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CHAPTER |

I NTRODUCTI ON

Anemopsis californica (Nutt.) Hook and Arn.

(family Saururaceae), commonly known as Yerba del Manza,
is widely distributed in the United States and northern
provinces of Mexico. The extract of the roots and

rhizomes is used by the natives of Mexico in the treat-

ment of rheumatic disorders, for asthma and also as a

blood puritier (1).
Early work on the plant by Horton and Paul (2) and

Childs and Cole {3) showed methyleugenol to be the major

constituent present in the essential oil isolated from the

plant roots and rhizomes. Acharya (4) Purther studied the

essential oil of Anemopsis in our laboratory in order to

determine its composition and whether any therapeutic

compounds were present in the essential oil. The author

observed the presence of at least 20 compounds in the

essential oil and identified two constituents, namely

thymoi! and piperitone, while confirming the presence of

methyleugenol as the major constituent. Also reported was

the presence of an unsaturated aromatic ether as one of

the unidentified constituents (5). The aim of the present




investigation was to isalate and characterize the

remaining unidentified constituents in the essential ail

of Anemopsis californica. The essential oil was extracted

from the air dried roots and rhizomes, prefractionated,
and characterized by gas-liquid chromatography(GC).
Several vonstituents were isolated by gas-liquid chromato-
graphy im a pure state and were identified by physical
methods of structure determination. The combination of
GC and infrared spectroscopy was especially useful for
this purpose.

The experimental methods, results of the experi-

ments and conclusions based on these results are given in

the following chapters.




CHAPTER 11

A REVIEW OF LITERATURE AND PROCEDURES

Extraction of Essential Olls

Essential oils are heterogenous plant constituents
which are compiex mixtures of compounds, which none-the=-
{es s are biosynthetically related to one another (6).

The major types of compounds present in the essential oils

are:

. Hydrocarbons - a. monocyclic, bicyclic and

open chain terpenes; and b. aromatic

11. Oxygenated Derivatives - alcohols, esters,

aldehydes, ketones, phenols.
Guenther (7) has given a review of the various

procedures used for the essential oil extraction, used

both In industry and research,' The major process of

extraction is that of distillation with steam or water.

The advantages of steam or hydrodistillation are that the

procedure is simple, economical, exposure to heat is

relatively short and thus asually less likely to cause

decomposition in the constituents of the essential ofls.

Other processes such as solvent extraction, cold expression

and enfluerage have limited specialized applications. The
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yields in these procedures are relatively fow and they are
used in the extraction of oils which command a high price
in the market.

The probiem of unwanted changes in the constituents
of the essential oil during extraction of the oil and
isolation of the constituents is ever present and must be
faced by a researcher. The compiexity of the number and
types of constituents present in the essential oils and
their wide range of physical properties makes the isola -
tion of these compounds a difficult task. In a few cases
i? a compound is present in large amount, it can be
isolated by simple distiflation; as for example methyl-
salicyiate from the oil of wintergreen. However, the
compounds in small amounts or in traces present
considerable difficulties in their detection and jisola -
tion. The advent and progress in gas-liquid chromato -
graphy has enabied investigations to analyze essential
oils in great detail and to isolate and identify even trace
compounds previously unknown to be present in a particular
essential oil.

A fractionation of the essential oil prior to GC
analysis is often quite advantageous. Such procedures
yield various fractions in which the constituents of the

essential oil are separated and may lead to the
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concentration or enrichment of trace compounds in some of
the collected fractions. The major constituents are also
concentrated in some of the fractians and hopefully
removed from others so that the problem of peak overlapping
in GC is reduced. Such concentration and enrichment of
trace compounds also facilitates their detection by
chemical means. Acharya has pointed out that piperitone
could not be detected in the total oil of Anemopsis

californica but that its presence could be shown only

after adsorptidn chromatographic prefractionation.

The well established methods of simple distilla-
tion and fractional distillation under vacuum, both using
high efficiency distillation columns, are used commer-
cially to concentrate the desired components of the
essential oils. The procedure of adsorption chromatography
can also be used for prefractionation, e.g. to remove
terpene hydrocarbons from lemon oil. Preparative GC s a
more recent and a quite useful procedure. Prefractionation
using heat poses the question of heat degradation of
compounds and polymerization of terpenes, as well as ioss
of sample. Adsorption chromatography on active alumina has
also been shown by Nigam et _al. (8) te cause isomerization
of epoxides and thus again, raise the problem of aiteration

of the original composition of the essential oil.



Gas-Liquid Chromatography(GC)

Speed, sensitivity and versatility are the main
advantages of GC. GC was applied early to the analysis of
essential oils, and has been a great impetus to the study
of essential oils and perfumes as weil as flavors and
aromatic substances present in beverages (°).

The technique of GC may be described as a
chromatographic method of separation wherein the mobile
phase is a vapor percolating through the liquid stationary
phase by the use of an inert carrier gas such as helium or
nitrogen under pressure. The stationary phase in GC is an
active partitioning liquid which has a low vapor pressure
at the temperature of aperation, adsorbed on a suitable
inert solid support in certain known proportion. A
schematic diagram of a gas chromatograph is shown In

Fig. 1. The mixture to be analyzed is instantly vaporized

in the heated "injector” end of the column and passed

through the "column” by the carrier gas. The column

consists of a suitable glass or metai tubhing packed with

the stationary phase, the effluent end being connected to

the "detector chamber”.

The detector chamber consists of the detector which

indicates the presence presence and measures the amount of
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A- Gas Tank ; B- Pressure Regulator ; €- Manometer
D~ Column ; E- Injector Port ; F= Detector Chamber,

G-~ Outlet Port ; H- Bridge ; 1~ Recorder

1. Schematic Diagram of a Gas Chromatograph




components in the column effluent. A good detector has

a high sensitivity and a fast linear response to the
effluent gas. The diferential types of detectors are

most commonly used (10). In this type of detector, some
property of the effluent is continually compared with that
of the carrier gas. Thermal conductivity, electrical
conductivity, dielectric and ionization constants are

some of the physical properties used in differential types
of detectors. In this research, the "katharometer” or
thermal conductivity detector was used.- The detector
chamber of such a detector system consists of a set of

two katharometers. The diferential response of the two
katharometers is recorded on a strip chart recorder, which
gives various peaks corresponding to each of the component
as it successively elutes out of the column into the
detector chamber. These peaks are recorded on a time

axis so as to give the retention time(RT) of each of the
peaks of a mixture. A complete chart of the peaks of

a mixture constlitutes a "chromatogram”.

The most important consideration for the separation

of a mixture by GC is the choice of the Iiquid stationary
phase. Selection of the proper column is based on the
prior broad knowledge of the chemical nature of the

components of the mixture to be analyzed., The stationary
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phase must have a certain solvent power for the components
of the mixture. These components will then be diferen -
tially partitioned between the gaseous(mobile)] phase and
the liquid(stationary) phase and be retarded or retained
on the column in a diferential manner,thus bringing about
their separation. Keulemans (11) has discussed the
various types of stationary phases used in GC. Langer and
Sheehan (12) have more recently discussed the theory of
the choice of stationary phases. A certain compatibility
between the components of a mixture and the stationary :
phase is required. Thus, if the components were non-polar
a non-polar stationary phase will effectively give a
normal separation; a polar phase will efficiently separate
polar compounds. Some semi-polar phases such as phthallic
esters can be used for a wide variety of compounds.
Keulemans recommends such semi-polar phases for the
effective separation of mixtures of compounds of non-polar,
polar and semi-polar nature.

Essential oils are mixtures of compounds ranging
in polarity from non-palar hydrocarbons to polar aromatic
alcohols.. Some 50 stationary phases have been used for
the analysis of essential oils (13, 14). Von Rudioff (15,

16, 17, 18) has reported or the use of polyglycols
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a
(carbowaxes ) for the separation of essential oil

constituents. Nigam and his co-workers (19, 20, 21, 22)
have effectively used polypropylene glycol adipate
(Reoplex-uooa) for the analysis of various plant essential
oils.. The semi-polar nature of these stationary phases
enables one to separate the varied types of constituents
of the essential oils effectively.

The second important consideration in gas chromato-
graphy is the selection of the column temperature.
Purnell (23) has thoroughly discussed this parameter.
The effective and efficient resolution of the varied
compounds of essential oils as regards to the time for each
chromatographic run poses considerable difficulties. IFf
low column temperatures were selected, the peaks eluting
out early are sharp while the later peaks tend to be broad

and their RT are inordinately high. High column tempera-
tures yield poor resolution of the eariy peaks although
the later peaks are sharp and the chromatographic run
takes shorter time. Griffith and co-workers (24) first

used the technique of Programmed Temperature Gas

a
wilkens | nstrument & Research I nc., Walnut Creek,

California.
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chromatography{PTGC) for the separation of mixtures of

fow and high boiling alkyl halides. Starting with low

column temperatures, these authors raised the column

temperature at a cvonstant rate during the chromatographic

run, keeping the carrier gas flow-rate constant. This

technique improves the resolution of components and

economizes the time for a chromatographic run. The tech-

nique of PTGC has since been developed into the following

five variations:

1.

2.

5.

Linear - temperature is increased at a pre-
chosen linear rate.

Stepwise - increase in temperature is in
steps, being held isothermal for a short

period at each increment.

. Multilinear - several linear rates of temper-

ature increase are used during a chromatogra-

phic run.

Linear-isothermal - a chosen linear increase

in temperature is used for a set period and
then allowed to remain isothermal at that
higher value until the end of the run.

I sothermal-iinear - the initial temperature

is maintained for a set period after which it

is raised at a chosen rate until the end of
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the run. These variations are shown diagramatically in

Fig. 2.

Gas Chromatogruphic Identification by Retention

Recently an extensive review on the techniques and
problems invoived in the identification of the peaks in a
gas chromatogram was given by Purnell (25). Dal Nogare
and Juvet (26) and Crippen and Smith (27) have also
described various identification procedures in detailt.
Under a definite set of operational conditions, the
retention volume(Vgp) or RT is characteristic of a certain
compound. Thus in analogy with RF values of paper chroma-
tography, the retention values can be used in the identifi-
cation of the compounds resalved by gas chromatography.
However, the certainty with which a peak can be identified
depends upon the accuracy with which the retention volume/
time can be measured, and the number of ciosely eluting
compounds with which a peak can be confused, In the case
of a complex mixture, giving rise to many peaks (such as
an essential oil), interferance is particularly liable to
occur. The requirements of absolutely constant operating
conditions in a series of chromatographic runs is almost
impossible in practice to attain. The rather common

practice of relying entirely on the retention coincidence
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Fig. 2 Types of Programmed Temperature GC Technilques.
(1) Linear PTGC (2) Stepwise PTGC (3) Multilinear
PTGC (4) Linear-isothermal PTGC and (5) 1 sothermai-

-linear PTGC
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methods have undoubtedly led to much qualitative error
(25). The retention coincidence method of identification
consists of the addition of a supposed component,i.e. an
authentic sample, to the unknown mixture and the GC analysis
of this artificial mixture under identical operating
conditions.' An increase in the height or area of any
particular peak of the mixture is noted and it is assumed
that these two, the unknown peak and the added authentic
compound, are one and the same. Under very favorable
conditions, it is possible to achieve the qualitative and
quantitative anaiysis of the mixture on the basis of the
retention data alone. However, the ambiguities in this
method are too numerous and one must resort to other
methods of characterlization.

Retention data, can however, be a valuable aid in
the characterization of compounds in a mixture if consi-
dered in conjunction with other data.” The relative
retention times(RRT) help one in the correction of the small
but important variations in the operational parameters in
a series of runs {19, 20).) A known authentic compound in
a known volume is chromatographed along with the unknown
mixture and the chromatogram is established. The RT of all
the peaks in a mixture are normalized with respect to the

retention times(RT) of this known standard compound. The
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assumption is that any change in parameters will affect the
standard RT as well as the unknown RTs to the same degree
and their effects cancel out in the normalized RRT values.

Alternately, a peak in the center of the chromatogram of
unknown can be identified and chosen as the standard for
normalizing the RT values of all the other peaks. Linalool
(21, 22), d=-limonene (21, 22) and d-camphor (17, 18) have
been used to measure the RRT values of the constituents of
essential oils.

The retention coincidence method of GC identifica-
tion of components of a complex mixture, becomes more useful
when one carries out multi-column GC, Keulemans states
that "for the gas chromatographic analysis of a complex
mixture, it is a rule rather than an exception that such
mixtures be run on two or more different stationary phases”,
i.e. columns. The use of several columns reduces the
chances of mistaken identification, particularly if the
columns are widely different in their polarities. Multi-

column GC involves relating the peaks in one chromatogram
with those of all other chromatograms in order to determine
the retention values of an unknown compound on all the
columns employed. For this purpose, the unknown compound
peak on column A may be isolated and rerun on column B to

establish its retention values on different columns.
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Trapping of Gas Chromatographic Peaks

As previously indicated, mufti-column gas chromato-
graphy of an unknown mixture involves the isolation of
individual peaks on one column and rechromatography of
each of these isolated fractions on other different
columns. The isolation involves the condensation or trap-
ping of each of the GC peaks coming out of the column at
the effluent port. Such trapped fractions can be used not
onty for rechromatography on the same column for further
purification, or on different columns for establishing
retention data, but also for other physical and chemical
characterization.

The designs of the traps for collection of GC
fractions involves either a scrubbing of the effluent gas
by a suitable solvent, or the condensation of the compounds
in the effluent gas by cooling so as to reduce the vapor
pressure of the elute. The method involving solvent
scrubbing is quite convenient, simple and frequently used,
especially where physical means such as IR or UV spectro-
scopy are to be used for identification. Kroman and Bender

(28) point out, however, that the amount of soivent
compared to that of the GC fraction is more likely to
interfere in subsequent treatment of the collected frac-

tions. For most purposes, the low temperature trap is most
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suitable. The effluent from the detector is passed through
a suitable trap cooled by dry ice, liquid nitrogen or
cooling mixtures such as salt and ice, to bring about rapid
cooiing of the eluant vapor. The compound condenses in
fine drops on the walls of the trap while the carrier gas
escapes. Such rapid cooling often produces aerosols and,
unless the trap is designed properly, the condensed droplets
may escape along with the carrier gas. Various designs of
traps are available from preparative gas chromatograph
manufacturers and accessories suppliers, which aim at
reducing or eliminating aerosol formation and promoting
efrficient condensation of the effluent fraction.
Condensation of mitligram quantities of fractions
in preparative scale GC is not too difficult using the
available traps. The submicro quantities of fractions
encountered in analytical GC, however, pose considerable
difficulties. Even if such submicro quantities were
trapped, the recovery and handling of these for physical
methods of identification, such as IR, UV and NMR spectros-
copy leads to the severe losses of the sample unless
special precautions are taken. Whenever possible, direct
monitoring of the effluent fraction is desirable. Thus,
Nigam and co-workers {29) have used a method of direct

condensation of the effluent fraction of L~pinene on a salt
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plate cooled in a dry ice jacket. This salt plate can
then be placed directly in the IR spectrometer for
analysis. Giuffrida (30) has also described such a tech-
nique. Thomas and Dwyer (31) have described the technique
of condensing the eluate on 25 u cellulose membranes which
can be placed directly in an IR spectrometer for obtaining
the spectrum. A technique of collecting the effluent
fraction in a simple hypodermic syringe, cooled in a
jacket of dry ice has been descrihed by Edwards and
Fagerson (32). Oxygenated and sesqui-terpenes were
collected with good efficiencies by Teranishi (33) in
simple fPive inch lengths of glass tubes drawn out at one

end and packed with clean stainless steel wool.

Physical Methods of Characterization of GC peaks

It has been pointed out previously that although
the retention data, especially those obtained with multi-
co lumn GC, are a valuabie aid in the characterization
of GC peaks, reliance cannot be placed on such data alone.

Other data, such as those obtained by the usual
procedures of characterization of organic compounds have
to be obtained also. The smafl, often microgram quanti-
ties of the GC fractions, preclude the use of such

destructive methods as elemental analysis, functional
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group determination, preparation of derivatives, etc.
Physical methods of characterization such as the spectrosco-
pic methods are invaluable aids for this purpose. The UV,
IR, MS and NMR data are often the only data available for
the determination of the structure of unknown compounds
obtained in pure state by GC. Structural! information

which can be obtained by means of the various spectroscopic
methods, is complimentary to each other. For example, the
problem of determination of structure on the basis of IR
spectrum becomes much more tractable if a MS is also
availatle. UV data may also permit the clarification of
important structural details and an NMR spectrum may be
able to furnish information which could not be obtained by
means of the three previous techniques. While a few
hundred microgram Quantities are sufficient for an IR, UV
and a MS, larger samples are usually needed for running

an NMR spectrum.

A molecule placed in the path of a monochromatic
beam of electromagnetic radiations absorbs those frequen—
cies which correspond to one of the natural frequencies of
the molecule and momentarily attains high energy content.
This absorption of energy is a highly specific property of
the molecular structure and the frequency range within

which energy can be absorbed is specifically dependent on
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the molecular structure of the absorbing compound. The
Prequencies absorbed and the intensity of the emergent
beam can be recorded by a suitable device placed in the
emergent beam. I nstrumentation is now available which
uses each of the various regions of the electromagnetic
spectrum. However for the determination of the structure
of organic compounds the ultraviolet, 200 - 400 mu; infra-
red, 2.0 - 16 u; microwaves(ESR), 0.04 - 25 cm, and radio-
waves(NMR), 25 ecm, are most commonly used radiations. The
infrared spectroscopy has beern the most widely used of the
four , as the absorption of IR radiations by molecules
gives the most relevant information about the molecular
structure. The UV, ESR and NMR spectral data are more or

less complimentary to the IR spectrum.

I nfrared Spectroscopy
Freeman (34) has pointed out that the identifica-

tion of a compound by IR spectroscopy alone is a simple
problem when the unknown compound is actually a known
substance whose IR spectrum has been reported in the
literature or is otherwise available to the investigator.
However, after having matched the spectrum of an unknown
with a published one, it is generally wise toc obtain an
authentic sample of the compound and record its spectrum

in conditions identical with those previously employed for
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unknown sample. If the IR spectrum of the unk
nown
c
ompound and that of a known are found to be almost
most bdut

[ 4

compo
pounds may only be closely related rather than ldentical
s

g

has been used to isolate the unknown.

When the spectrum of the unknown cannot be matched

with any available recorded spectrum, it must be treated

as a true unknown and its structure may be postulated by

carefully examining the IR spectrum. The fdentiflcation of

such a compound will require accumulation of many moré

physical and chemical data.

Almost since the begining of GC, JR spectroscopy
has been used as a means of jdentification of GC fractiors
(25). Various techniques of preparation of samples for 17

spectroscopy have been devised. The microamounts avallatle

roblems In sarol®

after GC separation pose a number of P
an be used ror all types (1

handling and no one method ¢
such as its

e sample,

1¢ Is a solid or e

sampies. The physical nature of th
ity and whether

volatility or non-volatl!
ple collec

L £ d > ;on am
liquid determines the method of sam A

preparation for IR.
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A GC fraction condensing as a solid presents

littie problem. Repeated Injections and condensation of
the fractions may yield enough sample to press a KBr
pellet for IR spectroscopy. Or small amounts of the
fraction may be condensed in a suitable solvent and used
to Pill a micro-cavity sodium chloride cell. The micro-
sampies may require the use of albeam condenser and «a
reference beam attenuator which enabies one to obtain IR
spectra with good base-line characteristics. The handling
of liquid GC fractions is quite difficuit, especially if
these fractions are volatile, as transfer of these
samples from the trap to a suitable IR cell may lead to
intolerable losses of an already meager amount. Volatiiity
of a sample may preclude pressing out even a micro-K8r
disc. The sample can be transfered to a NaCl micro-cavity
ceil with some difficulty of manipulation. The uvse of a
suitable solvent to transfer the micro-sample to the IR
cell is not without problems. Solvent absorption
interferes and the sojiution may be too dilute to get a
good spectrum. Various deviees have been designed and are
commercially available which aim at the direct collection

and transfer of a GC fraction to an IR cell.
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Barnes Engineering Companyb manufactures a device
based on the technique of Edwards and Fagerson (32). The
candensed droplets are tranfered into the cell by placing
the assembly into a centrifuge for a few minutes at low

speed.,

Adequate spectra may be obtained with as little as
0.2 u; of the sample. Wilks Scientific Corpornffon?
Model 15, GC-IR analyzer is a capillary internal reflect~-
ance cell in which the sample is collected and analyzed in
the same cell. The same maunufactureralso supplies a
vapor phase GC GC collector, Model 41, In this the sample
is collected and kept heated in the cell im vapor phase.
The complete heated assembly attaches to a sample holider
of an IR spectrometer. One problem with this technique is
that the vapor phase IR spectra may not be available for
comparison. The cost of such devices is alse a factor
which must be considered especially when these devices may
not be usefui for a particular sample which a researcher is
handling at the moment. He may have to devise some other
techniques of his own.

As previousiy stated, the UV, NMR and Mass

b
Barnes Engineering Company, Stanford, Connecticut.

c
Wilks Scientific Corporation, South Norwalk, Connecticut.
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spectra are also valuable in characterizing the GC frac-
tions. The limited structural information of an UV
spectrum, the cost, and often the unavailability of an NMR
and MS, limit their application. NMR requires somewhat
larger samples( » 1 mg.) although good spectra may be
obtained using micro-samples with the recent introduction
of computer averaging of multiple scans. Larger sample
limits the application to post-trapping techniques, i.e.
sufficient fraction is first trapped and then transfered
in a suitable solvent to an NMR cell. NMR spectra can
provide very valuable information in cases where the
interpretation of the IR spectra of the unknown leads to
more than one possible structure. It is also valuabile when
the sample is a true unkriown compound and the IR alone
cannot lead to a possible structure for the compound.

Purnell (25) has pointed out that the MS is one of
the few detectors which simultaneous!y provides both
qualitative and quantitative information about the GC
effiuent fraction. A GC-MS instrument, in which the GC
effluent is directly Iled into a fast-scan MS is now
available. MS is perhaps the more useful than IR or UV
in characterizing the GC peaks and its spectra lend them-
selves to the interpretation and cataloging. The GC-MS

combination is the most versatile all-purpose analytical
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system available. This versatility is, however, obtained
at great cost and even if the cost may be reduced, the
particular requirements of the project can often be met
in some other less expensive ways. Thus, the high cost
of the GC-MS system limits the application of this most

versatile technique to GC analysis.

GC Quantitative Analysis

.. The response of almost all the detectors used in
GC Is a function of sample size as well as some molecular
property (25). Thus a chromatogram gives not only quali-
tative data but also quantitative information of the

composition of the sampie mixture.

Gill and his co-workers (35) have divided the

quantitation process into the following three steps:

(a) Generation of the analog signal (Chromato-
graphy): involves the chromatograph and its
components such as injector, column, detector
and associated hardware.

(b) Analog to digital conversion (I ntegration):
involves the recording and integration
apparatus which can range from a simple

recorder plus a ruler to a complex electronic

integrator.
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(c) Relation of the digital data to composition
(Calculation):
involves the calcutlating apparatus which may
range from simple pencil and paper or a slide
rufe to even a computer.
Gill and MeNair (36) have summarized the sources of
error in quantitative GC. With conventional GC systems,

accuracy is affected most by recorder characteristics and

the operator’s skill. Some of the factors listed by these

authors are as follows:

(a) Sampling Technique: Sample should be introduced

without bias.

(b) Chromatoqraph Performance Factors: Column

separation, detector characteristics, electro-
meter or TC bridge circuit accuracy.

(c) Recorder Characteristics: Linearity, pen speed,

dead band, electrical zero stabiltity, ete., can
affect the accuracy of chromatograph tracing.
All quantitative techniques except electronic
integration are based on the recorder trace.

(d) Human Errors: Operator's skiil in introducing

samples, operating the chromatograph, counting
integrals and performing calculations all

affect accuracy.
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Thus the variables are numerous and hence the only accep-
table practice is to determine the characteristics and
performance of each instrument with known standard mixtures
under study (35).

The detector response is both a qualitative and
quantitative measure of a component of a mixture. This
factor can be used in quantitative analysis by GC. The
peak height obtained under stable operating conditions is
a measure of the concentration of the compound. Thus, a
detector response curve can be established. Known, varied
concentrations of the compound under study are injected and
separate chromatograms are established for each concentra-
tion under constant, stable operating conditions. A plot
off concentration vs. peak height is then drawn and, from
this standard curve, one can obtain the concentration of
the compound under consideration in an unknown mixture as
shown in the following diagram. This procedure requires
that the compound be identified and that a pure authentic
sample be available to establish the peak height - concen~
tration standard curve.

The percent composition of an unknown mixture can
be obtained by measuring the area (A) of each peak and

relating these areas to the total area under the chromato-

gram, thus:
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Correction factors may be determined for each given system
by the GC of standard known mixtures. One of the fol towing
several methods may be utilized to determine the areas

under the peaks.

1. Triangulation:

A triangle is constructed by drawing tangents to the siopes
of the peaks and the intersection of these tangents with

the baselire gives the base, B. Then A = BH[2. The slopes
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of the peaks and operator'!s skill affert this measurement,
However, the triangle formula gives only about 97% of

the true peak area, at best.

2. Height x width at Half-height:

The trianguiation method suffers from inaccuracy caused by
the baseline shift due to tailing or adsorption. The area
is calculated by the formula: A = H¥. However, for very

narrow peaks W may not be accurately measurable. For

symetrical peaks, one can achieve reasonable precision but

non-symetrical peaks give poor results.

3. Cut _and Weigh:

The chromatographic peak can be cut from the tracing, the

cut piece weighed, and then the weight ratio of the
weight obtained. This :

peak

weight to the total chromatogram
procedure destroys the chromatogram and factors such as
constancy of thickness and moisture content of the chart
paper, as well as accuracy in cutting and weighing of the

peak affect precision and accuracy.
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¥, Planimetry:

The peak can be traced manualiy with a planimeter, a
manual analog digital device, and the peak area read on

the dial. The procedure is time-consuming and accuracy

AN

wiil depend an . operator skill in tracing the peaks.

O
a

@ I

5. I ntegrators:

Various electronic instruments, such as ball and disc,
analog and voltage integrating devises, have been designed
for direct attachment to the recorder so that integration
is performed wi;h the recording of the chromatogram. The
Disc I ntegrator is, by far, the most widely used. The
degree of precision and accuracy obtained with the Disc

I ntegrator is limited by the mechanical performance of the

recorder and, hence, a careful adjustment of the recorder

d
Disc I nstruments {nc., Santa Anna, Callfornia.
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performance is necessary.
The Disc I ntegrator attached to the recorder is so
arranged as to yield a pen trace which is continuously and
automatically recorded below the peak trace as shown in

the diagram below. To read the integrator trace, first,

-4—-—-~ Pno;scnous :

i
V=
i";
f

the start and the end of the peaks are determined and the
lines are projected downwards to the integrator pen trace.
The value of the interval is calculated by counting the

chart graduations crossed by the integration trace. Each
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interval has an arbitrary value of ten and a complete
traverse produces a blip. The 600 counts between succes-
sive blips make it easier to read the trace. The percent
composition of a peak is obtained in the following manner.

100 x counts under a peak =% viv
total counts under all peaks

Electronic integrators eliminate the dependence on the
recorder and human factors. However, the cost of such
integrators is a limiting factor in their use. Gill,
et _al. (33) have given the following figures as an
estimate on the precision obtained with various methods of
area measurement. Typical standard deviations have been
found to be:

Planimetry ceeeeeeeeooes #.0%

Triangulation cceeeeees. 4.0%

H X W sovssesoonsnsanans 2058

Cit & WEIGH sewswusvenne §27H

Disc Integrator .ceeee.. 1.3%

Electronic | ntegrator .. 0.4%
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CHAPTER 111 P

EXPERI MENTAL AND RESULTS

Extraction and Fractionation of Essential Oil of Anemopsis

The process of hydrodistillation as employed by
Acharya with modifications as described beiow, was employed
to obtain the basic materials investigated in this study.
The ma jor constituents piperitone, thymol and methyleugenol
had already been identified and were of no interest in this
work. In fact these interfered in obtaining good GC
separation of the minor constituents of the essential oil
of Anemopsis. Acharya's attempt at fractionation of the oil
by the use of Spinning Band Fractionatorf had yielded four
fractions.” The first fraction of these four was enriched
in the compounds of interest., However, the application of
heat during distillatfon resulted in intolerable loss of
sample and, as previously indicated, introduced the

possibility of heat artifacts and alteration in the original

constituents of the essential oil.

e
Nester /Faust Manufacturing Corporation, Newark, Delaware.
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During preliminary work on the hydrodistillation of
the essential oil of Anemopsis, it was observed that the
initial amounts of the oil which were condensed in the
Clevinger tube were colorless and the oil gradually changed
color to a deep blue towards the end of the hydrodistilla-
tion period. This lead us to believe that the various
constituents of the oll distilled over at different periods
of distillation and that, if small amounts of fractions of
oil were collected separately at various time periods
during the hydrodistiliation, one may obtain fractions
enriched in some of the constituvents of interest. This
assumption seemed logical, as Acharya had already indicated
that the constituents ranged in boiling points of a few
degrees above room temperature to that of thymol(253°9),
and these could be expected to distill over at different
time periods during the total distillation period.

I'n order to test this hypothesis, two separate
500 g. batches of the roots and rhizomes of Anemopsisf were

g
ground to a 40 mesh powder in a Straub miill. One batch

served as a control and was hydrodistilled with 3.5 i of

fi
Lot No.- RM-67-91, Hathaway Allied Products, Los Angeles,

California

g
Model-U4E, The Straub Company I nc., Philadelphia, Penn.
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vater in a Pive liter round bottom flask. The hydrodistil-
! ation was performed continuously for 30 hours at the end
of which the oil collected in the Clevinger tube was with-
drawn and kept overnight over anhydrous sodium sulfate to
remove water.

The second batch was also hydrodistilled with 3.5 1
of water for 30 hours, but in an interrupted manner. After
the initial short period of distillation, the flask was
cooled and the amount of condensate in the Clevinger tube
withdrawn to yteld fraction #1. The distillation was
resumed for another short period followed by cooling and
withdrawval of the condensate to yield fraction #2, and so
on. 1n this manner seven separate fractions were collected
during the distillation period. Each fraction was dried
overnight over anhydrous sodium sulfate. The data on these
two batches and the seven fractions from batch Il are
given in Table I and 1.

The control batch of Anemopsis was used to deter-
mine relative yield of the two batches and to establish a
general chromatogram of the total oil on the two stationary
phases which had been selected ( see section on Gas Chroma-
tography ). The fractions 1, 3, %, 5 and 7 were monitored
by GC on Reoplex-400 column at 16009 column temperature.

Chromatograms of these fractions, obtained under the same
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operating conditions are given in Fig. 3 - 7. Peaks 4 to
25 were of interest as these constitute the minor consti-
tuents of the essential oil of Anemopsis. An examination
of the chromatogram showed that complete isolation of any
one constituent in any one fraction had not been accompli-
shed. The major constituents which are indicated by peak&
1, 2 and 3 were present in all the fractioens. This also
seemed to be the case when Acharya had employed a Spinning
Band Fractionator. However, it was obvious that the ma jor
constituents were present in considerably lower concentra-
tion in fraction 1, as compared to other fractions, and-
that the other constituents of interest in this work were
comparatively enriched in this fraction. Therefore
fractions 1 and 2, obtained from batch Il of the hydro-
distillation, were used for the GC isolation and
identification of the constituents as described in the

fotlowing sections. The other fractions were not examined

further.

Gas Chromatography of Essentiai Oii of Anemopsis

As previously stated, Reoplex-400 and carbowaxes
have been successfully used for the analysis of various

essential oils. These two, with their semi-polar nature,

were thought to be best suitable for this study.




Table I . Data on the hydrodistillation of two batches of

Anemopsis.
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Bateh [ Batech 11
Control T
Grams OFf Drug eceeeeeees 500 500
Hydrodistiitlation Period 30 hr 29.25 hr
Total Oil (ml.) 39.5 31.0
No. of Fractions secece. 1 7
Percent Yield ceoevecss 6.7 6.2

Table 11 . Data on Hydrodistillation of Batech IiI of

Anemopsis.

Fraction Distillation Volume{ml!.) Color
# Period(hr) Collected
1 2.5 2.5 colorless
2 2.0 2.5 pale yellow
3 .75 k.0 pale yellow
y 4.5 4,0 light green
5 b M. k.0 greenish blue
6 7¢5 8.0 greenish blue
7 6.0 6.0 bright blue

i P — R po—



SRR

14 9

REO;PLEX-I;OO
160, 4 ul
- Atten.: 2 x

T

113

13
gl
At 15
ah b
Ll

. |
iRl

j !

| i + -

50 55 60 65

Time(min)

Fig. 3. Gas Chromatogram of Fraction 1 of the Essential Oil of Anemopsis.

gg




Detcctor Response

7
i
E Reop ! x=400
: 0
160
4
$ 2 ul, 2x
1
f
M .-.:ﬂ\___ll ) ‘ : i .
5 10 15 40 45 50 55

Time(min)

Fig. 4. Gas Chromatogram of Fraction 3 of the Essential Oll of Anemopsis.

6g




Detector Response

£

e DR ol

Reoplex=-400

160°

2 ul, 2x

me ma

v
- e 7 T

Time(min)

Fig. 5. Gas Chromatogram of Fraction 4 of the Essential OIl of Apemopsis.

O




Detector Response

_i . Reoplex=400
=0 160°
2 ul, 2x

|
40
-0 ¢

k
210 T

i |
piogi e ) N— | |
R - P T . > —mn‘-ﬁ ¥ ; %5
S 10 15 40 45 50

Time(min)

Fig. 6. Gas Chromatogram of Fraction 5 of the Egsential 071 of Anemopsis.

bh




! Reoplex=400
0
sl | 160
2 ul, 2x
3
A0
QO
0
=
Q
Q.
a ks
@ [ | 4
L i
o !
4 | §
G :
W £
= b
] 12p i .
g .
;. /‘
|
| /
xh_,h\&._(\\*,‘/_kfv‘ W . %
‘“""Z 45 R0 55 60" . 55
T:me(mrn)

Fig. 7. Gas Chromatogram of Fraction 7 of the Essential Oil of Anemopsis.

=
N




43

Reoplex=400 was the stationary phase used most for finger-
printing, resolution and collection of the constituents.
Carbowax-20M gave resolution simmilar to Reoplex~it00 and
wvas used for specific separation of close lying peaks, as
described later. Two columns, one each of Reoplex-400 and
Carbowax-20M were prepared by the procedure which follows.

Ten g.. of stationary phnse were weighed in a tared
beaker and dissolved in 50 ml. of chloroform. This solu-
tion and the washings(100 m!.) were then transferred to a
500 ml. round bottom flask. An additional 200 mi. of
chloroform were added to the solution, followed by 50 g.°
of acid washed Chromosorb W(Chromosorb W, A/W,60-80 mesha).

The slurry was shaken continuously for eight hours to

coat the inert support uniformly after which the solvent
was completely removed at 45° under water-aspirator vacuum
with the aid of a rotary evaporator. The dry material was
gently sieved by tapping through a 100 mesh sieve before it
was stored in a tightly closed wide-mouth jar.

A 10 foot length of aluminium tubing, 1/4"i.d. was
cut and straightened. Wwith the l:wer end of the coclumn

plugged with selanised glass wool, a small funnel was

attached to the upper end of the column which was then

h
Analabs I nc., Hamden, Connecticut.




uy
packed with the pre-coated inert support prepared as

described above. After each addition of small portions,
i

“the column was vibrated by a portable electric vibrator to

*

f nsure uniform packing. Approximately 16 g. of the pre-

¢ oated support was required toc pack the column. Finally,
the upper end was plugged with another pledget of selanised
wool and the packed column coiled so as to fit in the e

J
chromatograph oven. Swaglock Fittings were attached to

the two ends for connection to the inlet and outiet ports. )
Both the Reoplex-400 and Carbowax-20M columns were pre- il
conditioned before chromatography of the oil by heating e
at 170° overniqght while a stow stream of helium was passed
through them. :
The general operating conditons of chromatography ’l
are shown in Table 111, designed according to the recommen- 'UJ
dation of the U.S. Essential Oil Association., Variations {i
in any parameters are given in figures of the chromato - i“i
grams.
A study of the chromatogram obtained at 160°

(isothermal) on Reoplex-400 showed 25 peaks and these

i
Burgess Vibrografters I nc., Grayslake, I I11inois.

-

Crawford Fitting Company, Solon, Ohio,
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Table 111, Operating Parameters for the Gas Chromatoqaraphy
of the Essential Cil of Anemopsis californica.

Sample: ©Oil of Anemopsis californica
Chromatograph: Autoprep, Model A 700

Columns

Materiol: Aluminium Length: 201 1.D.: 1/4"
Support: Chromosorb V¥ 60/80

Stationary Phase : Column A- Reoplex-400 (20% wiw)

Colunn B~ Carboawax-20M(20% wiw)

Carrier Gas: Helium Gas Flow Rate: 75 ml/min

Conditions

Column Tenperatures: ’
Column A-(1) 160°, isothermal ard

(2) 1109-1709, isothermal-1inear PTGC

Column B-(1) 1809, isothermal and
(2) 1109-1900, jsothermal-linear PTGC

Detector o )
hermal conductivity, hot wire type

er T
- 1400 Filament Current: 150 ma

7
Temperature : 2

REEmORr art Speed: 1"= 5 min

: 4
1. Sargent, Model SRL; Ch
!

with Disc I ntegrator

2. Varian, Model 20, L
3 min

Chart Speed: 1=

k
E.H.S8argent Compan

! L L d
varian Associates Inc., Palo Alto, Californid.

Y Anaheim, California.




Flg. 8, I sothermal Chromatogram of Essential Oii of Anemopsis.
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could be divided into three regions. Peaks 10 to 25
eluted out within eight minutes of injection, constituting
the early region. The middile region consisted of peaks
3 to 9 which eluted out within 10 to 20 minutes. Only two
peaks, 1 and 2, constituted the late region, eluting out
from 40 to 65 minutes following injection.

It was determined early in this work that peaks 1,
2 and 3 were the already identified thymol, methyleugenol
and piperitone respectively and hence were of no further
interest.’ The peaks eluting out within 20 minutes of
injection were yet the unknown constituents. |t seemed
that low column temperature wili resofve these peaks better
and allow for their convenient trapping. However, a
preliminary run at 7100, isothermal, showed that the total
time for the run would approach several hours and, infact,
one of the thymol was eluted out of the column at this Iow
temperature. For good resolution of the peaks of interest
and tolerable chromatographic time, PTGC was necessary.

Linear-isothermal PTGC was used to trap the constit-
uents for identification.' Initially the column was
maintained at 110° when the sample was injected. This
temperature was held for 15 minutes after injection and then

raised finearly by the manual programmer on the chromato-
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graph to the final temperature. The rate of increase of
temperature was not determined. I sothermal mode of
operation was used only to establish the retention data and
Por quantitative analysis. The iszothermal-linear gas

chromatograms are given in Fig. 10 and 11.

Trapping of GC peaks from the Essential Oil of Anemopsis

After some experimentation, it was found that simpie
traps prepared in the [aboratory would work just as well as
those commercially available. The two types of traps used
in this work are shown below. Trapping was carried out
manuaily although the chromatograph was a preparative unit

with automatic fraction collection arrangement.

. |<— Tygon tubing -

——>» Collector Tube P R

&« Parafililm
wrap

AR

Ve

N

Dry ice jacket

Trap A consisted of a 9" length of 1/8" diameter glass

tubing bent into a U shape. The straight collector end
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was ottached to the chromatograph heated outlet by means

of a short length of 1/8" diameter tygon tubing while

the exit bent end was wrapped with a small strip of
Parafi!m? The U portion was kept cooled in a dry ice

bath. The Parafilm strip covering the exit end effectively
prevented the contamination of the condensed fraction by
atmospheric moisture. A number of such traps were made

in the laboratory and one trap was used to condense each
peak as it eluted out of the chromatograph. Peaks 10 to

19 were collected in this type of trap.

Trap B was a small, 8.5 cm x 1 cm, test tube fitted
with a smal! cork carrying an inlet tube and a side slit
for escape of the carrier gas. This trap could be cooled
if required, The non=volatile peaks 6 and 9, Fig. 8, were
condensed in such traps at room temperature. A similar
trap was used to collect the total fraction under peaks
20 to 25. These six peaks eluted out very close together
and could not be collected individually. These six constit-
uents were very volatile and therefore could not be
condensed by the trap A in dry ice alone. Therefore a
small volume(0.5 - 1 ml.) of carbon tetrachloride was

placed in the bottom of a test tupe to scrub the effluent

m
American Can Company, Neenah, Wisconsin.
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gas.
I n order to obtain sufficient sample of each peak

for identification, 40 - 45 ul. of fractiont and 2
(Table~11) were repeatedly injected and the individual peak
fractions collected after each injection in the same marked
trap. Each trap was kept cooled between.successive
collections. The trap was held to the outlet port of the
chromatograph when the recorder pen had reached the
straight ascending portion of a peak and removed when the
pen had reached the 2/3 descending portion.. This procedure
reduced the chances of contamination of the condensed peak
by another close lying constituent. Ten to twelve success-
ive injections were required to collect sufficient
quantities of each fraction for IR analysis. NMR analysis
required larger samples and for this purpose, between 25 to

30 successive injections and collections were required.

Identification of the Constituents of Essential Cil of

Anemopsis

The identification of the peaks was achieved by
obtaining and correlating the retention data, internal
standard addition and spectral data. FRetention correlation

was used as an aid in preliminary, broad identification.
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Definite identity was assumed only when IR data were
interpreted and compared either with those of authentic
samples or with published spectra. In all cases, the peak
condensates and authentic samples were purified by GC on
Reoplex-400, The fractions were rechromatographed after
rirst collection before spectral analysis.
The retention data were obtained both on Reoplex-

200 and Carbowax-20M, under {sothermal conditons. The
two chromatograms are given in Fig. 8 and 9. Relative
retention times(RRT) were computed based on the retention
time of d-Limonene as unity; using the following formula:

RRT - RT _compound
RT d=Limonene

d-Limonene was chosen as a standard because it has been
identified as a component of the oil and because it had
been used previously by von Rudloff and Nigam et al. to

report the RRT values for the essentidal oil constituents.

Thus we could compare our RRT values directly with those

published and come to a preliminary decision as to the

identity of the various peaks. After somé of the peaks

had been identified, their retention times, as determined

from the chromatogrmas of the oil, were also checked by

the injection of authentic, GC-pure samples under identical

operating conditions. The pollowing authentic samples
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were avaiiable:o(-Pinene and 1:8-Cineole, Camphene and
o P
Linaloo! and p-Cymene and d-Limonene.

I nternal standard addition technique was also used
to determine the possible identity of some of the peaks.
For this purpose, artificial mixtures of the essential oil
with individual, GC=pure, authentic samples were chromat-
o0 graphed under identical conditions., An increase in the
peak height of any one of the peaks of the oil indicated
that the authentic sample and this particular peak were
most fikeiy the same compound. The various retention data

are given in Table 1V.

IR Identification of the GC_Peaks of Essential Oil of

Anemopsis

Although the above retention correlation data were
valuable in giving a clue to the possible identity of the
GC peaks, the major emphasis was placed on the spectral
identification, especially IR analysis. In order to
achieve good resolution of the peaks and efficient collec-

tion of the effluent compounds, isothermal-linear mode of

n
Matheson, Coleman & Bell Co., Los Angeles, California
e]

Distiflation Products I ndustries | nc., Rochester, N.Y.

Fritzsche Brothers I nc., New York, N.Y.




Table 1V. Composition of the Hydreodistilled Oil

of Anemopsis californica. 56
ol ketention Data
Reanlex-400 i Carhowax—20M
i ‘ 110° 16§ 110° | 160°
;gg?* s Peijj"“ RT RRT | RY RRT{f RT  RRT RT RAT
1 Thymal 158 | e - 62.3 26'3'1 - - 54,0 18,9 '
2 Methyleugenol 57.0 | -- -- 43,5 26.3f - - 3.0 1.9
3 Piperitons B.0O —_ - 16.4 6.8 - - é
4 Ketone ? 1.80 | -~ - 14.7 6.1 -— - 15.5 53 f
§  Unknown 0.70 | ~ ss 408 ST 8 = = '
€A sec.Alcohol® ? B I - - - 12,4 4.2
68 Esdragol® 1.32 | — - }12'2 o T -— 11.2 3.9
7 Ketone(cyclic?) 0.34 | —- - 10.8 4.6 §§ — - - -—
B Ester(cyclic,formate?) 1.50 | —- - 9.0 3.8 - - .9.B 3.4
9 Thymolmethylether® 2.96 | -- — 8.5 3.6 || -~ — { 8.3 . 2.85
104  Unknown 0.20 | - — 6.3 2.6 -— -— 6.9 2.4
10B  Linalool 0.32 | - - 6.1 2.58 [} -~ - 6.3 2.2
11 Unknown Trace } - - SuF 2,16 f == - 5.6  1.95
12 Unknown Trace | -- - 3.6 1.5 - - 4,5 1.6
13 p-Cymene 1.1 [9.9 1.48 | 3.2 1.24}1 14.7 1.4 .35 1.2
14  4,8-Cinsol 1.35 ] 7.55 1.0 | 2.5 1.,26{ 11.5 1.1 3,0 1.05 :
15 detimonene 0.93 {6.9 1.0 | 2.36 1.0 || 10.6 1.0 | 2.8 1.0
16  Unknown 0.1 5.6 0.8 I 8.3  D.78
. 1.9 0.81 2.3 0.8t
17 fPinene 0.4 fa.7  0.68 7.3 0.69
18 Camphene 0.44 3,95 0.57 1.6 0.67§ 6.08 0.57 241 0.74
19 ¢{-Pinens i.4 {3.08 0.45] 1.5 D.62} 4.9 0,46} 1.95 O0.€8
20 i 2.4 0.35 ] 1.25 0.52] 3.85 D.36 1.65 0.5%2
21 . 2.05 0.36 | 1.1 D.a5ff 3.20 0.30 1.50 0.53
22 TR— T L. 0.26 | 1.0 0.4af 2.65 9.,25| 1.3  0.45
23 1.6 0.20 | 0.98 D.43§ 2.21 0.2
1.5 0.4
24 Y2 0.18 | 0.80 0.36{ 1.9  0.18
25 ] 0.58 0.14 0.70 ©.30f 1.25 O0.11 1.0 0.32

RT = Retention Time(min). RRT = Relative Retention Time
{(d-Limonene reference)., All compounds identified by IR
Spectra.
a

NMR in addition.
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PTGC was employed (see Fig. 10 & 11). The condensed
compounds were rechromatographed to obtain GC-pure samplies
before IR analysis. After the IR data were interpreted and
the possible structuresfor the various constituents had
been determined, authentic samples of as many of these
compounds as possible were acquired., These authentic
samples were also purified by GC, After this, the IR
spectra of the GC-pure constituetnts and that of the authen-
tic samples were obtained under identical conditions on the
same chart paper. If the IR spectra of these two were
identical in every respect, it was concluded that the two
were the same compound. In only two cases, namely Esdragol
(peak 68) and PB- Pinene(peak 17), the IR spectra of the
peak condensates were compared wlth the published spectra
(37, 38). Authentic samples of these were not available.
‘Using the Perkin-Elmer IR spectrometer? Models
1378 and 3378, the IR spectra of the compounds were
obtained in a simple K8r micro-cell. Two thin, clear, 13 mm
KBr pellets were pressed,each from approximately 150 mg.
KBr. One of the pellets was placed in the IR pellet holder,
2 to 5 ul. of the sample were placed on the top and the

holder cap carefully fastened. The iR spectra have been

q "
Perkin-£lmer Corporation, Norwalk, Connecticut.
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reproduced in the following pages. |
The IR spectra were taken with KBr micro-cell

described as above except that of:the total fraction under
peaks 20 - 25(Fig. 31). This fraction was obtained by
scrubbing with carbon tetrachloride and this solution in a ;
sodium chloride cell was used to take the IR spectrum with |
pure carbon tetrachloride in the reference beam. Most of
the fractions were resolved on Reoplex=-400 column. Two
peaks 6A and 68 were resolved only on Carbowax-20M column.

In the following discussion of the

results of spectral analysis, the
peak numbers cited are shown in the
two isothermal-Iinear chromatograms
(Fig. 10 & 11) and the correlation
of the peak numbers and compounds
identified has been shown in Table-
1V. References may please be mude
to these. {
Peaks 1, 2 and 3 were thymol, methyleugenol and
piperitone, respectively. A critical examination of the
isothermal=1inear chromatograms on Reoplex-400 and
Carbowax-2CM showed that our initial choice of Reoplex=400
as the major column for isolation has been fortuitous.
Carbowax-20M chowed only peak 3, whereas Reoplex-400

showed that there were two more peaks {4 and 5) eluting out
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quite close to peak 3. A further study confirmed this
observation. When about 10 ul. of the fraction under
peak 3 from Carbowax-20M column were condensed and then
this fraction was rechromatographed on Reoplex-400, a clear
resolution into three peaks (3, 4 & 5) was observed
(Fig. 15). Peak 4 IR spectrum(Fig. 124 & B) showed the

following features:

-1
Absorption (cm ) Assignment
1665 (s) >C=0, cyctic unsaturated
ketone
3010 (m), sharp vinyl (- GH=CH2)
4CH 5
887 (s) isopropeny! (- CH
NCHy

Thus peak & appears te be anX,B8 unsaturated ketone with an
isopropenyl! group. The compound could not be further
identified as comparison spectra were not available and
larger sample for NMR analysis could not be collected,
Peak 5 appeared in traces and sufficient sample for spectral
analysis could not be obtained.

Peak 6, isclated from Reoplex-400 gave an IR

spectrum with the following features(Fig. fu):

-1
Absorption (cm ) - Assignment
3u50 (s), 1055 (m) 2%~ alcoho! (diameric)
3010 (w), 2860 (s) aromatic ether(Ar-OCH3?)

1600 (m), 1450 (s)
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1500 (s), 1248 (s) aromatic ether
ACH
1380 - 1370 (m) gem=-dimethyl(=CH J
‘\CH3
doublet

In order to obtain further information about the possible
identity of peak 6, sufficient sample (*#0 mg.} was
coliected and sub jected to NMR analysis. NMR spectra were
run on Varian, Model A 60, 60MHz NMR spectrometer with
carbon tetrachloride as the solvent and TMS as internal
standard. The NMR spectrum(Fig. 15) indicated that the
sample was probably a mixture of at least two compounds.
Rechromatography of the fraction on Reaplex-400 was not
successful in resolving this mixture. Therefore the same
fraction was rechromatographed on Carbowax-20M column
yielding clearly resolved peaks 6A and 6B(Fig. 16). Peak
6B condensed as a pale yellow liquid with a sweet odor.

Its IR spectrum showed the rfollowing features(Fig. 17):
-1

Absorption (em ) Assignment
3010, 1640 (m), - CH=CH,

1430 (s)

1600 (m), 1450, aromatic ether
1500 (s), 1248 (s) ( Ar—OGHB ?) &

»*
Thanks are due to Dr. G.E.Pollard of Shell Research Lab.,

Modesto, California.

o e b ST
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815 (m), broad p-substtuted
aromatic nucleus
These further suggested a compound such as p~methoxy-

styrene (1) or methylchavicol (11) (esdragol,- estragoi,

isocanethole).
OCH , OCH 4
CH=CH2 QH2r0H=CH2
(1) (11)

A literature search for published spectra of these
compounds produced two spectra for esdragol (37, 39)
which were identical with that of peak 6B. The NMR
spectrum of the peak also gave values identical to those
reported by Scheuler and wester (40), thus establishing
the identity of this peak with that of esdragol.

Peak 64 condensed as a white solid, with a melting
point 76°- 770 (uncorrected). Its IR spectrum showed the

following features(Fig, 18):

Absorption Assignment
3615 (sharp), 20.. diameric alcohol

3450, 1052 (broad)
1380 & 1365 (m),doublet gem-dimefhyl(-CH-(0H3)2




Fig.
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13. Rechromatography of Peak 3 from Carbowax-201 on
Reoplex=-L00,
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Fig. 16. Rechromatography of Peak 6 from Reoplex-400 on
Carbowax-2CM.
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The IR spectrum of this compound resembles that of
borneol!. However, many absorption bands showed a shift
and the melting point was lower than that of borneol. The
N MR spectrum of the pure compound was therefore obtained
yielding the features outlined in Table. V, as suggested
by the spectrum given in Fig. 19. These NMR and IR data

led to the following possible structure for peak 6A.

OH

J-methyl=4~{sopropyl=6-hydroxy=bicyclo{3:1:0)hexane

A literature search has failed to reveal any compound of
this type having been isolated. [t appears to be a new
compound.

IR analysis of the very scant yield(5 - ul.) of
the peak 7 fraction showed the following features, as

indicated in Fig. 20 :

-1
Absorption (cm ) Assignment
1375 (s), 1325 (m) cyclic saturated
ketone
1380 and 1365 (m) gem-dimethyl(-CH )

“CHB



B NP — O —
.

500
250
100 |
50 }

1 § } } 1 - 1 1 § A ) )} 3 1 9 1 4 |
3 7 8 5 4 3 2 | 0 ppm(d)
~




Table V. MMR Data for Peak 6A (Carbowax=20M)

™S Splitting | Coupling | Number of | Assignment
(ppm) constant | Protons
{J)
~CH 5
0.85 doublet 3 é 10-atkyl( -CH )
\Cﬂj
1.05 singlet - k- 1%-alkyl( =CHq )
1.2 multiplet - 2 29-alkyl(-CH~ )
T1.45 singlet - ! 29~0H ( CH-Qﬂ )
t
YY) multiplet - 2 3O-alkyl( =CH - )
1.75 triplet - 2 20-alkyl( =CH~ )
2.0 multiplet - 1 3%-alkyl( =CH )
3.65 doublet 4 ! -CH = OH
Total
Protons: 18

04
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Based upon the following features of the IR

spectrum, Fig. 21, peak 8 appears to be a saturated

cyclic ketone, most likely to be a formate with an

isopropyl substituent.

-7
Absorption {(em Assignment
1727 and 1127 (s) cyclic ester{formate ?)
CH 5
1375 and 1365 (m) gem-dimethyl(-CH )
'\CH3
Peak © showed the roliowing features(Fig. 22):
-1
Absorption {em ) Assignment
3058, 1600, 1500 & aromatic
1450 (s)
2860 (m), 1258 (s) aromatic ether
993 (m), 813 (m) 1:2:4 tri-substituted
aromatic ?
1385 and 1365 (m) gem-dfmethyf(—qq_ )
. CH
3

The NMR spectrum gave the data as shown in Table Vi.
These spectral data led to the following six possible
structures for peak 9. Comparison spectra could not

be located. However on a biogenetic basis, thymolmethyl-
ether would appear to be the most probable of these, as
thymol has already been shown to be present in the oil.

A synthetic sampie of thymoimethylether was therefore

purified by GC to obtain IR and NMR spectra. The peak 9

N T CRARLAR AL b A s s 5 W oAt (b o i e o
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Table. VI. NMR Data of Peak ©

™S S,b! itting!| Coupling “Number of assignment
& (ppm) constant | Protons
(J)
6.8 quartet 9.1 3 aromatic=-CH
3.8 singlet - 3 10~alkyl
3.3 septet 6.0 1 30=aikyl
2.3 singlet - 3 benzy!lic-CH

R E— S g -

.4
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OCH 4

OCH3

1-methy!~2—methoxy-u-isopropyl- 1-methyl~2-isopropyl-t-

benzene methoxybenzene
OCH 4 OCH 5

1-methoxy—2-methyl—u-isopropyl 1-methoxy=2-isopropyl-
bezene ~lh-methylbenzene
H3
OGH3
{-isopropyi-2-methyl-4-methoxy 1-isopropyl=-2-methoxy=-
benzene =Y-methylbenzene
(Thymoimethyiether)

spectra were identical with those of GC-pure thymolmethyl-

ether.

The isolation and identification of the peaks

P

———



700

800

200

2000 1500 CMm? 1000

.

4000 3000

e . —

AN RN

[0
. A A |

S

A ESIMEE NN NS NEN EEE]

i q

L

Thig :ﬂ; .1[

Y AN

BERENERE

il

Wity

|

T

LI!’!!]QIII

TG ol 3
L g i) gl
|

'
1R 1) 5 2L, O O O 0 O O

i 4:‘5‘{-:.\,« Uit

1
LR CSYRTAPE e
a4 e |

il

)

T\ T

LR} L :
: & :_"._
' BEENR

1
HNANERR!
: ' '
I.QHEZFTI; !

o
e

-
A
)
.
.vl. —
L..-f
Lawile
T o
'
N
B T
B Fremen B
-
= .I.Ql
ks e
1

14

3

1

9 10 " 12

8 :
WAVELENGTH (MICRONS)

7

)

79

23, IR Spectra of Peak © (A) of Essentlial OIl of Anemopsis and of
Thymolmethylother (8).
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108 (i{inafoot), 13 (E-cymene), 14 (1:8~cineole),

15 (d-timonene), 17 (P-pinene), 18 (camphene) and

19 (é—pinene) were relatively a simple matters. Their
RRT values had given a clue to their identification and
authentic samples were availabie for preparing comparison
spectra. The IR spectra of the aquthentic sampies were
identical in all respects. Peak 17 IR spectrum was
identical to a published spectrum of‘ﬂ;pinene(38).

Peaks 104, 11, 12 and 16 could not be collected as
they were either present in traces or were very volatile.
These peaks therefore remain unidentified. The total
fraction under the peaks 20 to 25 gave an IR spectrum
(Fig. 31) with absorption bands indicative only of
hydrocarbons.” No functional groups were observed. The
structures of compounds shown to be present in the

essential oil of Anemopsis are shown in Fig., 32.

Quantitation of GC peaks in Essentiai Oil of Anemopsis

The isothermal mode of operation was employed with
Reoplex-400 to obtain the percent v/v composition of the
essential oll. The Varian recorder equipped with a Disc
I ntegrator, Model 224, was used for quantitation and the

data obtained from the chromatogram are given in Table VI|.
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Fig. 24%. 1R Spectra of Peak 108 (A) of Essential Oll of Anemopsls and of
Lirnalool(B)
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Fig. 27. IR Spectra of Peak 15 (A) of Essential OIl of Anemopsis and of
d-L

imonene (8)
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m of the Total Fraction under Peaks 20 - 25 of
Ezsential Ol of Anormopsis.

Fige 31. IR Speectru
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Table VIi. Quantitative Data _on the Constituents

in the Essential Oil of Anemopsis.

Peak compound I ntegration %
counts Conc. viv
H Thymol 5140 13,38
2 Methyleugenol 21950 57.7
. Piperitone 3090 8.0
4 Unsat. Ketone 700 1.8
5 Unknown 270 0.7
64 Sec. Cycl., alcohol 1.8
"‘" >1200

68 Esdragol 1.3
7 Cycl. Ketone 130 0. 34
8 Cycl. Ester 600 1.53
9 Thymoimethylether 1140 2.96
104 Unknown 90 0.23
108 Linalool 120 0.30
11 Unknown - -
12 Unknown - -
13 p-Cymene 420 1.7
14 1:8-Cineole 520 1.35
15 d=Limonene 360 0.93
17 Pinene 150 0. %0
18 Camphene 170 0. 44
19 Pinene 560 1.44

20-25 Hydrocarbons 1800 4,6
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Fig. 32. Structures of Compounds isolated from Essential

0il of Anemopsis
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CHAPTER 1V

SUMMARY

The essential oil, hydrodistilled from the roots

and rhizomes of Anemopsis californica (Nutt.) Hook and Arn.

(family Sauraraceae), was analyzed by gas chromatography
on two stationary phases: Reoplex-400 and Carbowax-20,.
The retention data and quantitative analysis were carried
out using the isotherm! mode of gas chromatography. In
order to identify the various constituents, the peaks
eluting out of the chromatogram were condensed indivi-
dually so as to yield a number of peak FPractions. The
resolution and collection of the fractions were facili-
tated by the use of isothermal-linear PTGC.

Although retention data were useful in giving a
clue to the identity of the essential oil constituents,
the major emphasis was placed on spectral analysis of
the condensed fractions. Infrared spectroscopy was the
principle method employed. The comparison of the IR
spectra obtained under the same conditions of the
constituents and of authentic GC-pure compounds made it
possible to identify the following compounds in the
essential oil: esdragol, thymolmethylether, linalool,

p-cymene, 1:8=-cineole, d—li‘monene,‘ﬂ.—pinene, camphene and
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L—-pinene. Esdraco! and thymolmethylether were also
identified on the basis of their’' NMR spectra. On the
basis of IR spectra alone, although confirmatory data aré
lacking at present, the following compounds have been
tentatively identified: two ketones, a sec. diameric
alcohol, an ester (principally formate) and six hydro-

carbons.
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