0.03 9, (compound
2), respectively, of the dry weight of the needles.

Experiment B. Needles of Pinus sylvestris L.
(360 g dry weight) collected in November, were
treated as in Exp. A. The remaining H,O fraction
(48 g) was extracted with EtOAc and the aqueous
residue was treated with a commercial crude enzyme
(cellulase C 36, Rohm.and Haas Co.) for 48 h at
room temperature and then evaporated. LC of the
residue on Sephadex LH-20 (elution with H,0) and
silicic acid (elution with CHCl;—~MeOH—-H,0,
60:15:1) separated the erythro-threo-5 from erythro-
threo-6. By preparative HPLC pure erythro-5 (5 mg),
threo-5 (28 mg), erythro-6 (6 mg) and threo-6 (31 mg)
were obtained. ‘

Experiment C. In order to check if any isomeriza-
tion could occur during the preparation and isola-
tion under the conditions used in Exp. B, a pure
sample of erythro-6 was treated as in Exp. B. No
change in the optical rotation of the compound
could be observed during these treatments.

Compound 1. Mixture of the erythro- and threo-
isomers in ratio 1:3. NMR (CD,;0D): § 32—-40m
(OH),3.84s5(3H),421d,J 7.0Hz(1 H),457d,76.0
Hz (1 H), 6.7—7.1 m (3 H). Heptaacetate of 1
(Ac;0—Pyr): NMR (CDCl;): 6 2.0—2.2 m (18 H),
2.295s,(3H),348dd, J 6.0 and 11.5 Hz (1 H), 3.5—
3.8 m, (1 H),3.85s,(3 H),3.88dd,J4.0and 11.5Hz
(1 H),4.08 dd, J 2.5 and 11.0 Hz (1 H), 4.24dd, J 5.0
and 11.0 Hz (1 H), 440 d, J 7.5 Hz (3/4 H), 4.52 d,
J 7.5 Hz(1/4H), 4.8 -5.2m, (3 H), 5.2—-5.4m, (1 H),
593 d,J 7.5 Hz (3/4 H), 595 d, J 5.5 Hz (1/4 H),
6.8—7.1m, (3 H).

Compound 2. Mixture of the erythro- and threo-
isomers in ratio 1:4. NMR (CD;0D): 6 3.3—-4.0m,
(9H),385s,(3H),443d,J 7.0Hz (4/5H),445d,J
70Hz (1/5H),4.64d,J 80Hz (1/5 H),467d,J 7.5

Hz(4/5H),6.7 — 7.1 m, (3 H). Heptaacetate of 2 (Ac,O

—Pyr): NMR (CDCl,): 6 1.98 —2.10 m, (15 H), 2.13
s,(3H),2.295,(3H),3.6—4.0m, (2 H), 3.84 s, (3 H),
40-43 m, (1 H), 410 dd, J 4.0 and 12.5 Hz (1 H),
4.18 dd, J 5.0 and 12.5 Hz (1 H), 468 d, J 7.0 Hz
(1/5 H), 472 d, J 7.0 (4/5 H), 585 d, J 7.8 Hz (4/5
H), 600 d, J 5.5 Hz (1/5 H), 6.8 —6.1 m, (3 H).

Compound 3. Mixture of the erythro- and threo-
isomers in ratio 1:9. NMR (CD;0D): § 4.2—4.0 m,
(9H), 420 d, J 7.0 Hz (1 H), 4.55 d, 6.5 Hz (1 H),
6.75d, J 8.5 Hz (2 H), 7.21 d, J 8.5 Hz (2 H). Hepta-
acetate of 3 (Ac,0—Pyr): NMR (CDCl,): § 2.00 s
(3H),2.01s (3 H),2.05s (3 H),2.06s(3H),207s(3
H), 2.09 s 3 H), 2.29 s (3 H), 3.38 dd, J 5.5 and 12.0
Hz (1 H), 3.55—3.75m (1 H), 3.88 dd, J 4.0 and 12.0
Hz (1 H), 4.08 dd, J 3.0 and 12.0 Hz (1 H), 4.25 dd,
J 40 and 120 Hz (1 H), 440 d, J 7.0 Hz (1 H),
49-52m (3 H),52-54m (1 H),594d,J 7.5 Hz
(1 H),7.09d,J 8.5Hz(2 H), 7.37d, J 8.5 Hz (2 H).

Compound 4. threo-Isomer [«]3® +18.7° (¢ 0.5,
EtOH). NMR (CD;0D): 6 3.2—4.0m (9 H), 445 d,
J7.5Hz(1 H),4.64d,J 7.5Hz (1 H),6.76 d,J 8.7 Hz
(2H),7.22d, J 8.7 (2 H). Heptaacetate of 4 (Ac,0—
Pyr): NMR (CDCl;): 4 1.99 s (6 H), 2.00 s (3 H),
201 s (3 H), 2.08 s (3 H), 2.11 s (3 H), 2.28 s (3 H),
3.65—3.85m (1 H),3.7-42m (2 H),4.11dd, J 3.5
and 12.5 Hz (1 H), 4.28 dd, J 4.0 and 12.5 Hz (1 H),
471d,J 7.5Hz (1 H),48—52m (4 H),5.88d,J 7.5
Hz (1 H), 708 d, J 8.5 Hz (2 H), 7.34 d, J 8.5 Hz
(2 H).

Compound 5. erythro-Isomer from Exp. B. [«]33

0° (0.5, EtOH).

Compound 5. threo-Isomer from Exp. A. [a]3}
+12.8° (¢ 1, EtOH). threo-Isomer from Exp. B.
[«]3® —1.4° (c 2.8 EtOH).

Compound 6. erythro-Isomer from Exp. B. [a]3?
—1.5° (¢ 0.6, EtOH).

Compound 6. threo-Isomer from Exp. A. [«]3}
+19.5° (c 0.6, EtOH). threo-Isomer from Exp. B.
[«]33 +1.2° (c 3.1, EtOH).

TLC, HPLC, paper electrophoresis, '"H NMR and
MS for compounds 5 and 6 were identical with those
for the synthetic samples.

Acknowledgement. This paper is submitted in
honour of Professor Holger Erdtman on the
occasion of his 80th birthday in appreciation of his
contributions to organic chemistry.

REFERENCES

1. Popoff, T. and Theander, O. Acta Chem. Scand.
B 31 (1977) 329.

2. Lundgren, L. N., Popoff, T. and Theander, O.
Phytochemistry 20 (1981) 1967.

Acta Chem. Scand. B 36 (1982) No. 10



AW

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21.

. Theander, O. Acta Chem. Scand. 19 (1965) 1792.
. von Rudloff, E. Chem. Ind. London 4 (1965) 180.
. Barton, G. M. Bi Mon. Res. Notes Can. For.

Serv. 22 (1966) 6.

. Nimz, H. Chem. Ber. 100 (1967) 181.
. Sano, Y. and Sakakibara, A. Mokuzai Gakkaishi

16 (1970) 81.

. Higuchi, T., Nakatsubo, F. and Ikeda, Y. Holz-

forschung 28 (1974) 189.

. Miki, K., Sasaya, T. and Sakakibara, A. Mokuzai

Gakkaishi 26 (1980) 633.

Miki, K., Sasaya, T. and Sakakibara, A. Tetra-
hedron Lett. 9 (1979) 799.

Gierer, J. and Norén, 1. Acta Chem. Scand 16
(1962) 1976.

Ludvig, C. H,, Nist, B. J. and McCarthy, J. L.
J. Am. Chem. Soc. 86 (1964) 1186.

Johansson, B. and Miksche, G. E. Acta Chem.
Scand. 26 (1972) 289.

Adler, E. and Yliner, S. Acta Chem. Scand. 7
(1953) 570.

Foo, L. Y. and Porter, L. J. J. Chem. Soc. Chem.
Commun. (1982) 241.

Adler, E. and Eriksoo, E. Acta Chem. Scand. 9
(1955) 341.

Yamaguchi, A., Hiroi, T. and Miyazaki, M.
Mokuzai Gakkaishi 15 (1969) 256.

Adams, R. and Marvel, G. S. Org. Synth. Coll.
Vol. 1 (1948) 128.

D’Inkan, E. and Viout, P. Tetrahedron 31 (1975)
159.

Emsley, J. W., Feeney, J. and Sutcliffe, L. H.
High Resolution Nuclear Magnetic Resonance
Spectroscopy, Pergamon, Oxford 1965, Vol.
1, p. 359.

Delton, M. H. and Yuen, V. G. J. Org. Chem.
33 (1968) 2473.

Received March 5, 1982.

Acta Chem. Scand. B 36 (1982) No. 10

Pinus sylvestris Glucosides

699



