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ESSENTIAL OIL COMPONENTS OF ALASKA CEDAR HEARTWOOD

INTRODUCTION

Alaska-cedar (Chamaecyparis nootkatensis)

[1], also

known as Alaska yellow-cedar, yellow-cedar, yellow cypress,
and Nootka cypress, is a member of the order cupressales,

which is divided into two families, Cupressaceae and
Taxodiaceae.

Chamaecyparis is one of the 11 genera in the

Cupressaceae family. Other common species of the genus
Chamaecyparis besides Chamaecyparis nootkatensis are
Chamaecyparis lawsoniana (Port-Orford-cedar), Chamaecyparis
thyoides (Atlantic white-cedar), Chamaecyparis formosensis,

Chamaecyparis taiwanensis, Chamaecyparis obtusa (Japanese
cypress), etc.

Although there are a few isolated stands, Alaska cedar
is mainly found within 150 miles of the Pacific coast,

ranging in this region from southeastern Alaska southward
through British Columbia, Washington and Oregon, and to the
Oregon-California border [2,3,4]. Figure 1 shows its
distribution along the pacific coast. The tree has been
used for centuries by indigenous peoples of North America.
Its original European discovery was attributed to Archibald
Menzies in 1793 in the Nootka Sound area of Vancouver
Island. Later it was described by David Don and introduced
into Europe through the Imperial Botanical Garden at
Leningrad [5]. It is a medium-sized tree. The height is
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Figure 1. Range of Alaska cedar along pacific coast
(adapted from reference 3)

3

usually not over 80 feet and the trunk is two to three feet
in diameter. The tree was found at elevation of 2000 to
7500 feet. Its ecological sustainability to harsh sites

helps grow in moist to wet sites, often in rocky areas or
gravelly soils [2,3,4].

The tree is an important and valuable tree species
because of its well-known strength and durability of its
heartwood. It has been used extensively for finishing work,

both indoor and outdoors, as ornamental tree, totems, canoe
paddles, shipbuilder, framing, water and chemical tanks,
furniture, lumber and plywood, and etc. Russians built
ships from its strong and durable wood when they occupied
Alaska in the 1800s. It is highly prized in China where it
is made into trunks under the name of Camphor wood because
of its high aromatic nature. It is an expensive softwood as
it has only limited distribution.

The most famous and important property of Alaska
cedar is the high durability of the heartwood. It is well
protected from decay against insect and fungi diseases
[6,7,8]. This excellent fungicidal activity and insect

repellant property has been attributed to its extractive
chemicals in heartwood. However, while there have been many
studies of heartwood extractives dating from 1926, there
has never been a profile of the major components of the
essential oil provided. It was anticipated that there were
unidentified major components in the essential oil which
may play a significant role in the woods durability. Also,
such unidentified compounds may play a role in the future
development of value added chemical based products.

4

It was the objective of this research to provide a

profile of the major components of Alaska cedar heartwood
essential oil and to isolate and determine the molecular
structures of major unidentified compounds.
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LITERATURE REVIEW

Essential oils are defined as: "products, generally of
rather complex composition, comprising the volatile
principles contained in the plants, and more or less
modified during the preparation process." To extract these
volatile principles, there are various procedures such as
steam distillation, expression, solvent extraction and
others [9]. Basically, these volatile oils contain
aliphatic, aromatic, and terpenoid compounds and their
derivatives, among which monoterpenes and sesquiterpenes
are the principle constituents. Historically, essential
oils have widespread and profound influences on human life.
Because of their characteristically aromatic odor and
bioactivities, essential oils have been applied to such
extensive markets as pharmaceuticals, hygiene products,

cosmetics, perfumes, cigarettes, as well as many areas of
food technology.

Alaska cedar contains essential oils in both its
needles and heartwood. It is well known that the components
of the heartwood of Alaska cedar are solely responsible for
its excellent durability and insect resistance. The
investigation on this species has been carried out
intermittently for a long time. The earliest recorded
investigation on steam-volatile components of Alaska cedar
could date back to 1926 by Clark and Lucas [8,10], who
isolated both the wood and leaf oils from this species.

They only confined their studies to the leaf oil in
details, however. From the leaf oil they identified a-
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pinene and limonene, and obtained evidence showing the
presence of P-pinene, sabinene and p-cymene. Later in 1950,

Professor Erdtman isolated the first compound, named
nootkatin, from the essential oil of the heartwood [11].

Then Carlsson, Erdtman and their co-workers studied the
wood extractives in depth in 1952 [7]. They obtained two
main fractions by steam distillation of the heartwood, a
pale yellow oil, from which they isolated carvacrol and a
new acid they named chamic acid by further solvent extract,

and a form of colorless crystallized plates, which was
called nootkatin.

Ever since then, the studies on C.

nootkatensis

has

been performed by many pioneers, which can be divided into
two main streams, one is on the leaf oil and the other on
the wood oil. New components from this species have
continuously been characterized and structurally elucidated
with the aid of newly emerging spectroscopic techniques
such as proton and carbon-13 nuclear magnetic resonance
spectroscopy.

A number of components have been isolated from the
leaf oil of C.

nootkatensis,

which greatly contribute to

the pleasant and enduring fragrance of fresh boughs of this
species [12,13]. Table 1 shows the terpenoid composition of
leaf oil.

The authority on the research of Alaska cedar
heartwood oil should be credited to Erdtman and his coworkers. They did a series of research on the heartwood
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Chemical composition of the leaf oil of the
Alaska cedar (Chamaecyparis nootkatensis) (From Y.S. Cheng
and E. von Rudloff, 1970).
Table 1.

Compound
(-)-a-Pinene
(+)-3-Carene
(+)-Limonene
Fenchene
Camphene
P-Pinene
Sabinene
Myrcene
a-Phellandrene
P-Phellandrene
a-Terpinene
p-Cymene
Terpinolene
1-methyl-4isopro-penyl
benzene
Bornyl acetate
Terpinen-4-ol

Total
Oil (%)
38.8
30.8
9.2
1.1
0.5
2

0.2
2.3
0.5

2.9
0.2
0.3
2

0.3

0.2
0.2

a-Terpineol

0.5

a-Terpinyl
acetate
Piperitone

1.2

0.1

Citronellol

0.1

1-Methyl-4-(ahydroxy

Trace

Total

Compound

Oil (%)

Isopimara-8(9),15-diene
Isohibaene
Sandaracopimaradiene
Isophyllocladene
Isopimaradiene
Manoyl oxide
13-Epimanoyl oxide
Phyllocladene
Abieta-7,13-diene
Dehydroavietadiene
8-13-Diepimanoyl (IV)
8-Epimanoyl (III)
Phyllocladan-16-ol
3-Methyl-3butenylisovalerate

0.3

Pelargonaldehyde
3-Methyl-2-butenyl
isovalerate
3-Methyl-3-butenyl-(3methyl)-3-butenoate
n-Pentadecane
3-Methyl-3-butenyl-(3methyl)-2-butenoate
3-Methyl-2-butenyl-(3methyl)-2-butenoate
3-Phenylehtyl-(3-methyl)-2butenoate

0.3
0.1
0.1
0.1
0.3
0.3
0.3

Trace
Trace
Trace
1.1
0.3
0.4

0.2
0.2

Trace
Trace
0.2

Trace
0.2

isopropyl)

benzene
a-Cubebene
a-Copaene
Thujopsene
y+S-Cadinene
ar-Curcumene
Calamene
Nerolidol
Cedrol
(+)-Bisabolol
a-Cadinol
Diterpene 1

Trace
Trace
0.1
0.1

Trace
0.1
0.4

Trace
0.7
0.3
0.5

Benzyl isovalerate
n-Nonadecane
n-Teradecanal
P-Phenylethyl isovalerate
Benzyl-(3-methyl)-2butenoate
n-Heneicosane
Pelargonic acid
n-Heptadecane
n-Tricosane
n-Pentacosane
n-Docosanal

0.1

Trace
Trace
0.1
0.1

Trace
0.1

Trace
Trace
Trace
Trace
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Figure 2. Constituents previously isolated from Alaska
cedar heartwood extracts [8]
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oil. A number of constituents have been isolated and
identified by using classical chemical methods, together

with an X-ray analysis [7,14-18]. Other investigators also
identified some of those compounds from the essential oil
of Alaska cedar heartwood [19,20]. Those structures are
shown in Figure 2. It is quite interesting that none of
those constituents is found in the needle oil of this
species.

Nootkatin was the first compound isolated from the
heartwood in 1950 by Aulin-Erdtman [11]. Its structure was
then fully characterized by Duff and Erdtman using
classical chemical methods and an X-ray analysis of its
copper complex [14]. It has been found in no other species

Chamaecyparis but it is extremely common in the Juniper
(Juniperus) and Cypress (Cupressus) genera [21]. This

of

compound is structurally related to highly toxic p-

thujaplicin [22]. Both compounds belong to a very reactive
type of natural product called tropolones. Tropolones have
been found to be the predominant contribution to the
fungicidal and insecticidal activity of the many cedar
trees

[8,23, 24].

Rennerfelt and Nacht reported that

nootkatin inhibited fungus growth at 0.001 to 0.002 percent
weight concentrations [23]. Other studies also have been
performed on the real cause of actual decay of Alaska cedar
related to fungus resistance. Fungi associated with black
stain in Alaska cedar heartwood were found to make the
heartwood more susceptible to attack by wood decay fungi
according to Smith

[5,25,26].

The mechanism is that black

stain caused by fungi, especially HS5 and HS6 strains,
reduces the durability of Alaska cedar heartwood by
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decreasing the amount of nootkatin present and therefore
allowing the actual wood decay fungi to proceed. In 1990
Hennon reported that there was a total of 77 taxa of fungi
having been found recently in the tree but none of them is
the primary cause of the extensive decline and mortality
occurring in southeast Alaska

[27].

More recently research

showed that climate change probably was a part of the
reasons [28]. The main cause is still an enigma, though
[29].

Later, chamic acid, chaminic acid, and carvacrol were
isolated and identified in essential oil of the heartwood
[7,15]. Each of them also was found to have fungicidal
properties

[8,24,30].

Carvacrol is a naturally occurring compound mainly
present in the essential oil fraction of oregano and thyme.

It is also an extremely common component in the
and

Cupressus

juniperus

genera. Carvacrol has a strong characteristic

"thymol or brunt-pungent" odor.

Recent studies have showed

that carvacrol possesses antifungal, insecticidal, and
antibacterial properties

[30-34].

It has been used as anti-

infective, anthelminitic [35]. Others have studied the
antioxidant action of carvacrol and suggested that
essential oils rich in carvacrol may be used as natural
antioxidants

[36-38].

Nootkatene, nootkatone and valencene are the major
sesquiterpenes of the heartwood oil of Alaska yellow cedar.

Those compounds have the eremophilane ring structure and
represent an important sesquiterpenoid group

[39,40].

1957, Erdtman et al discovered nootkatene by further

In
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investigating the neutral fraction they previously obtained
from the heartwood extractives of

nootkatensis [16].

Chamaecyparis

Later, nootkatene was also isolated from

Valencia orange peel

(Citrus sinensis)

by Eric D. Lund

[41], and yet has not been found in any other species of

Cupressales. There has not been reported bio-active
properties of nootkatene.

Nootkatone was first found in

nootkatensis

Chamaecypris

heartwood by Erdtman et al in 1962 and later

found in grapefruit, orange, and lemon

[42-46].

Recent

studies showed its presence in Virginia red cedarwood oil

[47] but yet not in any other species of Cupressales.
Nootkatone is the principal contributor to the aroma of
grapefruit [48] and now has been commercially used for
flavorings in beverages, candies and fragrances. Resources
of nootkatone for those products could come naturally, or
through synthesis either partially from valencene or
nootkatene, or performed totally. However, nootkatone in
the fruits, essential oil, processed foods and cosmetics
can be photosensitive when exposed to light. Tateba

et al

[49] reported the photochemical activities of nootkatone
under various conditions in

1991. Nootkatone also possesses

insecticidal and fungicidal properties like other
constituents in Alaska yellow cedar heartwood oil

[50,51].

Moreover, nootkatone was reported to be an antiulcer
compound [52] and show inhibitory activity against
cytochrome P450 enzymes responsible for drug inactivation

[53,54].
Valencene is a major sesquiterpene of orange juice and
peel oil [55] and Alaska yellow cedar, which is also found
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in oils of grapefruit, lemon, clove, mango fruit, camphor,
and American cedarwood. Moshonas and Shaw [43] in 1979
reported that a high percentage of valencene (-1.5%) exists
in overripe orange essence oil and suggested that the
essence oil from overripe oranges could be an excellent
commercial source of valencene, which can be converted to
nootkatone. More recent studies stated that valencene might
be a possible precursor of nootkatone in the biosynthetic
pathway in such species as orange and grapefruit

[56,57].

It seemed that nearly all of the extractives and in
particular tropolones could alone contribute to the high
durability of this species. However, the whole defensive
system against decay is probably more complex. Recent
research by Schultz, et al

[58] showed that extractives

might act in two ways to protect durable heartwoods against
fungal decay in addition to the single fungicidal activity
by peculiar component exiting in the wood. It was found
that the combination of commercial antioxidant with organic
biocides had synergistic efficacy against two fungi. They
proposed the dual defense hypothesis that extractives
posses both fungicidal activity and being excellent free
radical scavengers (antioxidants). When fungi start to
degrade wood fibers, the initial step is presumed to be
that they use some type of free radical species to disrupt
cell walls, and this early step in the decay process might
be inhibited by the antioxidant properties of the heartwood
extractives. Nevertheless, it could be possible that all
components in Alaska cedar heartwood can function as an
integrated chemical defense system since all constituents
of this species have never been exhaustively identified.

Much work remains to be done from this point of view.
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However, it is now possible to fully characterize the
constituents with the aid of advanced analytical
technologies as gas chromatography-mass spectrometry (GC-

MS), new isolation materials and techniques and two
dimensional nuclear magnetic resonance techniques.
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EXPERIMENTAL

General Experimental Procedures

NMR experiments were run on a Bruker Model AM 400
spectrometer with the XWINNMR software package, using CDC13

as the solvent and TMS as an internal standard for chemical
shifts given in ppm. DEPT (Distortionless Enhancement by
Polarization Transfer) experiments were performed using
both pulses of 135° and 90°.

h 1H COSY, 'H-13C HSQC, HMBC,

3----

NOEs were also performed on the instrument according to the
standard procedures described by Bruker. El-MS was done
with a Kratos MS-50TC mass spectrometer.

A gas chromatograph (GC-17A Shimadzu, Japan) was used
for monitoring composition of fractions and identifying
pure compounds by using standards. The gas chromatograph
was equipped with flame ionization detector (FID). The
column (30mx0.25mm DB-5, 0.25iim, J&W Scientific) was

temperature programmed from 100°C for 1 minute, then to 150

°C at a rate of 5°C/min, then to 220°C at 3 °C/min, and

finally to 240°C at 5°C/min and held at that temperature
for 2 minutes.

GC-MS analysis was carried out on a HP 5972 GC/MS to
confirm those previously known compounds in Alaska cedar
heartwood oil. One microliter of a 587ng/fil solution of the

distillate dissolved in hexane was injected into the
injector maintained at 250°C. A 30m x 0.25mm ID DB-5 column

was used and temperature programmed from 50°C initially held
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for 5 minutes to 300°C finally at a rate of 5°C/min. The

transfer line temperature was 280°C. The MS was operated in

electron impact mode with a 70 eV ionization potential and
was scanned from 50-560 m/z.

The optical rotations were measured on a digital
polarimeter (JASCO, MODEL DIP-370, Japan) with a Na lamp
(589nm) as the light source. Chloroform was used as the
solvent.

Analytical thin-layer chromatography (TLC) was
performed on aluminum plates pre-coated with Kieselgel 60
F254

(EM, Germany) to monitor the course of column

separation and act for a preliminary guideline to select
mobile phase for column separation. The solvent systems
used for TLC analysis were:
(1)Hexane

:

Ethyl acetate (70:30 v/v)

(2)Dichloromethane
(3)Hexane

:

Diethyl ether (50:50 v/v)

The spots on TLC plates were visualized under UV light and
sprayed with acidic vanillin solution (1g vanillin, 50mL
absolute Et0H, and 10mL concentrated HC1), followed by
heating.

Preparative HPLC was performed on a Waters Millipore
Model 510 system using a normal phase column (Silica-prep,
250x1Omm 101A micron, Phenomenex). Degased hexane (A) and

ethyl acetate (B) were used as the gradient mobile phase,
starting from 15 up to 30% B in 20 min, to 40% B in 30 min.

The total flow rate was maintained at 3.5 mL/min. An UV
detector (Lambda-Max Model 481 LC spectrophotometer, Waters
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Millipore) was connected to the outlet of the column and
operated at 254 nm and 0.01 AUFS. A computer-based data
system (Maxima 820) was connected to the system for monitor
and control. Fractions were collected according to the
peaks shown on the screen.

A Buchi Rotavapor Model R-110 equipped with a Buchi
461 Water Bath was used for the removal of solvent from the
samples under reduced pressure by using a water aspirator.
The temperature of water in the bath was maintained at 30°C.

All solvents used were ACS grades and re-distilled
prior to use. All water was also distilled before use.

Alaska Cedar Tree

An Alaska cedar tree was collected from the Hungry
Mountain area on the Sol Duc River drainage on the western
slopes of the the Olympic Mountains in the Olympic National
Forest. A special collection permit was obtained from the
Sol Duc ranger station in Forks, Washington. A botanical
voucher specimen (#188046) is deposited in the Oregon State

University Herbarium. The heartwood was separated from
sapwood and bark and then chipped in a grinder to
approximately 15x1Omm chips and stored at room temperature
until used.

Extraction of the Essential Oils

Steam distillation
Steam distillation of the heartwood chips was carried
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out in the glass apparatus shown in figure 3. Typically 1.5
Kg of chips were steam distilled for

6-12 hours to yield 26

grams of essential oil. The oil was recovered by extraction
of the combined water/oil distillate with diethyl ether.
The diethyl ether solution was dried over anhydrous sodium
sulfate and evaporated on a rotary evaporator under reduced
pressure to give a yellow oil. Nootkatin tended to
crystallize out in the condenser during distillation, so
diethyl ether was periodically used to dissolve these
crystals into the oil fraction. Nootkatin crystallized out
of the Alaska cedar oil when it was placed in the
refrigerator. These crystals were recovered by decanting
the oil and re-crystallization of the nootkatin from the
oil solution to gave pure material. The remaining Alaska
cedar oil that was used in this study was free of
nootkatin, except for trace amounts as seen in the gas
chromatogram.

Extraction by diethyl ether
200 grams of Alaska cedar heartwood chips were twice
extracted with 3 liters of diethyl ether for 24 hours at
room temperature to ensure complete extraction of the oil.

The combined ether solution was filtered, dried with
anhydrous sodium sulphate, and evaporated to give

2.2

of an oil.

Isolation of Compounds

Isolation from the steam distilled oil
Separation and purification of the essential oil

grams
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Figure 3. Apparatus for steam distillation of Alaska cedar
heartwood.
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components was principally completed by traditional column
chromatography. When packing a column, generally, a degased
slurry of solvent and adsorbent (Kieselgel 60 PF254 Silica
gel, Germany) was poured into a glass column whose diameter
and height are determined by sample size. The solvent was
drained until its level was just over the top of adsorbent.
The stopper of the column was closed then, and the column
was ready for use.

The distilled oil (62 grams) was dissolved in 50 ml
of hexane and chromatographed over a Silica gel 60 column
(7x45cm) using a gradient solvent mixture of hexane and

diethyl ether from 100% hexane to 60:40(hexane/diethyl
ether, v/v). Aliquots of 20mL eluent were collected with a
Gilson FC-100 fraction collector and monitored by TLC
developed with dichloromethane, and the plates were
visualized under UV light and subsequently sprayed with
acidic vanillin solution, followed by heating. Aliquots of
eluent with same component checked by TLC were combined
together to form one fraction. Seven major fractions were
obtained after the first chromatographing of the crude
distilled oil (62g): I(11.31g), I1(20.6g), III(0.48g),
IV(18.03g), V(3.45g), VI(5.08g), VII(1.13g).

Fraction I was found to mainly contain valencene and
nootkatene and a trace of methyl carvacrol by GC. This
fraction was not studied further.

Fraction II was highly pure carvacrol checked by GC.

Fraction III was a mixture of trace components by
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comparing its chromatogram to that of the crude oil in GC.
This fraction was also discarded.

Fraction IV showed two main spots on TLC plate
developed by dichloromethane, one visible under UV light

and the other only after being sprayed with acidic vanillin
solution, followed by heating. Their Rf values were 0.29
and 0.42, respectively. This fraction was analyzed by GC
and found to consist of nootkatone (Rf 0.29) and one
unknown compound (unknown compound 1, Rf 0.42). A portion
of this fraction (5g) was rechromatographed twice over a
Kieselgel column (5x45cm) with dichloromethane as mobile
phase and yielded the two pure compounds, nootkatone
(1.55g) and unknown compound 1 (0.68g).

Fraction V was still a mixture, which contained small
amount of almost every component in the crude oil. This
fraction was not further studied.

Fraction VI checked by GC and TLC was found to contain
one main compound (Rf 0.43 in hexane/ethyl acetate 70/30
v/v). Unknown compound 2

(8mg) was yielded from one portion

of this fraction (30mg) after preparative HPLC procedures.

Fraction VII contained highly pure unknown compound 2
checked by GC.

Isolation from the diethyl ether extract
The diethyl ether extract (2.5g) was chromatographed
on a Silica gel column (5x44cm) with diethyl ether and
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Crude Essential oil (62g)

CC, Kieselgel 60

Hexane/diethyl ether

V

VII

VI

unknown compound 2

Carvacrol

(Nootkatol)

Preparativ HPLC
CC,

Kieselgel 60
CH2C12

Unknown compound 2
(Nootkatol)

Unknown

Nootkatone

compound 1
(Eremophil-1(10),11-dien-13-ol)

Diethyl ether extract (2.5g)

CC, Kieselgel 60
CH2C12/ Diethyl ether (90:10-100%)

1

Fraction 1

1

Fraction 3
Fraction 2
Unknown compound 3
(1(10)-Eremophilen-11,12-epoxide)

Figure 4. Separation of components of the heartwood
essential oil
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dichloromethane as the gradient solvent system from 90:10
(dichloromethane:diethyl ether, v/v) to 100% diethyl ether
(In figure 4). Another unknown compound (197mg) was

obtained as fraction 2(unknown compound 3). Other fractions
are not studied further since they contained the same
components as in the steam distillation oil.

Spectroscopic Data for Isolated Compounds
Unknown compound 1 (Eremophi1-1(10),11-dien-13-01).

Pale yellowish oil. MW=220. High Resolution MS revealed
mass (220.18271) and formula (Ci5H240). Ci5H240 requires

220.18272.

[c6589+61.9

(C 2.26 in chloroform). Rf 0.42 (in

dichloromethane). MS (70ev), m/z 220([M] 100), 202(40),
189(81), 161(77), 105(67), 91(65), 79(54). 13C NMR (ppm):

154.5, 143.2, 120.8, 108.3, 65.7, 45.8, 41.3, 38.3, 37.1,
34.0, 33.1, 27.5, 26.3, 18.8, 16.0. 11-1 NMR(8): 0.87(3H, d,

J=6 Hz), 0.95(3H, s), 1.01(1H, d, J=12.6 Hz), 1.21(1H, dd,
J=4.1, 13.3 Hz), 1.41(3H, m), 1.82(1H, m), 1.93(1H, m),
2.01(2H, m), 2.09(1H, td, J=13.4, 3.4 Hz), 2.31(2H, m),

4.12(2H, s), 4.88(1H, s), 5.02(1H, s), 5.33(1H, t, J=2.4
Hz), 7.26,

(1H, s).

Nootkatone. Pale yellowish oil. MW=218, Ci5H220.
[a]580-152 (1.51 in chloroform). Rf 0.29(in

dichloromethane). 13C NMR (ppm): 199.7, 170.6, 149.0, 124.6,

109.2, 43.9, 42.0, 40.4, 40.3, 39.3, 33.0, 31.6, 20.8,
16.8, 14.8. 114 NMR(8): 5.77(1H, s), 4.74(2H), d), 1.74(3H,

s), 1.13(3H, s), 0.97(3H, s).

Unknown compound 2 (Nootkatol). Colorless oil. MW=220.
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High Resolution MS revealed mass (220.18165) and formula
(Ci5H240). Ci5H240 requires 220.18272.

[a]589+41.3

(C 1.52 in

chloroform). Rf 0.43(in hexane/ethyl acetate), 0.4(in
hexane/diethyl ether 50:50 v/v), 0.74(in

dichloromethane/diethyl ether 50:50 v/v). MS (70ev), m/z
220([M1 100), 203(21), 187(4), 177(60), 162(6), 138(13),
121(20), 107(21), 93(22), 81(16), 67(13). 13C NMR (ppm):

150.6, 146.5, 124.7, 108.9, 68.4, 45.0, 41.2, 39.7, 38.6,
37.6, 33.3, 32.8, 21.2, 18.6, 15.8. 111 NMR(8): 0.89(3H, d,

J=6.9 Hz), 0.95(1H, m, J=2.7 Hz), 0.99(3H, s), 1.20(1H, dm,

J=4.3 Hz), 1.37(1H, td, J=12.4, 10.0 Hz), 1.51(1H, br d,
J=2.1 Hz), 1.71(3H, s), 1.76(1H, td, J=2.0, 6.5 Hz),
1.79(1H, dd, J=2.0, 4.5), 1.85(1H, dd, J=12.6,

2.7 Hz),

2.1(1H, ddd, J=14.1, 4.2, 2.6 Hz), 2.25(1H, tt, J=12.4, 3.0

Hz), 2.33(1H, m), 4.25(1H, m), 4.68(2H, br s), 5.32(1H, d,
J=1.6 Hz).

Unknown compound 3 (1(10)-Eremophilen-11,12-epoxide).

Dark yellow oil. MW=220. High Resolution MS revealed mass
(220.18280) and formula (Ci5H240). Ci5H240 requires 220.18272.
[0(]589+58.5

(C 1.17 in chloroform). Rf 0.36(in

dichloromethane/diethyl ether 50:50 v/v). MS (70ev), m/z

220(PM1 85), 189(74), 178(6), 161(100), 135(41), 121(25),
107(38), 81(42), 75(44). 13C NMR (ppm): 143.4, 120.5, 75.0,

69.0, 41.5, 40.4, 39.9, 38.1, 32.9, 29.6, 27.6, 26.3, 20.4,
18.8, 16.1. 111 NMR(8): 0.86(1H, m), 0.89(3H, d, J=6.27 Hz),

0.93(3H, s), 1.00(1H, dd, J=4.7, 13.2 Hz), 1.07(3H, s),
1.42(3H, m), 1.71(1H, ddd, J=2.6, 4.7, 12.2 Hz), 1.84(1H,
tt, J=3.0, 12.6 Hz), 1.98(3H, m), 2.07(1H, ddd, J=2.6, 4.2,
14.1 Hz), 2.27(1H, m), 3.43(1H, d, J=10.14 Hz), 3.59(1H, d,
J=11.28 Hz), 5.32(1H, t, J=2.5 Hz).
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RESULTS AND DISCUSSION

The Essential Oils by Steam Distillation

Extraction of the crude oil
26 grams of essential oil was obtained from 1.5kg air
dried heartwood chips by steam distillation for 12 hours,
affording a 1.73% yield of essential oil.

The gas chromatogram of the crude essential oil is
shown in figure 5. These peaks were also identified by GCMS for previously known compounds. The relative percentages
of the major components in the oil were summarized in table
2 according to GC. The chromatogram showed that the most
abundant constituents of the oil were carvacrol,

nootkatene, and nootkatone. Besides nootkatin obtained
during the steam distillation, those major constituents
inevitably provoked interests of previous researchers with
respect to the particular properties of Alaska cedar.

Nevertheless, the GC analysis done here and for the first
time on this essential oil showed several unidentified
compounds. The crude oil was therefore subjected to
subsequent column chromatography in order to isolate the
major unknown peaks shown in GC.

Fractionation and isolation
The solvent composition was chosen by TLC prior to
fractionation of the oil by column chromatography in order
to isolate each target component effectively and
efficiently. Three solvent systems were applied
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ie.:37

15.817

16.413
12.085

25.26
6. 6:17

Figure 5. Gas Chromatogram of the crude oil by
steam distillation.

26

Percentage

Retention Time

Compounds in Oil
in Oil

(%)

(min)

4-Terpineol

2.08

8.4

Methyl carvacrol

1.33

9.4

Carvacrol

35.37

10.8

Valencene

1.5

16.4

Nootkatene

20.08

17.1

Unknown 2

5.20

23.5

Unknown 1

6.347

25.3

Nootkatone

17.39

26.6

Table 2. Relative percentages of major components
shown in GC scan shown in figure 5.
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to TLC analyses of the crude oil: dichloromethane,

hexane/diethyl ether (50:50 v/v), and hexane/ethyl acetate
(70:30 v/v). TLC with each solvent showed six main spots,

but hexane/diethyl ether displayed the best separation.
With this solvent composition, the RF values for each spot
were: 3.4, 3.95, 4.75, 6.1, 6.6 and 7.0, respectively.
Therefore, hexane/diethyl ether was chosen as the mobile
phase for gradient elution on Silica gel column
chromatography and thus seven fractions were obtained. Each
fraction was analyzed by both TLC and GC. The results
indicated that fraction I mainly contained valencene and
nootkatene and a trace of methyl carvacrol. Fraction II
contained significant amounts of carvacrol as shown in
Figure 4 and Table 3. Those fractions which only contained
previously known compounds were disregarded since they are
now all commercially available except for nootkatene.

Fractions

Weight

% in total

(g)

(62g oil)

Main Components
Valence,nootkatene,

I

11.31

18.2

Carvacrol

20.6

33.2

Mixture

0.48

0.77

IV

Unknown 1,nootkatone

18.03

29.1

V

Mixture

3.45

5.6

VI

Unknown 2, others

5.08

8.2

Unknown 2

1.13

1.8

methyl carcacrol
II

III

VII

Table 3. Fractionation of first chromatography of
crude oil
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Fraction IV was rechromatographed repeatedly over
another Silica gel column with dichloromethane as the
mobile phase and yielded pure unknown compound 1(Eremophil1(10),11-dien-13-ol) and nootkatone. Fraction VI was
purified by HPLC, affording a pure compound, unknown 2
(nootkatol).

Each pure compound thus isolated was studied further
for structure information using spectroscopic methods.

Structure determination of isolated compounds
Unknown compound 1.

(Eremophil-1(10),11-dien-13-ol)

Figure 6. Structure of unknown compound 1
(Eremophil-1(10),11-dien-13-ol)
EIMS of this compound exhibited a strong De molecular

ion peak at m/z 220 indicating that the molecular weight
was 220. High resolution MS indicated that the molecular
formula was Ci5H240 since it gave m/z 220.18271 and Ci5H240

requires 220.18272. IH and I3C NMR assignments are

summarized in Table

4.

The I3C NMR shows signals of 15

carbons at 154.5, 143.2, 120.8, 108.3, 65.7, 45.8, 41.3,
38.3, 37.1, 34.0, 33.1, 27.5, 26.3, 18.8, and 16.0 ppm,
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indicating 4 signals in the resonance region of double
bonds and one signal for the carbon connected to a hydroxyl
group. Comparing to 3-3C NMR of valencene and other related

eremophilane compounds (Shown in Table 5), those data
displayed very similar patterns, indicating that the
unknown compound has the same skeleton as valencene and
belong to the eremophilane group. DEPT 90° and 135°

experiments confirmed the presence of three quaternary
carbons (154.5, 143.2, 38.3 ppm), three methine carbons
(120.8, 41.3, 37.1 ppm), seven methene carbons (108.3,

65.7, 45.8, 34.0, 33.1, 27.5, and 26.3 ppm), and two methyl
carbons (18.8 and 16.0 ppm). Those data obviously confirmed
the assignments: C-1, 120.8; C-12, 108.3; C-13, 65.7; C-5,

38.3; C-10 or C-11, 154.5 or 143.2; C-14 or C-15, 18.8 or
16.0 ppm. 114 spectrum showed such characteristic chemical

shifts for the protons in the double bonds as H-1 at
5.33(t), H-12 at 5.02(s) and 4.88(s), and H-13 at 4.12(s),

and that was also confirmed by HSQC (Heteronulear Single
Quantum Coherence), in which 111-13C one bond correlation is

observed. Furthermore, one singlet at 0.95 ppm and one
doublet (J= 6Hz) at 0.87 ppm shown in 1H spectrum also
suggests the presence of a secondary methyl group (C-15)

and a tertiary methyl group (C-14). HMBC (Heteronuclear
Multiple Bond Correlation) shows 1H-13C long-range

correlations. The correlations of C-11/H-13 and C-10/H14
were observed from the HMBC spectrum, indicating that C-11
had a resonance signal at 154.5 ppm and the methyl group at
C-14 had a single proton signal at 0.95 ppm. Therefore, the
two methyl groups at C-14 and C-15 had the 13C signal at

18.8 and 16.0 ppm, respectively, according to HSQC
spectrum. HMBC spectrum also showed the correlation of
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Table 4. IH and 13C NMR assignments for unknown
compound 1 (Eremophil- 1 (10) 11-dien- 13 -ol )
,

Carbon

13C (ppm)

1

120.8

5.33, 1H, t, J=2.4 Hz

2

26.3

2.01, 2H, m

3

27.5

4

41.3

5

38.3

6

45.8

1H (ppm)

1.41, 3H, m

a) 1.01, 1H, d, J=12.6 Hz

b) 1.93, 1H, m
7

37.1

8

33.1

2.31, 1H, m
a) 2.09, 1H, td, J=13.4, 3.4Hz

b) 2.31, 1H, m
a) 1.82, 1H, m

9

34.0
b) 1.21, 1H, dd, J=4.1, 13.3 Hz

10

143.2

11

154.5

12

108.3

a) 5.02, 1H, s

b) 4.88, 1H, s

13

65.7

4.12, 2H, s

14

18.8

0.95, 3H, s

15

16.0

0.87, 3H, d, J=6.0 Hz
-OH, 7.26, s

31

Table 5.13C NMR for some eremophilane compounds
HO

1. Valencene 2. Nootkatone 3. Nootkatol

Carbon

la

2b

3b

4. Epinootkatol

4c

1

120.19

124.6

124.4

121.73

2

26.04

199.9

67.5

64.37

3

27.39

42.0

36.8

36.21

4

41.21

40.4

40.6

34.98 d

5

37.92

39.6

37.9

38.32

6

45.17

43.8

44.4

44.60j

7

41.13

40.2

39.1

40.72

8

32.91

31.5

32.1

32.62

9

33.31

33.0

32.7

32.54'

10

142.96

170.9

149.9

150.13

11

150.22

149.0

145.2

148.55

12

108.50

109.2

108.4

108.71

13

20.84

20.8

20.6

20.79 d

14

18.44

16.8

18.0

16.8

15

15.69

14.9

15.2

15.21

From reference 59.
From reference 60.

From reference 61 (Called nootkatol by authors).
Carbon 4,6,9,13 switched from original assignments.
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Table 6. 1H-13C long range correlations observed in HMBC
spectrum of unknown compound 1 (Eremophil-1(10),11-dien-13ol)

"C (ppm)

1H (ppm)

0.87 (H-15)

27.5 (C-3), 38.3(C-5), 41.3(C-4)

0.95 (H-14)

38.3(C-5), 41.3(C-4), 45.8(C-6), 143.2(C-10)

1.01(H-6a)

18.8(C-14), 38.3(C-5)

4.12(H-13)

37.1(C-7), 108.3(C-12), 154.5(C-11)

5.02(H-12a)

37.1(C-7), 65.7(C-13)

4.88(H-12b)

37.1(C-7), 65.7(C-13)

Table 7. 1H-13C one bond correlations observed in HSQC
spectrum of unknown compound 1 (Eremophil-1(10),11-dien-13ol)

13C (ppm)

1H (ppm)

13C (ppm)

1H (ppm)

16.0(C-15)

0.87

37.1(C-7)

2.31

18.8(C-14)

0.95

41.3(C-4)

1.41

26.3(C-2)

2.01

45.8(C-6)

1.01, 1.93

27.5(C-3)

1.41

65.7(C-13)

4.12

33.1(C-8)

2.09, 2.31

108.3(C-12)

4.88, 5.02

34.0(C-9)

1.82, 1.21

120.8(C-1)

5.33
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Table 8. Correlations observed in 11-1-III COSY spectrum of

unknown compound 1 (Eremophil-1(10),11-dien-13-ol)

1H (ppm)

1H (ppm)

0.87 (H-15)

1.41(H-4)

1.01 (H-6a)

1.93(H-6b), 2.31(H-7)

1.21(H-9b)

1.82(H-9a), 2.09(H-8a), 2.31(H-7 /H-8b)

1.41(H-3/H-4)

0.87(H-15), 2.01(H-2)

1.82(H-9a)

1.21(H-9b), 2.09(H-8a), 2.31(H-7/H-8b)

1.93(H-6b)

1.01(H-6a), 2.31(H-7/H-8b)

2.01(H-2)

1.41(H-3/H-4), 5.33(H-1)

2.09(H-8a)

1.21(H-9b), 1.82(H-9a), 2.31(H-7/H-8b)

2. 31(H-7/H -8b ))

1.01(H-6a), 1.21(H-9b), 1.82(H-9a), 1.93(H6b), 2.09(H-8a)

4.12(H-13)

4.88(H-12b), 5.02(H-12a)

4.88(H-12b)

4.12(H-13), 5.02(H-12a)

5.02(H-12a)

4.12(H-13), 4.88(H-12b)
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methyl hydrogens at C-14 to C-5, and methyl hydrogens at C15 to C-4.

The proton signal at 4.12ppm (H-13) had a correlation
with three carbon signals at 37.1, 108.3, 154.5ppm from
HMBC spectrum, indicating that C-7 had an assignment at
37.1ppm since C-11 and C-12 had chemical shifts at 154.5
and 108.3ppm, respectively. The proton signal at 0.87ppm
(H-15) had a correlation with three carbon signals at 27.5,

38.3, 41.3ppm from HMBC spectrum, indicating that C-3 had
an assignment at 27.5ppm since C-4 shifted at 41.3ppm and
C-5 at 38.3ppm. Long range connection between the proton at
0.95ppm (H-14) and C-4, C-5, C6, C-10 also can be seen from
HMBC spectrum, and thus the C-6 signal was assigned to the
chemical shift at 45.8ppm.

The remaining assignments for carbons (C-2, C-8 and C9) and protons given in Table 4 are based on all NMR
spectra, and especially, those assignments all agree with
the COSY (Correlated Spectroscopy) spectrum, which shows
the coupling relationships between correlated protons.

Stereochemistry shown by difference Nuclear Overhauser
Effect (NOE) indicates H-7 and the methyl group at C-14 is
on the same side of ring. An enhancement (3.15%) at H-14
(0.95ppm) is observed upon irradiation of H-7 at 2.31ppm

and hence the isopropen-2-ol group is at equatorial
position.

Nootkatone. Eremophil-1(10),11-dien-2-one
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This is a compound previously known in Alaska cedar
heartwood. In this work, it was identified by GC and GC-MS.
In addition, IH and 13C NMR spectra and [a]p agree with that

reported in literature [60]. Therefore, its structural
elucidation was not further investigated.

Unknown Compound 2. Nootkatol.(Eremophil-1(10),11dien-2-ol)

HO .......

Figure 7. Structure of nootkatol

EIMS of this compound exhibited a strong M+ molecular

ion peak at m/z 220 indicating that the molecular weight
was 220. High resolution MS indicated that the molecular
formula was Ci5H240 since it gave m/z 220.18165 and Ci5H240

requires 220.18272. IH and 13C NMR assignments are

summarized in Table 9. The 13C NMR showed signals of 15

carbons at 150.6, 146.5, 124.7, 108.9, 68.4, 45.0, 41.2,
39.7, 38.6, 37.6, 33.3, 32.8, 21.2, 18.6, and 15.8 ppm,

indicating 4 signals in the resonance region of double
bonds and one signal for the carbon connected to a hydroxyl
group. Those data were in total agreement with the chemical
shifts for nootkatol reported previously (Table 10). DEPT
90° and 135° experiments confirmed the presence of three

quaternary carbons (150.6, 146.5, 38.6 ppm), four methane
carbons (124.7, 68.4, 41.2, 39.7 ppm), five methene carbons
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Table 9. 11-1 and 13C NMR assignments for nootkatol

HO,

Carbon

13C

1

124.7

5.32, 1H, d, J=1.6 Hz

2

68.4

4.25, 1H, m

3

37.6

1H

a) 1.76, 1H, td, J=2.0, 6.5 Hz

b) 1.37, 1H, td, J=12.4, 10.0 Hz
4

39.7

5

38.6

6

45.0

1.51, 1H, br d, J=2.1 Hz

a) 1.85, 1H, dd, J=12.6, 2.7 Hz
b) 0.95, 1H, m, J=2.7 Hz
7

41.2

8

32.8

2.25, 1H, tt, J=12.4, 3.0 Hz
a) 2.33, 1H, m

b) 2.1, 1H, ddd, J=14.1,4.2, 2.6 Hz
a) 1.79, 1H, dd, J=2.0, 4.5 Hz

9

33.3

b) 1.20, 1H, dm, J=4.3 Hz
10

146.5

11

150.6

12

108.9

4.68, 2H, br s

13

21.2

1.71, 3H, s

14

18.6

0.99, 3H, s

15

15.8

0.89, 3H, d, J=6.9 Hz
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Table 10. Comparison of 13C NR data for nootkatol from
Alaska cedar to those established values from literature

Carbon

a

b

c

d

1

124.7

124.4

121.73

121.73

2

68.4

67.5

64.37

64.37

3

37.6

36.8

36.21

36.21

4

39.7

40.6

34.98

20.79

5

38.6

37.9

38.32

38.32

6

45.0

44.4

44.60

32.54

7

41.2

39.1

40.72

40.72

8

32.8

32.1

32.62

32.62

9

33.3

32.7

32.54

44.60

10

146.5

145.2

148.55

150.13

11

150.6

149.9

150.13

148.55

12

108.9

108.4

108.71

108.71

13

21.2

20.6

20.79

34.98

14

18.6

18.0

16.8

16.83

15

15.8

15.2

15.21

15.21

Nootkatol from Alaska cedar.
Nootkatol from reference 60 (C-10 and C-11 switched from
original assignments).
Epinootkatol from reference 61 (Called Nootkatol by
authors), carbon 4,6,9,10,11,13 switched from original
assignments.
Original assignments for epinootkatol from reference 61
(called Nootkatol by authors).
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Table 11. 1H-13C long range correlations observed in HMBC
spectrum of nootkatol

/3C (ppm)

11-1(ppn)

0.89(H-15)

37.6 (C-3), 38.6(C-5), 39.7(C-4)

0.95(H-6b)

38.6(C-5), 41.2(C-7)

0.99(H-14)

38.6(C-5), 39.7(C-4), 45.0(C-6), 146.5(C-10)

1.71(H-13)

41.2(C-7), 108.9(C-12), 150.6(C-11)

4.68(H-12)

21.2(C-13), 41.2(C-7)

Table 12. 1H-13C one bond correlations observed in HSQC
spectrum of nootkatol

13C (ppm)

1H (ppm)

13C (ppm)

1H (ppm)

15.8(C-15)

0.89

39.7(C-4)

1.51

18.6(C-14)

0.99

41.2(C-7)

2.25

21.2(C-13)

1.71

45.0(C-6)

0.95, 1.85

32.8(C-8)

2.1, 2.33

68.4(C-2)

4.25

33.3(C-9)

1.20, 1.79

108.9(C-12)

4.68

37.6(C-3)

1.37, 1.76

124.7(C-1)

5.32
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Table 13. Correlations observed in 111-111 COSY spectrum of
nootkatol

1H (ppm)

1H (ppm)

0.89 (H-15)

1.51(H-4)

0.95 (H-6b)

1.85(H-6a), 2.25(H-7)

1.20(H-9b)

1.79(H-9a), 2.1(H-8b), 2.33(H-8a)

1.37(H-3b)

1.51(H-4), 1.76(H-3a), 4.25(H-2)

1.51(H-4)

0.89(H-15), 1.37(H-3b)

1.76(H-3a)

1.37(H-3b), 4.25(H-2)

1.79(H-9a)

1.20(H-9b)

1.85(H-6a)

0.95 (H-6b)

2.09(H-8b)

1.20(H-9b), 2.33(H-8a)

2.25(H-7)

0.95(H-6b)

2.33(H-8a)

1.20(H-9b), 2.09(H-8b)

4.25(H-2)

1.37(H-3b), 1.76(H-3a), 5.32(H-1)

5.32(H-1)

4.25(H-2)
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(108.9, 45.0, 37.6, 33.3, and 32.8 ppm), and three methyl

carbons (21.2, 18.6 and 15.8 ppm). Those data obviously
confirmed the assignments: C-1, 124.7; C-2, 68.4; C-12,
108.9; C-5, 38.6; C-10 or C-11, 150.6 or 146.5; C-13, C-14,
C-15, 21.2, 18.6, 15.8 ppm.

111 spectrum showed such

characteristic chemical shifts for the protons as H-1 in
the double bonds at 5.32(t), H-2 at 4.25(m), H-12 in the
double bonds at 4.68(m), and three methyl groups'

protons(H-13 at 1.71(s), H-14 at 0.99(s), and H-15 at
0.89(d, J=6.9Hz)). H-13 was downshifted a little, when
compared to other protons at methyl groups, because it was
adjacent to a double bond. Hence, C-13, C-14 and C-15 had
chemical shifts at 21.2, 18.6 and 15.8ppm, respectively,
since the heteronuclear shift correlations of those protons
were observed from the HSQC spectrum. Moreover,
correlations between H-13 and three carbons (41.2, 150.6,

108.9ppm) were observed from HMBC spectrum, giving the
assignments for C-11 at 150.6ppm and C-7 at 41.2ppm. This
was also confirmed by the correlation between C-7 and H-12
observed from HMBC spectrum. Hence, the remaining methine
carbon (C-4) was assigned to the peak at 39.7ppm and the C10 signal to 146.5ppm. Long range correlations between the
proton at 0.99ppm (H-14) and C-4, C-5, C-6, C-10 also were
observed from HMBC spectrum, and thus C-6 signal was
assigned to 45.0ppm. On the other hand, the correlations
between H-15 and C-3, C-4, C5 were seen from HMBC spectrum,
supporting assignment of C-3 to the signal at 37.6ppm.

The remaining carbons C-8 and C-9 gave signals at 32.8
and 33.3ppm, respectively. Hence, from HSQC spectrum, the
protons bonded to those two carbons had chemical shifts
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shown in Table 9. Those assignments were further confirmed
by a COSY spectrum.

The proton chemical shifts were in total agreement

with the data of the a-alcohol, in which the hydroxyl group
was at a position, reported by Davies et al in 1989 [62].

They stated that the two isomers (a and p alcohols) could
readily be distinguished by 111 NMR spectroscopy. In a

alcohol, H-1 and H-2 gave signals at 5.33 and 4.25ppm,
respectively, whereas in p alcohol H-1 and H-2 gave signals
at 5.49 and 4.05ppm, respectively. Table 14 shows the
comparison of

11-1 NMR

data of the two isomers.

Table 14. Comparison of 11-1 NMR data for a and p isomers (All
data in CDC13) (Adapted from reference 62)

HO.,,

HO

a alcohol(nootkatol)

Carbon

6 (a alcohol)

p alcohol

6 (p alcohol)

5.33, 1H, d, J=1.65 Hz

5.49, 1H, d J=1.51Hz

2

4.25, 1H, m

4.05, 1H, m

12

4.68, 2H, br

13

1.71, 3H, s

1.70, 3H, s

14

0.99, 3H, s

0.89, 3H, s

15

0.89, 3H, d, J=6.88Hz

0.88, 3H, d, J=5.78Hz

1

s

4.68, 2H, br

s
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The Diethyl Ether Extract

Extraction of the crude oil
In contrast to the essential oil, 200 grams of

heartwood chips yielded 2.175 grams of ether extracts after
exhaustive extraction with diethyl ether, which was 1.1 %
of the original heartwood (air dried basis).

The principle approaches to obtain essential oils from
plants are steam distillation, solvent extraction, and
expression. Most expression oils are obtained from soft
issues such as fruit peels. Steam distillation probably is

the most common way to obtain most volatile principles for
its simplicity and cheapness. However, composition of the
oil obtained by solvent extraction could differ
significantly from the distilled oil since solvent
extraction removes both volatile and non-volatile
constituents, or because some components may be changed
during the heating process. Figure 8 showed composition of
the oils obtained from solvent extraction (diethyl ether).
Comparing with the steam distillation oil (Figure 5), those
two chromatograms displayed almost the same fingerprint
except that another compound whose retention time in GC was
at 30.2 min was absent in the distilled oil chromatogram.
That suggested that this compound probably was not stable
during the distillation process. Hence, the extract was
subjected to column chromatography for isolation of this
unknown compound.
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Figure 8. Gas chromatogram of diethyl ether extract
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Fractionation and isolation of compounds
Dichloromethane/diethyl ether was chosen for the
gradient mobile phase on column chromatography since this
solvent system showed the best separation on TLC plates.
The Rf value of unknown compound 3

(1(10)-Eremophilen-

11,12-epoxide) in dichloromethane/diethyl ether (50/50,v/v)

was 0.36. This compound was obtained from a Silica gel
column chromatography of the extract and other components
were not studied further.

Structure Determination of Isolated Compounds
Unknown compound 3.

(1(10)-Eremophilen-11,12-epoxide)

Figure 9. Structure of unknown compound 3
(1(10)-Eremophilen-11,12-epoxide)

EIMS of this compound exhibited a strong M molecular
ion peak at m/z 220 indicating that the molecular weight
was 220. High resolution MS indicated that the molecular
formula was C15H240 since it gave m/z 220.18280 and C15H240

requires 220.18272.

11-1 and

13C NMR assignments are

summarized in Table 15. The abinitio

NMR

molecular orbital

calculations carried out at CSGT-B3LYP/6-31G*//HF/6-31G*
are listed in Table 16 for comparison [63]. The 13C NMR
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Table 15. 11-1 and 13C NMR assignments for unknown compound 3
(1(10)-Eremophilen-11,12-epoxide.

Carbon

"C

1

120.5

5.32, 1H, t, J=2.5 Hz

2

26.3

1.98, 2H, m

3

27.6

4

41.5

5

38.1

6

39.9

1H

1.42, 3H, m

a) 1.98, 1H, m

b) 0.86, 1H, m
7

40.4

8

29.6

1.84, 1H, tt, J=3.0, 12.6 Hz

a) 1.71, 1H, ddd, J=2.6, 4.7, 12.2 Hz
b) 1.00, 1H, dd, J=4.7, 13.2 Hz
a) 2.07, 1H, ddd, J=2.6, 4.2, 14.1 Hz
9

32.9

10

143.4

11

75.1

12

69.0

b) 2.27, 1H, m

a) 3.59, 1H, d, J=11.3 Hz

b) 3.43, 1H, d, J=10.1 Hz
13

20.4

1.07, 3H, s

14

18.8

0.93, 3H, s

15

16.1

0.89, 3H, d, J=6.27 Hz

46

Table 16. Comparison of 13C NMR experimental data to
calculated data for two epimers at 7 position

Carbon

1

2

3

1

120.5

115.3

115.4

2

26.3

25.5

25.4

3

27.6

26.3

26.2

4

41.5

40.4

43.4

5

38.1

38.6

36.9

6

39.9

39.6

39.3

7

40.4

34.8

40

8

29.6

28.6

28

9

32.9

32.1

30.3

10

143.4

134.3

135.2

11

75.1

53.4

54.1

12

69.0

44.8

49.6

13

20.4

20.4

19.1

14

18.8

17.8

21.2

15

16.1

15.2

14.9

Experimental data for the epoxide
Calculated data for the epoxide
Calculated data for the epimer (at 7 position)
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Table 17. 1H-13C long range correlations observed in HMBC
spectrum of unknown compound 3 (1(10)-Eremophilen-11,12epoxide)

1H (ppm)

13C (ppm)

0.89 (H-15)

27.6(C-3), 38.1(C-5), 41.5(C-4)

0.93 (H-14)

38.1(C-5), 41.5(C-4), 39.9(C-6), 143.4(C-10)

1.07(H-13)

40.4(C-7), 69.0(C-12), 75.1(C-11)

Table 18. 1H-13C one bond correlations observed in HSQC
spectrum of unknown compound 3 (1(10)-Eremophilen-11,12epoxide)

13(24mno

1H (ppm)

13C (ppm)

1H (ppm)

16.1(C-15)

0.89

32.9(C-9)

2.07, 2.27

18.8(C-14)

0.93

39.9(C-6)

0.86, 1.98

20.4(C-13)

1.07

40.4(C-7)

1.84

26.3(C-2)

1.98

41.5(C-4)

1.42

27.6(C-3)

1.42

69.0(C-12)

3.43, 3.59

29.6(C-8)

1.00, 1.71

120.5(C-1)

5.32

48

Table 19. Correlations observed in 11-1-311 COSY spectrum of
(1(10)-Eremophilen-11,12-epoxide)

unknown compound 3

1H (ppm)

1H (ppm)

0.86(H-6b)

1.84(H-7)

0.89 (H-15)

1.42(H-3/H-4)

1.00 (H-9b)

1.71(H-9a)

1.42(H-3/H-4)

0.89(H-15), 1.98(H-2/H-6a)

1.71(H-9a)

1.00(H-9b)

1.84(H-7)

0.86(H-6b)

1.98(H-2/H-6a)

0.86(H-6b), 1.42(H-3/H-4), 5.32(H-1)

2.07(H-8a)

2.27(H-8b)

2.27(H-8b)

2.07(H-8a)

3.43(H-12b)

3.59(H-12a)

3.59(H-12a)

3.43(H-12b)

5.32(H-1)

1.98(H-2/H-6a)
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shows signals of 15 carbons at 143.4, 120.5, 75.1, 69.0,
41.5, 40.4, 39.9, 38.1, 32.9, 29.6, 27.6, 26.3, 20.4, 18.8,
and 16.1 ppm, indicating the existence of one double bond
and two carbons connected to oxygen. Comparing to 13C NMR of

valencene and other related eremophilane compounds (Shown
in Table 5), those data displayed very similar ring
patterns, indicating that the unknown might have the same
ring skeleton as valencene except for the isopropenyl
substitute. DEPT 90° and 135° experiments confirmed the

presence of three quaternary carbons (143.4, 75.1, 38.1
ppm), three methine carbons (120.5, 41.5, 40.4 ppm), six
methene carbons (69.0, 39.9, 32.9, 29.6, 27.6, and 26.3
ppm), and three methyl carbons (20.4, 18.8 and 16.1 ppm).
Those data obviously confirmed the assignments: C-10,
143.4; C-11, 75.1; C-5, 38.1; C-1, 120.5; C-12, 69.0 ppm. 1H

spectrum showed characteristic chemical shifts of one
proton in the double bond (H-1 at 5.32(t)) and two protons
correlated to oxygen (H-12a at 3.59(d) and H-12b at
3.43(d)), that was also confirmed by HSQC. Also from HSQC
spectrum, three groups of protons (1.07(s), 0.93(s),

0.89(d, J=6.27)) were seen to be correlated to the three
methyl carbons respectively, indicating C-15 shifts at
16.1ppm. Moreover, in HMBC spectrum the signals at
1.07ppm(H-13) and 0.93ppm(H-14) were correlated to C-11 and
C-5, respectively, confirming that C-13 gives signal at
20.4 and C-14 at 18.8 ppm.

Protons bonded to C-15 were seen to correlated to
three carbons (27.6, 41.5, 38.1ppm) from HMBC spectrum,

giving assignments of the methine carbon C-4 at 41.5ppm and
methene carbon C-3 at 27.6ppm. The similar correlationships
between H-14 and four carbons (C-4, C-5, C-6, C-10) were
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observed from HMBC spectrum, confirming that C-6 had a
chemical signal at 39.9 ppm. The only remaining methine
carbon signal at 40.4 ppm should be assigned to C-7.

The remaining carbons (C-2, C-8, C-9) are given the

assignments at 26.3, 29.6 and 32.9ppm, respectively, based
on all NMR spectra. Hence, the assignments for protons
bonded to those carbons are given in Table 15, which was
confirmed from the correlations shown between protons in a
COSY spectrum.

Remarks on Isolated Compounds

Besides valencene, nootkatone and nootkatene which
were previously known constituents in the heartwood of
Alaska cedar, all the isolated unknown compounds have the
same ring skeleton. They all belong to the eremophilane
familly. Eremophilane group is an important biologically

active type among the sesquiterpenoids. G. Bunkers et al in
1989 studied the structure-activity relationships of

different eremophilanes and found that the activity
appeared to be dependent on degree of oxidation of the
eremophilane ring system [64]. It seems that eremophilanes

play an important role in the whole defensive system of the
Alaska cedar tree.

Nootkatol is defined by the structure shown on page 35
figure 7. It has been given the American Chemical Society
Registry number 50763-67-2 and on the electronic version of
Chemical Abstracts it has references back to 1973 [65].
This structure and name are also listed in the following
databases in addition to Chemical Abstracts: CAPLUS,
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BEILSTEIN, BIOBUSINESS, BIOSIS, CASREACT, IPA, NAPRALERT,

TOXLINE, TOXLIT and USPATFULL. Authors who have assigned
other names to nootkatol, such as epinootkatol, in latter
years are in error. Nootkatol also was early recorded as
the reductive product of nootkatone with sodium bis(2methoxyethoxy) aluminium hydride by Konst

et al

in 1975

[39] and at the same year a compound with the same

structure was also obtained by reduction of nootkatone with
lithium aluminum by Shaffer

et al [66].

An epimer was also

obtained and named epinootkatol, in which the hydroxyl
group is in a p position. Besides, synthetic studies
involving those compounds were carried out by others
[50,60,61,67]. However, the nomenclature about nootkatol

and epinootkatol has been confused by some [50,61]. Arantes

et al

[60] in 1999 confirmed that the hydroxyl group in

nootkatol was in an a position by NOE experiment.
Irradiation of H-2 signal (4.25ppm) gave a 2.6% enhancement
of H-4 (1.51ppm) signal, indicating that H-2 and H-4 lie on
the same side of the molecule. The Japanese researchers
have mistakenly used the name nootkatol for their isolated
compound from the oriental plant

Alpinia

oxyphylla. Indeed,

the compound they isolated was epinootkatol or called
nootkanol, which they found to possess analgesic,
antiarrhythmic and high Ca-antagonic effects and to be as
vasodilator [61,68]. The reductive compound which Mitsuo
Miyazawa et al in 2000 [50] named epinootkatol displayed
the same 13C data as nootkatol shown in table 5 except that

some assignments might be switched. The existence of
nootkanol in the same plant was also confirmed by Chinese
researchers recently [69]. Nootkatol has been found in
orange

oil(Citrus temple) [70].

However, this is the first
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report of nootkatol in Alaska cedar heartwood. Mitsuo
Miyazawa

et al

[50] reported that this compound showed

slight insecticidal activity against

Drosophila

melanogaster.
Eremophil-1(10),11-dien-13-ol and 1(10)-Eremophilen11,12-epoxide are two new compounds that have not been
found in Alaska cedar before. These two compounds are new
structures to science. Bioactive assays on those two
compounds might illustrate their peculiar role on the
properties of Alaska cedar.

Nootkatone, a principle grapefruit flavoring
constituent as mentioned earlier, can be obtained by
oxidation of other eremophilane constituents such as
valence, nootkatene, epinootkatol and nootkatol. It was
also reported that nootkatone could be converted to
different eremophilanes and dimers due to photochemical
reactions [49].

That might be a clue that the

eremophilanes in Alaska cedar experience interconversions
during the growth of the tree and thus contribute to the
whole defensive system and odor properties. The biogenetic

pathway of the volatile constituents needs further
investigation to address this issue.
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CONCLUSIONS

An analysis of the steam distilled essential oil from
the heartwood of Alaska cedar (Chamaecyparis nootkatensis)

was undertaken. The oil was shown to contain 8 major
compounds. Nootkatin crystallized from the oil on cooling
and was recovered as crystals. The remaining oil was shown
by gas chromatographic analysis to be composed of 7 major
peaks. GC-MS analysis and isolation by column
chromatography combined with spectroscopic analysis
confirmed the presence of methyl carvacrol, carvacrol,

valencene, nootkatene, and nootkatone as major components
of this essential oil.

Nootkatin, methyl carvacrol, carvacrol, valencene,
nootkatene, and nootkatone have been previously reported to
be present in Alaska cedar heartwood by previous
researchers in various studies. Two remaining major
constituents of the heartwood constituents of the heartwood
essential oil were unknown. Examination of the
corresponding two peaks by GC-MS also failed to indicate a
tentative identification.

The two unknown compounds in the essential oil were
isolated and their structures determined by NMR, MS, and
optical rotation. They were identified as nootkatol and

Eremophil-1(10),11-dien-13-ol. Nootkatol was known compound
but never previously identified in Alaska cedar. Eremophil1(10),11-dien-13-ol is a new structure to science.

A GC comparison was made of the steam distilled
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essential oil and the diethyl ether extract of the

heartwood. This comparative analysis revealed that both
methods of extraction exhibited similar composition by GC
analysis, with the notable exception that the diethyl ether
extract showed a large peak that was not present in the
spectrum of the steam distilled essential oil. The
implication was that this third unknown compound was
somehow changed to something else when exposed to the
conditions of steam distillation. Isolation and structural
determination of the third unknown compound revealed that
it was 1(10)-Eremophilen-11,12-epoxide. This compound is
also a new structure to science. The epoxy functional group
is the most likely reason it does not survive during steam
distillation. Further studies will have to be carried out
in order to determine the fate of this epoxide.

As a result of this study, there is now a more compete
knowledge about the chemical make up of Alaska cedar
heartwood essential oil. Two new sesquiterpene chemical
structures have been discovered which broadens and
contributes to our understanding of chemical diversity in
forest trees. It is also now understood that one major
sesquiterpene component of the heartwood does not survive
the conditions of steam distillation.
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Figure 10.
1H NMR spectrum of unknown compound 1
(Eremophil-1(10), 11-dien-13-ol)
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Figure 11.
13C NMR spectrum of unknown compound 1
(Eremophil-1(10), 11-dien-13-ol)
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Figure 12.
11-1-III COSY spectrum of unknown compound 1
(Eremophil-1 (10), 11-dien-13-01).

65

Figure 13.
HSQC spectrum of unknown compound 1 (Eremophil1 (10), 11-dien-13-ol)

Figure 14.
HMBC spectrum of unknown compund 1 (Eremophil-1
(10), 11-dien-13-ol)
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IH NMR spectrum of nootkatol

Figure 15.
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13C NMR spectrum of nootkatol
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Figure 17.

1H-'H COSY spectrum of nootkatol
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Figure 18.

HSQC spectrum of nootkatol
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HMBC spectrum of nootkatol.
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Figure 20.
IH NMR spectrum of unknown compound 3
Eremophilen-11,12-epoxide)
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Figure 21.
1-3C NMR spectrum of unknown compound 3(1(10)Eremophilen-11,12-epoxide)
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Figure 22.
1H-111 COSY spectrum of unknown compound 3
(1(10)-Eremophilen-11,12-epoxide)
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Figure 23. HSQC spectrum of unknown compound 3
Eremophilen-11,12-epoxide)
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Figure 24.
HMBC spectrum of unknown compound 3 (1(10)Eremophilen-11,12-epoxide)

