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CHAPTER I 

1 NT RODUCT I ON 

Anem-opsis cali'fornica (Nutt.) Hook and Arn. 

(rami I y Saururaceae), common I y known as Y.erba de 1 Manzo, 

is widely distri-buted in the United States and northern 

provinces or Mexico. The extract or the roots and 

rhizomes is used by the natives of Mexico In the treat­

ment or rheumatic eN sorders, r-or a-sthma and a I -so as a 

blood puririer (1). 

1 

Early work on the plant by Horton and Paul (2) and 

Chi Ids and Cole -( 3) showed methyl eugenol t -o be the major 

constitue-nt presen.t in the essential oi I i.solated f'rom the 

plant roots and rhizomes. Acharya (4} further studied the 

essential oil or 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 or at least 20 compounds in the 

essential oil and identified two constituents, namely 

thymol and piperitone, while confirming the presence o~ 

methy/eugenol as the major constituent. Also reported was 

the presence of" an unsatu-rated ar-omatic ether as one o-r 

the unidentified cons.tituents (5). The aim of the present 
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investigation wa-s to isolate and characterize the 

remaining unldentl,fed constituents fn the essential ail 

or Anemops1s caUfornica. The essential oil was extracted 

·from the air dried roots and rhizomes, pref'racttonat·ed, 

and characterized by. gas-liqufd chromatography(GC). 

Several constituents ~ere isolated by gas-liquid chromate-

graphy in· a pure state and were identified by physical 

methods of' .structur-e determination. The combfnation of 

GC and inf'rared spectroscopy was especially useful f'or 

this purpose. 

The experimental methods, results or the experi­

ments and conclusions based on these results are given in 

the following chapters. 
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CHAPTER 11 

A REV! EW OF U TERATURE AND- PROCEDURES 

Extraction oP Essential OTis 

Essential oils are heterogenous plant constituents 

which are cqmplex mixtures or compounds, which none-the­

less are biosyntheti·cal/y related to one another (6). 

The major types oP compounds present in the essential .oi Is 

are: 

1. Hydrocarbons ·- a. monocyclic, b ·icyclic and 

open chain terpenes; and b. aromatic 

11. Oxygenated Derivatives - a/coho.ls, esters, 

aldehydesy ketones, phenols. 

Guenther (7) has given a -review of* the various 

procedures used ror the essential oi t extraction, used 

both In industry and research.' The major process of 

extraction is that or distillatlon with stsam or water. 

The advan.tt.tges or steam or hydrod i st iII at ion are that the 

procedure is simple, -economical, exposure to heat is 

relatively short and thus usually Jess ITkely to cause 

decomposition in the c.onstituents of the essential oils. 

Other proce.sses such as solve-nt extraction, cold expressl·on 

and enfluerage have limited specialized applications. The 
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yields in these procedures are relatively row and they are 

used in the extraction o·r oils which command a high price 

in the market. 

The- probl"em of -unwanted ·Changes in the cans-t ituents 

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 complexity 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 .compound..s a difficult t -ask. In a few cases 

if' a compound is present in large amount. -it can be 

isolated by sim-ple disti1/ation: as for example methyl­

salicylate from the oil of wintergreen. However, the 

compounds in small amounts or in traces present 

considerable difficulties in their detectron and isola -

tion. The advent and progress in gas-liquid chromate­

graphy has enabl"ed investigations to analyze essential 

oils in great detail and to isolate and identify even trace 

compounds previously unknown to be present in a particular 

essent i a I o i I. 

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 oi I are se.parated and may lead to th.e 
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concentration or enrichment of trace compounds in some or 

the collected fractions. The major constituents are also 

concentrated in some or- the fractions and hopefully 

removed from others so that the problem of peak overlapping 

in GC is reduced. such concentration and enrichment or 

trace compounds also facilitates their detection by 

chemica I means8- A.charya has poi.nted out that pi per it one 

could not be detected in the total oil or Anemopsis 

-callrornica but that its presence could be shown .only 

after adsorption chromatographic prefractionation. 

The we II es-tablished methods or .simple d i st i -1/a­

tion and fractional disti 1/ation under v.a.cuum, both using 

high- effic-iency distillation columns, are used commer­

cially to concentrate the desired components of the 

essential oils. The procedure or adsorption chromatography 

can also be used for prerractionation, e.g. to remove 

terpene hydrocarbons rrom lemon oil. Preparative GC is a 

more recent and a quite useful procedure. Prerractionation 

using heat poses the question of heat degradation or 

compounds 

or sample." 

and po/ymerizatton of terpenes, as well as loss 

Adsorption chromatography on active alumina has 

also been shown by Nigam et al. (B) to cause isomerization 

of' e-poxides and thus again, raise the problem of' al-te-ration 

or the .original composition of' th-e essential oi 1. 
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Gas-Liquid Chromatoqraphy(GC) 

Speed, sensitivity and versatility are the main 

advantages of GC. GC was applied early to the analysis of 

essential oi Is, and has been a great impetus to the st-udy 

of essential oils and perfumes as well as flavors and 

aromatic substances present in beverages (9). 

The t~chnique of GC may be described as a 

chromatographic method -of' separation t1herein the mobile 

phase is a vapor .percolating through the liquid stationary 

phase by the use of an inert carrTer gas such as helium or 

nitrogen under pressure. The stationary phase- in GC Is an 

active partit -ioni-ng lir:ruid t~hich has a low vapor pressure 

at the temperature of operatfon, adsorbed on a suitable 

inert solid support in certain knotln proportio,. A 

schematic diagram of a gas chromatogrtfph is sh-own 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 ca-rrier gas. The column 

consists of a suitable glass or metal tubi,g packed vith 

the stationary phase, the effluent end being connected to 

the "dete-ctor chamber". 

The detector chamber consists of the detector which 

indicates the presence presence and measures the amount of 
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components in the column errluent. A good detector has 

a high sensitivity and· a fast linear response to the 

erfluent gas. The diferential ty.pes of detectors are 

8 

most commonly used (.tO). In this type or detector, some 

property or the errtuent is continually compared with that 

of th·e carrter gas. Thermal conductivity, electrical 

conductivity, dielectric and ionization constants are 

some o·f' the physi ca I properties used in d ifl"'erent i a I types 

of detectors.. 1 n this research, the ·11 katharometer" or 

thermal conductivity detector vas used. The detect~r 

chamber of such a detector system consists of a set o-r• 

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 ttme(RT) of each of the 

peaks of' a mrxture. A complete chart of' the peaks of' 

a mixture constitutes a "chromatogram". 

The most important consideration for the separation 

of a mixture by GC is the choice of the liquid stationary 

phase. Selection of the proprJr column is based on the 

prior broad knowled.ge of the chemi.cal nature of' the 

components of the mixture to be analyzed. The stationary 
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phase must have a certain so I vent power t>or the component.s 

of the mixture. These components will then be diferen­

tia/ly partitioned bettteen the gaseous(mobileJ phase and 

the liquid(stationary) phase and be retarded or ret-ained 

on the column in a diferenti~l 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 or a mixture and the stationary : 

phase is required·. Thus, if the components were non-polar 

a non-polar stationary phase wTII effective·fy give a 

norma I separation; a po.lar phase wi II efficient I y separate 

polar compounds. Some semi-pol~r phases such as phthalllc 

esters can be used t>or a wide variety of compounds. 

Keulemans recommends such semi-polar phases for the 

ef'Fect i ve· separa.t ion of mixtures of compounds or non-po far, 

polar and semi-polar nature. 

Essential oi Is are mixture·s of compounds ranging 

in polarity from non-.polar hydrocarbons to polar aromatic 

a I coho Is.· some 50 stationary phases ·have been used for 

the analysis of essential oils (13, 14). Von Rudloff (15, 

16, 17, 18) has reported orr the use of polyglycols 



a 
(carbowaxes) ~or the separation o~ -essential oil 

co-nstituents. Nigam and his co-workers (19, 20, 21, 22) 

have effectively used polypropylene glycol adipate 
a 

10 

(Reoplex-400 ) for the analysis o~ various plant essential 

oi Is •. The semi-polar nature· of these stationary phases 

enables one to separate the varied types of constituents 

or the essential oils effectively. 

The se·cond important consider-ation ; n gas chromate-

graphy is the selection or the column temperature. 

Purnell (23) ha.s thoroughly discussed this parameter. 

The effective and ef~icient resulutlon or th~ varied 

compounds or essential oils as re-gards to the time f:or each 

chromatographic run poses considerable difficulties. If 

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 htgh. High column tempera­

tures yield poor resolution of the early peaks although 

the .later peaks are sharp and the chromatographic run 

takes shorter time. Griffith and co-workers (24) first 

used the technique or Programmed Tempera.ture Gas 

a 
Wilkens Instrument & Research Inc., Walnut Creek, 

California. 



chromatography(PTGC) ~or the separation or mixtures o~ 

low and high boiling alkyl halides. Startfng with low 

column temperatures, these authors raised· the column 

temperature at a constant rate during the chromatographic 

run~ keeping the carrier gas ~low-rate constant. This 

technique improves the resolution or components and 

economizes the time for a chromatographic run. The tech-

nique or PTGC h.as since been dev.eloped into the following 

ftve variations: 

1. Linear - temperature is increased at a pre-

chosen linear rate. 

2. Stepwise - increase Fn temperature is in 

steps, being held isotherma-l for a short 

period at each increment. 

11 

3~. Hult i linear - severa I linear rates of temper-

ature i ncrea.se are used during a chromatogra-

phic run. 

4. Linear- i sotherma I - a chosen linear tncrease 

in temperature is used "for a set pe.r i od a·nd 

then allowed to remafn isothermal at that 

higher value ·unt i I the end of the run. 

5. 1 sothermal-linear - t .he initial temperature 

is maintained for a sett per; od after wh; ch -it 

ts raised at a chosen rat-e unt i I the end of 

I. 
I 
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the run. These variations are shown diagramatically in 

Fig. 2. 

Gas Chromatographic Identir1cation by R·etention 

Recently an extensive review on the techniques and 

problems invotved in the Identification or the peaks ;, a 

gas chromatogram wa.s g-iven by PurneJ./ (25) •. Dal Nogare 

and Juvet (26) and Crippen and Smith (27) have also 

described various Identification procedures in detail. 

Under a def'ln.ite set or operational cond·itions, the 

retention volume(VR) or RT is characteristic of a certain 

compound. Thus in analogy with Rr· values of paper chroma­

tography, the retention val-ues can be used in the identif"T­

cation of the compounds resolved by gas chromatography. 

However, the certainty with which ·a peak can be identified 

de pend s upon t h.e ac.curacy with whIch the ret·ent ion vo fume I 

time can be measured, and the number of closely eluting 

compounds with which a peak can be confused. In the case 

of a co~plex mixture, giving rise to many peaks (such as 

an essential oil), interferance is particularly -liable to 

occur. The requirements of absolutely constant operating 

cond tt ions in a. series of chromatogr.a.ph i c runs is a /most 

impossible i-n practice to attain. The rather common 

practice of relying entirely on the retention coincidence 

I 

I ' 
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{#) 

Time ,... 

Fig. 2 Types of Programmed Temperature GC Techniques. 

(1) Linear PTGC (2) Stepwise PTGC (3) M~ltilinear 

PTGC (II-) Linear-isothermal PTGC and (5) -I ..sothermal·­

-1 i near PTGC 
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methods have und-oubtedly led to much qualitative error 

(25). · The retention col ncidenoe method of ident ifi oat ion 

consists of the addition .or a suppo-sed component, i. je: -an 

-authentic sample,to the -unknown mixture and the GC analysis 

or this artificial mixture under identical operating 

c-onditi-ons. ' An increase 1 n the height or area of' any 

particular peak of' the mixture is noted and it i..s a.ssumed 

that these t ... o, the unknolt'n peak and the added authenti-c 

compound"F are one and the same. Under very favorab-le 

conditions, it Is possible to achieve the qualitative and 

quantitative analysis or 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' characterIzation. -

Retention data, can however, be a valuable ald in 

the characterization of compounds in a mixture If consi­

dered in conjunction with other data. ' The relative 

retention tlmes(RRT) help one in the- correction of the small 

but important variations in the operational parameter$ in 

a series or runs (19' 20).1 A known authentic compound in 

a kno.wn volume is chromatographed along with the unknown 

mixture and the chromatogram 1-s established. The RT or all 

the peaks in a mixture are normalized with respect to the 

retention tlmes(RT) of this known standard compound. The 
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assumption is t ·hat any ch-ange in parameters td II aff'ect the 

standard RT as well as the- unknown RTs to the same degree 

a-nd their- e f'fect s ca nee I out in t-he normalized RRT va I ues. 

A It ernat e I y, a peak in the ce n.t·er of the chromatogram of' 

unknown can be id-entified and chosen as the standard f'or 

normalizing the RT values oP all the other peaks. Linalool 

(21, 22), d-Jimonene (21, 22) and d-camphor (17, 18) have 

been used to measure the RRT values or the constituents of 

essential oi Is. 

The rete-ntion coinc-idence me-thod of GC identif'ica­

tion of components of' a complex mTxture, becomes more useful 

when one carries out multi-column GC. Keul-emans sta-tes 

that "ror the gas chromatograph; c ana I ysi s of' a complex­

mixture,. it is a rule- rather than an exception that such 

mixtures be run on two or more d/ff'erent stationary phases", 

i.e. columns. The use of' several columns reduces the 

chances of' mist~ken identification, particularly if the 

columns are widely diff'erent In their polari~ies • . Hulti-

co/umn GC in-volves relating the peaks in one chr-omatogram­

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 8 to 

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

As pr.eviously Indicated, mufti-column gas chromat.o­

graphy of an unknown mixture involves the isolation of 

individual peaks on one column and rechromatography of 

each or these tsofated fractions on other diff'erent 

columns.. The isolation involves the condensatron or trap­

pin ·g of' each .of the GC peaks coming out of the co I umn at 

the effruent port. Such trapped fractions can be used not 

on ·ly 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 de.signs o .. f the traps for collection o·f GC 

fractions involves e(ther a ~crubbing of the effluent gas 

by a suitable ~olvent, 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 .sp·ectro­

scopy are to be used for identtrication. Kroman and Bender 

( 28) point out, hott~ever, that the amount o·f solvent 

compared to that of the GC fraction is more likely to 

interfere in subsequent treatment of the collected frac­

tions. For most purpose'$, the low temperat-ure trap is most 

·~ 
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suitable. The ef~Juent from the detector is passed through 

a suitable trap cooled by dry leer I iquid nitr.og.en or 

cooling mixtures such as salt and icer to bring about rapid 

coo ·ling of the eluant va.por4 The compound condenses in 

fine dr.ops on the ft'alls of the trap whi 1-e the carrier gas 

.escapes. Such rapid cooUng o~ten produces aerosols and, 

·unless the trap is designMI properly, the condensed· droplets 

may escape along with the carrier gas. Various designs of 

traps are ava i /able from preparative gas ·chromatograph 

manufacturers and accessories suppliers, which aim at 

reducing or eliminating aerosol formatlon and promoting 

eff.i c i ent condensation of the ef~ 1-uent fraction. 

Condensation of milligram 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 cons{derable 

difficulties. Even if such submicro quantities were 

trapped, the recovery and handling of these 'for physical 

methods o'f identification, such as IR, UV and NMR spectros-

.CQp y leads to the severe losses of the sample unless 

special precautions are taken. Whenever possible, direct 

monitoring of the effl-uent fraction is desira.ble. Thus, 

Nigam and co-ft'orkers (29) have .used a method of direct 

condensation of t ·he ef'f luent fract-ion o~ ~-pinene on a sa It 
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plate cooled in a dry ice jacket. This salt plate can 

then be placed directly in theIR spectrometer ror 

analysis. Giuffrida (30) has also described such a tech­

nique. Thomas and Dwyer (31) have described the technique 

of' condensing the e luat·e on 25 u cellulose membranes which 

can be placed directly in an IR spectrometer ror obtaining 

the spectrum. A technique or collecting the ef'f'luent 

fraction in a simple hypodermic syringe., cooled in a 

jacket o.f' dry ice has bee-n described by £dt1ards- and 

Fagerson (32). Oxygenated and sesqui-terpenes were 

collected with good ef'f'lciencies by Teranishi (33) in 

simple five inch lengths or glass tubes dratln out at one 

end and packed with clean stainless steel wool. 

Physi-cal Methods of Characterization of GC peaks 

It has been pointed out previously that although 

the retention data, espec1ally those obtained with multi­

co f.umn GC, are a valuabte aid in the characterization 

of GC pea·ks, relia-nce cannot be placed on such data alone. 

Other data, such as those obtained by the usual 

procedures or characteri-zation or organic compounds· have 

to be obtained also. The small, often microgram quanti­

ties of the· GC fractions, preclude the use of such 

destructive methods as eleme·ntal ana-lysis, functional 
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group determination, preparation of derivatives, etc. 

Physical methods or characterization such as the spectrosco­

pic methods are invaluable aids- for th.is purpose. The UVr 

JR, HS and NMR data are often the only data available for 

the determfnatlon of the structure of unknovn compounds 

obtained in pure state by GC. Structural information 

which can be obtained by means of the various spectroscopic 

methodsr is complimentary to each other. ~or example, the 

problem of determination of structure on the basis of IR 

spectrum becomes much more tractable if' a MS is also 

available. uv data may also permit ~he cfarification or 

important str-uctura I detai f s and an NHR spectrum may be 

able to 'furnish informat-ion ttthich could not be obtained by 

means of the three previo-us techniques. Whi /e a fett 

hundred microgram quantities are sufffcient for an JR, UV 

and a HSr larger samples are usual -ly needed for running 

an NMR spectrum. 

A molecule placed in the path of a monochromatic 

beam- or ele-ctromagnetic radiations absorbs those frequen­

cies which correspo-nd to one or the natural frequenc-ies _{)f 

the molecule and momentarily at-tains high energy content. 

This absorpt i on of energy is a highly spectf'ic pr-op(l>rty r:tf' 

the mol-ecu far structure and the fr -equency range tdthi n 

which energy can be absorbed is specifically dependent on 
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the m·o/ecu/ar structure or the absorbing compound.. The 

frequencies absorbed and the intensity or the emergent 

beam can .be recorded by a suitable device placed in the 

emergent .beam. Instrumentation is nott ava11able t1hich 

uses each of the various regions or the electromagnetic 

spectrum. Hottever for the determination of the structure 

or organic compounds the ultravi.o/et, 200 - 400 "'111 infra­

red, 2.0- 16 p; m1crova·ves(cSR), 0.04- 25 em. o.nd radio­

waves(NMR), 25 em, are most commonly used radi~tions. The 

infrared spectroscopy has been· the most videly used o~ the 

four, as the absorption or IR radi-ations by molecules 

gives the most relevant information about the molecular 

structure. The UV, £SR and NMR spectral data are more or 

less complimentary to theIR spectrum. 

1 nfrared Spectrosco.p'f. 

Freeman (34) has pointed out that the Tdentifica­

tion of a compound by IR spectroscopy alone is a simple 

problem when the unknown compound is actually a knovn 

substance ttho.se I R spectrum has been reported in t ·he 

literature· or rs otherttise avai fable to the investigator. 

However, aft·er hav-ing matched th·e spectrum of an unknown 

vith a published one, it is generally wise to obtain an 

authentic sample of the compound and record its spectrum 

in conditions identical with those previously employed ror 



the unknown sample. 1 f the l"R spectrum or the unknot~n 

compound and that of a known are founrl to ~e almo6 t but 

not c.ompletely identical, before considering that tht~ t 11 (1 

compounds may only be closely related rather than ld•ntlctJI,. 

a purity check may be performed. Occasionally tiHt Ptlhllsh­

ed spectrum may be tha.t of a less pure sample ·than the 

unknottn compo-und under ; nvest i gat ion, esp.ecla II y t~hen GC 

has been used to i so/ate t-he unknown. 

When the spectrum of the ·unknot~n cannot btt llf<Jtchetf 

with" any avai fable recorded spe·ctrum, .It must ·be tr·•~t.-<1 

as a true unknottn and its structure may b~ po$tulated by 

carefully examining the /R spectrum. The /"dent 1 r I cat I on o~ 

such a compound will require accumulation of many -or• 

physi ca I and chemica I data•• 
. r GC IR spectrosco~y 

A /most si·nce the begt nl ng o • 

,"dent,· rT cat 1 on ° has been used as a means of ' 
Gc rr~ct I O"J 

l•s for I"' 
(25) • • f preparatIon or saTWP • Var' ous techm q.ues o 

The mfcroamounts a~Q//Qtl• 

Problems In sa~~~· 
after GC separation pose a number or 

0
, 

U
sed ror all tyces 

spectroscopy have been devised. 

harnn i ng and no one method can be 
I 

$uCf'l as ltl 
the samP e, 

lt is a solid cr a 
whether 

samples. The physical nature of 

volatility or non-volatility and 
corfect/Oft Df"'l1 

liquid determines the method of sample 

preparation fOr JR.' 

--- --- -, 
I 
! 



A GC fraction condensing as a solid presents 

little problem. Repeated Injections and.- condensation or 

the fractrons may yield enough sample to pre·ss ·a KBr 

pellet for IR spectroscopy~ Or small amounts of the 

fraction may be condensed in a sufta·ble solvent and used 

22 

to fill a micro-cavity sodium chloride cell. The micro­

samples may require the use of a beam condenser and a 

reference beam attenuator which enable$ one to obtain /R 

spectra with good base-line characteristics. The handling 

of liquid GC fractions is quite dlf'ffcult, especially if 

these fractions are volatile, as transfer of these 

samples from the trap to a suftable IR cell may lead to 

intolerable losses of an already meager amount. Volatility 

of a sample -may preclude pressing out even a micro-KBr 

disc. · The sample can be transfered to a NaCI micro-cavity 

cell with some difficulty of manipulation. The use of a 

suitable solvent to transfer the micro-sample to the IR 

cell is not without problems. Solvent absorption 

interferes and the solution 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 I R ce·l I e . 
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Barnes Engineering Companyb manuFactures a device 

based on the technique of Edwards and Fagerson ( 32). The 

condensed droplets are tranfered into the cell by placing 

the assembly into a centrifuge for a few minutes at low 

speed. 

Adequat-e spectra may be obtai ned with as I itt le as 
c 

0.2 u; oF the sample. Wilks Scientific Corpor~tr~n, 

Model 15, GC-IR ana·lyzer is a capillary internal reflect­

ance eel./ 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 coli ected and kept heated in the c-e II in· vapor phase. 

The complete heated assembly attaches to a sample holder 

of an JR spectrometer. · One problem with this technique is 

that th(J vapor phas(J /R sp(Jctra may not be avai fable for 

compar·i son. The cost of such devic-es is a I so a f'actor 

which must be considered especially when these devic-es may 

not be use f'u f for a {Y.lrt i cuI ar samp I e which a. researcher is 

handl ·ing at the moment. He may have to devise some other 

techniques of' his own. 

As previousty stated, the UV, NMR and Mass 

b 
Barnes Engineering Company, Stanford, Connecticut. 

e 
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 HS, I i mit t.he i r a pp./ i cation. NMR requIre-s some what 

larger samples(> 1 mg.) although good spectra may be 

obtained using micro-sampl-es w·ith the recent lntroduction 

of computer averaging of multiple scans. Larger sample 

limits the app·licat.ion to post-trapping techn·iques, i.e. 

sufficient fraction is first trapped and then transf'er·ed 

in a suHable s·olvent to an NMR eel I. NMR spectra ·can 

provide very valuable information in cases where the 

interpretation of the /R spectra or the unknown leads to 

mor.e than one possible structure. It is also valuabf·e when 

the sample Fs a true unknown -compound and the /R alone 

cannot lead to a possible structure f ·or the compound. 

Purnell (25) has pointed out that the MS is one of 

the few detectors which simultane-ously pravides both 

qua I it at i ve and quant it at 1 ve information about t ·he GC 

effluent fraction. A GC-HS instrument, in t1hich the GC 

e-ffluent is ·direct I y led into a fast-scan MS is nov 

availab.le. MS is perhaps the more useful than /R ar UV 

in characterizing the GC peaks and its spectra lend them­

selves to the interpretat-ion 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 c.ost -and even ir t-he cost may be reduced, the 

particular requirements or 'the project can or-ten be met 

ln some other less expensive ways. Thus, the high cost 

·of' the GC-MS system limits the application of" this m.ost 

versatile technique to GC analysis. 

GC Quantitative. Ana I ysl s 

The response of almost all the detectors used in 

GC Is a function of sample srz~ as well as some molecular 

property (25). Thus a chromatogram gives not only quali­

tative data but also quantitative informat(on or the 

composition o~ the sample mixture. 

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

quantitation process into the f'ollowing three steps: 

(a) Generation or the analog stgnal (Chr-omato­

graphy): involve$ the chromatograph and its 

components such as injector, column, de-tector 

and associated hard~are. 

(b) Analog to digital conversion (Integration): 

.; nvo 1 ves the recording and i ntegra·t io-n 

apparatus which can range from a simple 

recorder plus a ruler to a complex electrontc 

; nt egrat or. 



(c) Relation o~ the digital data to composition 

(Calcu-lation): 

i nvo I ves the ca I cu /at i ng apparatus which -may 

range from simple pe-nci I and paper or a sf ide 

rule to even a computer. 
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G-i II and McNair ( 36) have summari-zed 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 ~allows: 

(a) Sampli nq Technique: Samp-1 e shou /d be introduced 

without bias. 

(b) Chromatograph Perrormance Factors: Column 

separation, detector characteristics, electro-

meter or TC bridge circuit accuracy. 

(c) Recorder Characteristics: Linearity, pen speed, 

dea_d band, e/ectrtca.l zero stabi 1-ity, etc., can 

affect the a.ccuracy of chromatograph tracing. 

All quantitative techniques except electronic 

integration are based on the recorder trace. 

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

samples, operating the chromatograph, counting 

integra Is and per 'form.i ng ca I cuI at ions a II 

affect accuracy. 

1 
'-

I 
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Thus the variables are numerou$ and hence the only acceP­

table practice is to determine the characteristics and 

perf'ormance 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. 

factor can be used in quantitative analysis by GC. 

This 

The 

peak height obtained under stable operating conditions is 

a measure of the concentra_t ion o-f 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 f'or each concentra­

tion under constant, stable operating conditions. A plot 

of concentratIon J!.§.·· 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 rollowing diagram. This procedure requires 

that the compound be id.ent ified and that a pure authentic 

sample be avai /able- to establish the peak he-ight - 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: 

l 
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Correction factors may -be determined for each given sy-s-tem 

by the GC of standard known mixtures. One or the r-oll-owing 

several methods may be utilized to determine the areas 

under the peaks. 

t. Triangulation: 

A triangle is constructed by drawing tangents to the slopes 

of the peaks and the intersection of these tangents with 

th~ bas~ li r'!! gives the base, 8. Then A = BH /2. T"he s I opes 
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or the peaks and operator's skill a~fe~.t tht"s measurement. 

However, the tria_ngle formula gives only about 971t 0~ 

the true peak area, at best. 

2. Height x Width at Half-heiqht: 

The triangulation method suffers from inaccuracy caused by 

the baseline shift due to tailing or adsorption. The area 

is calculated by the formula: A = HW. However, for very 

narrow peaks W may not be accurately measurable. For 

symetrical peaks, one can achieve reasonabla precFsion but 

nonwsymetrical peaks give poor results. 

3. Cut and Welqh: 

The chromatographic peak can be cut from the tracing, the 

cut piece weighed~ and then the weight ratio of the peak 

weight to- the total chromatogram w.elght obtai ned. This 

procedure destroys the- chromatogram and factors such as 

constancy of thickness and moisture content of the char·t 

paper, as well as accuracy in cutting and weighing of the 

peak af~ect precision and accuracy. 



4. P.fanimetry: 

The p-eak can be t racerl manua lfy with a planimeter, a. 

manual analog digital device, and the peak area read on 

the. dial. The procedure is time-consuming and accuracy 

wil I depe·nd on .operator .ski II in tracing the peaks. 

5. I nteqrat ors:. 

Various electronic instruments, such as ball and disc, 
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analog and voltage integrating devises, have been designed 

~or direct attachment to the record~r s~ that integration 

is performed with the recording of the chromatogram. The 
d 

Disc Integrator is, by far, the most widely used. The 

degree of precision and accuracy obtained with the Disc 

Integrator is limited by the mechanical performance of the 

recorder and, h&nce, a careful adjustment of the recorder 

d 
Disc Instruments 1 nc., Santa Anna, Callf"ornia. 

! 

! 
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performance is necessary. 

The Disc Integrator attached to the recorder is so 

arranged as to yield a pe-n- trace which is continuously and 

automatically recorded below the peak trace as shown in 

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

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 i nterva I i.s ca I cu lated by counting the 

chart graduations crossed by the integration trace. Each 
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interval has an arbitrary .va-lue of' ten and a complete 

trave_rse produces a bll p. The 6.00 counts between succ~s-

sJve blips make it easier to read the trace. The percent 

composition of a peak is obtained in the f'ol/owing manner. 

100 x counts under a peak = ~ v/v 
total counts -under- all peaks 

Electronic integrators .elim-inate the dependence on the 

recorder and human factors. However, the cost of such 

integrators is a limiting f'actor in their use. Gill, 

et a/. (33) have given the f'ollowing f'igures as an 

estimate on the pre-cision obtained with various method-s of' 

area measurement. Typical standard deviations have been 

found t -o be-: 

Planimetry ••••••••••••• 4.~ 

Triangulation •••••••••• 4.~ 

H X lr' . . . . . . . . . . . . . . . . . . 
Cut & lr'eigh •••••••••••• 

Disc I nt egrat or • • • • • • • • 1. :J1, 

Electronic Integrator •• o. 4" 
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CHAPTER Ill 

EXPERIMENTAL AND RESULTS 

Extraction and Fractionation of Essential Oil or Anemopsis 

The process of hydrodistillation as employed by 

Acharya with modif'1cations as described below, was employed 

to obta·in the basic materials investigated i-n this study. 

The majar canst ituents pi per/tone,. thymo./ and methyl eugenol 

had already been identified and were or no interest in this 

work. In fact these i~t~rfered in obtaining good GC 

separation of the minor const ·ituents of'" the essential oi I 

of Anemopsis. Acharya's attempt at fractiona.tion of the oi I 
e 

by the· use of Spinning Band Fractionator, had yielded four 

fractions. · The first f'raction of' these f'our was enriched 

in the compounds of interest. ' However, the application of 

heat during distillation resulted in intolerable loss of 

sample and,as previously indicated, Introduced the 

posslbiltty or heat artifacts ·and alteration in the origina·l 

canst i t ·uent s of' the essent i a I o i 1. · 

e 
Nester/Faust Manufacturing Corporation, Newark, Delaware. 



During preliminary work on the hydrodistillation o~ 

the essential oil of Anem-opsls., it was observed that the 

initial amounts of the oil which were condensed in the 

Clevinger tube were colorless and the oil gradually c-hanged 

color to a deep blue towards the end or the hydrodistilla­

tion period. This lead us to believe that the various 

constituents of the oil distilled over at different periods 

of d i st 1 //at ion and that, i r sma II amou-nts of f'ract ions of 

oil were collected separately at various time periods 

during the hydrodistilt-ation,. one may obtain fractlol'ts 

enriched 1n some of the constituents of interest. Thls 

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 thymoi(2530J~ 

and these could be expected to di"still over at di"~ferent 

.t i me periods dur; ng the tot a I d i st i II at i-on period. 

In order to test thls hypothesis, two separate 
f 

500 g. batches of the r-oots and rhizomes of> Anemopsis were 
g 

ground to a 40 mesh powder in -a Straub mill. One batch 

served -as a control and was hydrod; st i 1 Jed with 3. 5 1- of 

f 
Lot No.- RM-6'7-91", Hathaway A II ied Products, Los Angeles, 

California 
g 
Model-#€, The Straub Company Inc., Philadelphia, Penn. 
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wa:ter in a r; ve fit·er round bottom f /ask. The hydrod i st-i f­

lat ion was- performed continuously f~r 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 I 

of water for 30 hours, but in an interrupted manner. After 

the i nit i a I short per 1 od of d i st i flat ion, the f /ask was 

cooled and the amount of condens~te in the Clevinger tube 

withdrawn to yfeld fraction #1. The distillation was 

resumed for another short period followed by cooling and 

withdrawal of' t -he condensate to yield fraction #2, and so 

on. In 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 bat-ch II ar-e 

given in Table I and II. 

The control batch of Anemopsfs 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 wh -ich had been se teet ed ( see section .on Gas Chroma­

tography ). The fractions 1, 3, 4, 5 and 7 were monitored 

by GC on Reoplex-400 column at 160° column temperature. 

Chromat .ograms of these f'ract ions., obtai ned under the same 

t1 
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operating conditions are given In Fig. 3 - 7. Peaks 4 to 

25 were or interest as thes~ constitute the minor consti­

tuents or the essential oi I or Anemopsis. An examination 

of the chromatogram showed that complete isol-ation of any 

one constituent in any one rraction had not been accompli­

shed. The major constituents wh rch are indicat-ed by peaks 

t, 2 and 3 were present in all the Fractions. This also 

seemed to be the ·case when A charya had employed a Spinnin-g 

Band Fractionator. However, it was abvious that the major 

constituents were present in considerably lower concentra­

tion ·1 n frac.t ion 1, as compared t -o other fractions, and· 

that the other constituents of interest in this work were 

comparatively enr;ched in this fraction. Therefore 

fractions 1 and 2, obtained f'rom batch II of the hydro­

distillatron, were used for the GC isolation and· 

identif'ication of the c-onstituents -as described in ·the 

following sections. The other fractions were not examined 

further .. 

Gas Chromatography of Essentiaf Oil of Anemopsis 

As previously stated, Reoplex-400 and carbowaxes 

have been suc.c-essfully used f:or the analysis of various 

essentia.l oi Is. These two, with thei.r semi-polar nature, 

were thought to be best suitable for this study. 
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Table I. Datq on the hydrodistillation of two batches of 

A nemopsi s. 

Batch 1 Batch II 
Control 

Grams of Drug . . . . . . . ·• . 500 500 

Hydrodistillation Period 30 hr 29.25 hr 

Tot a I Oi I (mi. J 33.5 31.0 

No. of Fractions . ..... 1 7 

Percent Yield • • • • • • • • • 6.7 6.2 

Table II. Data on Hydrodistlllation of Batch II of 

Fraction D i st i I I at ion Volume( mi.) Color 
# Period[hrl_ Col 1-ected 

1 2.5 2.5 colorless 

2 2.0 2.5 pale ye II ow 

3 3.75 4.0 pale yellow 

4 4.5 4.0 light green 

5 3.5 4.0 greenish blu-e 

6 7.5 B.O greenish blue 

7 6.0 6 .. 0 bright blue 



60 

50 

40 

30 

20 

. Q 

~ ~ 
I: 
1: 

5 

9 

I 
~ 

I 

s{A,al 
2 

3 

45 

Time(m'in) 

REOPLEX -"rOO 
Q 

f 60, 4 uJ 
' j" Atten. : 2 x 

50 55 60 65 

Fig. 3. Gas Chromatogram of Fraction 1 of the Essential Oil of Anemopsis. \.1,) 
Cb 

~ . 

I 
I 
I : 
I 
! 



(!) 

"> c 
gj 
Cr) ' 

<l.l 
Q: 

L. 
0 

""" 0 
~ 

"'"'' 11> 
Cl 

.. 

Tlme(min) 

0 
160 

2 ul, 2x 

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

\.o 
1.0 

J 
f 
~ 

I 



~ 
(/) 

I . oiO 

410 

c: . 
0 ">10 
Q. .... . .f 
Cl) • 

~ i 
~ l 

1-' I g 2·0 I 
1-' \ ~t ~ II (, 

Q !\ \ · ~t ~' 
. • l .; h 

I I I·' 

1 ' t\ I ';_ Fl\ .. f.J l.~:.:,:l.Lb:_ e;,;; 

5 10 15 40 45 

Time( min) 

Reoplex-q.oo 

160° 

2 ul, 2x 

50 ... 55 

~ig. 5. Gas Chromatogram of Fraction~ oP the Essential 011 of An~mopsis. 

-----~--·-'--·-

60 

~ 
0 

~ • 



, .. ,~ 
..... ... 

(L) 
(? 
c: 
0 

~.; o 

lo 

Q.l-::-~o tl) ..... 
(t) 

Q:; 

I.. 

tIt l 
~ F!o I j 

11 • ~ 
~ 

" 
~ ~-
~ • ~ I 
Ul 
J 
I • ~ 
~ 

~ 
~ 

~ ) 
~ 

I 
j 

Reoplex-1./.00 

160° 

2 ul, 2x 

,! 111 ;!! r~. 
- ,.o, IL ·. - : 11~ ~ ~ ~;~_,. - ~ . . t 
.~.z.c:..-..~...- ··~~; , ,....... ; ' s .. , · ··~--? weuaau. r*fh-~.- euz; ueaw=• =--""- tP ==··j 

5 ' 10 15 

Fig. 6. Gas Chromatogram of Fraction 5 or the £ssential Ott or Anemopsls. 

~ -

··- -·· - -· -h--• ~~~==::~~~~~~~~~~~~~~~!!!!!.~!i!!!!!!'!!t!!l.'~~!!!!!!i!!!!!!l!l!l!!!i!!l!!!!!!!!!!!!!ll!!l!!!l!!!!!i!!!!!!!!!!!!!!!!!!!!~!'!!!!!!!!!!!!!!'!l!!!!!!!!llli!!l!!ll!!!!!l···-----------------------• . ·--- ~- r." ~-~·.:: :-:_':~. -~,,;.;,;;~- ~~· . .. . - - ... ~ ~ - ·- - · - -



·s:o 

4 10 

~ 
<t) 
C: -

! lf3!0 

o · 
c:u 
~ 

~ I::Z· 

Tlme(min) 

Reoplex-f/.00 

160° 

~ uf, 2~ 

Fig. 7. Gas Chromatogram of Fraction 7 of the €ssential Oil of Anemopsis. 
.;:-
1\) 

l 
l 

., 

~~~~ ·- · ... . ~-- - ~~- - __ ----·- - ~: _____ o~--- --· ... - - ~=:- -- ---~ ~ _-,. __ - ·- · · · · . :· L~- -~.-~''· -- .- : : · _ _ · ·:~::_~;- :_:~-~- -~- -~·.::~:_:_ · ·. : ·: . _.~::·:. : · ... :~ 



Reop/ex-#00 was the stationary phase used most ~or finger­

printing, resolution and collection of the constituents. 

Carbowax-20M gave resolution simmilar to Reoplex-#00 and 

was used for speciric separation of close lying peaks, as 

d.escrlbed later~- Two col.umns, one each- of Reop/ex-400 -and 

Carbowax-20M were prepared by the procedur-e which follows. 

Ten g.: or sta-tionary phr?se were- tleighed in a tared 

beaker and dissolved 1 n 50 mi. of ch loro:form. Thl s solu-

t ion and ·the tlashi ngs(100 mi.) ttere then transferred to a 

500 mi. round bottom flask. An additi -ona-l 200 mi. of 

chloroform were added to t"e solution, followed by 50 g.{ 
a 

or acid washed Chromosorb ti(Chr·omosorb It', A /11,60-80 mesh ). 

The slurry was shaken continuously f'or e-ight hours to 

coat the Inert support unirormly after which the solvent 

was completely removed at 45° under water-aspirator vacuum 

-with the aid or a rotary evaporator. The dry material was 

gently sieved by tapping through a roo mesh sieve before it 

was stored in a tightly closed wide-mouth jar. 

A 10 foot length of' .aluminium tubing, 1/LI"i.d .• was 

cut and straightened. With the lower end or the co-lumn 
h 

plugged with selanised glass wool, a small ~unner t1as 

attached to the upper end of the column which t1as then 

h 
Analabs Inc., Hamden, Connecticut. 
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packed with the pre-coated inert support prepared as 

described above. .A ~ter each addition or- sma II portions, 
1 

the column was vibrated by a· p .ortable e lectr; c vi brat or to 

1 nsure uniform packing... Approximately 16 g.' o~ the pre­

•C oated support was required to pack the column. Finally. 

the upper end wa..s plu.gged with another pledget of selanised 

wool and the packed column coiled so as to fit in the 
j 

chromatograph oven. Swaglock fittings wer-e attached to 

the two ends for connection to the inlet and outlet ports. 

Both the Reop/ex-~00 and Carbowax-20M columns were pre­

conditioned before chromatography of the oil by heating 

at 170° overnight while a slow stream of heli-um was pass·ed 

thr.ough them. 

The general opera-ting condit-ons of chromatography 

are shown in Table I I I, designed according to the recommen-

dation of' t.he u.s. Essential Oi I Association. Variations 

in any parameters are given in figures of the chr·omato· - · 

grams •. 

A study of the chromatogram obtained at 160° 

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

; 
Burg·ess Vi brogra~ters Inc.~, Grayslake, I Ill noi s. 

j 
Crawford Fitting Company, Solon, Ohio. 
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Table III. Operating Parameters for the Gas Chromato1raphy 
of th.?. Essential Oi I of Anemopsi s cal ifornica. 

Sample: o-; 1 of' A nemopsi s £_a I i forni ca 
Chromatograph: Autoprep, Model A 700 

Columns 
f:f._atorio.l: Aluminium Length: 20 1 I .D.: 1/411 

SU[2pOrt t Chromosorb W 60/80 
Stationar~ Phase : Column A- Reop/ex-400 (2~ w/1d 

Column 8- CarbOI·IaX-20N(2(Y/q w/w) 

Carrier Gas: He/ ium Gas F /ol·l Rate: 75 ml/min 

Conditions 
Column Temp~raturos: 

co'iumn A-(1) t-60°, isothermal and 

(2) 1100-170°, isothermal-linear PTGC 

Column B-( t J teoo, _; sotherma I ancf 

(:2) 1100-1900, isothermal~linear PTGC 

Detect· or wire typo 
l...Y.P.f!J.: Thermal Conductivity, hot 

Temeerature . 240° Filament Current: 150 ma . 

Recorder k 
SRL; Chart Seeed: 111 = 5 min 

1. Sargent, Model 
I Disc Integrator 

2. Varian, Mode I 20, with 
Chart S{2eed: 1"= 3 min 

k California. 
E.H.Sargent Company, Anaheim, 

I California. 
Varian Associates Inc., Pa to A Ito, 
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could be dfvided into three regions. Peaks 10 to 25 

elut·ed out within e tght mi nut·es of inject ron, c-onstituting 

·the early region.- The middle region consisted of' p~aks 

3 to 9 whfch eluted out with.ln 10 to 20 minutes. Only two 

peaks, 1 and 2, constituted the late region, eluting out 

from 40 to 65 .minutes f'ollott~ing injection. 

50 

It was determTned early in this tt~ork that peaks 1, 

2 and 3 were the already identified thymol, methyleugenol 

and piperltone respectively and hence were of no further 

interest. ; The peaks eluting out within 20 minutes of 
injection were yet the unknown constituents. · It seemed 

that low column temperature will resolve these peaks better 

and allow for their convenient trapping. · However~ a 

preliminary run at r ·too, isothermal, showed that the tota.f 

·time for the run would approach several hours and, infact, 

one of the thymol was eluted out of the c.olumn at ·this low 

temperat-ure. 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 1 dent if i·cat ion.' I nit i a II y the co I umn. was 

maintained at 1100 when. the sample was inje.cted. This 

temperature was held for 15 minutes after Injection and then 

raised linearly by the manual programmer on the chromato-

,i l .. , 

.. 
l 
i 
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graph to the final temp~rature. The rate or increase or 

tempera.ture .was not determined. I sotherma I mode or 

operat-ion was used only to esta·blish the retention data and 

for quantitative analysis. Th~ i$othermal-linear gas 

chromatograms are given in Fig. 10 and 11·. 

Trapping of GC peaks from the Essential Oil of Anemopsis 

After some experimentat-ion, it ttas round that simple 

traps prepared in the laboratory would· work just as we II a·s 

those commercially avai lab/e., The two types of traps used 

in this work are shown below. Trapping was carried out· 

manually although the chromatograph ttas a preparative unit 

with automatic fraction collection arrangement. 

A 

Collector Tube 

4f- Parari lm 
wrap 

Dry tce jacket 

B 

Trap A ccmsi sted or a 9'' length of' 1/8'' diameter glass 

tubing bent into a U shape. The straight collector end 

. , 
:. 1 



was ~ttached to the chromatograph heated outlet by means 

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

the eJdt bent end was wrapped with a smal-l' strip of 
m 

Paraf'i lm. The u portion was kept cooled .in a dry ice 

52 

bath. The Parafl/m 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 to to 

19 were collected in this type of' trap. 

Trap a was a· sma!-1., 8.5 em. x 1 em. test tube fitted 

with a sma/.1 cork carrying an Inlet tube and· a side slit 

f·or escape of the carrier gas. This trap could be cooled· 

if required.· The oon-volati le· peaks 6 and 9, F.ig. 8, were 

condensed in such traps at room temperature. A similar 

trap was used to collect the tot-al fraction under peaks 

20 to 25. These six peaks eluted out very close together 

and could not be collected individual -ly. These six constit-

uents were very volatile and therefore could not be 

condensed by the tra.p A in dry ice alone. Therefore a 

small volume(0.5- 1 mi.) of carbon tetrachloride was 

placed Tn the bottom or a test tub« to scrub the effluent 

m 
American Can Company, Neenah, Wisconsin. 
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gas. 

In order to obtain sufficient sample of each peak 

r ·or identific'ltion, 40- 45 ut.: of> 'fra.ctlon 1 and .2 

(Tab l'e-11 J. -were repeated I y i n}ected and the i nd I vldua I 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 

stra-1 ght ascending portion of a peak and r-emoved when the 

pen had reached the 2/3 descend.ing portion.· This procedure 

reduced the chances of contamination of the cond~nsed peak 

by another close lying constituent. Ten to twelve success­

ive injecttons were required to collect suffi-cient 

quantities of each fraction- For IR analysts. NMR analysis 

required larger samples and for this purpose, -between 25 to 

30 successive Injections and co 1.1 ect -i o-ns were required. 

Identification of the Constituents of Essential Oil of 

Anemopsls 

The identification of the peaks vas achieved by 

obtaining and correlating the retention data-, internal 

standard additi-on and spectral data. Retention correlation 

was used as an aid -in preliminary, broad identification. 
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De'Fi nite Identity t~as assumed orrly t~hen 1 R data were 

interpreted and compared either with those of authentic 

samples or with published spectra. In all cases, the peak 

condensates and authentic samples t~ere puri~ied by GC on 

Reoplex-400. The fractions t~ere rechramatographed after 

first collection before spectral analysis. 

The retention data were obtained both an Reoplex-

400 and Carbowax-20M, under -Isothermal conditons. The 

two chromatograms are given in Fig. Band 9. Relative 

retention ·times(RRT) t~ere· computed based on the .retention 

time ~f · d-Limonene as unity; us1ng the following formula: 

RRT = RT compound 
RT d-L i m.onene 

d-L1monene 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 R-udloff and Nigam et al. to 

report the RRT values for the essential oil constituents. 

Thus we c.ould compare our RRT value.s directly t~ith those 

published and come to a preliminary decision as to the 

identity of the various peaks. After some of the peaks 

had been identified, their retent i on times, as determined 

~rom the chromatogrmas of the oil, were also checked by 

the ; nject; on 0~ authentic, GC-pure samples under ·identl ca I 

operat 1 ng cond it; ons.. The fo·/lowi ng authentic samples 
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n 
were aval-lable:c(-Pinene and 1:8-Cineole, Camphene and 

0 p 
Ll na too I and .f?:"Cymene and !!_-Li monene. 

Internal standard additton technique was also used 

to deternrl ne 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-

0 graphed under identical conditions. An increase in the 

peak he -ight of any one of the peaks o'f the oil indicated 

that the authentic sample and this pa-rt rcular peak werJJ 

most likely the same compound.- The various ret -ention data 

are given In Table IV. 

LR Identification- of the GC Peaks of Essential Oil of 

A nemopsi s 

Although the above retention correlation data Yere 

valuable in giving a clue to the possible identity of the 

GC peaks, the major ~mphasis was placed on the spectral 

identificati-On, especially JR analysi-s. In order to 

achieve good resolution of the peaks and efficient collec­

tion of the effluent compounds.~ i soth-erma I-Ii near mode o'f 

n 
Matheson, Coleman & Bell Co.·, Los Angeles, Cal i'fornia 

0 
D i st iII at ion Products I ndust r i es I nc. -, Rochester, N.Y. 

p 
Fritzsche Brothers Inc., Nev York, N.Y. 

i' 
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: Peak 
: 1\lo. 

1 

2 

3" 

4 

5 

·6A 

6B 

7 

l3 

9 

10A 

1 DE 

11 
12 

13 

1-4 

15 

16 

17 

16 

19 

.2U 

21 

22 

23 

24 

25 

Tab I e I v. qompos]t ion of the Hydrod i st iII ed Oi I 
of Anemopsis calif'ornica. 

. 
f.:e t ention 
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Data 

Reoplex-400 I [fl ~hm~ax-?0:~ 

110° 160° 
j 

110° ' l 
Compound Percent 

RT RRT RT RAT i RT RRT v/v I 
Thymul 1 3.8 -- -- 62.3 26.3 -- --
Methyleugenol 57.0 -- -- 43.5 26.3 -- --
Piperitone B.O -- -- 16.4 6.a -- --
Ketone ? 1.80 -- -- 14.7 6.1 -- --
Unkr.own 0.70 -- - 1 J. 6 5.7 -- --
~.Alcohol a ? 1.B -- --

112.2 
-- --· 

a 1.32 5.2 Esdragol -- -- ...... --
Kctone(cyclic?) 0.34 -- -- 1 o. 6 4.6 -- --
Ester (cyclic,formate?) 1.50 -- -- 9.0 3.8 -- --

a 2.96 B.S 3.6 Thymolmethylether -- -- -- --
Unknm-m 0.20 -- -- 6.3 2.6 -- --
Linalool 0.32 -- -- 6.1" 2.58 -- --
Unknown Trace -- -- 5.1" 2.16 -- --· 
Unknm-m Trace -- -- J.6 1.5 -- --
p-Cymene 1 .1 . 9.9 1.48 3.2 1.24 14.7 1.4 

·1 ,8-Cin E!ol 1. 35 7.55. 1.09 2.5 1. 26 11 • 5 1 • 1 

d-Limonene 0.93 : 6. 9 1.0 2.36 1.0 r 10.6 1.0 

Unknown 0.1 5.6 0.81 l1. 9 
8.3 o. 78 

f~Pinene 
0. 81 

0.4 · 4.7 0.68 7.3 0.69 

Camph~ne 0.44 3.95 0.57 1.6 o. 67 6.DB 0.57 

(';(-Pinene 1.4 J.oe 0.45 1.5 0.62 4.9 0.46 

2.4 0.35 1.25 0.53 3.05 0..36 

2.0~ 0.30 1.1 0~45 3.20 0.30 

Hydrocarbons 4.5 
1.8 0.26 1.0 0.44 2.65 0.25 

1..6 0.20 0.9B 0.43 2. 21 o. 2'i 

1.2 0.18 o.ao 0.36 1.9 o.1 e 
0.9B 0.14 0.70 0.30 1.25 0.11 

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

NMR in addition. 

I· 180° 

RT RRT 

54.0 18.9 

34."0 11.9 

115.5 5.3 

12.1 4.2 

11.2 3.9 

-- --
9.6 3.4 

8.3 2.85 

6.9 2.-1 

6.3 2.2 

5.6 1.95 

4.5 1.6 

3.35 1 .1 2 

3.0 1.05 

2.8 1.0 

12.3 0.81 

2.1 0.74 

1.95 0.68 

1.65 o.sg 
1.50 0.53 

1.3 0.<'1.6 

J1. s 0.4 

1.0 0.32 
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PTGC was employed (see Fig. 10 & 11). The condensed 

compounds were rechromatographed to obtain GC-pure samples 

b&f'-ore IR analysis. After theIR data ~ere interpreted and 

th.e possibl-e struct·uresfor th-e various constituents had 

been determined, authentic samples of as many of these 

compounds as possi.ble were acquired. The-se 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. I r the I R spectra of these two were 

identical in every respect, it ~as concluded that the t~o 

were the same compound. In only two cases, namely £sdragol 

(peak· 68) and 13-Pinene(peak 17), theIR spectra or th-e 

peak condensates were compared tilth the pub/; shed spectra· 

(37, 38). Authentic samples of these were not available. 
q 

' Using the Perkin-Elmer /R spectrometer, Models 

1378 and 3378, the /R spectra of the compounds were 

obtained in a ~imple KBr micro-cell. Two thin, clear, 13 mm 

KBr pellets were pressed,.each from approximately 150 mg. 

K8r. One of the pellets was placed in theIR .pellet holder, 

2 to 5 ul. or the sample were placed on the top and the 

holder cap carefully fastened. The JR spectra have been 

q 
Perk/ n-E /mer Corporation., Norwa I k, Connecticut • 
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reproduced in the following pages. 

Th-eIR spectra were taken t~lth KBr mic-ro-cell 

described as above except that o~ ; the total ~raction under 

peaks 20- 25(Fig. 31). This fraction was obtained by 

scrubbing with carbon tetrachloride and· this sorution in a 

sodium chloride cell was used to ·take the JR 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 Car·bowax-20M column. 

In the following discussion of the 

results of spectral analysis, the 

peak numbers clted are shown in the 

two isothermal-linear chromatograms 

(Fig. 10 & 11) and the correlation 

of the peak numbers and c·ompounds 

identified has been shown in Table-

IV. Ref'erences may plea.se be made 

to these. 

Peaks 1, 2 and 3 were thymol, methyl eugenol a·nd 

piperitone, .respectively. A critical examination .of the 

isothermal-linear chromatograms on Reoplex-400 and 

Carbo wax-20M showed that our i n.i t i a I choice of' Reop I ex--400 

as· the major column for isolaTion has been Fortui-tous. 

Carbowax-20M chowed only peak 3, whereas Reoplex-400 

58 

showed that there were two more peaks (4 and 5) eluting out 
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Fig. 124. JR Spectrum of Peak 4 of' £ss~ntlaf Oil or Anemocs;s. 
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qufte close to peak 3. A rurther study conf'irmed this 

obser.vation. When .about 10 ul. of' the f'racti-on under 

peak 3 from Carbowax-20M column were condensed and then 

this f'ractton was rechromatographed on Reoplex-400, a clear 

resolution into three peaks (3, 4 &: 5) was observed 

(Fig. 15). Peak 4 JR spec.trum(Fig. 1"2A & B) showed the 

f'o//owing features~ 
- -1 

Absorption (em ) A ssi qnment 

1-665 ( s) > C::O, cycl1c unsaturated 

301"0 (m), sharp 

887 (s) 

ketone 

vinyl (- CH:CH2 ) 
/,CH 2 

i sopropeny I (- CH 
'CH 3 

Thus peak~ appears ta be an~,~ unsaturated ketone with an 

isopropenyl group. The compound could not be further 

ide-ntified as comparison spectra were not available and 

l-arger sample for NMR analysis could not be collected. 

Peak 5 appear·ed in traces and sufficient sample for spectral 

analysis could not be obtained. 

Peak 6, isolated from Reo pi ex-400 g.a.ve an I R 

spectrum with th-e rol/owing f'eatures(Fig. t·ll-): 
-1 

Absorption (em ) Assignment 

3~50 (s), 1055 (m) 

3oto c~J, 2B6o rsJ 
1600 (m), 1450 (s) 

2°- alcohol (diameric) 

aromatic ether(Ar-OCH3?) 



1500 (s), 1248 (s) aromatic ether 

1380 - 1370 (m) 
,..cH3 

gem-d-imethyi(-CH .) 

doublet 
'-CH3 

In order to obtatn further information about the possible 

ide-ntity of pe.ak 6, sufficient sample ( 40 mg;) was .. 

62 

collected and subjected to NMR analysis. NMR spectra were 

run on Varian, Mode I A 60, 60MHz NMR spt!ctrometer with 

car·bon tetrachloride as the solvent. rmd TMS as internal 

standard. The NMR .spectrun(Fig. 15) indicated that the 

sample was probably a mixture of at least two compounds. 

R echr omat ogra ph y of the fraction em R eop I ex-400 was not 

successful in resolving this mixture. Therefore the same 

·fract Ton was rechromat.ographed on Carbowax-20M column 

yielding clearly resolved peaks 6A and 6B(Fig. 16). Peak 

68 cond-ensed as a- pal-e yet low l -iquid with a sweet odor. 

Its IR spectrum showed the following reatures(Fig. 17): 

* 

_, 
Absorption (em J Assiqn,ent 

3010, 1640 (m), 

1430 (s) 

1600 (m), 1450, 

1500 (s), 1248 (s) 

- CH:::CH2 

ar·omat I c ether 

Thanks are due to Dr. G.£.Pollard or Shell Research Lab. ~ 

Modesto, California. 
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815 (m), broad -p-subst ltuted 

aromatic nucleus 

These ~urther suggested a compound such as P-metho~y­

styrene (I) or methylchavicol (II) (esdragol,· estragol, 

isoanethole)". 

~3 
CH=CH2 

(1) 

CH
2

-CH:CH2 

(II) 

A I it erat ure search f'or pub I i sh-ed spectra ·of these 

compounds produced two spectra ror esdragol (37, 39) 

which were identical with that of peak 68." The NHR 

spectrum of the peak also gave values identical to those 

reported by Scheuler and wester (#0), thus establishing 

the identity or this peak with that or esdraqol. 

Peak 6A condensed as a. white solid, with a me.lting 

po i.nt 76 °- 77° (uncorrected). I t s I R spectrum showed the 

fo//owfng features(Fi~r . 18): 

A.bsorpt ion 

3615 (sharp), 

3450, 1052 (broad) 

Assiqnment 

.20- diameric alcohol 
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1380 & 1365 (m),doublet gem-dimethyi(-CH-(cH3 )2 
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The IR spectrum o~ this ·compound resembles that oF 

borneo./. However, many ·absorption bands showed a shirt 

and the melting point was lower than that or borneol. The 

N MR spectrum of' the pure compound was theref'.ore obta-i ned 

y-ielding the ·features outlined in T-able. 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 

1-methyl-4-lsopropyt-6-hydroxy-blcyclo(3:t:O)hexane 

A I iterature search has f'ai led to re-veal any compound· or 

this type having been isolated." ft appears to be a ne"' 

compound. 

IR analysis or the very scant yield(5- u .J.) or 

the .peak 7 fraction showed the following features., as 

indicated in F-ig. 20 : 
--1 

Absorption (em 1 

1375 (s), 1325 (m) 

1.380 and 1365 (m) 

Assignment 

cyclic saturated 

ketone 
/CH3 gem-dimethyi(-CH ) 
'CH 

3 

- 'L.":r-.. - - · -

.., 
! 

: . 

1: 
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Table v. NMR Data for Peak 64 (Carbowax-20M) 

TMS Splitting Coupling Number of As~ i gnment 
(ppm) constant Protons 

(J) 

,-Cfi3 
0.85 doublet 3 6 10-afky/( -CH . ) 

'CH -3 

1.05 singlet - 3 tO-alkyl( -c113 ) 

1.2 mu It i p/et - 2 20-a I ky I ( -C/12- ) 

1. 45 sl mj let - 1 20-0H ( CH-OH ) 

1. 55 multiplet - 2 
I 

3°-a I ky I ( -CH ~--. ) 

L.75 triplet - 2 20-a I kyl( -CH - ) 
-2 

2.() multiplet - 1 30-afkyl( -CH ) 

3.65 doublet 4 1 -CH - OH 

Total 
- - - - - - ·- - ·-··-- _ _Eroton$_:_ JB_ _. --
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Based upon the following features of the /R 

spectrum, Fig. 2 ·1, peak B appears to be a saturated 

cyclic ketone. most likely to be a formate ~ith an 

isopropyl substituent. _, 
Absorption (em ) Assignment 

74 

1727 and 1127 (s) 

1375 and 1365 (m) 

cyclic ester(formate ?) 
_.,CH 3 

gem-dimethyi(-CH ) 
....... CH3 

Peak 9 showed the foll-owing f-eatures(Fig. 22): 
-1 

Absetrption (em ) Assiqnme·nt 

3058, 1600, 1500 & aromatic 

1450 {s) 

aromatic ether 2860 {m), 1258 { s) 

993 {m), 813 (m) 1:2:4 tri-substituted 

aromat·ic ? 

1385 and 1365 (m) 
... ,.-CH3 

gem-dtmethyi(-CH ) 
"cH 

The NMR spectrum gave the data as shown ; n Table VI. 

These spectral data led to the following s -ix possible 

structures for peak 9.~ Comparison spectra could not 

3 

be located. However on a biogenetic basis, thymolmethy1-

ether would. appear to be the most probable or these, as 

thymol has a /ready been sho.wn to be pre.sent in the oi 1. 

A synthetic· sampfe of thymo/methy/etf't~r was theref'ore 

purified by GC to obtain IR and NHR spectra. The peak 9 
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Table. VI. NMR Datq of Peak 9 

TMS Splitting Coup/; ng Number of 
d (ppm) oonstant Protons 

(J) 

6.8 quartet 9. , 3 

.3.8 singlet - 3 

3.3 septet 6.0 1 

2.3 $lnglet - 3 

1.2 doublet 6.0 6 

I - -~ ·:·. -:-:-· .• ·-~- ·. -

\. ---- ·----·- · 

assignment 

aromat i c-CH 

tO-alkyl 

30-al!<yl 

benzy li c-Ctf. 

10-alkyl 

I 
---· 

"J 
"\1 

- ·" "·¥~--=---· -- --·· ·· -~----- -~~ -~· _._._;,., ........ .. - --~~'f=-- .. ____: .. ·- 7 
--- --- ----- _ ,. 



t-methy/-2-methoxy-4-isopropy/-

benzene 

1-methoxy-2-methyf-4-iso.propy/ 

bezene 

1-isopropyJ-2-methyl-4-methoxy 

benzene 

78 

OCH3 

1-methy/-2-isopropy/-·4-

me.thoxybenzene 
OCH3 

1-methoxy-2-isopropy/­

-4-methylbenzene 

1-isopropy/-2-methoxy-

-4-methylbenzene 

(Thymolmethyfether) 

spectra were identical wit·h those of GC-pure thyme/methyl­

ether. 

The isolation and identification of the pea-ks 
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108 (Jinalool), 13 (P-cymene), 14 (1:8-cineole)., 

15 ( £-1 i monene), t7 (~-pinene), t 8 (camphene) and 

19 (~-pinene) were relatively a simple matters. Their 

RRT values had given a clue to their identification and 

80 

authentic samples were available f'or preparing comparison 

spectra. The rR spectra of' the authentic sampl-es were 

fdentical in all respects. Peak 17 IR spectrum was 

identical to a published spectrum of ft~pinene(3B). 

Peaks 10A, 11, 12 and 16 could not be collected as 

they were either present in traces or ~ere very volatile. 

These peaks therefore remain unidentifie·d. The total 

fr.act ion under the peaks 20 to 25 gave an I R spectrum 

(Fig. 3~) with absorption bands indicative only of 

hydrocarbons." No functional groups were observed. The 

structures or compounds shown to be present in the 

essential oi I or Anemopsis are shotln in Fig. 32. 

Quantitation of GC peaks in Essential" Oi I of Anemopsis 

The i sot herma·l mode of o perat ion lias emp I oyed with 

Reop/ex-400 to obtain the percent v/v composition of the 

essential of 1. The VarTan re-corder equipped vith a Disc 

Integrator, Model 224, was used for quantitation and the 

data cbtained from the chromatogram are given in Table VII. 
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Fig. 30. IR Spectra o~ Peak 19 (A) or cssentfal Oil ~f Anemopsis and of 
ct.-Pinene (B). Q) 
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Table VI. Q-uantitative Data on the Constituents 

in the Essential Oi I o'f Anemopsis. 

Peak compound Integration 1t 
counts Cone. vlv 

1 

2 

3 

5 

6A 

68 

7 

8 

9 

10A 

108 

Thymol 

Methyl eugenol 

Piperitone 

Unsat. Ketone 

Unkno-wn 

5140 

21950 

3090 

700 

270 

ill· C yc I • a I c·oh o I> 
1"200 

Esdragol 

Cycl. Ketone 130 

Cycl. £ster 600 

Thymolmethylether 1140 

Unknown 90 

L ina I oo I 120 

11 Unknown 

12 

13 

14 

15 

17 

18 

19 

Unknown 

P-Cymene 

1 : 8-C i neo I e 

d-Limonene 

Pinene 

Camphene 

Pinene 

20-25 Hydrocarbons 

420 

520 

360 

150 

170 

560 

-1800 

13.38 

57.,-
8.0 

1.8 

0.7 

1. 8 

1.3 

0.34 

1.53 

2.96 

0.23 

0.30 

1. ,-

1.35 

0.93 

0.40 

0.44 

1. 44 
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d-Limonene 

Camphene 

Li na-Joo 1-

0 

7 : 8-C i neo I e Pi peri tone 

c(-Pi nene !--PInene 

Thymol e:-cymene 
OCH3 

H-CH:CH 
2 2 

CH-CH=CH 
2 .::. 2 

Thymolmethylether £sdragol methyl eugenol 

90 

Fig. 32. Structures of Compounds isolated from Essential 

Oi I of Anemopsis 
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CHAPTER 1 V 

SUMMARY 

The essentiat oil, hydrodrstilled rrom the roots 

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

(ramily Sauraracene), vas analyzed by gas chromatography ' 

on two stationary phases: Reop/ex-400 and Carbowax-20#. 

The retention data and quantitative analysfs tter-e carried 

out using the isotherm/ mode or gas chromatography. In 

order to i.dentify the various constituents, the peaks 

eluting out of the chromatogram ttere condensed indivi-

dualry so as to· yield a number of peak fractions. The 

resolution and coli ect ion of the fractions ttere facti i-

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 ploced on spectral" analysis of 

the condensed fractions. .Infrared spec.troscopy was the 

principle method employed. The comparison of the IR 

spectra obtained under the same conditions of the 

constituents and or authentic GC-pure compounds made it 

possible to identiry the following compounds in the 

essential oil: esdragol, thymo/methylether~ linalool, 

p-cymene, 1:8-cineole, d-limonene, _fl-pinene, camphene and 

\ 
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ot. -pinene. Esdrago.f and thymolmethy I ether- were a I so 

identifi"ed on the basis of their: NMR spectrae. On the 

basis of JR spectra alone, although confirmatory data are 

lacking at present, the following compounds have been 

tentatively identified: tkto ketones, -a~-· di-americ 

alcohol, an ester (principally ·formate) and six hydro-

carbons. 
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