Available online at www.sciencedirect.com

SCIENCE@DIRECT° ]OURNALOF
CHROMATOGRAPHY A

Vi

ol TSR
ELSEVIER Journal of Chromatography A, 1071 (2005) 71-80

www.elsevier.com/locate/chroma

Analysis of chlorinated, sulfochlorinated and sulfonamide derivatives
of n-tetradecane by gas chromatography/mass spectrometry

Naziha Assas$§ Amel Tazerout?*, Jean Paul Canseligr

2 Laboratory of Organic Synthesis, Faculty of Chemistry, University of Sciences and Technology Houari Boumedienne,
BP 32, El Alia, Bab Ezzouar, Algiers, Algeria
b Laboratoire de @hie Chimique (UMR CNRS 5503), ENSIACET-INPT/ UPS, 5 rue Paulin Talabot, BP 1301, 31106 Toulouse, France

Available online 26 February 2005

Abstract

The photosulfochlorination afi-tetradecane by sulfuryl chloride leads to a reaction mixture containing unreatééchdecane, chloro
n-tetradecanes amdtetradecanesulfonyl chlorides. Direct and simultaneous GC analysis of the mixture of the sulfochlorinated and chlorinated
isomers is followed by mass spectrometry identification of all the components either by electron impact (EI-MS) and by negative and positive
chemical ionisation (NCI-MS and PCI-MS). With the goal of performing an accurate quantitative GC analysispaattasgecanesulfonyl
chlorides prone to degrade partially into the corresponding chlorides, the former are convextéidiethylsufonamides, more stable
thermally, and then analysed by GC/EI-MS and GC/PCI-MS. The chigetradecanes, sulfonylchlorides and sulfonamides spectra present
strong similarities. However, some differences between terminal and internal isomers are noticed and the peculiar behaviour of sulfonamides
is emphasized.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction studies are related especially to sulfonyl chlorides having
alkyls chain R from @ to C4, or R is aromatic (benzene,
Secondary alkanesulfonates (SASs) are biodegradablenaphthalene,..) [6]. The technique currently used for these
surfactants largely used as active matter in detergent formula-sulfonyl chlorides is electron impact mass spectrometry
tions (especially liquid dishwashing), as emulsifying agents (EI-MS) [6,7]. These compounds were rather analysed by
and even useful in flotation. Their detergent properties com- EI-MS after their transformation into sulfonate sd8s10].
pare well with those of linear alkylbenzenesulfonates (LASs), Several theoretical and thermodynamic studies highlight
whereas their aqueous solubility and ultimate biodegradationthe formation of the S@ fragment which characterizes the
rate are slightly highefl]. SASs are manufactured by pho- mass spectra of this kind of compourd4-13] but long-
tosulfoxidation or photosulfochlorination using gas mixture chain sulfonyl chlorides can hardly be analysed directly by
[1,2]. Recent works investigated the photosulfochlorination GC-MS because of their instability and their low volatility,
of single-length chain &-Ci2 n-alkanes using sulfuryl  so that their analysis requires their conversion, for example,
chloride (SQCI,) instead of S@ and Ch gas mixturg3,4]. into esters or sulfonamide4-19] In fact, long-chain
All positional isomers of chlorides and sulfonyl chlorides n-alkanesulfonyl chlorides are rather analysed by LC-MS
(four and six in each family) were analysed simultaneously after their transformation into sulfonates or sulfonamides
by GC without derivatisation step, and identified by GC—-MS [20]. In the present work, our previous studies are extended
[4,5]. Few detailed works have been reported on mass spec4o an in-depth analysis of thetetradecane derivatives by
trometry ofn-alkanesulfonyl chlorides. Indeed, the different GC-MS. These derivatives are obtained by photosulfochlo-
rination ofn-tetradecane at 2% using sulfuryl chloride and
* Corresponding author. Tel.: +213 21202423; fax: +213 21247311, @ catalyst. The reaction mixture obtained contains unreacted
E-mail addressameltazerouti@hotmail.com (A. Tazerouti). n-tetradecane, and all the positional isomers of chloro
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n-tetradecane and-tetradecanesulfonyl chloride. These Fluka (Buchs, Switzerland). 1-Chlorotetradecane (98%), and

components have been analysed by GC, and the isomeric disanhydrous sodium sulfate, extra pure, were purchased from

tribution of n-tetradecane derivatives have been determined Merck (Darmstadt, Germany).

[4].

We present here the direct and simultaneous GC-MS

analysis of chloron-tetradecane and-tetradecanesulfonyl ~ 2.2. Sample preparation

chloride isomers. As there are different positional isomers,

the identification of isomer one has been achieved by cross The reaction mixture (containing unreactetetradecane,

injection of samples obtained by organic synthesis and chloro n-tetradecane and-tetradecanesulfonyl chlorides)

characterised by usual spe(ﬁros(x)pic methods. E|_hAE;VvasyvaS()btaHWQCibyIJhOtOSL“fOCh|Or"181kﬂ13fetﬁide(3ﬂqeVV“h

used to identify then-tetradecanesulfonylchloride, chloro sulfuryl chloride using pyridine as a catalyg-5]. The

n-tetradecane, and\,N-diethyl n-tetradecanesulfonamide alkanesulfonyl chlorides produced were then derivatised

isomers produced by the photosulfochlorination mf  to the corresponding sulfonamides withN-diethylamine

tetradecane. Positive (PCl) and negative (NCI) chemical ion- using Berthold’s methofb—17]

isation techniques were chosen in order to enhance the signal 1-Tetradecanesulfonyl chloride was obtained from the cor-

intensity of the molecular ion and to confirm the assignment responding chloride by a Grignard reacti@1]. It was fur-

of molecular weight, difficult to obtain by El. ther transformed into the corresponding sulfonamide. The
1-tetradecanechloride, 1-tetradecanesulfonyl chloride and 1-
tetradecanesulfonamide were analysed byliR,and 13C
NMR spectroscopies.

2. Experimental n-C14H29Cl: b.p. €C): 29090 [22]; IR (cm™1): 720
(C—Cl); 'H NMR (ppm): 0.8<§<0.95 (t, 3H), 1.k§<1.5
2.1. Chemicals (m, 22H), 1.6<8<1.8 (g, 2H), 3.4$<3.6 (t, 2H); 1°C

NMR: 45.15 (G), 32.73, 32.00, 28.84, 28.74, 28.56, 28.45,
n-Tetradecane, with a purity of 99%, sulfuryl chloride, 28.08, 26.98 (g-Cy2), 22.77 (G3), 14.18 (G4).
97% pure, pyridine, 99.8% purél,N-diethylamine, 99.5% N-C14H20SO:Cl: m.p. €C): 48.1; IR (cnl): 1357, 1160
pure, and diethyl ether, 99.5% pure, were purchased from(-SQ-); 1H NMR (ppm):§=0.85 (t, 3H), 1.k 5<1.6 (m,
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Fig. 1. Chromatogram of a reaction mixture obtained by photosulfochlorinationietfadecane with sulfuryl chloride at 26.
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22H), §=2.02 (q, 2H),6=3.63 (t, 2H);13C NMR: 65.54 2.3. Procedures
(C1) 31.97, 29.69, 29.49, 29.40, 29.22, 28.94, 27.62, 24.33

(C3—C12), 22.74 (G3), 14.17 (Gy).

2.3.1. Gas chromatography GC/FID

N-C14H20SONEt: m.p. CC): 37; IR (cnt1): 1330, 1140 GC separations were performed with a Hewlett-Packard
(C-SQ-N); *H NMR (ppm):5=0.8 (t, 3H), 1 <$<2.2 (m, Model 5730 A gas chromatograph. An ULTRA 2, a poly
29H),6=2.87 (t, 2H), 3.k §<3.4 (q, 4H);'*C NMR: 52.42 (5% phenyl/95% methylsiloxane) capillary column 25m
(C1), 41.53 (Ge—Cy17) 31.97, 29.70, 29.57, 29.56, 29.17, 0.20mm 1.D., 0.33um film thickness (Hewlett-Packard)
28.52, 23.51, 22.74 ($>Cy2), 14.54 (G) 14.18 (Ga). was used for the analysis with He carrier gas (0.6 ml/s).
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Fig. 2. (a) EI-MS analysis of chlorp-tetradecaney-tetradecanesulfonyl chloride ametetradecanesulfonamide isomers: intensities ¢fifa+1 fragments.
(b) EI-MS analysis: intensities of the,82,_1 fragments.
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Fig. 3. EI-MS analysis: intensities of the,B,, fragments.

Direct analysis of the reaction mixture was carried out 2.3.2. Gas chromatography/mass spectrometry
with the following temperature program: initial temperature The gas chromatograph, a Hewlett-Packard Model 6890
180°C for chlorides, and the temperature was increased at awas coupled to a Hewlett-Packard Model 5973 mass
rate of 8/min up to 250 C for sulfonyl chlorides. The GC  spectrometer. The column used was HP5 MS, a poly
analysis of derivatised reaction mixtures started at an ini- (5% diphenyl/95% dimethylsiloxane) capillary column
tial temperature of 180C for the chlorides, the temperature 30mx 0.25mm [.D., 0.2;um film thickness (Hewlett-
was increased up to 27C at arate of 8C/min, thenheldat ~ Packard), similar to ULTRA 2 phase. Thetetradecane
270°C for all the sulfonamide isomers. Injector and FID tem- derivatives can be detected either by EI (70 eV) or by chemi-
peratures were 30@. One microliter samples were injected cal ionization (Cl) techniques. The ion source was run under
into the column.

As the analysis oh-tetradecanesulfonyl chlorides was
done at high temperature, it was necessary to verify the R C_|'+
stability of these compounds during the analysis. For this ~cun——
purpose, the analysis 1-tetradecanesulfonyl chloride was |4) .
cqrried out by gas chromatography. The two peaks ob- 3 RCH:CH;L{ HCI
tained were analysed by GC/EI-MS. They correspond to 1- CH
tetradecanesulfonyl chloride and 1-chlorotetradecane. So, in N m'’z 196
order to perform a quantitative analysis, it was necessary to R +R'=CyHys

convertn-tetradecanesulfonyl chlorides into thermally more
stable sulfonamides. Fig. 4. 1,4 rearrangement of chlonetetradecanes.
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Fig. 7. GC/PCI-MS analysis: intensities of fragmentsn& 213, 195, 196, two groups of peaks after that of th? solvent an.d that Of.un_
197, and 198. reactech-tetradecane at 2 min. The first group with retention

time 3.1-4.4min corresponds to chlorinated isomers. The
positive (PCI) or negative (NCI) conditions using methane as Second one at 11-15 minis composed of seven well-separated
the reagent gas. peaks corresponding to the sevetetradecanesulfonyl chlo-
ride positional isomers.

To complete this GC analysis, GC-MS analysis have
been achieved with different techniques (El, PCI, NCI).
They were carried out in order to identify the various isomers
of sulfochlorinated and chlorinated tetradecane. The mass

The direct GC analysis of the reaction mixture of spectrum of unreactedr-tetradecane was identified by
the photosulfochlorination ofi-tetradecane leads to the GC/EI-MS and compared well with that obtained in the
chromatogram presented#iig. 1 It reveals the presence of literature[23,24]

3. Results and discussion

3.1. Direct GC analysis of the reaction mixture
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Fig. 9. Chromatogram of a reaction mixture obtained from photosulfochlorinatiofi@fadecane with sulfuryl chloride at 26 after the transformation of
sulfonyl chlorides to sulfonamides usihgN-diethylamine.

3.2. GC/EI-MS and GC/PCI-MS analysis of chloro carbenium ion is less stable than the secondary one, for
n-tetradecanes which the abundance is almost the sar@gy( 3). It can
also be due to the competition of the loss of HCI by 1,4
The GC analysis of chloro-tetradecanes gives five in- rearrangement with the tendency to form cyclic divalent
stead of seven peaks, as the isomersfive, six, and seven are nahloronium ions as shown later.
well separated. The last one at 4.2 min is that of the primary ~ Several peaks observed in the spectra of chloro
isomer, which is well separated. However, we have recordedtetradecanes, such as the fragmentavat42, 56, 70, 84,
the mass spectra corresponding to the successive poorly re98, 112, 126, 140, 154, and 168 correspond to thid &> "
solved peaks inthe region 3.1-4 min, which give similar spec- formula. They can be produced from the fragmenhét
tra, with fragmentations comparing well with those of the 196 (ig. 3). We also found other fragments characterizing
primary isomer and with those found in the literature. As ex- chloro n-tetradecanes, as the peaksnalz 49/51, 63/65,
pected, the molecular ion peak is absent for all the isomers.77/79, 91/93, 105/107, 119/121, 133/135, 147/149, and
However, we note some differences between the spectra o0fl61/163. All these fragments result from thecleavage
the secondary isomers and that of the primary one. [26,27]as presented iRig. 5.
The fragments characterizing the linear alkyl chain, as  The peak atr/z49/51 is present only for the primary iso-
those atm/z 29, 41, 43, 55, 57, 69, 71, and 85 are present mer, with alow intensity: it thus correspondsts 0 (R = H).
for all isomers with approximately the same intensities, re- In the same context, the peaksalz 91/93 and 105/107 are
spectively. For the primary isomer, the relative intensities very intense and provide a strong identification of the primary
are always quite different from that of the secondary isomers isomer, as already reported in the literat{i2,15,16,20,22]
(Fig. 2. Besides, the mass spectrum of 1-chiotetradecane It can be explained by the fact that, in this isomer, these
compares well with that reported in the literat{28,26] fragments correspond to five- and six-membered cyclic ions
We notice that the fragment a¥z 196 is present for all  formed by a displacement reaction giving divalent chloro-
secondary isomers-{g. 3). This fragment results from 1,4 nium ions Fig. 6).
rearrangemerj26] with loss of HCI as presented Fig. 4. Since by El the parent peaks do not appear, positive chem-
The absence of this fragment in the spectrum of the ical ionization was used to enhance its signal intensity. This
primary isomer is probably due to the fact that the primary technique leads to spectra containing the peak/at231,
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* 3.3. GC/EI-MS, GC/PCI-MS and GC/NCI-MS analysis
_~CHy—CH; of n-tetradecanesulfonyl chlorides

—

As then-tetradecanesulfonyl chlorides are well separated

mie= 3 by GC, the analysis is easier than that of the correspond-
- CiaHz SO CH; ing chlorides. The El spectra aftetradecanesulfonyl chlo-
rides show peaks atvz 29, 43, 57,... which characterize
. o /(;HE_CHﬂ+ the linear hydrocarbon chain, but their intensities are higher
" N<(‘H2—CHJ' (-‘le:s\ CHy ISI /N\(‘Hj in comparison with those of-tetradecane chlorideig. 2).
C Hz—}_(_j_}_h C‘ i1 o Other fragments characteristic of the presence of a function
miz =73 H o in the chain are also noticed, a®z 196, which correponds
m/z = 318 to the 1,4 rearrangement oftetradecanesulfonyl chlorides
-CH3 with loss of HSQCI, in the same way as HCI iRig. 4. But
.+ J‘C””z* the most characteristic peaks in the spectra of these com-
CH;—CH; CHy—Cy | pounds although of low intensity, are thosevét 64 and 65
H< nso,nd - ; : ;
CH; N presentin the spectra of allisomers, assigned to the fragments
m/z =58 miz =122 [SO:]* and [SGH]*, common with sulfonyl chloridefs].

As in chloron-tetradecane spectra, peaksrét 42, 56, 70,
Fig. 10. Elfragmentation of primaiy,N-diethyln-tetradecanesulfonamide. 84, and 98, first indicating the loss of HX, then the produc-
tion of CyHon®* fragments are seen, but they are less abun-

. + : , dant than those of chloro-tetradecanes except fawvz 42
corresponding toN1 — H]*, the quasi-molecular ion for all (Fig. 3.

isomers, even if its abundance is very low for the secondary To complete the El analysis, PCI allows to observe the

isomers Fig. 7). Thus, this allows to confirm the molecular peak of the quasi-molecular ion a¥z 297 corresponding

weight. to the M+H]* adduct, but only for the primary isomer.
The peaks atv/z 195, 196, 197, and 198, corresponding  qyiar characteristic peaks, awz 65 and 229, corre-

i + + +
respectlvely+to thet — H2ClI]", [M —HCl] ’{M —ClI" and . spond to the [SgH]" and [C4H2¢S]" fragments, respec-
[M — CI+H]" fragments, are present for all isomers, but with tively

greater rglative intensities for the second:jry isomerf, and Finally, NCI was found necessary to complete previous

characterlze+probably the fragments1§82¢]", [C14H2] analysis. It gives very simple spectra with fewer fragmen-

and [G4Hszo] " as shown irFig. 7. tations and peaks with higher abundances. The most intense
peaks in the NCI-MS spectra ofi-tetradecanesulfonyl
chlorides are atnw/z 35/37 corresponding to the Clion,

+ .
CH,—CH; I m/z 64 corresponding to the SO fragment,m/z 99/101
R'—CH—: soz—.\J\ corresponding to the [S&I]~ fragment andn/z 331/333
C‘H CH,—CH; corresponding to th&1 + CIl~ adduct, the quasi-molecular
VRN ion. These fragments, present for all isomeFsg( 8),
R Ho o e=333 clearly indicate the presence of the chlorosulfonyl group
and the predictable, above mentioned adduct confirms the
HSOHN(CH,CHs), -R—CH—CH—R assignment of the molecular weight.
110+
. —|.!. + 1004 a—a —m—m/z=332
R CHH /CHQ_CHJ 90 —e—m/z=333
HSO,—N 80 —a—m/z=334
R—CH N |
CHg—é—CHq o 70
m/z =196 ! : & 604 \
m/z =137 50
e . \‘ o
— A a
with R'+R = Cy3 Hys l CHy’ 28 / - ——
. ]
"H,—CH i
HS0,—N, e 18 — ' M— : .
? 5 3 4 5 & 7
\CH2 )
m/z 122 C14H29802N(C2H5)2 isomers
Fig. 11. El fragmentation of secondal,N-diethyl n-tetradecanesulfon-  Fig. 12. GC/PCI-MS analysis af-tetradecanesulphonamide isomers: in-

amides. tensity of the M — H]*, [M]* and M + H]* peaks.
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3.4. GC/EI-MS and GC/PCI-MS analysis of N,N-diethyl of n-tetradecane derivatives exhibit a great similarity in
n-tetradecanesulfonamides EI-MS, except for a few fragments typical of sulfonamides.
The parent peak does not appear in El spectra, but all the

Like sulfonyl chlorides, the corresponding sulfonamides secondary isomers exhibit a peak@t 196 corresponding to
give seven well resolved peakBig. 9). Their analysis by  the M — HX]* fragment obtained probably by 1,4 rearrange-
El gives spectra with peaks which reveal the linear nature ment. The nature of the functional group has a significant
of the alkyl chain Wz 29, 43, 57,...) for all isomers, as influence on the abundance of the common fragments, the
observed for chlorides and sulfonylchlorides but with lower lowest intensities being observed for sulfonamides.
intensities Fig. 2). Therefore, the nature of the functional
group affects the abundance of the fragments, in agreement
with McLafferty’s results om-dodecane derivativd26].

As expected, the molecular ion is not observed, and the
peak atm/z 318 representing theV[ — CHs]* fragment, is
present only for the primary isoméiy. 10. This is probably
due to the fact that secondary isomers undergo 1,4 rearrange
ment §ig. 11). As with chlorides and sulfonyl chlorides, the
peak atm/z 196 corresponds tdM — HSO;NEt]* with loss
of HX and is present for all the secondary isomers, with very
low intensity Fig. 3). Some other peaks (a¥z 43, 58, 73,
122, and 137) characterize the sulfonamide group specifically
(Figs. 10 and 1)1 Once more, peaks at/’z 42, 70, 84, and  References
98 corresponding togHan** are present, but their intensities
are less important when compared to those of chlorides and
sulfonyl chlorides derivativedg. 3).
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