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Zontrol of trimethylsilylation potentiaf and trimethylsilylation capacity by
:he use of celour indicators

V. DONIKE
“nstitut fir Biochemie, Universitdt Koli, Ar der Bottniihle 2, 5000 Kofn | (G.F.R.}
Received July 24th, 1975)

The selective N-trifiuoroacylation-O-trimethyisilylation of phenol alkylamines,
hydroxyamines and amino acids as well as their corresponding hydrochiorides has
been described recently . The trimethylsilyiating agent used was MSTFA ™, followed
by MBTFA as trifluoroacylating agent. This reaction sequence offers four significant
advantages compared with conventional derivatization technigues. (1) MSTFA and
MBTFA are highly volatile compounds. The reaction mixture alone or together with
a suitable solvent® may be injected directly, with no adverse effect on the column
performance and life-time. (2) N-TFA-O-TMS derivatives are stable in solution for
weeks or months, even at the parts per billion level. (3} The derivatives have excellent
gas-liguid chromatographic (GLC) properties. (4} Especially in the case of phenol
alkylamines, aromatic amino acids and indole alkylamines’, the derivatives give rise
to a characteristic fragmentation pattern in mass spectrometry.

The application of this selective derivatization, however, is restricted by the
equilibrium which exists between excess of MSTFA and the resulting secondary
N-triftuoroacetamides fegn. 1). Thus, starting with primary amine groups, two GLC
signals may be obtained for each compound.

TMS

i
e

R-NH-TFA - MSTFA = R-N + MTFA (1

AN

TFA

“his is the case if the concentration of MSTFA in the reaction medium is high

. ompared with that of MTFA (Fig. I). Therefore the trimethylsilylation conditions
wst be carefully controlled.

For routine GLC analysis the following steps were taken in order to cause z‘he

- quilibrium to shift to the left and to maintain & constant trimethylsilyiation potent_za!

¢ 3 defined by the equilibrium constant of eqn. I ¢ref. 1). (1) The addition of glycine

* Throughout this article the following abbreviations are used: TMS = trimethylsilyl: TFA =
¢ ifluoroacetyl: MSTFA = N-methyl-N-trimethyisilyltriiuoroacetamide; MBTFA = N_—menhyi-bzs-
i riffuorcacetamide); MSHFE = N—methyI-N-trimethyisiiylhepta.ﬁuombutyramidc: and TMSCI =
t imethylchiorasitane; MTFA = N-methyltriffucroacetamide.
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Fiz. 1. Gas chromatograms of N-TFA-O-TMS-noradrenaline (1) and N-TFA-N,O-bis(TMS)-
noradrenaline (2) obtizined from trimethyisilylation mixtures. Silylating potential (moles of
MSTFA:moles of MTFA in acetonitrile) = 1:10 (a), 1:3 (b), 1:1 €c}, 3:2 (d) and 2:1 {e). Pure
MSTFA was used as the solvent in (f). For GC conditions, see Fig. 2 and ref. L.

or oxalic acrid to the sample™. {2) The addition of trifiuoroacetic acid, methanol or
diethylamine to the reaction medium. (3) The use of a trimethylsilylation medium
containing a known ratio of MSTFA to MTFA. For pure compounds the necessary
amounts of the trimethylsilylation mixture and buffer may be calculated, but in
sampfles of biological origin the number of reacting groups (including water} is not
known exactly and must be determined experimentally. This is not an elegant pro-
cedure for routine work.

The above difficulties may be circumvented if smali amounts of indicators of
the azo-dye type are added to the sample. Methyl orange, a well-known indicator ir
titrimetry, changes colour in trimethylsilylation mixtures according to the silylatior
potential, exactly as it does in aqueous solution according to the pH value. Wher
sufficient MSTFA is present to react with the anion of the azo dye, the colour change
from red to vellow {egn. 2). Threa conclusions can be made if the colour of the reactio
mixture turas yellow according to egn. 2. (1) The amount of N-TMS-amide is sufficier
for ali functions having relative low trimethylsilylation potentials, e.g., HO-, HS-an-
HOOC- groups. The molar amount of such groups which can be trimethylsilviated i .

" Both of these compounds, which use MSTFA and generate MTFA, are capable of serving ¢
TMS-doner for alcoholic or phenotic hydroxyl groups. Their function in the reaction mediz may &
that of & “trimethylsilylating buffer”, maintaining the required silylation potential and supplyic
sufficient silylation capacity {see ref. 1 for a detailed discussion},
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:qual to the trimethylsilylation capacity. (2) Primary or secondary amines are not or
aot yet fully trimethylsilylated, so that they react rapidly witk MBTFA or other bis-
{acylamide} compounds!, a basic requirement for preparing derivatives for analytical
purposes. (3} The silylation potential, primarily determined in trace analysis by the
ratio of MSTFA to MTFA, is low, so that the equilibrium in eqn. ! is shifted to the
left.

In addition to methyl orange, other dyes of this type may be used, e.g., methyl
red or ethyl red. Methyl orange, however, is preferred because it is not eluted from
the column. If large amounts of bases like TMS-imidazole, TMS-amines or pyridine
are present, a colour change is not observed. This is due to the fact that silylating
agents of the amine type or basic solvents compete with the dimethylamine group of
the indicator for the acid. However, as the preferred irimethylsilylation svstems for
analytical purposes contain N-TMS-amides and an acidic catalyst, the trimethyl-
silylation potential may be visually controlled. Some preferred systems are MSTFA—
TMSCl-acetonitrile; MSHFB-TMSCl-acetonitrile and MSTFA-trifinoroacetic acid®.

The observation that indicators change their colour according to the amount
of MSTFA present is of obvious importance. In particular it is no longer necessary
to use a large excess of trimethylsilylating reagent. The extent of trimethylsilylation
of any sample, even after storage for a long time, can therefore be easily evaluated
from the colour of the reaction mixture.

EXPERIMENTAL AND RESULTS

Selective N-acylation-O-trimethylsilylation under visually controlled conditions

The erimethylsifylation step. An aqueous solution of the amines or amino acids
-cidified with hydrochloric acid was generally used. 10 gg of the sodium salt of methy!
-range (10 ul of a I mg/mi methanolic solution) were then added. The sample was
rought to dryness by vacuum evaporation, freeze drying, etc. The residue was dis-
sived in the minimum amount of trifiucroacetic acid (or heptafluorobutyric acid} and
| {STFA (or MSHFB) was added* with the aid of a microlitre syringe. The amount
* N-TMS-amide needed to reach the equivalence point was noted and an excess of
~TMS-amide (usually 10 vol. %) was then added. Alternatively. the residue was dis-
ived in acetonitrile-MSTFA~TMSC! or acetonitrile-MSHFB-TMSCL The arr.iount
“trimethylisilylation mixture was increased stepwise until the yellow colour persisted;

109 excess of the mixture was then added (see Fig. 2a). L ] .
If the a priori addition of methyl orange to the sample is inconvenient, the
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extent of trimethylsilylation may be controlied by using the above reagent mixtures
containing 2050 g of indicator per miililitre. Stock solutions of methyl orange were
prepared by dissolving the indicator acid in acetonitrile-MSTFA (9:1, viv}). I the
sodium salt of methy! orange is used, TMSCI or trifiuoroacetic acid must be added
and sodium salt removed by centrifugation. Sampies trimethylsilylated by 2 large
excess of N-TMS-amides were titrated by the addition of trifiuoroacetic acid to the
equivalence point. A further amount of the N-TMS-amide (MSTFA or MSHFB)
was then added (5-10% of the original volume of N-TMS-amide). Heat in trimethyl-
sitylation is often unnecessary and should only be applied if it is not deleterious o
the compounds to be analysed. Heating under reflux may be an excellent means of
fiushing the surfaces of the reaction vessels and concentrating the compounds in a
small volume of reagent. The droplets of the reagents and solvents, which condense on
the vessel walls on cooling, can be collected by centrifuging.

The acviation step. 5-25 pl of MBTFA were added to the trimethylsilylated
samples at room temperature {see Fig. 2b and c}. If in the course of the reaction, on
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Fig. 2. Tyrosine as au example of trimethylsilylation under controlied conditions. (a} A solution o
t &mg of L-tyrosine in 100 41 of triffucroacetic acid containing 20 g of methyl orange was tirate
with MSTFA to the equivalence point (360 ul of MSTFA}. An excess (40 ub) of MSTFA svas the
added. The sample was heated and a I-¢f amount was injected info the column (106 m. macked wit
3% OV-17 on Chromosorb Q) temperature, 183°). For further details of the GC aha.[ysis see ref. !
(o} 12 min after addition of 20 gt of MBTFA to the sample. () 20 min after the gddition of MBTFA
Pezks: t:in;lathyisﬂy}: esters of N,O-bis{TMS}-tyrosine (1); O-TMS-tyrosine (2} and N-TFA-O-TMS
terpsine 3 - -
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standing or on opening the vessels the colour changes to orange or red, MSTFA (or

MSHFB) must be added in order to protect hvdroxyl, thiol or carboxyl groups from
attack by-MBTFA.
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