
INTRODUCTION 

Gas-liquicl cllroniatog~a1,li~ (GLC) Iias prcwccl to lx an cstrenicl>* uwful tool in 
tlic csnminatioii OF saiiiph ol’ Pof,1t/21s~.~, .Snli:~~~~, Clcoscr~in~ and Toi.wsrr” species for 
plicnolic glj-cosicles. Esmiiiintion of micro-sniiiplcs by this tcchniquc has pa-mittccl 
investigation of clicmotnsoiiomic prol~lcii~s, SC?i~SOlli~l varintimi5, climps with age, 
.g=cogrq~liicnl variatioii atid Iiylxiclisntioii prol~lenis. It was tliouglit tliat tlie use of n 
similar technique for free plic!iiols in Srtlicticcac s1ioulcl lx possible mid, if successful, 
woulcl shecl further liglit on tile almvc pli~*toclieniical problems. R scrceiiing proccclure 
for simple plant l~lienols wo~ilcl also lx aclaldal~le for investigation of other gcnern. 

l’lic gas cllroulnto,nral’li used tlwougliout this worl; was ;I Vnrinn Acxograpl~ 
ISq.0, equippccl with clual Ilnnic ionization clctectors and a iiiatris tenipernture pro- 
gramrncr. ‘Tllc sigiinl was recorclccl on a Vnrinn Acrogrnpli rccorcler, 1 ml7 full-scale 
ileilcction. Nitrogen was used ns the cnrricr gas. 

Tllc column pnckings usecl were 30/:, OV-I on Cllromosorb G, AW/DhICS, So-IOO 

mesh; 2% OV-17 on Cllronlosorb C, AW/DNICS, So-IOO 1ms1~; 20,/, OV-25 on Chromo- 

__._____ 

l I.JrCSCllt acltIrcss: I?lallt SCiCllCC I:q’t., Ullivcrsity of Albcrtkt, .Ik.llilc~llton. Cnnacln. 
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sorb G, AW/DMCS, 80-100 mesh; and 4% OV-25 on Chromosorb G, RW/D&ICS, IOO- 

120 mesh. All columns were prepared and conditioned as described carlierl. The tem- 
perature programme used for all columns was IO min under isothermal conclitions 
(100’) then an increase of 4”/niin for I0 niin, Io”/niin for a further 10 min and finally 
15”/min to the maximum temperature (350”). The maximum temperature was main- 
tained until all components were eluted. Other condition parameters are listed in 
Table I. Owing to the high thermal stability of the column packings, clual compensa- 
tory columns were not necessary. 

The compounds listed in Table I were prepared for injection as their trimethyl- 
silyl derivatives by dissolving approximately 20 ,ug in IOO ,ul of Tri-Sil (Pierce 
Chemical Co.) and allowing the misture to stand for 10 min. A Hamilton 25-,ul 
syringe was used to inject 1o,u1 of the resulting reaction misture. Retention times 
were recorded relative to the internal standards (naphthalene or climethyl pl~thalate), 
which were injected simultaneously as solutions in diethyl ether. 

Synthetic mixtures of phenols were also tested but the results in Table I and 
Pig. I were derived from injections of the incliviclual compounds with either naphtha- 
lene or dimethyl phthalate. 

The above GLC procedure was then applied to various natural products as fol- 
lows. 

Bark from Po@h?zcs species 
Consistent results were obtained by refluxing coarsely ground, dried bark (IO 

mg) for I 11 with acetone (2 ml), followed by removal of the estract via a cotton-tipped 
teat pipette. The extract and washings (I ml) were combined in a test-tube with a 
capillary tube bottom (IOO-,ul capacity in the capillary portion)0 and evaporatecl tc 
dryness on a rotary evaporator. Tri-Sil (IOO ,ul) was added to the residue and allowecl 
to react for 10 min before injecting. 

Powdered cloves (Etigeuia caryo@ylltis) 
This sample (IO mg) was extracted and treated with Tri-Sil as described above 

for bark from Pofizclzcs species. Pure eugenol was trimethylsilylated in the usual way 
and used as a reference compound. 

Vanilla pods were coarsely powdered and extracted in the cold by stirring witl: 
95% ethanol. One drop of the resulting filtrate was evaporated to dryness at as low a 
temperature as possible. The residue was then treatecl with Tri-Sil (IOO ~1) ant’ 
injected after 10 min. 

Leaves OJ Berbevis vzclgaris 
Red and green leaves were ground and separately extracted as described foi 

bark from Po~tilzcs species. 
n 

- . . . 

Identi.jTcation of aglycones from filzenodic glycosides 
Picein was chosen as a representative phenolic glycoside found in many xnem. 

bers of the Salicaceae. Picein (1-2 mg) was addecl to '10% hydrochloric acid (0.5 ml: 
and the mixture was reflused for 15 min. After cooling, the reaction mixture waz 
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R&LATIVI’, RI3TI~NTION VALUES OV ‘rRIILl~‘rlIYLSILYL~\‘~l~lJ PI-IISNOLS ASI) I21~LA’I’III.~ CO~ll’OUNl3S \vITI.l 

RESPI~CT TO AN INTERNAL STANDhRD 
-~---.----___-- ------.. . - _-___.__-_-__-___.___._-.--_ .____._ _ .___ __-.--e...--.---_. 
No. COW@Ulld Cd/t Wli 

-- ---- 

3% OV-r 2% 0 v-17 2 % 0 1*‘-2.j _c ‘%, 0 I,‘-25 
-.--_ -__---._.__-- .._. --__-_--__-------..----.L-----.---- 
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IWfurnl~~ 
Cvclolwsarwliol 
lJ~plpcronnl~~ 
~-I-lyclroxybcnz~~lcllytlc 
Couriiarin~~ 
Snlicyl alcohol 
~.-I-iydrosyncctol~li~~io~i~ 
I~u~c?nol 
Salicylic acicl 
~-l-lycl~~s~-~-Illctll0S~~~ll~i~lClClll;dC 

(vnnillin) 

Cinnaniic ncicl 
4-Hyclrosybcnzoic acicl 
2,5-Diliyclroxybcn2~~l~l~l~yclc 
Syringaltlchyclc 
q-Hyclrosy-3-nictliosybcnzcdc acid 

(vanillic acicl) 
2,3-l~ihyclroxyl~cnzoic acid 
2,5-Dihyclrosybenzoic acicl 
2-Hyclroxycinnarnic acid (o-couninric 

acid) 
q-Hyclrosy-3,S-clinicthosybenzoic mid 
3,~-Dihyclrosybcnzoic acid 
~-Mvclroxycilinnmic wit1 (pcoumaric 

a&cl) 
4-I-Iyclrosy-3-mcthoxycinnamic acid 
3,q-11ihyclrosycinnaniic acid 

I~dcrwaE stm~dnvils 
lictcntion tinic of naplitlialcnc~~ (min) 

Rctcntion tinw of clinicthy phthalatc~~ 

(min) 

Cnrricr gas flow-rate at outlct (ml/min) 
Colu~nn tcnipcraturc (“C) 

Inlet tcnipcraturc (“C) 
Dctcctor tcmpcrnturo (“C) 
Column length (ft,) 

0.21 

0*4-l. 
0.gH 

o-73 
0.91 

I.oii 

I.10 

I. 15 
I*33 

I.36 
I.37 
1.Q 
I.94 
1.gB 

2.25 
2.32 
2.33 

2.35 
2.42 
2.46 

2.GI 
2.w 
- 

8.30 

30 
100 
250 
350 

4 

0.37 
0.59 
a.79 
2.37 
4.05 
2.2r, 
3.29 
3.Ho 
2.QO 

3.75 
3.Yr 
3.8s 
4.33 
5.26 

5.10 

4-7-F 
-I-*90 

5.26 
5.7-l 
5.1-l 

5.7-l 
6.36 
- 

3.90 

30 
100 

225 

35z 

- - 

0.43 o-39 
- - 
2.04 I.47 
- - 
I.93 I-34 
3.18 I.91 
- I.82 
_- - 

- 
3.w 
- 
3.92 
5.11 

2.16 

2.06 

I *c-Jo 

2 .2 3 

a,75 

*{.X8 
+.21 
q.70 

5.03 
5.59 
*t-so 

S.SC’ 
6.I.I 
- 

4*0-l 

30 
100 

225 

350 
G 

2.57 
2.37 
247 

2.m 
2.9-l 
2.53 

2.9-t 
3.09 
2,77 

7.99 

30 
100 
225 

350 
0 

------_-_--_- 

lb ‘tksc co~iipouncls do not react with ‘hi-Sil unclcr tlic conditions given, 

evaporated to dryness in a rotary evaporator and extracted twice with z-ml volumes 
of diethyl ether. The ethereal extract was evaporated to dryness in a capillary-bottom 
test-tube and Tri-Sil (IOO ,ul) was added. The sample was injected after IO min. 

RESULTS 

The four columns used gave symmetrical peaks with little or no tailing effect. 
Table I shows the rel.ative retention values for a number of simple phenols and related 
compounds that are commonly found in plants. Fig. I gives an indication of the re- 
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136. I. Rotontion tinics for trh&hylsilylntcd phenols and rclatccl gompouncls. 
“’ : 

tention times on each column and can be used to select the most appropriate column(s) 
for resolution of.particular compounds. .’ 

The extracts ,of Po~5zchs’ bark were run on the OV-rr and 4% OV-25 zolumns. 
Representative,chromatograms,are shown in Figs. 2a and 2b (Po~zcZzls can-adekis CV. 
“Erec&!‘, I year old and 2 years old bark, respectively) ,, Figs. ;3a (P. balsamifera), 3b 
(P. &?tqides) and qc (P.~$dv~~wskyalza) .: 

.,. 
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l?ig. 3. Chromatograms of Populus species on 4% OV-25. 
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Application of the simple extraction procedure to powderecl cloves showed that 
eugenol was the principal constituent of the extract and that it was identified by the 
GLC procedure. The chromatograms of the extract showed only two significant peaks, 
the larger of which was shown to be eugenol using three columns. Figs. 4a and qb show 
typical chromatograms with OV-I. The smaller per&k was not identified. 

Vanilla is known to contain many phenolic compounds. Figs. ga and gb show 
the chromatograms obtained on the OV-I and OV-17 columns. The labelled peaks 
were confirmed by GLC analysis and co-chromatography with reference compounds 
on at least three columns, The other peaks in the chromatograms could not be identi- 
fied. 

The chromatograms from Berberis wd,gnris on OV-I are shown in Figs. Ga and Gb 
but no attempt was made to identify the components. 

a) Green Leaves 

I 
, \ 

0 IO 20 30 
TIME (Min) 

IOC 

b) Red Leaves 

.i . 
I I 

IO 20 30 
TIME ( Min) 

DISCUSSION 

The columns described provided a method for identifying the simpler phenols 
phenolic acids and related compounds that frequently occur in plants. Resolution ol 
individual compounds was very good and, although no single column separated all 01 
the component phenols, the use of two or three columns should give an excellent indi. 
cation of the presence or absence of any particular compound: 

This attempt to use GLC analysis of phenols in Po$zcZzcs species as a parameter 
in studies of chemotaxonomy, geographical variation, hybridisation, etc., was on13 
partially successful. The content of free phenols that showed on chromatograms wa! 
more uniform than is the case with the phenolic glycosides, and for this reason tend! 
to be less useful for chemotaxonomic purposes. The phenol chromatogram may never, 
theless be more complex than the glycoside chromatogram for some species (e.g., P 
balsavnifera has three major phenol peaks (Fig. 3a) but only one major glycoside peak) 

Study of a large number of bark samples from cultivars of P. calzadensis showed 
that all samples of the same age gave virtually identical chromatograms, both qualita 
tively and quantitatively. Comparison of I year old bark with 2 years old bark showec 
some changes, but these lacked consistency. The shape of the latter portions of the 
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chromatograms (Figs. za and 2b) was consistent for most samples on OV-I. The results 
for the P. canndensis samples indicate that it’would be impossible to identify such 
cultivars on the basis of the free phenol constituents, This is in agreement with the 
close morphological similarity of the various cultivars which have resulted from a 
single hybrid combination, 

Samples of P. deltoides, P. $m$rowslzyamz and P. Balsnntifcm could be consistently 
clearly differentiated on OV-I and 4% OV-25 columns, (Figs. 3a-c) but hybrids of P. 
balsnmifcra x P. ~etrowslzyana and P. deltoides x P. fietrowsizynna gave less clear 
results. With the latter hybricl, the only definite conclusion was that it tended to be 
more similar to the P. deltoides than to the P. $~elrozvslzyalzn. P. petrowslzyma is itself 
reported to be a hybrid of P. Zazcrifotia and P, laigra and may well be the underlying 
cause of some of th,e trouble in correlating gas-liquid chromatograms of its hybrids. 
This species, is therefore contributing characteristics (both chemical and morpholo- 
gical) from two diverse parents. As the hybrids are composed of a 50% contribution 
from P. deltoides and 25% contributions each from P. Znurifolia and P. m’gra, it is not 
surprising that their chromatograms appear closer to those from P. deltaides. 

It was encouraging to find that, apart from the hybrids, the same species gave 
virtually iclentical chromatograms for specimens from widely separated geographical 
locations (e.g., samples of P. deltoides and P. bnlsnvnifcra). 

The application of the GLC technique to phenols in other phytochemical~prob- 
lems was uniformly successful. It offers an excellent means of identification of agly- 
cones from phenolic glycosides. The experiments with picein showed that as little as 
1-2 mg of glycoside gave sufficient phenol for identification on all four columns, in- 
cluding co-chromatography with 4-hydroxyacetophenone in each instance. As an ex- 
tension of this aspect, two hydrolysates from phenolic glycosides sent to us by Dr. I<. 
S. CNOPRA’ were analysed by the GLC method and clearly shown (two columns) to be 

+hydroxybenzoic acid and +hydroxy-3-methoxybenzoic acid. In these two experi- 
ments, the results were confirmed by mass spectral analysis of the purified aglycone 
hydrolysates. 

Application of the technique to clove and vanilla extracts showed that the 
methods described could be used to isolate ancl identify the phenolic components. The 
extracts of Berberis vzclgaris were chromatographed to see what sort of chromatogram 
would result and if there was a difference between extracts from green and red leaves. 

It will be obvious that the extraction process used in this study is non-specific 
and caution should therefore be observed when examining samples whose constituents 
are totally unknown. In these circumstances, the techniques and results in this paper 
should be used only in conjunction with other more specific means of identification, 
such as derivatisation or mass spectral analysis. 
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