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The bark of red alder (Alnus rubra) is known for being

an underutilized resource and a rich source of phenolic

substances. In this research, the nature and extent of the

diarylheptanoid fraction of this bark were examined.

Examination of a 70% aqueous acetone extract of red

alder bark revealed a rich and diverse diarylheptanoid

fraction. Column chromatography resulted in the isolation

of 13 diarylheptanoid compounds whose molecular structures

were established by use of fast atom bombardment mass

spectrometry (FAB-MS), 1H and "C nuclear magnetic resonance

spectrometry (NMR) and two-dimensional NMR techniques.

The result of this research showed considerable

diversity in the diarylheptanoid structures. Both mono- and

di-hydroxy aromatic ring systems were found to be present.

Most (10) were glycosides of glucose, xylose or apiose. All
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were linear type compounds and no macrocyclic

diarylheptanoids were found. Four of these compounds are

new to science.

The amounts and diversity of structures have

implication for utilization, both for adhesive and

bioactive use. The predominance of a dihydroxy aromatic

ring system means that alternative methods for condensation

with formaldehyde will have to be developed for adhesive

use. The nature of these compounds supports oxidative

coupling. The diversity of structures found also provides a

basis to study structure/bioactivity relationships in

future research which may lead to a new industrial use for

this species.
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DIARYLHEPTANOID GLYCOSIDES FROM RED ALDER BARK

INTRODUCTION

Red alder (Alnus rubra Bong.) is the major hardwood

species in the Pacific Coast of the United States and

Canada. This alder species is so named because the fresh

cut sapwood and fresh peeled bark turn a reddish-orange

color after exposure to air and light. In the past, red

alder has also been called Pacific Coast alder, Oregon

alder and western alder (1, 2).

Red alder forests with commercial value can be found

along a strip land that runs from southeastern Alaska to

southern California, and up to one hundred miles from the

Pacific Ocean (Figure 1). Mostly found in river valleys,

the tree grows well on deep, well-drained soils as well as

on coarse sands and gravels where soil moisture is

abundant. Red alder is characterized by its rapid juvenile

growth, relatively early maturity and nitrogen fixation

ability (3, 4). Ecologically, these features give rise to a

species that dominates recently logged sites, has sixty to

ninety years of life and enriches the forest soil, which

consequently benefits the other species surrounding it.



Figure 1. Range of red alder (adapted from ref. 2)
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The wood of red alder has a uniform grain with a fine

smooth texture which makes it easy to work with tools.

Because of this easy workability, red alder was commonly

used by indigenous people of the Pacific Northwest to carve

dishes, spoons, ceremonial masks and fish clubs. The wood

was also used to make cradles and other household items. In

addition, the wood was used to smoke fish. Today, red alder

wood finds great preference with most Northwest people for

the smoking of salmon due to its distinct, but mild flavor.

Indigenous people also extensively used the bark of this

tree for paints, dyes and medicines (5-7).

Today, red alder wood is harvested for the production

of lumber, plywood, furniture stock, pulp chips and

novelties. As one of the main alder producing States, the

western part of Oregon alone has more than nine billion

board feet (Scribner rule) of red alder sawtimber in

reserve (8). Recently, the harvest of hardwoods has

increased steadily as the result of the decrease of

softwoods harvested. In 1991, three forths of the hardwood

harvest in Oregon was red alder. The wood production, of

course, was accompanied by the creation of large quantities

of the bark.

However, red alder bark is generally considered as

low-valued by-product or even as waste in the forest

product industry. Most of it is burned to generate heat.



4

Only a small portion of the bark is being used to produce

plywood glue extenders, such as "Modal" and "Walderfil",

although there is no exact figure available. In addition,

the bark is used as a landscape cover and mulch. Without

new discoveries, the utilization of this natural resource

may continue with the present pattern for years. On the

other hand, it has been known for more than forty years

that red alder bark is a rich source of phenolic extracts

(9). Among these phenolics, the first known diarylheptanoid

xyloside, oregonin, was isolated (10). Diarylheptanoids are

compounds of two aromatic rings connected by a seven-carbon

aliphatic chain (C6-C7-C6) as their common structural unit.

Recent preliminary research in this laboratory has

indicated a sizable phenolic fraction remaining

uncharacterized in red alder bark. It is not known what

adhesive or bioactive characteristics many of these

substances have. A first step is to isolate and determine

the molecular structures of these phenolic compounds.

Since oregonin's discovery in 1974, major advancements

have been in the areas of polyphenol isolation, such as new

chromatographic gels and isolation techniques (11). Major

advancements have also occurred in instrumentation and

techniques used to determine molecular structures of

polyphenolic compounds, such as fast atom bombardment mass

spectrometry and associated scanning techniques (12). Since

the 1980's, carbon-13 nuclear magnetic resonance



5

spectrometry ("C NMR) and two dimensional NMR techniques

with /H and "C connectivities have dramatically facilitated

our ability to elucidate complex phenolic structures.

It is the goal of this research to further investigate

the phenolic extracts of red alder bark by isolating and

determining the molecular structures of these compounds. It

is hoped that this investigation will be the first step

toward better understanding of how these phenolic compounds

are involved, or have the potential for use, in adhesive,

medicinal and biocontrol activities. In other words, this

research will help us better understand the red alder

resource at a molecular level.



LITERATURE REVIEW

The investigation of the chemical composition of red

alder bark was started by Kurth and Decker in 1953 (9). The

purpose of that study was to determine the properties and

chemical nature of the red stain, which appears on the

surface of the fresh cut red alder sapwood and affects the

wood quality. Air-dried wood and bark samples were

extracted with hexane, benzene, ethyl ether, ninety-five

per cent ethanol and hot water respectively. The total

amount of extractives in the bark was about 24% (oven-dried

basis), which was nearly three times as much as that from

the wood.

In the ethanol soluble material, 26.9% of it was a

phenolic xyloside. Because of its color change, this

xyloside was considered as a major cause of the red stain

in the wood. Although the structure of this compound was

not determined at that time, its extremely hygroscopic

character was observed. Attempts to crystallize this

compound failed. The same negative results were obtained

from attempted crystallization of its methylation and

acetylat ion products.

In addition to the xyloside, phlobaphenes and tannins

were also found in the ethanol soluble material. The

6



infrared absorption spectrum indicated that there were

benzene nuclei, carbonyl groups and hydroxy groups in the

phlobaphenes and tannins. Furthermore, both of them had

methoxyl groups in their structures.

In 1974, Karchesy and Laver (10) reported the

structure of oregonin which they isolated from red alder

bark. The compound was the first member of a new class of

compounds which were diarylheptanoid xylosides. The

structure of oregonin is shown in Figure 2.

Figure 2. Structure of oregonin.

For purification and structure elucidation purposes,

Karchesy (13) made derivatives of oregonin. Diazomethane

was used to methylate free phenolic groups and acetic

anhydride was then used to make acetate derivatives of the

aliphatic hydroxyl groups. Acid hydrolysis was also used to

cleave the glycosidic linkage between the xylose moiety and

the phenolic aglycone. In order to confirm the structure of

7
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the aglycone, synthesis of the methylated aglycone was

accomplished by starting with veratryl aldehyde (A) and

acetylacetone (B) in a condensation reaction to give

compound C (Scheme 1). In a following step, compound C was

hydrogenated by using hydrogen and palladium on charcoal to

give a diketone (D). Reduction of the diketone with sodium

borohydride gave the methylated aglycone (E) of oregonin

In 1982, Suga and co-researchers also isolated

oregonin from the female flowers of Alnus serrulatoides

They measured the absolute configuration of the

dibromo tetramethyl aglycone by X-ray crystallography.

Combining this information with the 13C NMR chemical shifts

of oregonin, Suga and his colleagues established the

absolute configuration of s for oregonin.

Oregonin seems likely to be the same compound that

Kurth and Decker (9) described as a phenolic xyloside. This

compound was believed to be involved in the formation of

the stain because it could change its color from orange to

red in the presence of peroxidase or hydrogen peroxide as

well as on hydrolysis (13).

Some indigenous people have used red alder bark for a

paint or as a dye. Several variations in dye preparation

support the idea that oregonin is oxidized to a quinone



Figure 3. Partial structure of oregonin quinone.

(Figure 3) to give the red-orange color. In the first case,

iron-oxide rich clay was used to accelerate and intensify

the color. In the second case, steelhead eggs were crushed

and mixed with the bark to make a stable color. One can

envision that the proteins in the fish eggs could stabilize

the quinone methide. This sort of stabilization is known in

the literature (15).

Later, Karchesy and co-researchers found that the

acetone soluble condensed tannin of red alder bark was a

polymer of epicatechin (16). The conclusion was drawn from

examining the major product (I) of thioglycolysis and

subsequent permethylation of the methylated condensed

tannins (G) (Scheme 2). They also ruled out that the

condensed tannins were precursors of the red-orange stain

in red alder.

The previous studies were focused on revealing the

properties and chemical nature of the red stain. The goal

10
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Scheme 2. Methylation, thioglycolysis and
permethylation of condensed tannins from red alder bark.
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was to improve the quality of the wood by reducing the

stain during the lumber manufacturing process.

The study of red alder bark extractives did not

continue until the early 90's. At this time, the attention

was shifted to utilization of the extractives. Because of

its high phenolic content, red alder bark extractives may

be used as phenol substitute in making phenol-formaldehyde

(P-F) adhesives (17). Another possibility is to use the

bark extractives in medicine or even as pest control

agents. However, these studies can be carried out only if

the chemical composition of the extractives is known.

Native people have used red alder bark for medicine

since ancient times. Perhaps most commonly prepared as tea,

this medicine has been used to treat colds, stomach aches,

and sores. A Quileute traditionalist, the late David

Forlines, used the tea to treat heart pain (6). It has also

been reported that the ointment of red alder bark was used

to cure eruptive skin diseases (18).

McCutcheon and co-workers (19) screened one hundred

medicinal plants for antibiotic activity against 11

bacterial strains in 1992. Most of these plants were used

by British Columbian native people in their medical

practice for many years. The study shows that methanol

extract of red alder bark is one of the most active

12
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extracts against several bacterial strains, such as

Mycobacter phlei, Enterobacter aerogenes, Escherichia coli

DC2, Staphylococcus aureus methicillin-sensitive,

Staphylococcus aureus methicillin-resistant and Salmonella

typhimurium TA98. Saxena et al. (20) attributed this

activity to oregonin and its aglycone.

Perchellet (21) at the Anti-Cancer Drug Lab, Kansas

State University, found that the condensed tannin fraction

of red alder bark exhibited potent antitumor promoting

effects last year. According to Perchellet, this fraction

was much more potent against several biochemical markers of

tumor promotion than the other plant polyphenols tested in

his laboratory. Because the tannin fraction was a mixture,

the effective compounds have not been identified yet.

In 1993, Gonzalez-Laredo (22) worked on the methanol

extract of red alder bark as a part of his Ph.D. thesis. In

addition to oregonin, he isolated five new diarylheptanoid

glycosides, rubranol glucoside, rubranol xyloside,

rubranoside A, oregonoside A and oregonoside B (Figure 4).

His study indicated that there were many more low molecular

weight phenolic compounds existing in the bark extract.

Further investigation is necessary.

Other non-phenolic compounds isolated from red alder

bark include taraxerol, taraxerone, lupeol, betulin,
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OR

, oregonoside A

, oregonoside B

R = j3-D-G1u, rubranol glucoside

R = 13-D-Xyl, rubranol xyloside

R = 13-D-Xy1-(3-1)13-D-G1u, rubranoside A

Figure 4. Structures of oregonoside A, oregonoside B,
rubranol glucoside, rubranol xyloside and rubranoside A.
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Figure 5. Structures of taraxerol (J), taraxerone (K),
lupeol (L), betulin (M), lupenone (N), P-sitosterol (0),
taraxeryl acetate (P) and glutenone (Q).
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lupenone, p-sitosterol, taraxeryl acetate and glutenone

(Figure 5) (23-25). These compounds are triterpenoids which

exist in the nonpolar extractives of the bark. In addition,

three reducing sugars, glucose, xylose and arabinose were

found in the acetone and ethanol extracts of the bark as

well. Sheth and co-researchers (26) reported that both

lupeol and betulin showed significant antitumor activity

against the Walker 256 intramuscular tumor system.

Hamburger and Hostettmann (27), Colegate and Russel

(28) described the general procedure of medicinal plant

research. First, it is very important to select the right

plants. To some extent, this step determines the fate of

the investigation. Then, solvent extraction is used to

obtain active fractions. Next, different separation

techniques, such as LC, HPLC, TLC etc., are employed to

isolate and purify the active compounds. It is obvious that

the pure compounds can give accurate and reproducible

results. These steps work better if they are under the

guidance of bio-assay because the active compounds in the

plants will have little chance to escape. After that,

structure elucidation for the pure compounds will be done

by means of chemical and physical methods. To confirm the

structures, partial or total synthesis will be the next

step. At the same time, derivatives or analogues will be

prepared for the following pharmacological and

toxicological tests. However, the process is time consuming
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and tedious, and it requires the contribution of scientists

from different disciplines: such as botany, pharmacology,

chemistry, toxicology et al.



EXPERIMENTAL

All the solvents were ACS grade and distilled prior to

use. During the experiments and chromatography, compounds

were not allowed to come into contact with metals. This is

because of the known reactivity of polyphenols to oxidation

and complexation by iron ions especially, and some other

metal ions. Therefore, all chromatography was carried out

in glass columns with either glass or Teflon frits.

The separations were performed on a series of columns.

The size and diameter of each column was determined by the

amount of sample put on to the column. The adsorbents used

in this research included Sephadex LH-20 (Pharmacia,

Sweden), Toyopearl (TosoHaas, Philadelphia, PA), and Silica

Gel 60 (particle size smaller than 0.063 mm, EM Science,

Gibbstown, NJ). The column packing methods were described

by Sharp and others (29).

During the column chromatography, a UV detector

(Gilson, model 111B) was used to monitor the separation.

The wave length was set either at 254 nm or 280 mu. The

fraction collector used was Gilson FC-100. The collecting

mode was set at 'drop' mode (the most reliable mode). The

volume of each tube collected was different from one

separation to another depending on the sample size.

18
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A rotary evaporator, Buchi Rotavapor Model RE-111, and

a water bath, Buchi 461 Water Bath, were used to remove the

solvents from the fractions. The operation was carried out

under reduced pressure by using a water aspirator. The

temperature of the water bath was set at 30 °C to minimize

the potential changes of the samples.

Thin-layer chromatography (TLC) was employed to

monitor the result of column separation and purification.

It was also used for preliminary tests, whose result guided

the selection of the solvent composition of subsequent

column separation. Two kinds of pre-coated TLC plates were

frequently used: Silica Gel 60 F254 (5x10 cm and 5x20 cm,

EM Science, Gibbstown NJ), S&S DC-Fertigfolien

microcrystalline Cellulose with luminescer, 254 nm (20x20

cm, Schleicher & Schuell, Germany). Silica plates were used

for one dimensional development. Whereas the cellulose

plates were cut to 10x10 cm and developed in two dimensions

(11). The solvent systems used frequently for TLC were:

hexane/ethyl acetate/methanol = 1/1/0.5 (v/v/v), Solvent

A.

toluene/acetone/formic acid = 3/3/1 (v/v/v), Solvent B.

1-D: t-butyl alcohol/acetic acid/water = 3/1/1 (v/v/v),

Solvent C;

2-D: 6% acetic acid, Solvent D.

There were two spray reagents used in this study:

1) surfuric acid (95.7%)/formaldehyde (37%) = 40/1 (v/v),
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(HCHO-H2SO4).

2) 1 g vanillin/50 ml ethanol/10 ml 37% hydrogen chloride,

(vanillin-HC1).

The molecular weights of the samples were measured by

both positive and negative ion fast-atom bombardment mass

spectrometry (FAB-MS) using a Kratos Model MS-50TC mass

spectrometer. The samples were dissolved in a mixture of

dithiothreitol (DTT) and dithioerythritol (DTE) before the

measurements. The nuclear magnetic resonance (NMR)

experiments were performed on Bruker Model AM 300 and

Bruker Model AM 400 NMR spectrometers. The solvent used for

the NMR experiments was deuterated methanol (Sigma Chemical

Co., 99.8 atom % D). The optical rotations were obtained

from a Jasco digital polarimeter Model DIP-370, using

methanol as the solvent at ambient temperature.

1. Bark Preparation

The bark of red alder was collected from three trees

aged 20, 30 and 40 years respectively. These trees were cut

by Mr. Mike Rector, College of Forestry, Oregon State

University, on July 2, 1993, at 700 road, McDonald Forest,

Corvallis, Oregon. After separation from the wood and

removal of any moss, lichens or soil, the fresh red alder

whole bark was manually cut into small strips (about one

inch by three inches).



Extraction

The bark (63.1 kg) was immediately put into several

conical flasks and soaked with 70% aqueous acetone at room

temperature. The aqueous acetone covered the bark for 24

hours. Then, the liquid and the solid were separated by

filtration through Whatman No. 1 filter paper (Whatman

Ltd., England). Then, fresh 70% aqueous acetone was used to

repeat the operation once. After combining the solution

obtained from the two extractions, the resulting solution

was evaporated on a rotary evaporator under reduced

pressure. The temperature of the water bath was 30 degrees

Celsius. The resulting reddish brown powder weighed 6426.5

grams. This material was the extract of red alder bark used

in this investigation.

Separation and Purification

The first separation was carried out on two Sephadex

LH-20 columns. Both of them had a diameter of 11 cm and a

length of 45 cm. Each column was put on 100 grams of the

extract, which was pre-dissolved in a small amount of

methanol. The columns were then sequentially eluted with

water, water-methanol (4:1), water-methanol (3:2), water-

methanol (2:3), water-methanol (1:4), and water-acetone

(1:1). Fraction I was eluted out by the first solvent

above; fractions II and III by the second; fractions IV and

21
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V by the third; fractions VI and VII by the fourth;

fractions VIII and IX by the fifth, and fraction X by the

sixth. These fractions from the two columns were examined

by TLC. The fractions with similar components were

combined. This separation resulted in 10 fractions, labeled

I-X in Scheme 3. Their weights were 39.3 grams, 7.9 grams,

52.3 grams, 21.5 grams, 9.2 grams, 8.4 grams, 16.2 grams,

11.0 grams, 1.2 grams and 19.6 grams, respectively.

Because the first fraction (I) was eluted out by

water, it was thought to be carbohydrate in nature (11).

TLC test on a cellulose plate confirmed that. Thus, this

fraction was not studied further.

The following separations were performed on the

different columns as described. The fractions were

collected by a fraction collector (Gilson FC-100) in test

tubes (01.2x10 cm). Each tube held about 8 ml of the

solution eluted out from the columns. After carefully

examining the TLC results, the fractions with the same

component or components were combined and evaporated under

reduced pressure. The resulting compounds were subjected to

further studies, i.e., re-chromatography, NMR experiments,

MS measurements or optical rotation measurements.

A part of fraction II, 0.5009 g, was put on to a

column of Sephadex LH-20 (3x60 cm), eluted with 50% aqueous
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methanol. Five fractions were collected: 2A (0.0352 g), 2B

(0.0472 g), 2C (0.0974 g), 2D (0.0467 g) and 2E (0.2931 g).

2E was further chromatographed on a column of Silica

gel 60 with a solvent mixture of hexane/ethyl

acetate/methanol (1/1/0.5). After purified on the same

column twice, three compounds were obtained: 2E1 (0.0097

g), 2E2 (0.0129 g) and 2E3 (0.1678 g). TLC analysis of

these compounds on silica gel 60 plate with solvent A gave

Rf values of 0.41, 0.30 and 0.23, respectively.

A part of fraction III (0.5552 g) was chromatographed

on a column of Sephadex LH-20 (3x60 cm) with 50% aqueous

methanol. Four fractions were collected: 3A (0.0159 g), 3B

(0.0701 g), 3C (0.3408 g) and 3D (0.1238 g). Both 3B and 3C

were pure compounds. Their Rf values were 0.14 and 0.41,

measured on silica gel 60 plate with solvent A. On TLC, 3D

gave the same Rf value as 3C did. Later, 13C NMR confirmed

that 3C and 3D were the same compound.

A portion of fraction IV (0.2525 g) was applied to a

column of Silica gel 60, eluted with solvent of

hexane/ethyl acetate/methanol (1/1/0.5). 4A (0.0031 g), 4B

(0.0027 g), 4C (0.0238 g) and 4D (0.2032 g) were obtained.

TLC results showed that 4D was the same compound as 3C.

Whereas, 4C was a compound with some impurities.
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A portion of fraction V (3.0 g) was separated on a

column of Silica gel 60 (5x60 cm) with hexane/ethyl

acetate/methanol 1/1/0.5 into four sub-fractions: 5A

(0.1216 g), 5B (0.4380 g), 5C (1.2679 g) and 5D (0.2723 g).

Compound 5A2 (0.1010 g) was obtained from 5A by

eluting this fraction on a column of Sephadex LH-20 (2x50

cm) with 50% aqueous methanol. After repeatedly

chromatographing between a column of Sephadex LH-20 (50%

methanol) and a column of Toyopearl (50% ethanol), 5B was

separated to compound 5B32B (0.0181 g), 5B32C(0.0238 g),

5B32D(0.0663 g) and 5B32E (0.0126 g). Rf values of these

compounds, on Silica gel 60 plate in solvent A, were 0.52,

0.41, 0.86 and 0.79, respectively. TLC also showed that

5B32B was the same as 5A2, and 5B32C was the same as 4C.

4C and 5B32C were combined and put on to a column of

Sephadex LH-20 (2x60 cm), eluted with 30% of ethanol.

5B32C2 (0.0371 g) was obtained.

A part of fraction VI (0.2485 g) was put on a column

of Silica gel 60 (3x17 cm), eluted with hexane/ethyl

acetate/methanol (1/1/0.5). Seven fractions were obtained:

6A (0.0059 g), 6B (0.0233 g), 6C (0.0066 g), 6D (0.0328 g),

6E (0.0780 g), 6F (0.0498 g) and 6G (0.0315 g). 6E and 6F

were pure compounds.
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6B was purified on a Sephadex LH-20 column (1x30 cm)

with 50% ethanol. The pure compound 6B1 weighed 0.0152 g.

6D was cleaned on a Toyopearl column (1x25 cm) with 50%

aqueous methanol. The result was compound 6D3 (0.0182 g).

The Rf values of 6B1, 6D3, 6E and 6F were 0.64, 0.43, 0.33

and 0.14, respectively (Silica gel 60 plate, solvent A).

4. Spectroscopic Data for Isolated Compounds

Compound 1. 2E1. C25H3209. [alp -8.60 (C 0.44, Me0H, 27

°C). Brown powder (9.7 mg). M=476. Negative FAB-MS gave a

[M-H] ion peak at m/z 475. IH NMR (ppm, 8): 1.78 (2H, m),

2.59 (3H, m), 2.74 (4H, s), 2.81 (1H, dd, 3=6.8, 16.7 Hz),

3.15 (1H, m), 3.30 (3H, m), 3.70 (1H, dd, 3=5.3, 11.7 Hz),

3.87 (1H, dd, 3=2.2, 11.7 Hz), 4.17 (1H, m), 4.29 (1H, d,

3=7.7 Hz), 6.68 (4H, d, 3=8.4), 7.00 (4H, dd, 3=2.0, 8.4

Hz). "C NMR (ppm): 30.0, 31.6, 38.7, 46.6, 48.9, 62.9,

71.7, 75.4, 76.4, 78.0, 78.2 103.6, 116.2, 116.2, 116.3,

116.3, 130.5, 130.5, 130.5, 130.5, 133.4, 134.5, 156.5,

156.7, 212.0.

Compound 2. 2E2. C25H32010. [alp -16.7° (C 0.58, Me0H, 27

°C). Brown powder (12.9 mg). M=492. Negative FAB-MS gave a

[N-Hi ion peak at m/z 491. IH NMR (ppm, 6): 1.76 (2H, m),

2.54 (2H, t, 3=7.2 Hz), 2.59 (1H, m), 2.73 (4H, s), 2.78

(1H, m), 3.15 (1H, m), 3.32 (3H, m), 3.69 (1H, m), 3.85

(1H, m), 4.15 (1H, m), 4.29 (1H, d, 3=7.7 Hz), 6.49 (1H,
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dd, 3=2.0, 8.0 Hz), 6.62 (1H, d, 3=2.0 Hz; 111, d, 3=8.0

Hz), 6.67 (2H, d, 3=7.0 Hz), 6.99 (2H, dd, 3=1.9, 7.1 Hz).

l3 (ppm): 30.1, 31.6, 38.6, 46.5, 48.9, 62.9, 71.7,

75.4, 76.2, 77.9, 78.1, 103.5, 116.5, 116.5, 116.8, 116.8,

120.8, 130.5, 130.5, 134.2, 134.5, 144.3, 146.2, 156.6,

212.1.

Compound 3. 2E3. C25H32011. [a]D -10.0° (C 1.14, Me0H, 28

°C). Brown powder (167.8 mg). M=508. Negative FAB-MS gave a

[M-H]" ion peak at m/z 507. 11-1 NMR (ppm, 6): 1.73 (2H, m),

2.50 (2H, m), 2.53 (1H, dd, 3=5.3, 16.6 Hz), 2.66 (4H, m),

2.74 (1H, dd, 3=6.8, 16.6 Hz), 3.14 (1H, m), 3.31 (3H, m),

3.69 (1H, dd, 3=5.1, 11.9 Hz), 3.86 (1H, dd, 3=2.2, 11.9

Hz), 4.12 (1H, m), 4.26 (1H, d, 3=7.7 Hz), 6.45 (1H, dd,

3=2.0, 8.0 Hz), 6.48 (1H, dd, 3=2.0, 8.0 Hz), 6.59 (1H, d,

3=2.0 Hz), 6.63 (2H, d, 3=8.0 Hz), 6.66 (1H, d, 3=2.0 Hz).

C NMR (ppm): 30.1, 31.6, 38.4, 46.4, 49.9, 62.8, 71.6,

75.3, 76.0, 77.8, 78.0, 103.3, 116.4, 116.5, 116.7, 116.9,

120.8, 120.9, 134.1, 135.3, 144.0, 144.4, 145.9, 146.1,

212.3.

Compound 4. 3B. C301142014. [a]p -51.7° (C 2.96, Me0H, 28

°C). Brown powder (70.1 mg). M=626. Negative FAB-MS gave a

[M-Hi ion peak at m/z 625. 1H NMR (ppm, 6): 1.38 (2H, m),

1.53 (2H, m), 1.55 (2H, m), 1.76 (2H, m), 2.44 (2H, t,

3=7.4 Hz), 2.55 (2H, t, 3=8.0 Hz), 3.20 (1H, m), 3.36 (3H,

m), 3.57 (2H, d, 3=2.5 Hz), 3.64 (1H, m), 3.66 (1H, m),
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3.75 (1H, d, 3=7.6 Hz), 3.92 (1H, d, 3=2.1 Hz), 3.94 (1H,

d, 3=7.6 Hz), 4.00 (1H, m), 4.27 (1H, d, 3=7.7 Hz), 5.02

(1H, d, J=2.2 Hz), 6.47 (1H, dd, 3=2.0, 8.1 Hz), 6.54 (1H,

dd, 3=2.0, 8.1 Hz), 6.66 (2H, d, 3=2.0 Hz), 6.68 (2H, d,

3=8.1). "C NMR (ppm): 25.8, 32.1, 33.1, 35.1, 36.2, 38.2,

65.8, 68.5, 71.7, 75.1, 75.4, 76.6, 78.1, 78.1, 80.3, 80.7,

103.5, 110.9, 116.4, 116.4, 116.7, 116.7, 120.8, 121.0,

135.8, 135.9, 144.1, 144.1, 146.0, 146.0.

Compound 5. 3C. C241130010 [ail:, -18.5° (C 1.47, Me0H, 28

°C). Brown powder (340.8 mg). M=478. Negative FAB-MS gave a

[M-H)- ion peak at m/z 477. 1H NMR (ppm, 8): 1.74 (2H, m),

2.49 (2H, m), 2.55 (1H, dd, 3=5.2, 16.6 Hz), 2.70 (4H, m),

2.77 (1H, dd, 3=6.9, 16.6 Hz), 3.13 (2H, m), 3.30 (1H, m),

3.46 (1H, m), 3.84 (1H, dd, J=5.3, 11.5 Hz), 4.09 (1H, m),

4.20 (1H, d, 3=7.5 Hz), 6.47 (2H, dd, 3=2.1, 8.1 Hz), 6.60

(2H, d, 3=2.1 Hz), 6.64 (2H, d, 3=8.1 Hz). "C NMR (ppm):

29.9, 31.6, 38.3, 46.2, 48.5, 66.7, 71.1, 74.9, 76.3, 77.6,

104.0, 116.4, 116.5, 116.6, 116.6, 120.8, 120.8, 134.0,

135.2, 143.8, 144.1, 145.7, 145.8, 212.2.

Compound 6. 5B32B. C24H3008. [a]p -19.3° (C 0.20, Me0H,

27 °C). Brown powder (18.1 mg). )I=446. Negative FAB-MS gave

a [N-Hi ion peak at m/z 445. H NMR (ppm, 8): 1.73 (2H, m),

2.52 (2H, m), 2.57 (1H, m), 2.72 (4H, s), 2.78 (1H, dd,

3=6.8, 16.8 Hz), 3.13 (1H, m), 3.17 (1H, m), 3.33 (1H, m),

3.48 (1H, m), 3.84 (1H, dd, 3=5.4, 11.4 Hz), 4.09 (1H, m),



4.21 (1H, d, 3=7.4 Hz), 6.68 (4H, d, 3=8.4 Hz), 6.97 (4H,

dd, 3=2.0, 8.4 Hz). "C NMR (ppm): 29.7, 31.4, 38.5, 46.4,

48.6, 66.8, 71.1, 75.0, 76.2, 77.8, 104.2, 116.0, 116.0,

116.1, 116.1, 130.3, 130.3, 130.3, 130.3, 133.1, 134.2,

156.2, 156.4, 211.7.

Compound 7. 5B32C2. C24H3009. [a]ci -19.9° (C 1.67, Me0H,

27 °C). Brown powder (37.1 mg). M=462. Negative FAB-MS gave

a {N-H]- ion peak at m/z 461. 1H NMR (ppm, 8): 1.72 (2H, m),

2.51 (2H, m), 2.56 (1H, dd, J=4.7, 16.7 Hz), 2.70 (4H, m),

2.75 (1H, dd, 3=6.8, 16.7 Hz), 3.15 (2H, m), 3.32 (1H, m),

3.48 (1H, m), 3.85 (1H, dd, 3=5.3, 11.3 Hz), 4.09 (1H, m),

4.22 (1H, d, 3=7.6 Hz), 6.49 (1H, dd, 3=2.0, 7.9 Hz), 6.66

(1H, d, 3=2.0 Hz; 1H, d, 3=7.9 Hz; 2H, d, 3=8.3 Hz), 6.98

(2H, dd, 3=2.1, 8.3 Hz). "C NMR (ppm): 30.1, 31.5, 38.7,

46.4, 48.7, 66.9, 71.2, 75.1, 76.2, 77.9, 104.2, 116.0,

116.2, 116.3, 116.5, 120.6, 130.3, 130.3, 134.0, 134.3,

144.5, 146.1, 156.3, 211.8.

Compound 8. 5B32D. CI9H2003. Brown powder (66.3 mg).

M=296. Negative FAB-MS gave a [M-H)- ion peak at m/z 295. 1H

NMR (ppm, 8): 2.38 (2H, dt, 3=7.1, 7.3 Hz), 2.58 (2H, t,

J=7.1 Hz), 2.71 (4H, s), 5.99 (1H, d, 3=15.9 Hz), 6.65 (4H,

dd, J=3.5, 8.4 Hz), 6.79 (1H, dt, 6.8, 15.9 Hz), 6.92 (4H,

d, 3=8.4 Hz). 13C NMR (ppm): 30.7, 34.6, 35.7, 42.8, 116.3,

116.3, 116.3, 116.3, 130.4, 130.4, 130.4, 130.4, 131.7,

133.1, 133.3, 149.3, 156.7, 156.7, 202.9.
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Compound 9. 5B32E. C19H2004. Brown powder (12.6 mg).

M=312. Negative FAB-MS gave a [M-H)- ion peak at m/z 311. 114

NMR (ppm, 6): 2.46 (211, dt, J=6.9, 14.2 Hz), 2.62 (2H, m),

2.70 (2H, m), 2.77 (211, m), 6.05 (1H, dt, 3=1.4, 15.9 Hz),

6.48 (1H, dd, 3=2.2, 8.0 Hz), 6.61 (1H, d, 3=2.2 Hz), 6.66

(1H, d, 3=8.0 Hz), 6.69 (2H, d, 8.4 Hz), 6.86 (111, dt,

3=6.9, 15.9 Hz), 6.98 (2H, dd, 3=4.2, 8.4 Hz). 13C NMR

(ppm): 31.1, 34.7, 35.9, 42.8, 116.3, 116.3, 116.5, 116.7,

120.8, 130.5, 130.5, 131.8, 133.2, 134.2, 144.6, 146.3,

149.4, 156.8, 203.1.

Compound 10. 6B1. C19H2206. [a]c, -2.0° (C 0.31, Me0H, 28

°C). Brown powder (15.2 mg). 14=346. Negative FAB-MS gave a

[M-H] ion peak at m/z 345. /H NMR (ppm, 8): 1.65 (2H, m),

2.45 (1H, m), 2.53 (211, m), 2.60 (111, m), 2.70 (4H, s),

4.01 (1H, m), 6.49 (2H, dd, 3=2.4, 8.0 Hz), 6.62 (211, d,

J=2.4 Hz), 6.66 (2H, d, 3=8.0 Hz). 13C NMR (ppm): 30.2,

32.3, 40.5, 46.5, 51.4, 68.4, 116.5, 116.5, 116.6, 116.7,

120.7, 120.8, 134.2, 135.1, 144.6, 144.6, 146.3, 146.3,

212.2.

Compound 11. 6D3. C24H3209. [a]p -30.4° (C 0.75, Me0H,

28 °C). Brown powder (18.2 mg). M=464. Negative FAB-MS gave

a [N-H] ion peak at m/z 463. 1H NMR (ppm, 6): 1.39 (211, m),

1.51 (2H, m), 1.55 (211, m), 1.73 (2H, m), 2.45 (2H, t,

3=7.4 Hz), 2.53 (211, m), 3.17 (211, m), 3.36 (1H, m), 3.50

(111, m), 3.62 (1H, m), 3.86 (111, dd, 3=5.3, 11.4 Hz), 4.22
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(1H, d, 3=7.5 Hz), 6.48 (2H, dd, 3=2.2, 7.9 Hz), 6.61 (2H,

d, 3=2.2 Hz), 6.65 (2H, d, 3=7.9 Hz). 13C NMR (ppm): 25.8,

32.1, 33.1, 35.1, 36.3, 38.2, 67.0, 71.5, 75.3, 78.1 80.2,

104.3, 116.4, 116.4, 116.7, 116.8, 120.8, 120.8, 135.3,

135.8, 144.2, 144.2, 146.1, 146.1.

Compound 12. 6E. C25H34010. (a)c, -24.5° (C 1.52, Me0H, 28

°C). Brown powder (78.0 mg). 14=494. Negative FAB-MS gave a

[M-Hy ion peak at m/z 493. 111 NMR (ppm, 6): 1.34 (2H, m),

1.50 (2H, m), 1.55 (2H, m), 1.74 (2H, m), 2.41 (2H, t,

3=7.5 Hz), 2.53 (2H, t, 3=7.5 Hz), 3.22 (IH, m), 3.27 (1H,

m), 3.35 (1H, m), 3.40 (1H, m), 3.66 (1H, t, 3=5.7 Hz),

3.71 (1H, dd, 3=5.3, 11.7 Hz), 3.87 (1H, dd, 3=1.5, 11.7

Hz), 4.30 (1H, d, 3=7.6 Hz), 6.48 (2H, dd, 3=1.8, 8.0 Hz),

6.64 (2H, d, 3=1.8 Hz), 6.65 (2H, d, 3=8.0 Hz). 13C NMR

(ppm): 25.6, 31.8, 33.0, 34.8, 36.2, 37.9, 62.9, 71.8,

75.4, 77.8, 78.2, 79.5, 103.2, 116.4, 116.4, 116.7, 117.0,

120.8, 121.0, 135.8, 135.8, 144.0, 144.0, 145.9, 146.0.

Compound 13. 6F. C30H42014. [a]r) -29.5° (C 1.13, Me0H, 28

°C). Brown powder (49.8 mg). 14=626. Negative FAB-MS gave a

[M-H] ion peak at m/z 625. 1H NMR (ppm, 6): 1.38 (2H, m),

11.8 Hz), 3.92 (1H, dd, 3=5.4, 11.4 Hz), 4.27 (1H, d,

1.53 (2H, m), 1.55 (2H, m), 1.72 (2H, m), 2.44 (2H, m),

2.53 (2H, m), 3.20 (1H, m), 3.25 (1H, m), 3.35 (2H, m),

3.36 (1H, m), 3.39 (1H, m), 3.48 (1H, t, 3=8.8 Hz), 3.59

(1H, m), 3.63 (1H, m), 3.70 (1H, m), 3.88 (IH, dd, 3=2.0,
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J=7.6 Hz), 4.56 (1H, d, J=7.8 Hz), 6.47 (2H, dd, J=2.0, 8.0
Hz), 6.60 (2H, d, J=2.0 Hz), 6.64 (2H, d, 3=8.0 Hz). 13C NMR

(ppm): 25.6, 32.0, 32.9, 35.0, 36.2, 38.2, 62.7, 66.4,
70.1, 71.7, 74.4, 75.5, 77.8, 78.1, 80.2, 87.5, 103.8,
105.1,

135.8,

116.4,

144.0,

116.4, 116.7, 116.7, 120.9,
144.0, 146.0, 146.0.

120.9, 135.7,



RESULTS AND DISCUSSION

The average moisture contents of the red alder bark

were 40.9% (green-basis, GR) and 69.3% (oven-dry basis,

OD). These values were obtained by measuring the weights of

the bark before and after heating the fresh bark pieces at

105 °C for 24 hours and calculating them according to the

equations (30):

MCu = (water mass in bark / fresh bark mass) x 100%

MCm = (water mass in bark / oven-dry bark mass) x 100%

1. Extraction, Fractionation and Isolation

After exhaustive extraction with 70% aqueous acetone,

63.1 kg of fresh red alder bark yielded about 6.4 kg of the

bark extract, which was 10.1% of the original bark (GR).

This reddish brown powder was very hygroscopic. It became

syrup-like material if exposed to the air for a few days.

The first fractionation was performed on a Sephadex

LH-20 column. Two hundred grams of the extract were used

and the results were listed in Table 1. The total recovery

was 93.3%.
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Before further separation, these fractions (I-X) were

examined by TLC tests. The results revealed that fraction I



Table 1. Results of the first fractionation.

fraction I II III IV V VI VII VIII IX X

weight(g) 39.3 7.9 52.3 21.5 9.2 8.4 16.2 11.0 1.2 19.6

19.7 4.0 26.2 10.8 4.6 4.2 8.1 5.2 0.6 9.8

was carbohydrate which showed no signs of UV absorbance

under UV light.

Fraction II, III, IV, V and VI were chromatographed

repeatedly over columns of Sephadex LH-20, Toyopearl, and

Silica gel 60. Thirteen compounds were obtained. Although

the soft gels, such as Sephadex LH-20 and Toyopearl, can

produce a higher recovery compared to Silica gel 60, which

sometimes causes a significant material loss, the latter

proved to be a useful adsorbent for isolation and

purification of diarylheptanoid glycosides when eluted with

the mixture of hexane, ethyl acetate and methanol. The

recovery for this type of compound was between 70% and 90%.

However, other polyphenolic compounds may not be suitable

for separation on Silica gel due to the possibilities of

irreversible adsorptions on the gel.

The remaining fractions, VII, VIII, IX and X, were

tested on TLC. These fractions were also subjected to

proton and carbon NMR examinations. The results showed that
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fraction VII contains some diarylheptanoid compounds;

fractions VIII, IX and X are mainly composed of condensed

tannins, which may have epicatechin as their basic

structural unit.

2. Structure Determination of the Diarylheptanoids

Compound 1. 1-(4'-hydroxypheny1)-7-(4"-hydroxypheny1)-

5-4-P-D-glucopyranosylheptan-3-one.

Figure 6. Structure of 1-(41-hydroxypheny1)-7-(4"-
hydroxypheny1)-5-0-p-D-glucopyranosylheptan-3-one.

Negative ion FAB-MS of this compound gave a strong

[M-Hy ion peak at m/z 475 indicating that this compound

had a molecular weight of 476. and "C NMR assignments

are summarized in Table 2. The "C NMR spectrum showed
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Table 2. 13C and 1H NMR Assignments for Compound 1.
1-(4'-hydroxypheny1)-7-(4"-hydroxypheny1)-5-0-p-D-
glucopyranosylheptan-3-one.

i 6 J (Hz)au C ppm H PPm
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Both 13C and 1H NMR were measured in Me0H-d4.

ali=aliphatic; glu=glucose moiety; aro=aromatic

1 30.0 2 2.74 s

2 46.6 2 2.74 s

3 212.0

4 48.9 2 a2.59 in

5 76.4 1

b 2.81

4.17

dd, 6.8, 16.7

in

6 38.7 2 1.78 m

7 31.6 2 2.59 in

glu C ppm H 6 PPm J (Hz)

1 103.6 1 4.29 d, 7.7

2 75.4 1 3.15 in

3 78.2 1 3.30 in

4 71.7 1 3.30 in

5 78.0 1 3.30 in

6 62.9 2 a 3.70 dd, 5.3, 11.7

b 3.87 dd, 2.2, 11.7

aro C ppm H 6 PPm J (Hz)

1';1" 134.5;133.4

2';2" 130.5;130.5 1;1 7.00;7.00 dd;dd 2.0,8.4;2.0,8.4

3';3" 116.3;116.2 1;1 6.68;6.68 d;d 8.4;8.4

4';4" 156.7;156.5

5';5" 116.3;116.2 1;1 6.68;6.68 d;d 8.4;8.4

6';6" 130.5;130.5 1;1 7.00;7.00 dd;dd 2.0,8.4;2.0,8.4
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signals for 24 carbons. Two 4-hydroxy substituted benzene

rings are evident from the series of signals at 116.2,

116.2, 116.3, 116.3, 130.5, 130.5, 130.5, 130.5, 134.4,

134.5, 156.5, and 156.7 ppm. The signals at 134.4 and 134.5

ppm were assigned to aromatic carbons C-1" and C-1' because

they were separately attached to the ends of the aliphatic

carbon chain which moved them downfield in the magnetic

field. The peaks of 156.5 and 156.7 ppm were assigned to

aromatic carbons C-4" and C-4' due to the hydroxyl

substitution (31). The signal at 212.0 ppm is due to a

carbonyl functional group. This signal and those at 30.0,

31.6, 38.7, 46.6, 48.9, 76.4 ppm are characteristic of a

chain with seven carbons which can be seen in 1,7-

diarylheptanoids, such as oregonin. The remaining signals

at 62.9, 71.7, 75.4, 78.0, 78.2 and 103.6 ppm are

suggestive of a six-membered pyranosyl ring. By comparison

of this ring carbon signals with those of D-glucose moiety

(32-34), it is found that this ring is a P-D-glucopyranosyl

ring.

The fi anomer of the glucose moiety is further

confirmed by the coupling constant (7.7 Hz) of glucosyl

proton H-1 (35). The proton on C-2', C-6', C-2" and C-6"

has coupling constants of 2.0 and 8.4 Hz, which is

typically attributed to meta- and ortho- proton coupling on

a benzene ring. The protons on C-3', C-5', C-3" and C-5"

have a coupling constant of 8.4 Hz, that is caused by



Figure 7. Structure of 1-(3',4'-dihydroxypheny1)-7-
(4"-hydroxypheny1)-5-0-p-D-glucopyranosylheptan-3-one.

Negative ion FAS-MS of this compound gave a strong

[M-Hy ion peak at m/z 491 indicating that this compound

had a molecular weight of 492. IH and "C NMR assignments
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ortho- coupling only. These benzene proton coupling

constants clearly indicate that the C-4' (or C-4") position

is substituted. The information that the substituted group

at C-4' and C-4" is a hydroxyl can be deduced from the

molecular weight of this compound. These assignments are in

agreement with the data in the literature (36-39). The

optical rotation of [a]o -8.6' (C 0.44, Me0H, 27°C)

indicates that the compound is the ( ) enantiomer.

Compound 2. 1 (3',4'-dihydroxypheny1)-7-(4"-hydroxy-

pheny1)-5-0-P-D-glucopyranosylheptan-3-one.



Table 3. I3C and 111 NMR Assignments for Compound 2.
4'-dihydroxypheny1)-7-(4"-hydroxypheny1)-5-0-P-D-

glucopyranosylheptan-3-one.

d;dd 8.0;1.9,7.1

d 7.0

d;d 2.0;7.0

dd;dd 2.0,8.0;1.9,7.1

Both 13C and IH NMR were measured in Me0H-d4.

ali=aliphatic; glu=glucose moiety; aro=aromatic
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au i C ppm H 6 PPm J (Hz)

1 30.1 2 2.73 s

2 46.5 2 2.73 s

3 212.1

4 48.9 2 a2.59 in

b2.78 in

5 76.2 1 4.15 in

6 38.6 2 1.76 in

7 31.6 2 2.54 t, 7.2

glu C ppm H 6 PPm J (Hz)

1 103.5 1 4.29 d, 7.7

2 75.4 1 3.15 in

3 78.1 1 3.32 in

4 71.7 1 3.32 in

5 77.9 1 3.32 in

6 62.9 2 a3.69 in

b3.85 in

aro C ppm H 6 PPm J (Hz)

1';1" 134.5;134.2

2';2" 116.8;130.5 1;1 6.62;6.99

3';3" 146.2;116.5 1 6.67

4';4" 144.3;156.6

5';5" 116.8;116.5 1;1 6.62;6.67

6';6" 120.8;130.5 1;1 6.49;6.99
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are summarized in Table 3. The "C NMR spectrum showed

signals for 25 carbons. The signals in the aromatic region

(from 116.5 ppm to 156.6 ppm) indicate that there are two

substituted benzene ring systems in the compound: one of

them has a hydroxy group at 4- position (156.6 ppm); the

other has two hydroxy groups at 3- and 4- positions (146.2

ppm and 144.3 ppm) respectively (40-42). The extra hydroxy

group at the 3- position changes chemical shifts of its

carbon and neighboring carbons: C-2, from 130.5 to 116.8

ppm; C-3, from 116.5 to 146.2 ppm; C-4, from 156.6 to 144.3

ppm; C-6, from 130.5 to 120.8 ppm. Except that the benzene

rings are substituted differently, the rest of the signals

of this compound are very similar to those in compound 1,

which means that compound 2 is also a diarylheptanoid

glucoside.

The connectivity of the substituted benzene rings and

the aliphatic chain was found from an HMBC-NMR spectrum:

the proton on C-7 (8 2.54 ppm) is correlated with the

aromatic carbons C-2" (130.5 ppm) and C-6" (130.5 ppm); the

proton on C-2' (6 6.62 ppm) and the proton on C-6' (6 6.49

ppm) are correlated with carbon C-1 (30.1 ppm). In

addition, the correlation between the proton on glucosyl

carbon C-1 (103.5 ppm) and the aliphatic chain carbon C-5

(76.2 ppm) is evidence that the glucose moiety is attached

to the C-5 position of the aliphatic carbon chain. These

assignments were supported by other NMR spectra such as



DEPT, 111-1H COSY and "C-Ila COSY. The optical rotation of

[a]t) -16.7° (C 0.58, Me0H, 27°C) indicates that the

compound is the (-) enantiomer.

Compound 3. 1-(3',4'-dihydroxypheny1)-7-(3"14"-

dihydroxypheny1)-5-0-p-D-glucopyranosylheptan-3-one.

Figure 8. Structure of 1-(3',4'-dihydroxypheny1)-7-
(3",4"-dihydroxyphenyl)-5-0-0-D-glucopyranosylheptan-3-one.

Negative ion FAB-MS of this compound gave a strong

[M-Hy ion peak at m/z 507 indicating that this compound

had a molecular weight of 508. IH and "C NMR assignments

are summarized in Table 4. The "C NMR spectrum showed

signals at 116.4, 116.5, 116.7, 116.9, 120.8, 120.9, 134.1,

135.3, 144.0, 144,4, 145.9 and 146.1 ppm, which represent

two 3,4- disubstituted benzene ring systems. Because of

hydroxyl substitution on the benzene rings, peaks at 146.1

41



42

Table 4. 13C and 11.1 NMR Assignments for Compound 3.
1-(3',4'-dihydroxypheny1)-7-(3",4"-dihydroxypheny1)-5-0-0-
D-glucopyranosylheptan-3-one.

Both 13C and 1H NMR were measured in Me0H-d4.

ali=aliphatic; glu=glucose moiety; aro=aromatic

au i C ppm H 6 PPm J (Hz)

1 30.1 2 2.66 in

2 46.4 2 2.66 in

3 212.3

4

5

49.9

76.0

2

1

a 2.53

b 2.74

4.12

dd,

dd,

5.3, 16.6

6.8, 16.6

in

6 38.4 2 1.73 in

7 31.6 2 2.50 in

glu C ppm H 6 PPm J (Hz)

1 103.3 1 4.26 d, 7.7

2 75.3 1 3.14 in

3 78.0 1 3.31 in

4 71.6 1 3.31 in

5 77.8 1 3.31 in

6 62.8 2 a 3.69 dd, 5.1, 11.9

b 3.86 dd, 2.2, 11.9

aro C ppm H 6 PPm J (Hz)

1';1" 135.3;134.1

2';2" 116.9;116.7 1;1 6.66;6.59 d;d 2.0;2.0

3';3" 146.1;145.9

4';4" 144.4;144.0

5';5" 116.5;116.4 1;1 6.63;6.63 d;d 8.0;8.0

6';6" 120.9;120.8 1;1 6.48;6.45 dd;dd 2.0,8.0;2.0,8.0
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ppm and 144.4 ppm were assigned as the aromatic carbons C-

3' and C-4'; whereas peaks at 145.9 ppm and 144.0 ppm as

the aromatic carbons C-3" and C-4". The signals at 62.8,

71.6,75.3, 77.8, 78.0 and 103.3 ppm are characteristic of a

p-D-glucopyranosyl moiety. Comparing these sugar signals

with the corresponding ones in compound 2, the maximum

chemical shift difference is only 0.2 ppm, which suggests

that the sugar unit of this compound is the same as the one

in compound 2. The remaining seven carbon signals also

perfectly fit the diarylheptanoid backbone in compound 1

and compound 2. The p anomer of the glucose is confirmed by

the coupling constant, 7.7 Hz, of the proton (6 4.26 ppm)

on the glucosyl carbon C-1 (103.3 ppm). The mass spectrum

of this compound supports the conclusion that the

substituted groups on the aromatic rings are hydroxy

groups. The optical rotation of [a]c, -10.0° (C 1.14, Me0H,

28°C) indicates that the compound is the (-) enantiomer.

Compound 4. 1-(3',4'-dihydroxypheny1)-7-(3",4"-

dihydroxypheny1)-3-0-[p-D-apiofuranosyl-(1-46)-p-D-

glucopyranosyl]heptane.

Negative ion FAB-MS of this compound gave a strong

[M-H] ion peak at m/z 625 indicating that this compound

had a molecular weight of 626. IH and "C NMR assignments

are summarized in Table 5. The "C NMR spectrum showed

signals at 25.8, 32.1, 33.1, 35.1, 36.2, 38.2 and 80.3 ppm
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Figure 9. Structure of 1-(3/14'-dihydroxypheny1)-7-
(3",4"-dihydroxypheny1)-3-0-0-D-apiofuranosyl-(16)-p-D-
glucopyranosyl]heptane.

which are evidence of a seven-carbon aliphatic chain which

is similar to the one in the aceroside XIII structure (42).

The eleven signals between 65.8 ppm and 110.9 ppm are

characteristic of a disaccharide moiety. Further

examination of these signals suggests that a p-D-

glucopyranosyl unit and a P-D-apiofuranosyl unit are the

two sugar units forming the disaccharide moiety (42, 43).

The glucose C-6 signal (at 68.5 ppm) is shifted 5.7 ppm

downfield and C-5 signal (at 76.6 ppm) is shifted 1.2 ppm

upfield in comparison with those in compound 3, which

indicates that apiose, as an end unit, is attached to the

sixth carbon of the glucose moiety via an acetal linkage.
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HMBC NMR spectrum of the compound shows the

correlations between C-3 carbon (80.3 ppm) of the heptanoid
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Table 5. "C and IH NMR Assignments for Compound 4.
4'-dihydroxypheny1)-7-(3",4"-dihYdroxypheny1)-3-0-p-

D-apiofuranosyl-(16)-p-D-glucopyranosyl]heptane.

au i C ppm H 6 PPm J (Hz)

1 32.1 2 2.55 t, 8.0

2 38.2 2 1.76 m

3 80.3 1 3.66

4 35.1 2 1.55

5 25.8 2 1.38

6 33.1 2 1.53 in

7 36.2 2 2.44 t, 7.4

glu C ppm H 6 PPm J (Hz)

1 103.5 1 4.27 d, 7.7

2 75.4 1 3.20 m

3 78.1 1 3.36 in

4 71.7 1 3.36 m

5 76.6 1 3.36 m

6 68.5 2 a3.64 in

b4.00 m

api C ppm H 6 PPm J (Hz)

1 110.9 1 5.02 d, 2.2

2 78.1 1 3.92 d, 2.1

3 80.7

4 75.1 2 a 3.75 d, 7.6

b 3.94 d, 7.6



Table 5. (Continued)

api C ppm H 6 PP12 J (Hz)

5 65.8 2 3.57 d, 2.5

aro C ppm H 8 PPm J (Hz)
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Both 13C and 1H NMR were measured in Me0H-d4.

ali=aliphatic; glu=glucose moiety; api=apiose moiety;

aro=aromatic

1';1" 135.8;135.9

2';2" 116.7;116.7 1;1 6.66;6.66 d;d 2.0;2.0

3';3" 146.0;146.0

4';4" 144.1;144.1

5';5" 116.4;116.4 1;1 6.68;6.68 d;d 8.1;8.1

6';6" 120.8;121.0 1;1 6.47;6.54 dd;dd 2.0,8.1;2.0,8.1
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chain and the proton (8 4.27 ppm) on glucose C-1 (103.5

ppm). This observation confirms that the glucose end and

thus the disaccharide moiety is connected to the third

carbon of the aliphatic chain. In addition, the HMBC NMR

spectrum exhibits the correlations between glucose C-6

carbon (68.5 ppm) and the proton (8 5.02 ppm) of apiose C-1

carbon (110.9 ppm), which supports the above assignment for

the connection between the two sugar units.

The anomeric configurations for both D-

glucopyranosyl and D-apiofuranosyl units are established on

the basis of the J values of the anomeric proton signals in

the IH NMR spectrum. The glucose anomeric proton (8 4.27

ppm) exhibited a J value of 7.7 Hz, while the apiose

anomeric proton (8 5.02 ppm) exhibited a J value of 2.2 Hz,

which supports the assignments above.

In comparison with compound 3, it is not difficult to

see that the remaining signals in "C NMR spectrum belong to

two 3,4- disubstituted benzene ring systems. Again, the

mass spectrum shows a molecular weight constant with

hydroxy groups on the benzene rings. The optical rotation

of [a]p -51.7° (C 2.96, Me0H, 28°C) indicates that the

compound is the (-) enantiomer.

Compound 5. 1-(3',4'-dihydroxypheny1)-7-(3"14"-

dihydroxypheny1)-5-0-13-D-xylopYranosylheptan-3-one.



Figure 10. Structure of 1-(3',41-dihydroxypheny1)-7-
(30,4"-dihydroxypheny1)-5-0-0-D-xy1opyranosy1heptan-3-one.

Negative ion FAB-MS of this compound gave a strong

[M-Hy ion peak at m/z 477 indicating that this compound

had a molecular weight of 478. IH and I3C NMR assignments

are summarized in Table 6. The I3C NMR spectrum showed

signals of two 3,4-disubstituted aryl groups at 116.4,

116.5, 116.6, 116.6, 120.8, 120.8, 134.0, 135.2, 143.8,

144.1, 145.7 and 145.8 ppm. The signals at 66.7, 71.1,

74.9, 77.6 and 104.0 ppm indicate that there is a D-

xylopyranosyl sugar moiety in this compound. The coupling

constant (7.5 Hz) of the anomeric proton (8 4.20 ppm) on

the xylopyranosyl C-1 carbon (104.0 ppm) in the IH NMR

spectrum is the indication of the fi- glycosidic linkage of

this sugar moiety. The heptanoid carbon chain shows signals

at 29.9, 31.6, 38.3, 46.2, 48.5, 76.3 and 212.2 ppm in the

I3C NMR spectrum. These assignments are supported by the IH

NMR spectrum. All the data from /H NMR and I3C NMR spectra

48
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Table 6. 13C and 1H NMR Assignments for Compound 5.
1-(3',4'-dihydroxypheny1)-7-(3",4"-dihydroxypheny1)-5-0-0-
D-xylopyranosylheptan-3-one.

Both "C and 1H NMR were measured in Me0H-d4.

ali=aliphatic; xyl=xylose moiety; aro=aromatic

au i C ppm H 8 PPm J (Hz)

1 29.9 2 2.70 m

2 46.2 2 2.70 m

3 212.2

4 48.5 2 a 2.55 dd, 5.2, 16.6

b 2.77 dd, 6.9, 16.6

5 76.3 1 4.09 In

6 38.3 2 1.74 m

7 31.6 2 2.49 in

xyl C ppm H 8 PPm J (Hz)

1 104.0 1 4.20 d, 7.5

2 74.9 1 3.13 in

3 77.6 1 3.30 In

4 71.1 1 3.46 In

5 66.7 2 a 3.13 In

b 3.84 dd, 5.3, 11.5

aro C ppm H 6 PPm J (Hz)

1';1" 135.2;134.0

2';2" 116.6;116.6 1;1 6.60;6.60 d;d 2.1;2.1

3';3" 145.8;145.7

4';4" 144.1;143.8

5';5" 116.5;116.4 1;1 6.64;6.64 d;d 8.1;8.1

6';6" 120.8;120.8 1;1 6.47;6.47 dd;dd 2.1,8.1;2.1,8.1
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are matched with those for oregonin in the literature (14).

The optical rotation of [a]o -18.5 (C 1.47, Me0H, 28°C)

indicates that the compound is the (-) enantiomer.

Compound 6. 1-(4'-hydroxypheny1)-7-(4"-hydroxypheny1)-

5-0-p-D-xylopyranosylheptan-3-one.

Figure 11. Structure of 1-(4s-hydroxypheny1)-7-(4"-
hydroxypheny1)-5-0-0-D-xylopyranosylheptan-3-one.

Negative ion FAB-MS of this compound gave a strong

(M-H] " ion peak at m/z 445 indicating that this compound

had a molecular weight of 446. IH and "IC NMR assignments

are summarized in Table 7. The "C NMR spectrum showed

signals for the two mono-substituted benzene ring systems

at 116.0, 116.0, 116.1, 116.1, 130.3, 130.3, 130.3, 130.3,

133.1, 134.2, 156.2 and 156.4 ppm. The aliphatic chain

carbon signals appearing at 29.7, 31.4, 38.5, 46.4, 48.6,



Table 7. 13C and /H NMR Assignments for Compound 6.
1-(4'-dihydroxypheny1)-7-(4"-hydroxypheny1)-5-0-fl-D-
xylopyranosylheptan-3-one.
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Both 13C and 111 NMR were measured in Me0H-d4.

ali=aliphatic; xyl=xylose moiety; aro=aromatic

au i C ppm H 6 PPm J (Hz)

1 29.7 2 2.72 s

2 46.4 2 2.72 s

3 211.7

4 48.6 2 a2.57 m

5 76.2 1

b 2.78

4.09

dd, 6.8, 16.8

in

6 38.5 2 1.73 m

7 31.4 2 2.52 m

xyl C ppm H 6 PPm J (Hz)

1 104.2 1 4.21 d, 7.4

2 75.0 1 3.13 m

3 77.8 1 3.33 in

4 71.1 1 3.48 in

5 66.8 2 a3.17 m

b 3.84 dd, 5.4, 11.4

aro C ppm H 6 PPm J (Hz)

1';1" 134.2;133.1

2';2" 130.3;130.3 1;1 6.97;6.97 dd;dd 2.0,8.4;2.0,8.4

3';3" 116.1;116.0 1;1 6.68;6.68 d;d 8.4;8.4

4';4" 156.4;156.2

5';5" 116.1;116.0 1;1 6.68;6.68 d;d 8.4;8.4

6';6" 130.3;130.3 1;1 6.97;6.97 dd;dd 2.0,8.4;2.0,8.4
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76.2 and 211.7 ppm indicate that this compound has the same

aliphatic backbone as compound 5. The confirmation of the

aliphatic chain carbon connection is from the following NMR

spectra: DEPT reveals that there are one quaternary carbon

(carbonyl carbon, C-3, 211.7 ppm), one methine carbon (C-5,

76.2 ppm), and five methylenic carbons (C-1, 29.7 ppm, C-2,

46.4 ppm, C-4, 48.6 ppm, C-6, 38.5 ppm and C-7, 31.4 ppm)

in the aliphatic chain; 111-1H COSY and 13C-1H COSY show that

there are two proton coupling systems separated by the

carbonyl carbon: one system involves four protons at 6 2.72

ppm (2H, on C-1; 2H, on C-2), and the other system has

seven protons at 6 1.73 ppm (2H, on C-6), 2.52 ppm (2H, on

C-7), 2.57 ppm (1H, on C-4), 2.78 ppm (1H, on C-4), and

4.09 ppm (1H, on C-5), respectively. It is deduced that

the carbonyl carbon is at C-3 and the connecting site of

the sugar moiety is at C-5.

The HMBC spectrum shows the correlations between the

aliphatic chain carbon C-5 (76.2 ppm) and the anomeric

proton (6 4.21 ppm) of xylose, which further confirms the

existence of the linkage above. The sugar signals in the 13C

NMR spectrum are in agreement with those of the D-

xylopyranosyl moiety described in the literature (22). The

fl-configuration of the glycosidic linkage is indicated by

the coupling constant of 7.5 Hz for the anomeric proton.

When compared with compound 5, it is obvious that the only

difference between these two is the substitution pattern on



Figure 12. Structure of 1-(3°,4' -dihydroxyphenyl) -7 -
(4" -hydroxyphenyl) -5 -0 -p -D -xylopyranosylheptan -3 -one.

Negative ion FAB-MS of this compound gave a strong

[M-Hr ion peak at m/z 461 indicating that this compound

had a molecular weight of 462. IH and 13C NMR assignments

are summarized in Table 8. The 13C NMR spectrum showed

signals for 24 carbons. The presence of a heptanoid carbon

chain is evident of the signals at 30.1, 31.5, 38.7, 46.4,

48.7, 76.2 and 211.8 ppm. The signals between 116.0 ppm and
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the benzene rings: the di- substituted in the former and

the mono- in the latter. The optical rotation of [a]o

-19.36 (C 0.20, Me0H, 28°C) indicates that the compound is

the (-) enantiomer.

Compound 7. 1 -(3°,4° -dihydroxyphenyl) -7 -(4" -

hydroxypheny1)-5 -0 -p -D -xylopyranosylheptan -3 -one.



Table 8. 13C and 1H NMR Assignments for Compound 7.
1-(31,4'-dihydroxypheny1)-7-(4"-hydroxYpheny1)-5-0-fl-D-
xylopyranosylheptan-3-one.

d;dd 2.0;2.1,8.3

d 8.3

d;d 7.9;8.3

dd;dd 2.0,7.9;2.1,8.3

Both 13C and 1H NMR were measured in Me0H-d4.

ali=aliphatic; xyl=xylose moiety; aro=aromatic
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all C ppm H 6 PPm J (Hz)

1 30.1 2 2.70 m

2 46.4 2 2.70 m

3 211.8

4

5

48.7

76.2

2

1

a 2.56

b 2.75

4.09

dd,

dd,

4.7, 16.7

6.8, 16.7

m

6 38.7 2 1.72 m

7 31.5 2 2.51 m

xyl C ppm H 6 PPm J (Hz)

1 104.2 1 4.22 d, 7.6

2 75.1 1 3.15 m

3 77.9 1 3.32 m

4 71.2 1 3.48 m

5 66.9 2 a3.15 m

b 3.85 dd, 5.3, 11.3

aro C ppm H 6 PPm J (Hz)

1';1" 134.3;134.0

2';2" 116.5;130.3 1;1 6.66;6.98

3';3" 146.1;116.2 1 6.66

4';4" 144.5;156.3

5';5" 116.3;116.0 1;1 6.66;6.66

6';6" 120.6;130.3 1;1 6.49;6.98
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156.3 ppm reveal the existence of two substituted benzene

ring systems. However, the substitution patterns on these

ring systems are different. IH NMR spectrum shows that

there are seven aromatic protons in this compound. Among

them, three protons (6 6.49 ppm, 6.66 ppm and 6.66 ppm)

couple to each other; whereas the other four (6 6.66 ppm,

6.66 ppm, 6.98 ppm and 6.98 ppm) interact in another

coupling system. The coupling constants (2.0 Hz and 7.9 Hz)

of the three-proton system confirm that three protons

belong to one benzene ring. The other four protons with

coupling constants of 2.1 Hz and 8.3 Hz belong to the other

ring. The sugar carbon signals at 66.9, 71.2, 75.1, 77.9

and 104.2 ppm indicate the existence of a D-xylopyranosyl

moiety. Again, the key evidence of the fl- glycosidic

linkage of the xylose is deduced from the "C signal at

104.2 ppm and the coupling constant (7.6 Hz) of the

anomeric proton (6 4.22 ppm) in /la NMR spectrum.

HMBC NMR spectrum showed correlations between the

proton at 8 2.51 ppm which is on the aliphatic carbon C-7

(31.5 ppm) and two aromatic carbons C-2" and C-6" (both at

130.3 ppm). Also shown were the correlations between the

aliphatic carbon C-7 and two protons (6 6.98 ppm and 6.98

ppm) from aromatic carbons C-2" and C-6", which suggests

that the mono- substituted aromatic ring is attached to the

seventh carbon of the heptanoid chain; while the di-

substituted ring is attached to the first carbon of the
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aliphatic chain. Furthermore, the correlations between the

proton (6 4.22 ppm) of the xylosyl carbon C-1 (104.2 ppm)

and the heptanoid carbon C-5 (76.2 ppm) lead one to believe

that the sugar moiety and the aglycone are connected at the

fifth carbon of the aliphatic chain via an acetal linkage.

The optical rotation of [a]co -19.9' (C 1.67, Me0H, 28°C)

indicates that the compound is the (-) enantiomer. The

assignments are in agreement with the data in the

literature (44).

Compound 8. 1 -(41 -hydroxyphenyl) -7 -(4" -hydroxyphenyl) -

4-hepten-3-one.

0

OH

Figure 13. Structure of 1-(41-hydroxypheny1)-7-(4
hydroxypheny1)-4-hepten-3-one.

Negative ion FAB-MS of this compound gave a strong

[M-H) ' ion peak at m/z 295 indicating that this compound

had a molecular weight of 296. 11.1 and "C NMR assignments

are summarized in Table 9. The "C NMR spectrum showed

signals for 19 carbons. Twelve carbon signals appear at the



Table 9. 13C and 1H NMR Assignments for Compound 8.
1-(4'-hydroxypheny1)-7-(4"-hydroxypheny1)-4-hepten-3-one.

6 J (Hz)PPm
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Both 13C and 111 NMR were measured in Me0H-d4.

ali=aliphatic; aro=aromatic

ppm H

1 30.7 2 2.71 s

2 42.8 2 2.71 s

3 202.9

4 131.7 1 5.99 d, 15.9

5 149.3 1 6.79 dt, 6.8, 15.9

6 35.7 2 2.38 dt, 7.1, 7.3

7 34.6 2 2.58 t, 7.1

aro C ppm H 6 PPm J (Hz)

l';1" 133.3;133.1

2';2" 130.4;130.4 1;1 6.92;6.92 d;d 8.4;8.4

31;3" 116.3;116.3 1;1 6.65;6.65 dd;dd 3.5,8.4;3.5,8.4

4';4" 156.7;156.7

5';5" 116.3;116.3 1;1 6.65;6.65 dd;dd 3.5,8.4;3.5,8.4

6';6" 130.4;130.4 1;1 6.92;6.92 d;d 8.4;8.4
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aromatic region between 116.3 ppm and 156.7 ppm, which are

the evidence of two aryl ring systems. The mono- hydroxyl

substitution at fourth position on both rings is concluded

from two signals (both at 156.7 ppm) and by comparison of

these signals with the corresponding ones in compound 1.

DEPT NMR spectrum exhibited the presence of a

quaternary carbon (carbonyl carbon, C-3, 202.9 ppm), two

methine carbons (C-4, 131.7 ppm and C-5, 149.3 ppm) which

form a carbon-carbon double bond, and four methene carbons

(C-1, 30.7 ppm, C-7, 34.6 ppm, C-6, 35.7 ppm and C-2, 42.8

ppm) for the remaining seven carbons. It can be seen from

the 1H-1H COSY NMR spectrum that a proton coupling system

starts from two protons at 2.58 ppm (on C-7), next to two

protons at 2.38 ppm (on C-6), then to the proton at 6.69

ppm (on C-5), and finally ends at the proton at 5.99 ppm

(on C- 4). 13C-111 COSY NMR spectrum confirmed the

connectivities of these four carbons and their protons. A

correlation is shown between the proton at 6 6.79 ppm,

which is on the double bond carbon (C-5), and the carbonyl

carbon at 202.9 ppm in the HMBC NMR spectrum. This confirms

the a,-unsaturated ketone system existing in the aliphatic

carbon chain. The E-configuration of the di- substituted

double bond is deduced from the coupling constant (15.9 Hz)

of the proton (6 5.99 ppm) on the carbon C-4 (131.7 ppm).

Correlations in the HMBC NMR spectrum also show that the

connecting sites of the two aryl rings are at each end of
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the heptanoid chain. The assignments are in agreement with

the data in the literature (45).

Compound 9. 1-(3',4'-dihydroxypheny1)-7-(4"-

hydroxypheny1)-4-hepten-3-one.

0

OH

Figure 14. Structure of 1-(3',4f-dihydroxypheny1)-7-
(4"-hydroxypheny1)-4-hepten-3-one.

Negative ion FAB-MS of this compound gave a strong

[M-Hy ion peak at m/z 311 indicating that this compound

had a molecular weight of 312. IH and "C NMR assignments

are summarized in Table 10. The "C NKR spectrum showed

signals at 31.1, 34.7, 35.9, 42.8, 131.8, 149.4 and 203.1

ppm, which represent a heptanoid aliphatic carbon chain,

and which is the same as that in compound 8. The carbon C-5

signal at 149.4 ppm is shifted 17.6 ppm downfield from that

of C-4 (131.8 ppm) as a result of electron delocalization

of the carbon-carbon double bond in the a,$-unsaturated

ketone system (46). The coupling constant of 15.9 Hz for

the proton at 6.05 ppm (on C-4) in the IH NMR spectrum



Table 10. "C and /H NMR Assignments for Compound 9.
4'-dihydroxypheny1)-7-(4"-hydroxypheny1)-4-hepten-3-
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d;dd 2.2;3.8,8.4

d 8.4

d;d 8.0;8.4

dd;dd 2.2,8.0;3.8,8.4

Both "C and 1H NMR were measured in Me0H-d4.

ali=aliphatic; aro=aromatic

one.

aui C ppm H 6 PPm J (Hz)

1 31.1 2 2.70 m

2 42.8 2 2.77 m

3 203.1

4 131.8 1 6.05 dt, 1.4, 15.9

5 149.4 1 6.86 dt, 6.9, 15.9

6

7

35.9

34.7

2

2

2.46

2.62

dt, 6.9,

m

14.2

aro C PPm H 6 PPm J (Hz)

11;1" 134.2;133.2

2';2" 116.7;130.5 1;1 6.61;6.98

3';3" 146.3;116.3 1 6.69

4';4" 144.6;156.8

5';5" 116.5;116.3 1;1 6.66;6.69

6';6" 120.8;130.5 1;1 6.48;6.98
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reveals that the double bond has an E-configuration. The

same spectrum also exhibits the presence of seven aromatic

proton signals as well. The signals between 116.3 ppm and

156.8 ppm in the 13C NMR spectrum matched the corresponding

signals in the compound 7 which suggests one 3-

hydroxyphenyl group and one 3,4-dihydroxyphenyl group

existing in the compound. The linkage between the di-

substituted aryl ring and the carbon C-1 (31.1 ppm) of the

heptanoid chain is concluded from the correlations shown

between the 2', 6' aromatic protons (6 6.61 ppm and 6.48

ppm) and the chain carbon C-1 in the HMBC NMR spectrum. The

connectivity between the 3-hydroxyphenyl group and the

seventh carbon (34.7 ppm) of the aliphatic chain can be

deduced from the correlations between the aromatic protons,

both at 6 6.98 ppm on C-2" (130.5 ppm) and C-6" (130.5

ppm), and the aliphatic carbon C-7 from the same spectrum

as well.

Compound 10. 1-(3',4'-dihydroxypheny1)-7-(3",4"-

dihydroxypheny1)-5-hydroxyheptan-3-one.

Negative ion FAB-MS of this compound gave a strong

[M-H)- ion peak at m/z 345 indicating that this compound

had a molecular weight of 346. IH and I3C NMR assignments

are summarized in Table 11. The I3C NMR spectrum showed

aromatic signals at 116.5, 116.5, 116.6, 116.7, 120.7,

120.8, 134.2, 135.1, 144.6, 144.6, 146.3 and 146.3 ppm



Table 11. "C and /H NMR Assignments for Compound 10.
1-(3',4'-dihydroxypheny1)-7-(3",4"-dihydroxypheny1)-5-
hydroxyheptan-3-one.

au i C ppm H 6 PPm J (Hz)

1 30.2 2 2.70 s

2 46.5 2 2.70 s

3 212.2

4 51.4 2 2.53 in

1 4.01 in5 68.4
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Both "C and IH NMR were measured in Me0H-d4.

ali=aliphatic; aro=aromatic

6 40.5 2 1.65 in

7 32.3 2 a2.45 in

b2.60 in

aro C ppm H 6 PPm J (Hz)

1';1" 135.1;134.2

2';2" 116.7;116.6 1;1 6.62;6.62 d;d 2.4;2.4

3';3" 146.3;146.3

41;4" 144.6;144.6

5';5" 116.5;116.5 1;1 6.66;6.66 d;d 8.0;8.0

6';6" 120.8;120.7 1;1 6.49;6.49 dd;dd 2.4,8.0;2.4,8.0



Figure 15. Structure of 1-(3°,41-dihydroxypheny1)-7-
(3"14"-dihydroxypheny1)-5-hydroxyheptan-3-one.

which are the evidence of two 3,4-dihydroxyphenyl groups

existing in the compound. On the basis of comparison with

compound 5 (oregonin), it is found that there is a

heptanoid chain in this compound. Due to the absence of the

sugar moiety at the fifth carbon (68.4 ppm) of the chain,

the chemical shift of this carbon is moved upfield about 8

ppm from that of the equivalent carbon in oregonin. In

addition, the signals of the carbons C-4 (51.4 ppm) and C-6

(40.5 ppm) are also shifted 2.9 and 1.9 ppm downfield from

the ones of the corresponding carbons in compound 5.

Obviously, these changes in chemical shifts are caused by

the replacement of a sugar moiety with a hydroxy group at

carbon C-5 of the chain. The optical rotation of [a]rj -2.0°

(C 0.31, Me0H, 28°C) indicates that the compound is the (-)

enantiomer. These assignments are in agreement with the

data reported in the literature (47).

Compound 11. 1 -(3°,4' -dihydroxyphenyl) -7 -(3",4" -

dihydroxyphenyl) -3-0-fl -D -xylopyranosylheptane.
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Figure 16. Structure of 1-(3',4'-dihydroxypheny1)-7-
(3",4"-dihydroxypheny1)-3-0-fl-D-xylopyranosylheptane.

Negative ion FAB-MS of this compound gave a strong

(M-H] ion peak at mjz 465 indicating that this compound

had a molecular weight of 466. 111 and "C NMR assignments

are summarized in Table 12. The "C NMR spectrum showed

signals for 24 carbons. The signals in the range of 116.4

ppm to 146.0 ppm are very similar to those of the compound

4. These peaks stand for two 3,4-dihydroxyphenyl ring

systems because of the signals at 144.0 ppm, 144.0 ppm,

145.9 ppm and 146.0 ppm which are characteristic of ortho-

carbons with hydroxy substitution. The similarity between

these two compounds can also be found for the signals at

25.8 (C-5), 32.1 (C-1), 33.1 (C-6), 35.1 (C-4), 36.3 (C-7),

38.2 (C-2) and 80.2 ppm (C-3) which represent a heptanoid

carbon chain. However, the signals for the sugar moiety of

this compound are apparently different from the signals in

compound 4. The existence of a D-xylopyranosyl unit is
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Table 12. I3C and 111 NMR Assignments for Compound 11.
1-(3',4'-dihydroxypheny1)-7-(311,4"-dihydroxypheny1)-3-0-fl-
D-xylopyranosylheptane.

Both I3C and IH NMR were measured in Me0H-d4.

ali=aliphatic; xyl=xylose moiety; aro=aromatic

au i C ppm H 8 PPm J (Hz)

1 32.1 2 2.53 in

2 38.2 2 1.73 in

3 80.2 1 3.62 in

4 35.1 2 1.55 in

5 25.8 2 1.39 in

6 33.1 2 1.51 in

7 36.3 2 2.45 t, 7.4

xyl C ppm H 8 PPm J (Hz)

1 104.3 1 4.22 d, 7.5

2 75.3 1 3.17 in

3 78.1 1 3.36 in

4 71.5 1 3.50 in

5 67.0 2 a3.17 in

b 3.86 dd, 5.3, 11.4

aro C ppm H 8 PPm 3 (Hz)

1';1" 135.8;135.3

2';2" 116.8;116.7 1;1 6.61;6.61 d;d 2.2;2.2

3';3" 146.1;146.1

4';4" 144.2;144.2

51;5" 116.4;116.4 1;1 6.65;6.65 d;d 7.9;7.9

6';6" 120.8;120.8 1;1 6.48;6.48 dd;dd 2.2,7.9;2.2,7.9



Figure 17. Structure of 1-(3',4'-dihydroxypheny1)-7-
(3",4"-dihydroxypheny1)-3-0-p-D-glucopyranosylheptane.
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characterized by the signals at 67.0, 71.5, 75.3, 78.1 and

104.3 ppm in the I3C NMR spectrum of this compound. The P-
configuration of the xylosyl moiety is inferred from the

anomeric proton (6 4.22 ppm) coupling constant, 7.5 Hz, in

the IH NMR spectrum. This compound is assigned as

dihydroxypheny1)-7-(3",4"-dihydroxypheny1)-3-0-0-D-
xylopyranosylheptane with the support of the other NMR

spectra, such as DEPT, 1H-1H COSY, 13C-118 COSY and HMBC. The

MS spectrum provided the positive evidence as well. The

optical rotation of [a]o -30.4 (C 0.75, Me0H, 28°C)

indicates that the compound is the (-) enantiomer. These

assignments are in agreement with the data reported in the

literature (22).

Compound 12. 1-(3',4'-dihydroxypheny1)-7-(3",4"-

dihydroxypheny1)-3-0-fl-D-glucopyranosylheptane.
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Negative ion FAB-MS of this compound gave a strong

[M-H] ion peak at m/z 493 indicating that this compound

had a molecular weight of 494. IH and "C NMR assignments

are summarized in Table 13. The "C NMR spectra of this

compound and compound 11 were compared in detail. The main

differences are found in the range from 62.9 ppm to 103.2

ppm. The signals at 62.9, 71.8, 75.4, 77.8, 78.2 and 103.2

ppm are assigned to a D-glucopyranosyl unit. The protons

connected to these carbons are observed in a coupling

system in the 1H-1H COSY spectrum. The anomeric proton at

4.30 ppm has a coupling constant of 7.6 Hz in IH NMR

spectrum which suggests the fl- configuration at the glucose

C-1 carbon. The diarylheptanoid signals are essentially the

same as noted for compound 11.

The long range COSY NMR spectrum provided the

necessary information for the connectivities of the carbon

chain, two aryl groups and the sugar moiety: one aryl group

should attach at the chain carbon C-1; another at C-7; and

the fl-D-glucopyranosyloxy at C-3. The optical rotation of

[a]p -24.50 (C 1.52, Me0H, 28°C) indicates that the

compound is the (-) enantiomer. The assignments are in

agreement with the data in the literature (22).

Compound 13. 1-(3',4'-dihydroxypheny1)-7-(3",4"-

dihydroxypheny1)-3-0-[$-D-glucopyranosyl-(1-43)-P-D-

xylopyranosyl]heptane.
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Table 13. "C and Ili NMR Assignments for Compound 12.
1-(3',4'-dihydroxypheny1)-7-(3",4"-hydroxypheny1)-3-0-13-D-
glucopyranosylheptane.

Both "C and /H NMR were measured in Me0H-d4.

ali=aliphatic; glu=glucose moiety; aro=aromatic

all C ppm H 6 PPm J (Hz)

1 31.8 2 2.53 t, 7.5

2 37.9 2 1.74 In

3 79.5 1 3.66 t, 5.7

4 34.8 2 1.55 In

5 25.6 2 1.34 m

6 33.0 2 1.50 in

7 36.2 2 2.41 t, 7.5

glu C ppm H 6 PPm J (Hz)

1 103.2 1 4.30 d, 7.6

2 75.4 1 3.22 in

3 78.2 1 3.40 in

4 71.8 1 3.35 in

5 77.8 1 3.27 In

6 62.9 2 a 3.71 dd, 5.3, 11.7

b 3.87 dd, 1.5, 11.7

aro C ppm H 6 PPm J (Hz)

1';1" 135.8;135.8

2';2" 117.0;116.7 1;1 6.64;6.64 d;d 1.8;1.8

3';3" 146.0;145.9

41;4" 144.0;144.0

5';5" 116.4;116.4 1;1 6.65;6.65 d;d 8.0;8.0

6';6" 121.0;120.8 1;1 6.48;6.48 dd;dd 1.8,8.0;1.8,8.0



Figure 18. Structure of 1-(31,4'-dihydroxypheny1)-7-
(3",4"-dihydroxypheny1)-3-0-[#-D-glucopyranosyl-(1-3)-0-D-
xylopyranosyl]heptane.

Negative ion FAB-MS of this compound gave a strong

ion peak at m/z 625 indicating that this compound

had a molecular weight of 626. hi and 13C NMR assignments

are summarized in Table 14. The 13C NMR spectrum showed

signals for 30 carbons. The signals in the aromatic region

(from 116.4 ppm to 146.0 ppm) clearly indicate that there

are two substituted benzene rings. Both of these rings have

two hydroxy groups attaching at 3-, 4- positions (144.0 ppm

and 146.0 ppm). The signals at 25.6, 32.0, 32.9, 35.0,

36.2, 38.2 and 80.2 ppm are the evidence of a heptanoid

chain which is similar to the one in compound 12. The

remaining signals between 62.7 ppm and 105.1 ppm suggest

the presence of a disaccharide moiety. In comparison with
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Table 14. "C and IH NMR Assignments for Compound 13.
4'-dihydroxypheny1)-7-(3",4"-dihydroxypheny1)-3-0-[fl-

D-glucopyranosyl-(13)-p-D-xy1opyranosy1]beptane.

au i C ppm H 6 PPm J (Hz)

1 32.0 2 2.54 in

2 38.2 2 1.72 m

3 80.2 1 3.63 m

4 35.0 2 1.55 in

5 25.6 2 1.38 m

6 32.9 2 1.53 in

7 36.2 2 2.44 in

glu C ppm H 6 PPm J (Hz)

1 103.8 1 4.56 d, 7.8

2 75.5 1 3.25 in

3 78.1 1 3.39 in

4 71.7 1 3.35 in

5 77.8 1 3.35 in

6 62.7 2 a3.70 in

xyl C ppm H

b 3.88

6 PPm

dd, 2.0, 11.8

J (Hz)

1 105.1 1 4.27 d, 7.6

2 74.4 1 3.36 m

3 87.5 1 3.48 t, 8.8

4 70.1 1 3.59 in



Table 14. (Continued)

xyl C ppm H 8 PPm J (Hz)

5 66.4 2 a3.20 m

b 3.92 dd, 5.4, 11.4

aro C ppm H 8 PPm J (Hz)

1';1" 135.7;135.8

2';2" 116.7;116.7 1;1 6.60;6.60 d;d 2.0;2.0

3';3" 146.0;146.0

4';4" 144.0;144.0

5';5" 116.4;116.4 1;1 6.64;6.64 d;d 8.0;8.0

6';6" 120.9;120.9 1;1 6.47;6.47 dd;dd 2.0,8.0;2.0,8.0

Both 13C and 11i NMR were measured in Me0H-d4.

ali=aliphatic; glu=glucose moiety; xyl=xylose moiety;

aro=aromatic
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compound 12, the signals at 62.7, 71.7, 75.5, 77.8, 78.1

and 103.8 ppm should belong to a glucose moiety. Because

these glucose signals are almost identical to those in

compound 12, it is believed that the glucose moiety is the

end sugar unit. The remaining five signals (66.4, 70.1,

74.4, 87.5 and 105.1 ppm) were compared with the xylose

signals in compound 11. The result suggested that these

signals belong to a xylose moiety. The glucose C-1 (103.8

ppm) is connected to xylose C-3 (87.5 ppm) via an acetal

bond. This is supported by the fact that the chemical shift

of xylose C-3 is shifted 9.4 ppm downfield in comparison

with the corresponding one in compound 11. The connection

of the glucose moiety also caused the chemical shift

changes of xylose C-2 (74.4 ppm) and C-4 (70.1 ppm): C-2 is

shifted 0.9 ppm upfield and C-4 is shifted 1.4 ppm upfield.

The anomeric proton at 4.56 ppm of the glucose moiety

has a coupling constant of 7.8 Hz in IH NMR spectrum which

suggests the fl- configuration at the C-1 carbon. Again, the

anomeric proton (8 4.27 ppm) of the xylose unit with a

coupling constant of 7.6 Hz suggests that this sugar moiety

has the fl- configuration as well. The optical rotation of

[a]p -29.5° (C 1.13, Me0H, 28°C) indicates that the

compound is the (-) enantiomer. The assignments are in

agreement with the data in the literature (22).

3. Significance of the Compounds Isolated.
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Diarylheptanoids are made up of two phenyl rings and a

seven-carbon aliphatic chain which links these rings

together with its two ends. Thus, they are commonly

referred to as C6-C7-C6 compounds. The phenyl rings may have

different substituting groups, such hydroxyl or methoxyl;

and the aliphatic chain, on the other hand, may have

carbonyl and carbon-carbon double bond in it. The

substitution of hydroxy group may also occur on the chain.

The carbonyl or hydroxy group occurs at C-3 or C-5 on the

alphatic chain.

Perhaps the most famous member of the

diarylheptanoids, curcumin, was found from the root of

Curcuma longa L., Zingiberaceae one and half centuries ago.

The root is of course a well known spice: ginger root.

However, the first diarylheptanoid xyloside, oregonin, was

not discovered in red alder bark until 1974. After that,

more diarylheptanoid glycosides were isolated from

different species, especially Alnus species (44, 45, 48-

60).

Some diarylheptanoid compounds isolated from ginger

rhizomes have been reported to have antioxidative effects,

in particular, those having two 4-hydroxy-3-methoxYphenyl

groups were even more active than a-tocopherol (vitamin E),

an antioxidant commonly used in cosmetics, drugs and foods,

at the same concentration (61).
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Other diarylheptanoids have exhibited inhibitory

effects against a prostaglandin (PG) biosynthesizing enzyme

(PG synthetase) (62), 5-lipoxygenase (63), anticoccidium

activity in vitro, antifungal effect to Pyricularia orvzae

(64) and antihepatotoxic activity (65).

The presence of phenolic groups in these compounds is

probably responsible for all these biological activities.

It is noticeable, however, that the diarylheptanoid

compounds mentioned above do not have a sugar unit in their

structures. In other words, they are not glycosides.

What biological effects the sugar unit in the

structure will bring to the diarylheptanoid compounds are

still uncertain. However, future biological tests of the

diarylheptanoid glycosides isolated in this study will

possibly provide some information.

With regard to potential utilization as wood

adhesives, these diarylheptanoids exhibit a mixed picture.

Both mono- hydroxy and ortho- dihydroxy aromatic rings are

present. In present P-F adhesive systems, only the mono-

hydroxy aromatic ring systems will react with formaldehyde

or a methylol phenol with a reasonable reaction rate.

However, the amount of monohydroxy aromatic containing

compounds is limited in the bark of red alder compared to

the dominant ortho- dihydroxy aromatic compounds.
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It is well known that ortho- disubstitution of hydroxy

groups deactivates the aromatic ring to electrophilic

substitution, i.e., there is not sufficient reaction with

formaldehyde or a phenolic methylol group to take part in

the adhesive polymerization reaction. This presents some

interesting questions. Why does red alder bark plywood

extender seem to have good adhesive properties? Is it the

imagination of plywood mill adhesive personnel? Do the

adhesive properties really belong to the low molecular

weight polyphenols or belong to the condensed tannins, the

bark components with much higher molecular weights? Do the

monosaccharides also participate in the reaction?

While the above questions may not be answered here,

perhaps we should consider other ways that these ortho-

dihydroxy aromatic ring compounds could enter into adhesive

polymerization. These ortho- dihydroxyl aromatic compounds

are easily oxidized to quinones, which is why red alder

turns red. Perhaps phenolic oxidative coupling under the

highly alkaline conditions plays a role.



CONCLUSIONS

Red alder bark was shown in this research to possess

significantly more molecular diversity in its

diarylheptanoids than was previously believed. All the

compounds isolated were linear and no cyclic

diarylheptanoids, in which the aromatic rings are connected

with C-C bond or C-O-C bond, were found. Also, no compounds

with tri- hydroxy groups on an aromatic ring were

separated. However, both mono- hydroxy aromatic rings and

di- hydroxy (catechol) aromatic rings were found. Some

compounds were isolated with both hydroxylation patterns in

their structures.

In the heptane chain, most were 3-one and 5-0-

substituted. However, several were found without the ketone

group, but instead with a CH2 at that position. Two

compounds were dehydrated between C-4 and C-5 to give a,-

unsaturated ketone derivatives.

Most compounds isolated were glycosides with glucose,

xylose and apiose as the corresponding sugar groups. Among

them, seven compounds were mono- glycosides and two were

di- glycosides. Four of the isolated compounds are new

structures in the chemical literature. Thus, this research

has made a contribution to basic science as well as
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advancing knowledge about red alder bark. The remaining

compounds isolated contribute to our knowledge about red

alder bark as a resource of phenolic compounds.

The two types of phenolic ring systems found in this

series of compounds have significant implications for

adhesive use. Mono- hydroxy aromatic rings will react with

formaldehyde in traditional phenol-formaldehyde systems.

However, the 3,4-dihydroxy aromatic ring systems will

likely be involved in oxidative coupling type reactions.

This may present opportunities in future research to

develop new formaldehyde free adhesive systems.

Finally, the diversity of molecular structures found

in these compounds gives us an opportunity to investigate

structure-bioactivity relationships. Further research in

this area is strongly suggested. Since red alder is the

most important hardwood in the Pacific Northwest, this type

of research may lead to a new industrial use for this

species, i.e., the production of pharmaceutical and

bioactive control agents.
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Figure 20. "C NMR spectrum of compound 1.
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Figure 24. "C NMR spectrum of compound 3.
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Figure 25. IH NMR spectrum of compound 4.
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Figure 30. "C NMR spectrum of compound 6.
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Figure 31. IH NMR spectrum of compound 7.
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Figure 32. 13C NMR spectrum of compound 7.
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Figure 33. IH NMR spectrum of compound 8.
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Figure 34. "C NMR spectrum of compound 8.
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Figure 36. 13C NMR spectrum of compound 9.
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Figure 39. IH NMR spectrum of compound 11.
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Figure 41. IH NMR spectrum of compound 12.
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Figure 42. 13C NMR spectrum of compound 12.
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Figure 43. 1H NMR spectrum of compound 13.
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