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SUMMARY 

An attempt is made to answer some practical kinetic and identification ques- 
tions on the trimethylsilylated (TMS) derivatives of tryptamine (T) and Ihydroxy- 
tryptamine (5HT). Considering the theoretically possible five and 11 TMS derivatives 
of T and 5HT, respectively, a gas chromatographic-mass spectrometric study of these 
reaction profiles established the identifkation of the five T derivatives and all of the 
six SHT derivatives whose formation was considered kinetically feasibIe_ Reaction 
parameters must be optimized to avoid a multiplicity of TMS derivatives in practical 
applications. A kinetic approach using different catalysts (trimethylsiLyhmidazoIe, 
trimethylchlorosilane, pyridine) indicates that the ease of silylation would follow the 
order 0’ > 1st NQ position > N’ > 2nd No position. The best results were obtained 
by reaction with a N,O-bis(trimethyisilyl)trifluoroacetamid~trimethy!silylimidazo~~ 
pyridine mixture at 70” for 60 min, which enhances the formation of the fully silylated 
derivatives. The relative merits of the sibyl versus the acyl derivatives of these amines 
are discussed in relation to practical applications. 

The chemical derivatization of physiologically si_&kant biogenic indokalkyl- 
amines, such as tryptamine (T) and Ihydroxytryptamine (5HT) (serotonin), for their 
gas chromatographic (GC) analysis has been described by various workersL-U. 
According to the literature, the determination of either of these two amines by GC 
usually involves the previous acylationr*‘~.7 or silylation2*3*5~6~g of the active primary 
(Na) and secondary (Nr) amino groups of the alkyl side-chain and indole ring, 
respectively, and of the Ehydroxyl group in S-hydroxytryptamine. The biological 
applications of these derivatixation pro&hues have often been aimed at the mass 
fragmentographic assay of their relatively low endogenous levels in living systems11-‘5. 
Thus, to achieve effectively the required detection limits, the reactions have to be 
optimized in relation to the sekctive synthesis of a suitable derivative with good 
esponse characteristics and high yield15. g 
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In this respect, while acylation is a well established and regularly used proce- 
drrre in many of the laboratories concerned with the study of the biological role and 
fmctioa of these arnb~9-~~ and related indole metabolites-“*~ro, there is &ES 

information on the silylation of tryptamine and 5-hydroxytryptamine. Further, the 
results reported to date on their trimethylsilyl derivatives often lead to conf%zniictory 
conclusions, as will bc discussed below. For instance, the rate-limiting step in these 
trimethylsi1ylation reactions has been assigned to the indole ring nitrogen2i, although 
it has also been claimed that this nitrogen atom is more reactive than that in the side- 
chaini2. Also, some of the structural assignments made for the partially silylated forms 
of tryptamine could be incorrect owing to possible misinterpretations of the corre- 
sponding mass spectra-metric data. 

On the other hand, although *these reactions are usually manipulated so as to 
attain the substitution, If possible, of all active hydrogen atoms in the mokcules to be 
derivatized, recently we have established the possible advantages of using the partially 
acylated= or mixed acyl-TMS form9 of these and related compounds. Likewise, the 
possible use of monosilylated tryptamine has also been reported”. For these reasons a 
study was undertaken on the structural, kinetic and practical chromatographic aspects 
of the trimethylsilylation of tryptamine and S-hydroxytryptamine, for both the totally 
and possible partially silylated forms.- The aim was to gather the necessary expcrimen- 
tal data in order to &aYish the reaction conditions leading in each instance to the 
best derivative for practical qualitative and/or quantitative results. This requires in 
principle the selection of reagents with a high silylation potential, proper control of the 
reaction parameters and a study of the aerentiating chromatographic and mass 
spectrometric features of each derivative thus obtained for easier and more reliabIe 
identikation. 

As it is known that these derivatives arc prone to decomposition (decomposi- 
tion meaning here any loss of derivative, regardless of cause) special emphasis was 
placed on the determination of possibk structural changes either after the reaction or 
during their GC determination_ For instance, it has been reported that on-column 
efEcts account for the loss of acyl groups during the GC of biogenic amineszJ and 
that the response of some amine-based drugs can also be seriously affected by this 
type of effects, 

EXPERIMENTAL 

Chemids ud reagents 
The following silylation agents were obtained from Xpcctrix (San Cugat, 

BarceIona, Spain) : N,O-bis(trimethylsilyl)acetamide (BSA), N,O-bis(trimethylsilyl)- 
trifiuoroacetamide (BSTFA), trimethy1silylimidazoIe (TMSI), dimethylchlorosilane 
(DMCS) and trimethy1chlorosilane (TMCS)_ Methanol and pyridine (Merck, Darm- 
stadt, G-F-R.) were used as solvents. The reference hydrocarbon standards (u-Cr6, 
n-C&, K-C,~ n-C.& n-C, and n-C& were obtained from Applied Science Labs. (State 
College, Pa., U.S.A.). Tryptamine hydrochloride and 5-hydroxyttyptamine oxalate 
were purchased from Sigma (St. Louis, MO., U.S_A.). Stock solutions of these two 
amines were prepared in distilled methanol at a concentration of 1 J&PI. 
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Derivtztiz2tiotz procedures 
Aliquots of the stock solutions of the corresponding amine equivalent to 

100-300 pg were evaporated to dryness under a stream of purilicd helium. The dry 
residues were dcrivatized according to the following procedures: 

(I) Addition of 100 ~1 of either BSTFA, BSTFA-TMSI (1oO:l) or BSTFA- 
TMCS (loo:l), and reaction at 110 or tjO”==. 

(Ii) Addition of 100 ~1 of BSA and 20 ~1 of pyridine, and reaction at 60°3. 
(HI) Addition of 100 pi of BSA-TMSI (lOO:l), and reaction at 60”. 
(IV) Addition of 100~1 of BSA-TMSI (1OO:l) and 20 ~1 of pyridine, and reac- 

tion at 60”. 
(v) Addition of 100 ~1 of BSTFA-TMSI (1O:l) and 40 ~1 of pyridine, and 

reaction at 70”. 
In all instances the reactions were carried out in a temperature-controlled oven. 

Aliquots of the reaction mixtures were injected at various time intervals into the gas 
chromatograph in order to follow the time course of the derivatizations. 

Gas chromatography 
The GC separations were carried out on a Fe&in-Elmer Model 990 gas chro- 

matograph, equipped with dual tlame-ionization detectors. The glass columus 
(1.80 x 2 mm I.D.) were deactivated with DMCS in toluene, and packed with either 
3 % OV-17 or 5 % QV-17 on Gas-Chrom Q (100-120 mesh). Glass columns were sup- 
plied by Xpectrix and the OV-17 by Applied Science Labs. 

Gas chromatographi)Lmass spectrometry _ 
The structural identifications of the various reaction products, observed as 

clistiuct peaks in the GC profiles, were based on their mass spectra, obtained on a 
Hitachi RMU-6H mass spectrometer coupled through a single-stage jet separator 
(Perkin-Elmer, Norwalk, Conn., U.S.A.) to a Perkin-Elmer Model 3920 gas chro- 
matograph. The mass spectra were obtained at 70 eV and the accelerating voltage was 
set at 2400 or 1800 V, depending on the molecular weight of the derivative. The mass 
spectrometer is equipped with an accessory of our own desiguz6 for multiple ion 
detection (MID). 

Determination of Kovcits retention indices (I) 
Retention indices were obtained at 180 f 2” on OV-17 by co-injection of the 

appropriate hydrocarbon standards and calculated as described in a previous papep. 

RESULTS AND DISCUSSION 

As indicated previously23, the derivatization of a given “problem substance” 
does not necessarily always produce a single and readily identifiable derivative. This is 
especially true when dealing with polyfunctional structures capable of incorporating 
more than one derivatizing group, as would happen with both of these amines. From 
a theoretical point of view, they could give several silylated products, as illustrated in 
Schemes I and II. For example, with tryptamine there would be five possible coexisting 
silylated species to consider : one fully siiylated (T-STMS), two bis-silylated (T-2TMS) 
and two monosilylatcd (T-LTMS). 



On the other hand, from a strictly theoretical point of view there would be 
eleven possible silylated speck-for Ibydrosytryptamine, but we will umsider only 
six of them: one frilly derivatizd (SHT4TMS), two tris-silylated (SHT-3TMS), two 
bis-silylated (SHT-2TMS) and oIte monosilylated @I-IT-ITMS). Such a simplification 
in the number of real possibilities to work with is based experimentally on the well 
known fact that a phenolic group, as the one in the 05 position of SHT, would 
always silylate firsCz8, relative to either the primary or secondary amino groups. In 
other words, whereas oEe could formulate the corresponding non-C%ilyIated counter- 
part for five. of the six derivatives shown in Scheme II (the one corresponding to 
(03 I1TMS-SHT would be 5HT itself), none of these formulations could be considered 
as a kinetic possibility_ However, aside from the kinetic considerations and according 
to criteria used for defining the suitability of a derivative for GC andysiP, some of 
these reaction products might eirber be undetectable because they are produced in 
very small amounts or because their free amino groups could act as excessively 
active sites for good chromatograpbic behaviour, especially at very low levels. 

I&nrz#kition of reactiim products 
Representative GC profi!es (on OV-17) corresponding to the silylation of 

tryptamine (T) and 5-hydroqtsyptamine (5HT) (serotonin) are shown in Fig. 1. IE 
both instances the derivatization was carried out under conditions inducing the syn- 
thesis ofprcxlu~ primariIy substituted on the primary @P) amino group of the side- 
chain @%A-pyridine (100:20) at 60”]. The possibility of obtair?ing more than one 
derivative in each instance is demonstrated by the appearance of various peaks in the 

1 -p-----= f-lTMS(Hj ----)r-2mstN%m 

I 
I 
t 1 

T-*~(H’l -_-t-2TMStN’N9 - T-37h4SCN1N9’J9 

5 - HYCGCUCYTRYPlAML’iE 
HOa-+C+f-H 



cbromatograms, each s&dated at the positions indicated, as shown by their corre- 
sponding mass spcctA pattems and elution at the.reteution iudices given below: 

tryptamine derivatives: 
I = 2078 W,W-his-TMS-tiyptamlne 
I= 2109 W-TMS-tqptarnine 
I = 2335 FF,Nm,W-tris-TMS-tryptanGue 
I = 2375 W,N*-bis-TMS-tryptamine 

5-hydroxytryptzniue derivatives : 
I = 2359 OS,PTL,No-tris-TMS-Ehydroxytryptamine 
I = 2407 OS,Na-bis-TMS-5-hydroxytryptamine 
I= 2566 05,Nf ,W,P-tetrakis-TMS&hydroxytryptaruine 
I = 2643 CF,N~,NO-tris-TMS-5-hydroxytryptamine 

The CX peaks are labelled in Fig. 1 according to the positions that have accepted a 
silyl group GMS), following the indications in Schemes I and PI. 

The inte~rpretation ofthe mass spectraX feztures of the last two peaks ofeach of 
the chromatograms in Fig_ 1 is straightforward according to the data summariza in 
Table I, allowing for an unequivocal identification. In alI isxtanes the mass spectral 
patterns are characterized by coxrunon-origin fragment ions, each appearing on the 
spectra at the corresponding m/e values (Table I). The base peak, as would be expected 
from a process of/?-cleavage in aliphatic amir~es~~~ with retention of the positive charge 

I?ii. 1. GC separation of siiyl&ed dexiv&ives of tryptamine and S-hy&wzyirypt on 8 3 % OV- 
17 p&xxi cobmm af 24W (kothermak). The temperature of the injector and detector blocks ~2s set 
at 22o-260“. Both nstions were carried out using BSA-pyridine (100~20) at 60° for i EL About 200 
pg of tryptie and 3OOpg of 5-hydroxytqptamine were derivatized. lnjeaion of a 2-pl aliquot of 
the reaction snixtme (12Opl). The positions siiylated are imiicated for each peak according to the 
nomem&ture used in S&ems I arid Ii. Their sspective retention indices are given in the text. 
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dn the nitrogen (BP in this instance), shows up at an m/e value of 174 (relative 
abundance lUQ”/O iu Table X), cqsresponding to the fragment .ion Cl& = N(FMS),+. 
There is also a much lower intensity M-174 fmgmekt wheu the charge stays on the 
indolyl moiety. Roth of these fragments are depicted in Scheme III, The M-174 ion 
seems to iose 72 mass units (TMS minus Ei), giving rise to ions at the indicated masses. 
In the high mass end of the spectra there are also small peaks at m/e values correspond- 
ing to M-89 and M-103. The M-89 ion would not he unexpected in silylated 
hydsoxyl-bearing cornp~uuds*~ Iike the 5-hydroxytryptamine derivatives, although this 
would not ‘be a likely explanation in this iustauce as this ion is also relatively abun- 
dant in the mass spectra of the non-hydroxylated tryptamine derivatives. A possible 
origin would be the loss of TMS+H from the M-15 ion. The M-S9 fragment ion 
thus formed could then lose CH, to give the M-103 fmgment. 

!!i-kK:R,=OTMS.- R~=TMs or H 
T:R,=H. R2=TMS 0rH 

Scheme III. 

However, the situation regarding the more volatile derivtitives of both amines 
(I values of 2078,2109,2359 and 2407 in Fig. 1) is more complicated owing to their 
seemingly temperatur&ependent GC behaviour. For instance, at 23&24Q” the first- 
eluting tryptamine derivative gives, on some OV-17 packed cohmms, an apparently 
clean and symmetrical peak, which at an elution temperature of 180” appears to open 
up into an unresolved profile made up by the appearance of a relatively gaussian peak 
(I = 2109) on the appreciable tail of another preceding peak (I = 207S), as illustrated 
by the chromatogram in Fig_ 2 (bottom trace). 

This peculiar behaviour led to a more detailed study of the nature of ‘rhe com- 
ponents of this unresolved profile as a fmctiou of column temperature. For this pur- 
pose, the same reaction mixture was anaIysed by gas chromatography-mass spectrom- 
e&y @C-MS) on the same coIumu_ The results are shown in the upper three tracts 
in Fig. 2. It cau be seen that the total ion monitoring (TIM) profiles at 210”, 200” and 
170” demonstrate that the single peak observed at 230“ is accompanied at lower elution 
temperatures by a smaller unresolved component on its upward slope. Also, as the 
elution time (or column residence time) of these two closely eluting peaks increases 
at lower GC oven temperatures (from 7 to 19 miu), tbis part of the gas chromatogram 
is piogressi%ely biansformed kto a badly tail&g peak, as showu by the ?TM profile 
obtained at a column temperature of 170" (Fig. 2). 

The mass spectrometric study of this particular section of the gas chromato- 
graphic prome of the tryptamine TMS derivatives shows that the &Giing peak at 
I = 2078 gives a mass spectrum consistent with the ideutity of an NL,Na-bis-TMS 
derivative of tryptamiue (Scheme IV). In other words, its molec~ular ion appears at 
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Derivsttve R1 R2 m,bLF m/eAF M ----- 
N*,N=%s-TbfS TM5 MS 202 102 334 

N’-TMS H ms 2G2 30 232 
N=TMS TMS H 130 102 232 

(IF=indo&l fmgnemt; AF=amine fmgment) 

tsctene xv. 

m/e 304 znd, in line with the process of ~-cleavage ch*dc of the alkylamine 
moiety, as indicated in Scheme III, the corresponding amine fragment (AF) appears 
at a mass of 102 while the mass of the indolyl fragment (IF) gives a peak at m/e 202. 

On the other hand, the mass spectra of the second peak at I = 2109 (Fig. 2) 
shows ions at m/e’232,217, 102 and 130. indicative of a monosubstituted Na-TMS 
derivative of tryptamine (see Scheme IV). This would be in line with the identification 
of Na-TMS-tryptamine in some of the reactions reported by Doniket’ and Vanden- 
HeuvtP, who also pointed out the relative instability of this derivative. 

Likewise, the mass spectrometric study of the tailing peak obtained at 170” 
(Fig. 2) indicates that it is a derivative without TMS groups on the aliphatic amine 
(No) but with one TMS group of the ring N1 (IF at m/e 202). Accordingly, the molec- 
ular weight is also 232. However, as the mass spectrum of this GC peak also shows 
traces of ions at m/e 130 (unsubstituted indole ring) and 102 (mon+TMS-amine 
fragment) (see Scheme IV), there may be a small amount remaining of the isomeric 
No-TMS derivative which also elutes in this region, 

The formation of the Nl,Nm-bis-TMS derivative, barely visible in the prome in 
Fig. 1 and practically not resolved from the peak of the NO-TMS derivative, is flier 
demonstra+& on the chromatogram in Fig. 3. This chromatogram was obtained 
with a higher resolution 5% OV-17 packed column, which at 230" was able to 
separate clearly the N’,Na from the Nm silylated tryptamine derivative- At lower 
elution temperatures, as indicated above, the N’,Nm-his-TMS derivative seems to be 
degraded to the W-TMS form while the Na-TMS apparently decomposes to trypt- 
amine. Traces of free tryptamine (molecular weight 160) have also been detected mass 
spectrometrically under the peak at I = 2109 (Fig. 2) 

The formation of free tryptamine by on-column degradation is indicated by the 
fact that when injected alone, as shown in Fig. 3, it practically coelutes with its 
N1,Na-bis-TMS derivative_ However, a detailed mass spectrometric screening of the 
zone of elution of the two unresolved NL,Na and NO derivatives has verifW the 
appearance of the molecular ion of tryptamine at m/e 160 together with its character- 
istic m/e 30 ion on the downward slope of the Na derivative. Further, of the possible 
desilylations of either the Nr or the NQ derivatives (see Scheme I), it -seems that this 
“delayed” tryptamine comes from the N@J-TMS derivative_ It appears preferentially 
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Fig. 2. GC pro&s of the first part of the chromatogram corresponding to the silylated tryptamine 
dcsivatives shown in Fig. 1. The study of this section wi?s made with ffie s2me GC co1um.n at dif- 
ferent temperatures, as indicated. The injection points are indicated by 0; O,, injection on the Perkin- 
Ehner 990 and RD detection at 180; &, 4, O,, injection on the Perk&Ehner 3920 coupled to the 
IEIZCS spectrometer at the temperatures indicated on the TIM traces. Ionizing voltage, 70 eV. Ac- 
celerating voltage, 1800 V. Injector and GC manifold temperature, 200. Same reaction conditions as 
in Fig_ lexceptforthe reactiontime,whichwss4Omin. 

in the reactions in which the Na derivative predominates over the Nr,NQ species 
(e.g., Fig. 1). 

Similar behaviour was observed for the first two peaks in the profile of the 
TMS derivatives of 5-hydroxytryptamine. For example, the FID trace in Fig. 4, 
obtained at 2CW, shows a minimum of four badly resolved components. 

As indicated in Fig. 1, the $irst-eluting peak in the GC profile of the 5-hydroxy- 
tryptamine TMS derivatives (I = 2359) gives a mass spectrum corresponding to the 
OS,Nt,Na-tris-TMS-5hydroxytryptamine derivative, while the second peak (I = 
2407) gives a mass spectrum corresponding to the OS,N@-bis-TMS-5-hydroxytrypt- 
amine derivative. 

However, when the same sample is eluted at 200”, this part of the chromato- 
gram also opens up into the broad and unresolved pattern shown in Fig. 4, resembling 
the effect observed for trypttine. The mass spectrometric study of this section of the 
chromatographic profile verifies the coexistence of the W,N’,N”-tris-TMS and O*,- 
N1-bis-TMS derivatives of 5-hydroxytryptamine in the first unresolved broad peak on 
the.lower trace in Fig. 4. Likewise, the foliowing two broad bands give mass spectro- 
metric patterns confirming the detection of the Os,NQ-bis-TMS derivative of 
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-t I 1-1. t ‘I t 
0 2 12 

Time (min 1 

Fig. 3. Gas chromatogram iIIcst.rating the separation achieved at 230 on a column packed wit& S % 
ov-17 OP Gas-Chmm Q (100420 mesh). With this column it becomes possiiIe to separate all of&e 
T derktive5 in 10 min with better sesolution of the &st txvo peaks (compare with Fig. 1). The lower 
trace represents a direct injection of underivatkd trrptarmne , which elutes together with the first 
eluting N1,N~-bis-TwS derivative at about 210 sec. 

50hydroxytryptamine plus the W-mono-TMS derivative which accounts for the larger. 
part of the middIe broad tailing peak. 

Identifications are based on the fragment and molecular ions observed at the 
masses indicated in TabIe H_ However, because of the difficulties in obtaining clean 
mass spectra of each derivative under these chromatographic conditions, relative in- 
tensities are not inciuded in this table. 

Also with regard to GC identifications the I values of all of the silylated 
species shown in the GC profiles in Fig. 1 are in agreement with the previously 
caIcuIa&d and experimentahy determined values, according to the recentiy developed 
retention index mode1 for indole substituted compoundP. It must be noted, how- 
ever, that the I vahre of 2109 given before for the N1,Nco-bis-TMS derivative of 
tryptamine has been revised in light of the new data, to the more accurate value 
of 2078 (a Al of 31 units). ffie fo-mer value corresponding to the r&e&ion index of 
NC-TMS tryptamine. Neverthekss, although the retention index data now appear to 
be wclI supported by the corresponding mass spectrometric identications, in the 
course of this work we came across some contradictory data in reIation to relative 
retention times. If is known that irrespective of the silylation potential of the reagents 
used by different workers, once a given- derivative has been synthesized it should 
always have a perfectly defined retention time in a given GC system. SurprisingIy~ 
this does not seem to be the case for the NO-TMS and Na,NQ-bis-TMS derivatives of 
tryptamine. Acording to Donike et al. II,. Na,Na-bk+TMS-tryptamine is eluted on 
(W-17 at 180” a few seconds a&r the peak of Na-TMS-tqptamine and thus ahead of 
NL,NQ@,N~-tris-TMS-tryptamine. This fact is diEcult to reconcile with our own data, 
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2407 2359 

Fig. 4. GC protiles of the first part of the chromatogram of the siIytated derivatives of Ihydroxy- 
tnptamine. 3% OV-17 at 240” for the TIM trace and at 200” for the FI.D. In thii instance the 
reaction was caiied out with BSA-pyridine (100~20) at 60° for 40 min. 

TABLE II 

MASS VALUES OF CHARACTERISTK XONS OBSERVED IN -i-HE MASS SPECTRA OF 
PARTIALLY SILYLATED DERIVATIVEZj OF S-?5YDROXYTRYPTAMiNE 

Ian’ O’,N’.N=’ O=,NL O=,Na O5 

392 320 320 248 
377 305 315 233 

&:?& - 72 290 218 290 2l8 218 146 218 

AF 102 30 102 30 

l AF=amkef%agmentt.TheM- AFziagmentisthebasepeakinaUinstances. 

as we have always detected the N~,N(Qii-ThS derivative after N+,N~,N%ris-TMS- 
tryptamine on QV-17. 

Similarly, we cannot explain the major di%remze in the reterktion time of 
tryptamine when compared with its reported elution 3 mh after the tris-silylated 
tryptamine derivative I2 ?kse deviations in retention time are summarized in ‘Fable . 
III. 

IQ relation to the primary ot possibly secondary origin of all of the derivatives 
siXyhted at the positions indicated cm the chromatogxams in Fig. 1, probably the 
were synthesized during the detivatization and thus were akady present as p&nary 
reaction products in the aliquots injected into the gas cbromatograph. Hotiever, the 
chromatographic data would indicate that with regard to the additional species 



TABLE III 

ORDEROF RELATIVE m ONS OF TRYETAMINE AND kS SDLYLATED D-m- 
ATJYES ON 3% C’IV-17 ON G AS-CHROM Q AS REPORTED BY DIFEXZENT WO?XKEEtS 

Ref2mce OK&F 

Donike et (II.” (No)+‘+, NO) > (N’. Nq No) 
N- 2nd !kmeP (N’. N-m’) > (N’, N-, N‘=) > CL’-) 
ThiSWOrk (2-l-(N’. N”XWHNO) > CN’. N”. No) > <No, No) _ 

l Order of elution from left to right; compounds not baseline rcsoived ax joined by a dash. 
Deaivative3 -.vitt unexplained rehtive retention difierences are italicized. 

detected at lower elution temperatures (Nl-TMS-tryptamine, tryptamine, OS,N’-bis- 
TMS and W-TMS derivatives of Ihydroxytryptamine) &se could be considered as 
secondary decomposition forms of the higher silylated parent derivatives. In other 
words the partial or even total decomposition of a given siiyl derivative by loss of a 
reactive TMS group (e.g., loss of a TMS group from N’,Na-bis-TMS tryptamine) at 
any point between derivatization and its GC detection, is not a problem of the 
inherent chemical stability of the derivative initially synthesized as much as it is due 
to irreversible reactions with active aydroxyl) sites located within the walls and 
packing of the column (on column efIkctP) or with the hydrated surfaces of the 
glassware that come in contact with the primary derivatization products. This efkct 
is difkult to control and irreproducible enough to warrant a word of caution in the 
quantitative analysis of indol ezmines as their corresponding TMS derivatives. For 
ins~tance, Fig. 5 shows the FID profiles at 170” corresponding to a sample of tryptamine 
silylatecl with BSA-pyricline under conditions that would enhance the formation of 
the partially derivatixd N’,N@ and Nm,Na speckThe remarkable lack of linearity 
of response for the unresolved peak of the N’,Na (with traces of N1) and N~derivatives 
reiative to &at of the Na,NQ-bis-T&IS derivative is evident on the superimposed 
GC traces of three consecutive injections. In a sense, this effect is not unexpected 
for polar compounds with free functional groups as most chromatographic systems 
have a certain degree of residual activity_ In view of these results, it can be stated that 
the derivatives monosilylated on the terminal amine are more prone to decomposition 
during chromatography, depending on the elution temperature and residence time 
in the columns as well as on the residual activity of the GC system. It is also 
important to note that in following the time course of the silylation reactions and in 
consecutive injections there is the possibility of obtaining merent relative ressnses 
for the various reaction products, depending on the absolute amounts injected into the 
wlumn. These considerations demonstrate the need to establish reaction conditions 
leading to the formation of the more stable fully silylatecl derivatives. En consequence, 
work was undertaken along this line, as discussed below. 

The silylation of tryptamine with BSTFA (a strong silyl donor under different 
conditions of acidic (1 0A TMCS) or basic (1 oA TMSI) catalysi9’ indicates that the 
addition of a second silyl group on the prii amino group of W,Na-TMS-trypt- 
amine to ob+ti the N’,Na,W species is a slow process (a relatively large amount 
of N*,N~,N~-tris-TMS-tryptamine is obtained only aftt 230 min at 110” with 
BSTFA-TMSI), so that this could be considered as a limiting step in the silylation 
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Fig. 5. Responses obtained from different inject_ions of the same reaction mixture ClYderivatized with 
ESA-pyridine at 60” for 40 min) on a 1 m x 1 mm I.D. glass column Wed with 3 % OV-17 on Gas- 
Chrom Q, at a column temperature of 180°. Injector and manifold at 250”. Volumesinjected: O&l, 
I.5 ptI_ 

of these indolealkylamines. It is known that the introduction of one TMS group iu 
primary amines hinders the access of a second 28.z9. Also, the indole nucleous remains 
intact when the reaction is catalised by a small amount of TMSI but occasionally 
may give a relatively high yield of an unidentikd degradation product if carried out 
without TMSI or with TMCS cataJysis3”. 

Along these lines it was shown that pyridme, which also provides a basic 
medium for the reaction, enhances substitution at the No position, giving pre- 
dominantly the Na,Na-bis-TMS-tryptamine derivative. However, in accordance with 
the data reported by DouikP, TMSI favours the silyiation of the indoli!: N’ posi- 
tion, giving a higher yieid of the NL,Na-bis-TMS and N’,N~,N~-tris-TMS deiivatives, 
and by combining the effect of both pyridine and TMSI with BSA the reaction can 
be driven towards the formation of the fully silylated Nl,Na,Na species. The time 



N’N”-T(TMS)2 

Time hiP) Time (min) 

Fig- 6. Aot of the -Lime course of the reaction of tryptamine with ESTFA-TMSI-pyridine (X0:10:4) 
at 709 n-c, used as internal refwaz standard. 

Fig. 7. GC profiks of the react& products of tryptamine and S-hydroxytryptamine under tie condi- 
tions indicated in Fig. 6 with a reaction time of 1 h. Separation on 3 % OV-17 cohmm at 240” with 
iojector acd detector t.em_pe.ratures set at 250”. 

course of the tatter reactiorr is plotted in Fig. 6. As shown, the marlmum yield of the 
tris-TMS derivative would be obtained at a reaction time of 60 min at 70”, while 
amounts of the other two part& derivatives can be kept to a minimum by changing 
from BSA to BSTFA (a stronger silyl dono* and adjusting the proportions of 
BSTFA, T3&1 and pyridine (increasing the proportions of TMSI and pyridine). 

Likew’se, it was found that SHT behaves very rnucb like T, also giving a pre- 
don&ant response for the fully silylated OS,N1,N~,N%etrakis-TMS derivative, as 
shown in Fig_ 7. 

In 196S, VandenHeuve13 made some comments on the relative trimethyl- 
silyfation rates of the nitrogen atoms on the side-chain (No) and on the indole ring 
w), indicating that the N1 silylation is more d_ifEcult to achieve_ More recently, 
Don&P showed the inftuencc of acidic and basic catalysts such as TMCS, pyridine 
and TMSI on the rate of N’ siiylation, concluding that the indolic N-H proton 
exchange is a very slow process which is kinetically and not thermodynamically 
controlled and is acxderated by base catalysis (TMSI). This is essentially in agreement 
with our own observations. 

From these experimental data, it could be conoiuded that pyridine somehow 



acce~er&e.s the-rate of introduction of the second TMS group on the Nm position while 
NL substitution can be more readily achieved viaTMSI txtalysis. Also, the relative ease 
of siiylation of these grkps would seem to follow the order 05 > BP > N1 > Na 
(second substitution). However, on contrast with this and other data on relatives rates 
of silylation of t&se indole-related pro&x+.+‘, tbek-c is a rcportx2 on a pre- 
dominant TMS substitution at the N1 position with BSTFA-TICS in 15 min at L0Q”. 

This apparent discrepancy was studied and the rest&s shown in Fig. 8 were 
obtained. For this purpose, a total of five reactions were nm for 15 ti at a temper- 
atme of IOW, each with a different reagent mixture (see Fig, 8). The GC separation of 
ffie reaction products was performed on a 5% OV-17 column at 230” ad the chm- 
matograms were recorded on purpose at twice the normally used recorder chart speed 
so as to facilitate the uncovering of small retention time differences and also to enhance 
the appearance of shoulders or any other hidden features. As stated above, the 
reaction tzarried out with BSA-pyridine lezds to f&e formation of derivatives preferen- 
tially subs&x&d on the No position_ In any case, there is an appreciable shoulder in 
front of ffie peak of Na-TMS-tryptamine and in the position corresponding to N’- 
substituted forms. The addition of TMSI to this BSA-pyridine reagent mixture, as 
expected &om the patterns obtained with longer reaction times, induces substitition at 
N’ so that now the relative amount of the N1,N~,N~-tris-TMS-tryptamine derivative 
increases significantly, while there is a clear predominance over the ND derivative of 
what in the previous profile was just a shoulder. This section of the GC trace is very 
much enhanced by the reaction with BSTFA atone, whereas in Fig. 2, two peaks are 

Fig, 8. GC separation of the reaction products obtained by derivatization of tryptzmine at 100” 
for 15 min with (A) BSA-pyridine (ltXX?O), (B) BSA-TMSGpyridhe (lCKkl:ZO), (C) BSTFA, (D) 
JBTFA-1 % TMSIand (E) BSTFA-1 % TMCS. E’roducts separated at 230” on a 5% OV-17 cokmn. 
Helium flaw-rate sli&tly IORTX than ia Fig. 3. 



distinctively se_parated_ As indicated by the mass spectrometric data. the first oft&se 
two peaks would. represent the N’,N@J derivative, which practicahy co-eiutes with 
the corr5qonding W-TMS derivative. The addition of TMSI f&ours the W sub- 
stitution with a substantial relative predominance of the Grst peak (NL,Nm-TMS 
tryptamine). Finally, the SSTFA-TMCS reaction gives a GC profile almost exclusively 
dominated by the peak of the co-ehrting W-TMS and Ni,NQ-bis-TMS species, fol- 
lowed by a smaher smount of the No-TMS derivative. The appezance of the tirst 
peak in this instance would be in line with the data reported by Narasimhachari and 
Leinti. However, on packed OV-17 columns wee have found that in some instances it 
might be diEcuIt to assign the structure of this compound exchsiveIy to the W-TMS 
derivative of tryptamhe, especially as even mass spectrometricaby there might be 
the possibiity of confasion with the Nl,Na-bis-TMS derivative_ 

As a conclusion to these kinetic considerations, it could be added that the 
direct co-injection of 2 ~1 of 8 solution of tryptamine in pyridine (4 p&Q phzs 
2 ~1 of BSTFA, with the injector block at 250°, produces in a qualitative sense a GC 
proHe almost identical in shape with that in Fig. I, although of course there is a lager 
relative amount of underivatized tryptamine eluting together with the first peak. This 
instantaneous reaction on the injector of the gas chromatogmph throws some doubt 
on the studies related to the silylation kinetics with these compounds. In any case, 
whatever happens in the injector would probably be an additive effect in the sense 
that it would increase the apparent reaction yield, although in some instances it 
might change the relative proportions of the various siiylated by-products of a given 
reaction_ 

Ana,‘ytical impkariorzs 
The results obtained largely confirm the theoretical derivatimtion schemes 

dravm up for tryptamine (Scheme I) and S-hydroxytryptamine (Scheme II) in relation 
to the various silylated species detected by GC Thus, zli of the derivatives of trypt- 
amine have been identified by their mass spectra and retention indiceP. In a similar 
manner, it has been possible to detect and identify all of the different silylated species 
of Ihydroxytryptamine with a TMS group at the W-position. Likewise, the reported 
iden5fications of final and intermediate derivatives reported here rest on the corres- 
ponding s&ctrometric and GC retention data=. 

Gn the other hand, in accordance with what the GC behaviour of some of the 
partially siiylated derivatives identitied in both instances seems to indicate, nameIy for 
tryptamine and its N’-monosiiylated derivative pIus the W,N’-bis-TMS and W-mono- 
TMS forms of 5hydroxytryptzmine (Figs_ 2 and 4), these may not be primary derivati- 
zation by-products but the corresponding GC decomposition products of NO-TMS- 
tryptamine, N1,Na-bis-TMS tryptamine, OS,N’,Nm-tris-TMS and W,N’-TMS-5 
hydroxytryptamine, respectively. This reaction reversibility has been indicated in 
Schemes I and II by reverse discontinuous arrows, indicating that the Na-mono_TMS 
group is 2 reactive group which can he lost due to interactions with active sites, as 
discussed above. 

while the use of the N’-TMS derivative of tryptamine has been suggested for 
the quantitation of this amine in biological sampIe~~~, our results would be at variance 
with this suggestion, as demonstmted by the lack of linearity of response of the 
partiahy silylated forms of tryptamine at different injection loads (Fig. 5). On the 
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other hand, it has been claimed that this N’-TMS derivative of tryptamine12 has 
excellent GC chamcteristics, but in o.ur experience the only cases where the synthesixed 
derivatives give relatively stable aztd good GC peaks are those in which the primary 
amino (ND) group is completely silylated (NL,N@,N~ and Nm,Na in Fig. 1). This was 
also confirmed for the 5hydroxytryptamine derivatives @Y,Na,Na and W,N1,Na, 
No in Fig. 1). 

Finally, in the light of these results, a few selected comparisons would be 
useful regarding the relative merits and practical applications of these silylated 
derivatives ver.su their acylated counterparts, for which more data and practical 
experience are availabIe4*7~L3-L8. 

Briefly, all of the information gathered to date on these indole-related com- 
pounds would support the following considerations: 

(1) Both the acylation reagents and the acylated products are more stable to 
the usual laboratory conditions than are the corresponding silylating agents or silylat- 
ed products. 

(2) The number of possible partial derivatives is lower in the acylation reac- 
tions. The ND position only accepts one acyl residue’. 

(3) Both procedures give comparabIe detection limits in our GC-MS system. 
This has been established, as illustrated in Fig. 9, by parallel GC-MS MID analyses 
of equal aliquots of a tryptamine standard, one of them acylated with pentafluoro- 
propionic anhydride (PFPA) according to our standard procedure7*1s, and the other 
silylated as described herein. The ions selected for mcnitoring purposes are the 
indolyl (IF) fragments. at m/e 276 and 202 for the acyl and silyl derivatives, respec- 
tively, and the amine fragment (AF) at m/e 174 for the silylated tryptamiue. In the 
mass spectra of pentafluoroacylated tryptamiue the corresponding AF fra_ment is of 
low intensity’. The response obtained for the m/e 276 and 174 iosn in Fig. 9 corre- 
sponds to an absolute amount injected of 40.5-500 pg and, as illustrated, it would 
be comparable in the two instances. However, it must be taken into account that the 
fragment at m/‘e 276 would be truly characteristic of the NL-PFP acylated indole 

T-2PFP 
m/e 276 

Time (mid 

Fig. 9. Selected ion monitoring of characteristic ions in the mass spectra of pentafluoropropionated 
uyptamhe (T-2PFP) (m/e 276) and silylated tryptamine (T-3TMS) (,x/e 174) on 3 % OV-17 at 24”. 
The derivatizations were car&d out as follows. A&&ion with PFPA-acetonitrile (1:l) at 60° for 
1 h. Dry residue dissolved in 200~1 of benzene containing 3% of PFP_4. Amount injected, 405 pg 
(see refs. 7 and 15 for more details). Silylation with BSTFA-TMSI-pyridine (109:10:40) at 70” for 
1 h. Amount injected, 540 pg. 
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mtcIeus, whiIe the fragment at m/e 174 wmid be characteristic of all N”,Nco-his- 
silyIated amines and with possibilities for #%cIeavage, and thus not spe&c for 
indokamines. la conseennce, although the ion at m/e 174 would be help&l for 
knctioml group mass spectrometry, as proposed by Abramso n et 6~Z.s the more 
spe&c mass at m/e 276 would be more suitable for GC-MS prowling of biogenic 
iadokmines and related indole metabolites, as shown in earl& paperP*‘9, 
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