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phenyl and 3,~-dil~~~drosypllellyl compounds were prepared. The gas cl~romntograpl~y 
of these lv,?_v studied using stationary phases of increasing polarity and their bchaviour 
was compared, with that of the trimethyl silyl ether/esters of tile same compo~mds 

using tlicir respective methylene unit values. It was shown that as the polarity of the 
please increases the differentiation of the two types of derivative becomes greater. It 
sl~ulcl be possible to acllieve a more selective separation of particular phenolic acids 
by careful choice of phase polarity. 

Interest in the metal~olisnt of pllet~ylalanine and tyrosine together with the 
escrction of associated mctabolites in tile urine I4 has brought about a more critical 
esamination of the techniques available for the determination of tllese phenolic 
acids. To this end, gas cllronlatography appears to be uniquely suited and much work 
has been done in the development of general and more specific methods. This has 
revealed c?. conflict in approach and technique. The more specific methods clevised for 
the important phenolic acidhO require more complicated preparative teclmiqucs 
and formation of more sophisticated derivatives, These are not well suited to routine 
use in the analysis of large numbers of specimens. The more general t ecliniques 
involve simple extraction and derivative formation. Of these the most convenient 
for routine use has been that involving the preparation and cl~roniatograpl~y of the 
trimethyl silyl (TMS) ether/esters ‘*H. These suffer from the disadvantage of being 
much less specific. l_Jsing the OV-x stationary phase (as with the SE-~z phase used 
by I<AROU~I ct a?.‘) the peak due to vanilmandelic acid was sometimes obscured by 
that due to hippuric, homogentisic, +hydrosypl~enyllactic and g,+dillydrosy- 
phenylacetic acids. Although use of temperature programming increases the resolution 
it is still not completely satisfactory. Use of the methyl ester TMS ether derivatives 
was suggested but this necessitates the use of diazomethane which is both e.xplosive 
and carcinogenic 0. Thus it was tliought to be unsuitable for routine use. Application 

l Author’s prcscnt adclrcss: Dcpartmcnt of Mochcmistry, Sclly Oak Hospital, Birmingham 29, 
Great Britain, 
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of the more polar OV-17 phase ww reported to allow specific estimation of vanil- 
mandelic and llomovnnillic ncicls~O. Wllilc discrete peaks were obtained it was slmwn 
that these were contaminated by other substances which could lx separated by tllin- 
layer cllrolllatogral~ll~~ and clectrophoresis (Fig. I), It tllcrefore lxcamc apparent 
that advantage coulcl be gained from the use of a simple Jtet more specific derivative 
which would allow tile application of more selective gas cliroiiiatograplly. For this 
purpose sulplir~nntion of tile phetiolic ncicls prior to TMS ester formation was at- 
tempted. 

lb. 
(a) ‘7 

:-- 
‘&“l 2 3 4 5 6 7 to n l2 

frrctlanr 
1s bi!f- 1 2 

Fig, r. ‘I.‘hc sqxuntion of ~~~~nilmi~.llclCliC il.Citl from its Contnininant 1)y (a) thin-lilycr clcxtrophorcsis 

at, pl-I 3.9 (pyricliiic-glacial acetic iLCiCl-\vil.tCr its huffcr) for 1 Ii using Goo V iLiic1 (1)) thin-IilyCr 

Chrol~~i~to.graph~ using isoprc)piLliol-arntnonio-watcr (S : 1 : I) as solvent, Urine \ViLS cstractctl’n, 

applictl to the thin-lnvcr plate and 1’1111 iLS rlwcrihccl. ‘I’hc plil.tC was tli~~iclccl up nncl clutctl in sections 

using 0. I AV I-ICI, this being CStriXtCCl directly with clicthyl cthcr. After cvapOtXti011 Of the organic 

phase, the rcsicluc \v;LS trCi~tCr1 with .13S’TlTh allcl #LS cl~~0n~~~t0~ri~]~ll~~l 011 OX’- 17. TllC pC!iLl< height 

rcfcrs to peaks CoLlIltl 011 ChroI~~iltOl:ri~pll.~ of the urine cstract (-------) Iv iic i mniiifcst tlic smiic I 1 
rctctltion tinic ils that of a Vi~~~illll~l,llclcliC ncitl StilllCli~rd trcntctl siniilarly (- - - -). 

A few milligrams of each reference compouncl, as its free acid, was dissolved in 
z ml of ethyl acetate and to it was added 0.3 ml of chlorosulpllonic acid. The reaction 
was incubated at Go” for 5 min. The solution was cooled and z ml of water were added 
slowly to it. The organic phase was increased by addition of a further 3 ml of ethyl 
acetate and extraction was performed. This was repeated using a further 2 x 3 ml of 
solvent. The ethyl acetate was pooled and re-extracted with 2 x 2 ml of I Msodium 
carbonate. The aqueous phases were pooled and made acicl by adclition of 5 iPI HCL. 
Extraction was then performed with 3 s L+ ml diethyl ether. This was dried with 
anhyclrous sodium sulphatc and evaporated to dryness. To the residue was added 
O:I ml of N,O-bis(trin~.etl~ylsilyl)triAuoroacetamide (BSTFA) followed by incubation at 
Go0 for IO min. Of this solution, 5 ,~l was injected clircctly into the gas chromatograph. 

J. Chromatogv., 70 (1972) 67-72 



70 I’. H. SCOTT 

The derivatives were cln-omatographed using OV-I, OV-17 and OV-210 phases 
prepared as 5 y0 w/w on IOO--120 mesh Clnomosorb G (acid washed, dimethylclrloro- 
silane treated) with nitrogen carrier gas flow rate 40 tnl/min. The OV-I separation 
was aclrieved at 215 O, the OV-17 at 2~5~ and tile OV-ZIO at 230”. The instrument 
used was a Pye Series ~oq. gas chromatograph fitted with S-Et. glass columns and a 
flame ionisation detector, The column oven was operated at 350” and the flasll beater 
at maximum. The ionisation amplifier attenuation was 2 s 10~. 

The prepared colums were calibrated to allow the determination of metbylene 
unit (MU) values by the use of a number of straight chain hydrocarbons (C&C,,, 
depending on the column) chromatographed under tire same conditions as the deriv- 
atives. 

RESULTS AXD DISCUSSION 

. *. 

The sul&onyl derivatives of tile phenolic acids were prel)ared by reaction with 
clllorosulphonic acid. This was performed at Go”. Tile optimum time of incubation 
was determined for vanilmandelic acid and 3,+dihydroxyphenylacetic acid as re- 
presentatives of the group. It was found that after 5 min the reactions had reached 
gS y0 and 92 “/b of completion (Fig. 2). 

Time (min) 

Fig. 2. Graph showing the rntc of sulphonation of vanilmanclclic acid using chlorosulphonic acid 
under the conditions sti~tcd in the test. After rcnction the solutions were cstractccl, treated with 
BS%FA and chromntogmphcd on 5% OV-17 as dcscribcd. a, TMS cthcr/cstcr of vanilmnndelic 
acid; 0, sulphonyl TMS ester of vanilmnndelic acid. 

Each of the derivatives was chromatographed on its own. Then in each case 
original phenolic acid was added and after a further incubation the samples were 
rerun, Specimens of these chromatograms are shown in Fig, 3, 

The MU values for the sulphonyl TMS ester derivatives and their corresponding 
TMS ether/esters were determinedl’ using methyl silicone OV-I, plienyl methyl 
silicone OV-17 and trifluoropropyl methyl silicone OV-ZIO stationary phases. The 
results are shown iii Table I. With all the phases the +hydroxy-3-methosy parent 
compounds formed derivatives which yielded one single peak even when the incu- 
bation time was reduced to give incomplete reaction. With the 3,+dihydroxy parent 
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PWENOLIC ACID SULPNONYL T&IS ESTER DERIVATIVES 71 

compounds the shorter incubation gave rise to subsidiary peaks. Wit11 the OV-I 
and OV-17 phases one subsidiary peak was found in eacll case, while with tire OV-zxo 
phase 3,+dil~ydroxymandelic acid and caffeic acid gave two subsidiary peaks. Tke,, 
3,+dillydroxyplrenylacetic acid gave only one peak. 

n 

Fig. 3, Chromntogrsms showing the scparntion of the TMS cther/ostcr (A) and sulphonyl TMS 
aster (B) of vnnilnianclclic acid on (a) 5% OV-1, (la) 5% OV-1.7 and (c) 5% OV-210. 

The results suggest that a single sulpl~onyl group is introduced in the case of 
the +ydrosy-3-metboxy compounds and that two such groups are introduced in 
the case of the 3,+dihydrasy compounds. If with this second group of compounds 
incubation is incomplete the subsidiary peak appears representing the introduction 
of a single sulpl~onyl group. This is supported by calculation of the average relative 

Fig. 4. Chronmtogrntn of ethyl acotato cstrnct of, nciclifiecl normal urine, sulphonyl TlMS ester 
clorivntivc proparcd as clcscribecl, on 5% OV-17 a.t 220° showing tho discrcle pealc clue to vanil- 
rnsnclclic ncicl, 

J. CArouaatogv., 70 (1972) 67-72 



72 I’, II. SCOTT 

increase in MU values on formation of the sulpl~onyl TMS ester over the TM'S 
ether/ester of the Sante compound. This is 0.49 and 1.4S, equivalent to the introduc- 
tion of one sulpl~ortyl group wit11 OV-I and OV-17 phases respectively and 1.00 
and 3.03 for the similar introduction of two sulpl~onyl groups. In the case of the 
OV-210 phase, separation of two subsidiary peaks is accounted for as introduction 
of the single sulphonyl group into either the 3 or 4 position. A similar relative increase 
in MU values is seen here as with the other phases, 3.95 artcl S.02 for general intro- 
duction of one or two sulpl~onyl groups. The average difference between the 3 and 
4 mono-substituted compounds on OV-210 is equivalent to 1.75 MU values. 

From these results it cmt be seen that as the polarity of the stationary phase 
increases, so does tllc retention of the sull~l~onyl TM’S ester as compared with the 
TMS ether/ester derivative, This is especially marked in tlte separation of.tlte 4- 
ltydrosy-3-ntcthosy compounds from. their respective 3,+dillydroxy contpounds. 
Tlteir ether/ester derivatives are not well separated, the separation being represented 
by an average difference in MU values of 0.31. Their sulpho~tyl ester derivatives are 
much better separated, this being represented by an average difference in MU values 
of 2.19. The use of the sulphonyl TMS ester derivatives therefore allows the better 
separation of these closely related compounds. It should be possible to choose a phase 
with much greater selectivity for particular pltenolic acids. This must be studied 
further. The separation of the components of an ethyl acetate estract of mt acidified 
normal urine of wl~icll sulphonyl TMS ester derivatives have been prepared is slto\~n in 
Fig. 4, The position of the sulphonyl TMS ester of vanilmandelic acid 11as l,een iden- 
tified and sl~ocvs discrete separation from the other compcinents. Thus it is hoped 
that this approach will provide a more speciiic way of estimating phenolic acids by 
gas cltroniatograplty. 
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