Jotraal of Chromatography, 115 (1975) 79-86 )
© Elwwer Scientific Publishing Company, Amsterdam — Printed in The Netherlands

CHROM. 8539 -

GAS CHROMATOGRAPHIC PROCEDURE FOR
HUMULONE

D. A. KAGI™, R. P. HILDEBRAND and B. I. CLARKE
Carl!a:z_ & Urited Breweries Limited. Melbourne ( Australia}
(Received June 9th, 1973)

SUMMARY

The gas chromatography of the trimethylsilyl (TMS) derivatives of cis- and
trans-isohumulone on packed columns has been investigated. Difficulties were
encountered with the direct injection of the silylation reaction mixtures. These

difficulties were surmounted bv 2 procedure wherein the TMS derivatives of iso-
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humulone were extracted from the dimethylformamide-hexamethyldisilazane mixture
into isooctane, after saturation of the mixture with ammonium nitrate. This procedure
resulted in stable solutions of the TMS derivatives which showed reproducible results
on a ! %4 SE-30 packed column.

INTRODUCTION

Many methods of separation and analysis have been used in the investigation
of hop resin constituents, and their transformation products formed in the brewing
process!—5. Of these techniques, high-pressure liquid chromatography (HPLC) and
gas-liquid chromatography (GLC) offer the most attractive possibiiities with respect
to both separation and quantitation. Retention times and the supplementa! utilisation
of mass spectrometry provide data suitable for characterisation. However, the devel-
opment of these two methods for the analysis of hop resin constituents and the hop
resin-derived constituents of beer, is not yet at a stage where analyses may be con-
ducted with ease and consistency. Recent publications have described the current

state of HPLC as a method for the investigation of hop resin compounds®~*:. This
method, with further development, should become very valuable both for research
ard routine apphcanons. However, the present discussion will be restricted to GLC.

GLC of hop resin constituents and their transformation products has beaa
investigated by many workers. Dalgfiesh and co-workers!** first introduced the GLC
of the trimethylsilyl (TMS) derivatives of the humulones, lupulones, ischumulones,
hulupones, humulinic acids and humulinones on packed columns. Subsequeauy
Krueger et al.** used GLC to examine the TMS derivatives of humulinic acxd xso-

* Present address: Department of Applied Chemistry, Footscray Institute of Technology,
Melbourne, Australia.
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humulone, humulons and lupulone. Lloyd and co-workers®!® separated the TMS
derivatives of the 4-desoxyhumulones from the TMS derivatives of !mmulones and
lupulones by gas chromatography. In another publication Lioyd! discusses further
the separation of the TMS derivatives of the humulones, lupulones and desoxy-
humulones and the gas chromatography of the TMS derivatives of polyphenols from
hops. Murray®® has described the GLC of the TMS derivatives of the lupulones.
Molyneux and co-workers'*® have reported the GLC of the TMS derivanves of
h:amulone and colupulone and the application of the method to the analysis of b_eer
samples. The GLC of the TMS derivatives of constituents of hop extracts a.nd iso-
merised hop exiracts was investigated by Di Cesare er al*. Butylboronic estsr
dzrivatives of hop resin compounds have been examined with GLC by Shaw™.
Dirawert and Beier®® used GLC to separate the TMS derivatives of the gi&coxj;':
humuiones, humulones and lupulones in an all-glass system. Laws and McGulm-IESS‘-"
examined tricyclodehydroisochumulone by GLC after derivatisation with N,O-bis(tri-
methyisilyl) acetamide (BSAJ}.

After the initial reports of the GoC of hop resin compounds, Verzele and
ca-workers® undertook z comprehensive study of the GLC of the derivatives qf_ the
hop bitter acids with the use of varied derivatising ageats, solvents, reaction conditions
and GLC conditions. The results of this work showed that the use of packed columns
for GLC of solutions of the TMS derivatives of hap bitter compounds was only
partially successful.

indeed, in this publication, Verzele et al. stated that several groups had
indicated trouble in duplicating the earlier published results. These problems had
also been emphasised by Lloyd'". Verzele er af. overcame some of the problems,
attributed to the inherent instability of the TMS derivatives, with the use of wide-
bore giass capillary columns, on-column injection, and tie use of hydrogen as a
carrier gas. However, even with these conditions, it was not possible to obtain con-
sistent results. Most derivatives were found to decompose slowly on the coiumn with
the production, afier a peak on the chromatogram, of an unstable base line which
rcturned only slowly to the orignal position. The flame-ionization detector response
was unstabie and suffered from non-linearity due to silica deposits at the flame tip.
Fart of this difficulty was attributed to the introduction of 2 large excess of hexa-
methyldisifazane (HMDS) with each injection. Lloyd!? also found that it was im-
possible to obtain identical respomses even with identical imjections of the same
silylated sample. This was attributed to the derivatives being very Hable to slight
decomposition at the moment of injection. Verzele and co-workers® attempted to
improve the derivatisation and injection methods but were unsuccessful in obtaining
comsistent results.

Similar problems have been encountered in the GLC analyses of the TMS
derivatives of other hydroxy- and keto-substituted compounds. These problems in the
cases of the GLC analysis of the TMS derivatives of the antibiotics neomycin, chlor-
amphenicol and lincomycin were detailed by Margosis®s. These difficulties were the
formation of precipitatss, serious tailing due both to the solvent and excess silylating
reagent, and rapid electrode contamination leading to malfunction of the detector
system. In the case of lincomycin®-*° these problems were avoided by adding water
&2 the zmxture of excess BSA, pyridine ard the TMS derivative of the antibiotic, and
extracting with cyclohexane to remove the TMS derivative. This was only possible
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due to the unusual stability of the silyl ether under aqueous conditions. Similar
problems were edcountered with the GLC analysis of the TMS derivative of chlor-
amphenicol®”. These problems were avoided by evaporation of all solvent and excess
silylating reagent and reconstitution in tke inert solvent cyclohexane. However, this
is a tedious procedure and could introduce fosses. The GLC analysis®-2 of the TMS
derivatives of neomycin was only successful on packed columns when all metal and
PTFE contact with the silyl derivatives was eliminated thus minimising degradation
or adsorption due to this cause. However, it is significant that the silylating reagent,
trimethyisilyldiethylamine, was injected with the reaction mixture and the presence
of excess trimethyisilyldiethylamine produced chromatograms indicative of the
presence of decomposition products.

Spectinomycin (I} has been derivatised using HMDS in dimethylformamide
(DMF) to yield the tetrasilyl derivative, presumably with the TMS groups situated at
the three hydroxyls and the enolised keto oxygen®. Use of BSA instead of HMDS
in this method resulted in 2 GLC trace containing several peaks. Verzele ef /.5 has
shown, similarly, that the use of BSA to derivatise isohumulone (If} produced a
complex mixture of derivatives whereas the use of HM DS produced a solution con-
taining relatively fewer components.
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Similar difficulties have also been found with the GLC analysis of the TMS
derivatives of vitamin A and related compounds®, and vitamin D7, In particuiar,
the TMS derivatives of the 9-cis- and 13-cis-isomers of vitamin A partially rearrange
into each other® in the injection port of the gas chromatograph. Also, anhydro-
vitamin A cannot be analysed quantitatively because it undergoes isomerisation on
the column. The TMS derivatives of vitamin D were found to be unstable®* and
difficulty was found in reproducing results. In both these cases the reaction mixtures
containing solvent, silylating reagent, and TMS derivatives were injected onto the
cofumn. -

EXPERIMENTAL

Apparatus )

A Hewlett-Packard Model 402 high-efficiency gas chromatograph with a
fame ionization detector was used. This was equipped with a glass column, ?—sbaped,
1.37 m x 4 mm L.D. and packea with [ % SE-30 on Gas-Chrom Q, 100~-120 mesh.
Column temperature was programmed from 197° to 275° at 2°/miq. The detector was
set at 240°. The flash heater was not used. The carrier gas was nitrogen at 40 p-s-L.
(35 ml/min) with hydrogen at 40 p.s.i. (35 ml/min) and air at 40 p.s.i. (300 ml/min).



82 D. A. KAGI, R. P. HILDEBRAND, B. I. CLARKE

Reazents .

DMF and HMDS of silylation grade were obtained from Pierce (Rockford,
Il., U.S.A.). Isooctane was purified by standing overnight over pellets of sodium
hvdroxide followed by distillation. Tetracosane was obtained from Kf;ch-ngh*‘-
(Conbrook, Great Britain). Analytical reagent ammonium nitrate was obtam-ed from
BDH (Melbourne, Australia). Reagent containing 2 mequiv. of tert.-butyldimethyl-
chlcrosilane and 4 mequiv. of imidazole was obtained from PCR (Gainesville, Fla.,
U.S.AL).

Ischumidone preparation and derivatisation procedure

Pure cis- and frans-isohumulone were prepared from a mixture of the two
isomers by an HPLC procedure®™. Cis-ischumulone (25.90 mg, 0.072 mmole} was
placed in a stoppered test tube under an atmosphere of nitrogen and DMF (200 ub)
and HMDS (130 g, ca. 0.8 mmole) were added. The solution was left standing at
room temperature for 16 h. Ammonium nitrate {excess) was added and the mixture
was extracted with isooctane (4 X 3.5 ml). The combined isooctane extracts were left
starnding overnight at room temperature under nitrogen, after which tetracosane
(12.95 mg, 0.038 mmole) was added and rhe solution was filtered. This solution was
examined by GLC.

Gas chromatography and calculations

Six replicate analyses were made of the isooctane solution in the range of
volumes 0.6-2.4 ul (equivalent to 1-3 2 pg of cis-ischumulone). Peak areas of eis-
isohumulone and tetracosane were measured by twe methods for each injection. The
methods used were the measurement of width at half height by height of the peaks
and by tracing on tracing paper and weighing the cut-out peaks. The average of the
two methods for each injection was taken as the peak area. It was found that for six
replicate analyses within the sample range of 1-3.8 ug of cis-isohumulone there was
a relative standard deviation of 1.19%; in the perceniage of cis-ischumulone in the
injecied sample. Similar results were obtained for ¢rans-ischumulone.

RESULTS AND DISCUSSION

Initially in our laboratories GLC of the TMS derivatives of cis- and frams-
isohumulope and mixturss of the two isomers were investigated on packed columnas
following the reported procedures'>!%. It was confirmed that inconsistent results are
obtained when solutions containing the silylated sample, the derivatising reagent
and solvent are injected. Therefore, it did appear that packed-column GLC of reaction
solutions of silylated isohumulones was not completely satisfactory.

Ou consideration of these results and those of previous workers®!7 it appeared
that injections of the original reaction mixture containing excess silylating reagent,
solvent, and the TMS derivative was likely to cause difficuliies due to decomposition
or —earrangement. This could be due in some cases to reaction between excess siiy-
lating reagent and the TMS derivative. It was felt that unless some method was found
to remove excess silylating reagent, solvent and any precipitate from the reactior
mixture it could not be certain whether inconsistent results were due to the inhererni
instability of the TMS derivatives in the solution as injecred or due to reactions ap-
rearrangements occurring in the injection port. Of course, some compounds, especially



GC OF ISCHUMULONE 83

those with several keto groups are likely to form several enol ethers 2nd thus several
peaks may appear on the gas chromatogram even though no degradation has taken
place.

In the investigation of the derivatisation and GLC of the ischumulones several
possibilities were considered in an effort to overcome these difficulties. Aa aqueous
or alcohelic procedure to remove excess silylating reagent after derivatisation could
be used, as was employed by Margosis®s:*® for the antibiotic alcohol, lincomycin.
However, in the case of enol ethers such as those present in the TMS derivatives of
isohumulorne this is not possible due to the known ease of hydrolysis of keto—enol
ethers™+*%, The TMS derivatives may be isolated, for example bv column chromato-
graphy, as carried out by Wolfrom er a/.% for the separation of the TMS derivatives
of carbohydrate intermediates. However, these methods are [engthy and losses of
derivatives are likely. It is possible to remove solvents and reagents by evaporation
of the derivatisation solution*” to dryness and reconstitution in an inert solvent.
However, losses of the TMS derivatives are possible during the evaporation proce-
dure, especially if the solvent used during derivatisation is high-boiling and is present
in a farge excess.

Another alternative is to use a silylating reagent which produces a derivative
which is not easily hydrolysable under agueous conditions. Such a reagent is ferf.-
butvldimethylchorosilane and imidazole in DMF as developed by Corey and Ven-
kateswarlu®” for the derivatisation of prostaglandin intermediates. These workers
reported reaction with alcohols, the resultant fers.-butyldimethylsilyl ethers being
stabie in the presence of aqueous or alcoholic bases. Workers at Applied Science
[Labs.%:3% have extended the use of this reagent to compounds containing kato groups.
However, these reactions needed higher temperatures for satisfactory derivatisation.
Attempts in our laboratorics to apply this method to cis-isohumulone using 2 range
of reaction temperatures failed to produce any significant Ievel of derivatisation.

Since none of the above procedures for isolating the TMS derivatives from
extraneous material appeared satisfactory it was decided to attempt a method of
solvent extraction of the TMS enol ethers from the reaction mixfure. The TMS
derivative of cis-isohumulone was formed using HMDS in DMF at room temperature
overnight. Equivalent results were obtained with reaction for two hours at 50°. The
DMF solution of TMS derivatives was then extracfed with isooctane to remove the
TMS derivatives of the cis-isohumufone (DMF and isooctage are practically immis-
cible). GLC examination of the isooctane extract indicated one major component,
presumably the TMS derivative of cis-isohumulone. However, it was found tha‘t
extraction of the TMS derivative from the DMF solution was not complete. necesst-
tating a salting-out procedure. Salts such as ammonium nitrate and sodium nitrate
are known to be very soluble in DMF. The DMF solution containing the T™MS
derivative was saturated with crystalline ammonium nitrate and then extracted with
isooctane. Several extractions resulted in complete removal of the TMS derivative
from the DMF into the isooctane. The isooctane solution was atlowed to stand over-
night under mitrogen and then filtered. GLC analysis of this solutiog on a_p.)acked
column (1 % SE-30) indicated a single major component with no serious tazlmg_ on
eithey the solvent or derivative peak (Fig. 1). Subsequent injections were :e-pro-dumf:)[e
with respect to tetracosane added as an internal standard. None of the obj_ectlfma‘bie
characteristics of gas chromatograms obtained by injection of TMS derivatisation
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Fig. 1. Gas chromatogram of cis-isohumulone as fts wimethylsilyl derivative. 2 = tetracosane, b =
cis-isohumulone derivarive.

et

reaction mixtures were found. The isooctane solution of the TMS derivative was
found to be stabie for over two months at 0° under nitrogen. Using this procedure,
one microgram of cis-isohumulone may be detected and six veplicate analyses of 2
solution of the TMS derivative of cis-ischumulone in isocctane showed a relative
standard deviation of 1.1%.

Investigation by GLC of the isooctane exiract immediately after extraction
showed the presence of one major component and two components present in much
smalizr amounts. Qo standing overnight the minor components disappeared and the
major component was enhanced with respect to the internal standard. Possibly this
change is due to the imitial formation of three enol ethers in DMFE which are con-
verted with time into the most stable of the three. It is intended to investigate these
compounds by mass spectrometyy and this will be the topic of a subsequent publi-
cation. It is possible for three bis-TMS ethers to be formed and the change from the
polar solvent, DMF, to the non-polar solvent, iscoctane, may result in an equili-
bration to the most stable enol ether. The behaviour of such enol ethers is of interest
due t2 the possibility of analogous enolic changes of isohumulones in beer. Verzele
and co-workers* have postulated that after the addition of isohumulones to the beer
medium an enol equilibration may explain changes of bitterness with time. The con-
firma'ion of the structure of these TMS derivatives must await investigation using
gas chromafography-mass spectrometry and nuclear magnetic resonance spectro-
SCOpPY.

Preliminary investigations have shown that the same extraction procedure
can be applied o the derivatisation of frans-ischumulone and a mixture of isohumu-
lones from an isomerised hop extract. In addition, other hop resin components such
as xasthohumol may also be derivatised and subjected to the extraction procedure
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with good re:smlts. Lloyd!" previously reported that it is possible to obtain GLC peaks
for some pofypbezmls from hops. In our laboratories it was found in all cases that, to
obtain counsistent results, it was necessary to use the ammonium nitrate—iscoctane

extraction procedure described above.

_ Investigations are now in progress to quantitate this procedure by use of an
internal standard and extend it to other hop resin components likefy to be present
in hop extracts. The increased resolution of a glass capillary column as reported by
Verzele ef af.5**> may be necessary to fully resolve the coastituents of some isomer-
ised hop extracts.

The application of _this extraction procedure to the investigation of the TMS
derivatives of antibiotics?®, vitamin A3' and vitamin D’ may avoid some of the
previously reported difficulties.
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