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Abstract — In order to locate the position of the double bonds in conjugated alkadienes substituted, several ethanethiol
derivatives were studied. In all cases, on El ionisation at 70 eV, the adducts obtained allowed easily the location of the double
bonds in substituted conjugated akadienes, contrary to the dimethyl disulfide (DMDS) derivatives. To cite this article:
S. Rochut et al., C. R. Chimie 5 (2002) 157-162 © 2002 Académie des sciences/ Editions scientifiques et médicales Elsevier
SAS

electron impact mass spectrometry / location conjugated double bonds/ ethanethiol

Résumé — L ocalisation des doubles liaisons conjuguées dans des alcadiénes substitués par couplage CG/SM apreés dériva-
tion par I'éthanethiol. Le diméthyl disulfure (DMDS) a été trés utilise pour étudier les adduits obtenus avec des composés
mono- ou poly-insaturés par chromatographie en phase gazeuse/spectrométrie de masse dans le but de localiser la ou les doubles
liaisons. Cette méthode S'est avérée trés efficace pour la plupart des hydrocarbures mono-, di- ou tri-insaturés, puisgue les
spectres de masse correspondants montrent des ions fragments caractéristiques, permettant la localisation des doubles liaisons.
En revanche, pour les cas ou les doubles liaisons sont conjuguées, avec les carbones éthyléniques trés encombrés, les spectres
de masse obtenus ne permettent pas toujours une localisation non ambigué des insaturations; il peut méme y avoir une
impossihilité totale concernant cette localisation. L'utilisation de I’ éthanethiol comme agent de dérivation a la place du DMDS
permet d' obtenir, pour ce type d hydrocarbures insaturés, des adduits correspondants a I’addition d’un groupement éthylthio et
d’'un atome d'hydrogéne sur chaque carbone éthylénique. Aprés impact électronique, des ions fragments issus du clivage en a
des atomes de soufre permettent la localisation des insaturations. Cette méthode s avére efficace uniquement pour ce type de
molécules et peut donc étre complémentaire a celle du DMDS. Pour citer cet article: S. Rochut et al., C. R. Chimie 5 (2002)
157-162 © 2002 Académie des sciences/ Editions scientifiques et médicales Elsevier SAS
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1. Introduction

Severa extensive reviews of the location of double
bonds in conjugated alkadienes by GC/MS have been
published, in particular by using ion—molecule reac-
tions with ClI reactant gas such as (CH3);CCl is par-
ticularly effective [1], but there is no derivatisation
method really effective for the location of double
bonds in conjugated alkadienes.

* Correspondence and reprints.
E-mail address: pepe@ccr.jussieu.fr (C. Pepe).

The use of dimethyl disulfide (DMDS) addition in
alkadienes has been studied and has shown that a six-,
five- or four-membered cyclic thioether is synthesised
if the number of methylene groups that separate the
double bonds is smaller than 4 [2-12]. The reaction
between dimethyl-disulfide (used in excess at 80 °C)
and conjugated alkadienes yields five-membered cyclic
thioethers. These conjugated alkadienes, after elec-
tronic ionisation (El), give specific even-electron frag-
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Table 1. The conjugated alkadienes studied.

Compounds

2-methyl-1,3-pentadiene

3-methyl-1,3-pentadiene

2,3-dimethyl-1,3-butadiene

2,4-dimethyl-1,3-pentadiene

S

2,5-dimethyl-2,4-hexadiene X

2,4-dimethyl-2,3-pentadiene (allene)

T
A

ment ions, obtained from two bond cleavages in the
cyclic thioether. The possible simultaneous formation
of one monoderivatised compound alows determina-
tion of the position of the double bonds [13]. How-
ever, the low yields of these reactions sometimes
make the derivatised compounds undetectable by the
GCIMS apparatus; this method is not effective for
conjugated alkadienes substituted on the ethylenic car-
bons.

The use of ethanethiol to derivatise alkynes has
alowed the location of the triple bond, whereas the
use of DMDS did not. The use of DMDS does not
always permit the location of the unsaturation after
El, unlike the use of ethanethiol, which has aways
permitted the location of the double bond for highly
substituted alkenes [14].

This ethanethiol method has not been tested for the
location of the double bonds of substituted conjugated
alkadienes. The present paper deals with the behav-
iour of some substituted conjugated alkadienes listed
in Tablel, after addition of ethanethiol, and the
resulting possibility of the location of the unsaturation
by studying the adducts by GC/MS.

2. Experimental

25uL of each compound were treated by adding
100 L of DMDS or 1 mL of ethanethiol, depending
on which derivatising agent was used, and 20 pL or
2mL of iodine solution (6 mg of iodine in 1 mL of
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diethyl ether). The reaction was carried out in a
closed tube for two days at 50 °C with DMDS or 6 h
with ethanethiol. The excess iodine was reacted with
sodium thiosulfate solution (5% in water). The organic
phase was removed and the excess of DMDS or
ethanethiol evaporated. The dry extract was diluted
with 50 pL of hexane and then analysed by GC/MS.
Electron ionisation mass spectra were obtained
using a Nermag R10-10 quadrupole mass spectrometer
coupled to a Varian Model 3400 gas chromatograph.
The sample was injected in the septum-equipped
programmable injector (SPI) mode. The column
employed was a fused-silica capillary (30 m x
0.25 mm i.d., 0.2 mm film-thickness) coated with DB5
phase (Chrompack). The column temperature was
increased by 10 °C per minute from 100 to 280 °C.

3. Results and discussion

The use of DMDS to locate the double bonds in the
compounds listed in Table1 is not effective. The yield
of the derivatisation is very small, for example in the
case of 2-methyl-1,3-pentadiene, because the amount
of the five-member cyclic thioether, essentia for the
location of the double bonds [13], is very smal
(about 1%); so this method cannot be carried out on a
few nanogrammes. In the other cases studied here, the
derivatisation is not possible with this experimental
protocol, because no DMDS derivative resulting from
the addition of methylthio groups across the double
bonds was observed.

The use of ethanethiol instead of DMDS seems
more efficient. Indeed, GC/MS shows the presence of
two products after derivatisation of 2-5 dimethyl-2,4-
hexadiene (Fig. 1). Molecular ions at m/z 234 and 172
indicate that the adducts formed correspond to the
addition of two CH3;CH,SH (mvz 234) across the two
double bonds (di-adduct) or the addition of one
CH3;CH,SH (mono-adduct at myz 172). The El spec-
trum of the di-adduct (Fig.2) shows the loss of
CH3CH,S from the molecular ion at m/z 173 and the
loss of CH;CH,SH from this fragment ion to give the
fragment ion at m/z 111, and permits confirmation of
the fact that this adduct results from the double addi-
tion of C,HsSH across the double bonds. The frag-
ment ions at m/z 103 and 131 (very smal), on the
one hand, and the fragment ion at m/z 117, on the
other hand, allow the location of the double bonds. It
is interesting to note the loss of CH;CH,SH from the
fragment ions resulting from the cleavage between the
original ethylenic carbons (m/z 69, 41 and m/z 55).

The fragment ions observed in the EI spectrum of
the mono-adduct (Fig.3) alow to determine a
molecular structure corresponding to 4-ethylthio-2,5-
dimethyl-hexadecene-2 and confirm that this product
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Fig. 1. Chromatogram of the mixture obtained from the ethanethiol
derivatisation of 2-5 dimethyl-2,4-hexadiene.

results from the simple addition of CH;CH,SH. This
mono-adduct is not detected again if the reaction time
between the ethanethiol and the alkadiene is two
times larger.

The other El spectra are presented in Fig. 4. In each
case the mass spectra of the di-adducts allow the
location of the double bonds thanks to the molecular
ion, the cleavage between the original ethylenic car-
bons and the systematic loss of CH;CH,SH from the
fragment ions resulting from this cleavage.

Fig. 5 shows the El mass spectrum of the adduct
formed from a particular akadiene, the 2,4-dimethyl
2,3-pentadiene (allene), after addition of ethanethiol
across the double bonds; the fragment ions at mv/z
220, 117 and 103 adlow once more to locate the
double bonds. Nevertheless, the EI mass spectrum is
identical to the mass spectrum of the ethanethiol
derivative of the 2,4-dimethyl-1,3-pentadiene (Fig. 4),
which implies that the location of the double bonds is
ambiguous in this case.

Fig. 6 recapitulate the systematic fragmentations
observed from the compounds obtained after the reac-
tion between the conjugated akadienes and
ethanethiol, allowing the location of the double bonds.
It is important to note that the ethanethiol derivatives
are not obtained with the classical alkadienes (with
one or severa ethylene groups between the double
bonds) and consequently, it is not possible to use
definitively this method instead of the DMDS; the two
methods are complementary.

The detection limits for this method is about
50 pmol 17t and, consequently, can be probably used
for the studying of a complex environmental mixture.
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Fig. 2. Mass spectrum of the ethanethiol derivative di-adduct of 2-5 dimethyl-2,4-hexadiene.
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Fig. 3. Mass spectrum of the mono-adduct obtained from the derivatisation of 2-5 dimethyl-2,4-hexadiene.
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Fig. 4. Mass spectra of the ethanethiol derivatives of 2 methyl-1,3-pentadiene (A), 3 methyl-1,3-pentadiene (B), 2,3 diméthyl-1,3-butadiene (C)
and 2,4 dimethyl-1,3-pentadiene (D).
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Fig. 5. Mass spectrum of the ethanethiol derivatives of the 2,4-dimethyl 2,3-pentadiene.
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Fig. 6. Fragmentations observed from the ethanethiol derivatives, alowing the location of the double bonds.

4. Conclusion

The use of DMDS to derivatise the conjugated sub-
stituted alkadienes to locate the double bonds after El
is not effective, whereas the use of ethanethiol

alowed the location of the double bonds for all the
substituted alkadienes studied here. Nevertheless, the
two methods are complementary, because the
ethanethiol derivatives are not obtained with the clas-
sical alkadienes.
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