
Thesekctive ~-ttiffuO~oaC~~ation-~-~~~e~~~~s~~~~a~~o~cfpfrenolaltcylamines, 

hydrC?xyaMhIeS and amino acids as well as their corresponding fiJI&och&&s has 
been described fecentIyL-S. The trimethyfsilykting agent used was MSTFA*, foilowed 
by %23TFA as trifZuoroacyfating agent. This reaction sequence offers four &&&ant 
advantages compared with conventional derivatization techniques. (1) MSTFA and 

MBTFA are hi&Ly volatile compounds. The reaction mixture alone or together w+th 
a suitable solvent4 may be injected directly, with no adverse effect on the columr~ 
performance and We-time. (2) N-TFA-O-TMS derivatives are stable in solution for 
weeks or months, even at the parts per biIEon level. (3) The derivatives have excellent 
gas-liquid chromatographic (GLC) properties. (3) Especially in the case of phenol 
aikylamines, aromatic amino acids and indole alkyfamines’, the derivatives give rise 
to a characteristic fragmentation pattern in mass spectrometry. 

The app&a&n OF this selective derivatization, however, Is restricted by the 
equifibrium which exists between excess of MSTFA and the resulting secondary 
N-trif,uoroacetamides (eqn. I). Thus, starting with primary amine groups, two GLC 
signals may be obtained for each compormd. 

TMS 
/ 

R-NPI-TFA +- MSTFA + R-6’ f MTFA il) 
\ 

l-F-4 

-his is the case if the concentration of MSFFA in the reaction medium is high 
ampared with that of IMTFA (Fr,. *= 1). Therefore the trimethylsilylation conditions 
lust be carefully controIfed_ 

For routine GLC anaIysis the following steps were taken in order to cause the 
* 4uiIibrium to shift to the Ieft and to maintailr a consrant trimethyIsiIyktion potential 
; 3 delked by the equilibrium constant ofeqn. 1 (ref. 2). (I) The addition of glycine 
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Fig. 1. Gz.s chromatogzms of N-TF~-O-TMS-norz~en~~e (1) and K--WA-N.O-bis(MS)- 
nora&ea&ie (2) obttked fkom trimAh_yisiiyfation mi.utures. Silylatiog potential (moles of 

MSTFA:moies of MTFA in acetonitiele) = I:10 (2), I :3 (b), L:I (cj, 39 (~3) ZUX.E 2:: (e). Purp_ 

MSTFA vats cscxi as tfic sokzot in Q. For GC conditions, see Fig. Z zod ref. I. 

or oxalic acid to the sampte*. (2) The adciidon of trifh10r02~etic acid, meth2nol or 
diethylztine to tF le reaction medirrm. (3) The use of a trimetE~ylsilyfation medium 
contaiting a known ratio of MSTFA to MTFA. For pure compounds the necess:ssary 
amowts of the trimethylsilyylation mixture and btieufufufufufufufufufufufur may be calculated, but in 

WI-l@ Of biOlO&Zl O&&l tie IWm3eF Of re2Ctkg groups (&KtUding Water) iS not 
Inown exzctiy 2nd mu: be de:ermined experimentaliy. This Is not an elegant pro- 
cedure for rorrtine w4~ 

The above d.Zficulties may be circumvented if sm2Ef 2mozfms of indicators 05 

the azo-dye Qpe are z&led to the sampfe. Methyf orange, 2 weIl-knows; indicator ir 
titrimetry, changes cofour in trimet5ykily~ation mixtures according to the sllyMio!- 
potcntiaf, exactly 2s it does in aqueous solrrrion according to the pH vitk. WEse! 
s&kient _MSTFA is present to react with the anion of the zzo dye, the cokxr change 
from red to yellow feqn. 2). Zhree con&sions czn be made if the colorer of the reacrio 
mixture t’~rns yellow according to eqn. 2. (1) Ttze 2mowx of N-TMS-amide is suEcier: 
fOF 2% fkB.ZtiOn~ liavin,a rek3tiYe iow trimethyfsilyktion poteritkk, e.g., HO-, I-IS- an8 
HOOC- groaps. The mofar amount of such groups which c2n be trimet~ylSilyI2tecl i c 



squat t0 the trimetbylsityfatioa capacity. (2) Primary or secondary amines are not or 
:rot yet fully trimethy!sityk3ted, SO that they react rapidIy with $@JTFA; of o&r his- 
{acyfamkk~ compo=ndsL, a basic requirement for preparing derivatives for anatytiaf 
purposes. (3) T&e Silyktion poterrti& primarily determined in trace analysis by the 
ratio of MSTFA ta iMTFA, is law, SO that rhe equilibrium in eqn. I is shifted to the 
left. 

In xkiitiorr to methyl orange: other dyes of this type may be used, e.g., methyl 
red or ethyl red. 3kthyI orange, however, is preferred because it is not eluted from 
the cofumn. If large amounts of bases like T&ZXmidazoIe, TAMS-amines or pyridine 
are present, a calour change is not observed. This is due to the fact that silylating 
agents of the amine type or basic solvents compete with the dimethykmine soup of 
the ind&tor far the acid. However, 2s the preferred trimethylsilyfatian systems for 
antiytical purposes contain N-TMS-amides and an acidic catalyst, the trimethyl- 
siiyladan potential may be visualfy cantrofIed_ Same preferred systems are MSTFA- 
TMSCI-acetanitrile; hK3HFB-TMSCI-acetonitrife 2nd MSTFA-trifkoroacetic acid4. 

The observation that ir;d&tars change +&eir calaur according to the amount 
of MSTFA present is of obvious importance. In particular it is no longer necess2ry 
to use a large excess of trimethykiIylating reagent. The extent of trimetfrytsilylation 
of any sample, even after storage far a Ion, D time, can therefore be easi!y evaluated 
from the colaur of the reaction mixture. 

EXFEREikEN-E_4L AND RESULT-S 

The ErfmethJdsiiJ-E&ion srep. An aqueous.. qolution cf the amines or aniina acids 

.‘cidifiecf with hydrochloric acid was generaI& used. 10 pg of the sodium saIt of methy! 
rr2nge (10 ,~cf of 2 f mg)ml methanalic sotution) were then added. The sample was 

; rought to dryness by vacuum evaporation, freeze drying, etc. The residue was dis- 
+ IEver in the minimum amount af t&Iuara2cetlc acid (or heptaffuorobutyric acid) 2nd 
: ISTFA (or MSHFB) ivas a&fed* with the aid of a microlitre syringe. The amount 
( 7 N-TMS-amide needed to reach the equivalence point was noted and MEL excess of 
1 -TMS-amide (usually 10 voI.,,,) O/ was then 2&f&. Akrnativefy. the residue was dfs- 

c ked in a~etonitrile_h~STFA-r~~~~~ or acetoni:riIe-MSHFB-TMSCI. The 2mOuEt 

( ~~trimethylsllylatian mixture was increased srepwise unto ‘I the yellow colour persisted ; 

C lo% excess of the mixture was then added (see Fig. 22). 
If the a priori a&-Jition of metfiyg ormge to the sampie is incORveffier& the 



extent of trimethyfsiIyiatioti may ‘be controlied by using the above.reag+nt mixfures 
contain& 2C-5Ofi-g of hiicat~rper~&Eiitre. Stock soluti0p-C 0frntethyI orangewere 

prepred by dissolving the indicator acid in acetonitriie-MSTFA (9:f, V/V). If the 
kdlum saft of meT&y! orange is tised, TMSCl qr ttifiuoroacetic a-kid must ‘be added 
and sod&m sitit booed by ce;rrtrif~g&cr,. SamFks ‘ttimetlxyylsilyfated by a large 
excess of N-TMS-amides were titrated by the addition of trifluoroacetic acid to the 
equ%aten& point. A father amount of the N-TLMS-amide (MSTFA or NfSHFB) 
was then added (S-10 o/Q of rhe original volume of N-TMS-an&e), Heat in trimethyl- 
silyfation Is &eo unnecessary and should o&y be app!ied if it is not deletetior?s to 
the compounds to be aaalyscd. Heating wider refiux may be an excellent means of 
&_&kg tbe surfa~ i;:’ iliz reaction vessels an+ concentrating the compounds in a 
small vokme of reagent. The dnqleets of the rea,, -at% and soknts, which condense ort 
the vessel .waHs OR cootirzg, can be collected by centrifuging. 

Tire ac~&zricw step. 5-25 pl of MI3TFA were added to the trimetbyIsiQ4ated 
sampfes at room temperature (see FI,. *= 26 and c). E in the course of the reaction, OR 



staa&g or On opening the wseb the colour changes to orange Or red, MSTFA (or 
MSHFB) must be added in order to protect hydrosyl, thiot or carboxyl groups from 
a&a& by -MBTFA- 
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