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Derivatization, GC-MS, LSIMS and NMR
Analysis of Sulfoxylated Methyl Esters

Derivatization of ®-Methyl ester sulfonic acids with trimethyl-
orthoacetate (TMOA) in a one step reaction gave derivatized
sulfonic esters. These resulting methyl esters have been ana-
lysed by GC, GC-MS, LSIMS, LSIMS-tandem MS and HNMR tech-
niques so that for the first time, isomers and even minor compo-
nents such as polysulfonates are shown.

Derivatisierung, GC-MS-, LSIMS- und NMR-Analyse sulfoxy-
lierter Methylester. Durch Derivatisierung von ®-Methylester-
sulfonsduren mit Orthoessigsauretrimethylester wurden in einer
Einstufenreaktion Sulfonséureesterderivate erhalten. Diese Ester
wurden mittels GC, GC-MS, LSIMS und LSIMS-Tandem MS und
NMR analysiert, so dass erstmalig Isomere und Nebenprodukte
wie z. B, Polysulfonate nachgewiesen werden konnten.

1 Introduction

Sulfoxydation of fatty acid methyl esters with SO,, O, and
ultraviolet light of 257.3 nm wavelength, has led to sodium
methyl ester sulfonates known as ®-MES as described in [1].

According to most recent works on the subject [2, 3], ©
methyl esters sulfoxylates exhibit good surfactant properties,
presumably owing to the mechanism of their synthesis via
radical, which may allow the introduction of the SO; group
in a random position along the hydrophobic chain. Although
in a recent publication [4] paraffin sulfonate (SAS) isomers
were identified by GC-MS, the random position hypothesis
that has never before been confirmed for ®-MES, is the ob-
ject of the present work. Different analytical techniques and
methods were combined to reach the goal.

The sulfoxydation reaction mechanisms proposed by dif-
ferent authors have been summarised and are shown in
Scheme 1. Accordingly, the reaction seems to proceed by two
mechanisms: an irradiated reaction, where the persulfonic
acid molecule disappears through its action as an electron do-
not, and a dark reaction, where the persulfonic molecule dis-
appears by thermal decomposition. Therefore, the main step
is the radical production, contrary to a-MES traditional sulfo-
nation that proceeds through an electrophilic substitution.

In this investigation GC-MS, NMR, LSIMS and tandem
MS analytical techniques have been used.

2 Experimental part
2.1 Derivatization of ®-MES C;¢

According to the method developed by Unilever Research [5],
a sulfonic acid methyl ester sample was methylated using
an excess of trimethylorthoacetate (TMOA) to obtain the
dimethylester sulfonate. By this way the non-volatile sulfonic
acid can be analysed by different techniques.

R-SO;H + CH;C (OCH;); - R—SO3—CH3 + CH;COchg + CH;*OH

Dimethyl ester
sulfonate

2.2 Gas chromatography conditions

A TRB-1 capillary column from Tracer (30 mx 0,25 mm LD,
0,25 pm film thickness ) was used,

- RSO;H SRR

RSOgH + RSOy~

< radiated

o redction RSOy 5
;:;tt ° —* RSO4 ——» RSO4 —>- s
 dark R

l

reaction ;

RSO3 + :OH --—-———~»

R+ H0
lRSD4H + 50,

RSOzH + H504

End of reaction
RSOy + X —» SOX

Scheme 1 Sulfoxidation reaction mechanisms without the addition of water [1]
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Temperature Program: 70 °C {4 min), 3 °C/min to 270°C,  Solvent Delay 10 minutes

hold 10 min at 270 °C. Injector temperature: 250 °C, Detector ~ Run Time 60 Minutes
type: Flame ionisation, temperature: 280 °C. Low Mass 50 amu
High Mass 500 amu
2.3 Mass Spectrometry Scan/second 1.1
Detector HP-5970
Multiplier 2000 V 2.4 LSIMS
TIC: MESCI6L.D LSIMS (Liquid Secondary Ionisation
1000000 B Mass Spectrometry) is a soft ionisa-
900000 055 tion technique, i.e. one which pro-
] 1003 duces little fragmentation. It is suita-
800000 B g W ble for the analysis of (amongst
700000 others) polar or ionic species. It there-
] ” fore covers a range of non-volatile
§ 600000y n analytes which are not amenable to
T 500000 EI or GC-MS.
2 ] 295 All LSIMS and LSIMS-tandem MS
400000 3 . .
] experiments were carried out on the
300000 Micromass ZABSpec Ultima - OA
200000é 05 TOF at Unilever Research Port Sun-

] ' light. This is a sector-Time Of Flight

100000 v ey L%S}\MS 3277 hybrid instrument capable of both ac-

0 L pmpuenpasc e J L Ll LY iy e lmlz curate mass measurement and tandem

28,00 29.00 30.00 3100 3200 MS experiments.

(a) Time LSIMS experiments were carried
out in a glycerol matrix. The primary
ion beam was provided using a Cs ion

sooond [° Scan 2584 (29.377 min): MESC161.D gun operating at 25 KV.
] The instrument was operated at an
accelerating voltage of 8 KV. For accu-
rate mass measurement a resolution
of 5000 was used. For nominal mass
° measurement, calibration was carried
2 out using glycerol peaks; for accurate
e mass measurement, calibration was
2 carried out using a polyethylene glycol

standard appropriate to the mass

range.

2.5 Tandem MS

32‘43

T T T T T

60 80 100 120 140 160 180 200 220 240 260 282 300 320 340 10 tandem MS experiments a precursor
ion, selected using the magnetic sector,

/e is collided with an inert gas in a colli-
s0000] Scan 2653 (30028 min): MESCI6LD :g’c?o;e;ﬁ”tﬁeteggg?fﬁ;geTn}'lli‘o’:r‘g‘sz
800004 spectrum of the fragments formed

(product ions) is then recorded using

70000 the TOF,
60000 Most of the tandem MS experi-
g ] - % ments were carried out in xenon
§ 500003 as the collision gas, the typical6 colli-
_<g 40000 3 sion cell pressure was 2 - 107 Torr.

Measurements on  dimethyl ®@-
MESCys were also repeated using
both helium and Xenon, each at a
pressure of 8 - 107 Torr. The result-
ing spectra showed good qualitative
35 333 agreement over the range of colli-
sional regimes.

60 80 100 120 140 160 180 200 220 240 260 282 300 320 340

®) To perform the tandem MS experi-

m/z ments the TOF was calibrated using

Figure 1 (a) TIC Chromatogram of ®-MESC,s, (b) Mass fragmentation spectrums of selected peaks CsI peaks, A two point calibration is
at 29.377 and 30.028 used over the m/e range 200 to 0.
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2.6 "HNMR

A couple of drops of the neat sample were dissolved in deu-
tero-chloroform (CDCls) and filtered into a 5 mm NMR tube.
The sample was examined on a Bruker DRX 500FTNMR
Spectrometer using the following parameters:

Nucleus: 'H

Sweep width = 10330.579 Hz
Pulse width = 30 degree

Number of scans = 16

Relaxation Delay = 3 seconds
Probe temperature = 300 K

Offset (O1) = 3088.51 Hz

Time domain size = 65536 points
Real Spectrum size = 32768 points
Line Broadening = 0.3 Hz

3 Results and discussion
3.1 GC-MS results

In Fig. 1a, a TLC-chromatogram of ®-MES C;¢ dimethylester
is shown. According to their distribution pattern these peaks
are expected to be dimethylester sulfonate isomers with the
SO; group located along the alkyl chain. Nevertheless further
investigations are necessary to characterize all the peaks, that
is to identify exactly where the SO; group is located with re-
spect to the ester group. Typical mass fragmentation spec-
trums of two selected isomers are shown in Fig. 1b. As can
be seen, no significant differences appear. The molecular ion
at m/z 364 amu does not appear due to the loss of O—CH,
group, but other diagnostic peaks are observed, like

3.2 "H-NMR Results

The sample gave a complex NMR specttrum (Fig. 2) that indi-
cates the presence of the following groups:

i Alkyl chain seen 0.8 to 1.76 ppm

I Bands 1.76 to 2.1 ppm that could be due to CH; of
CH,CH(CO;)S0; or CH(S03)(CH,),CO, or C(SO3),CH,
wheren=1o0r2

I Bands 2.27 to 2.46 ppm assigned to
RCH(SO3Me)(CH3)mCH,CO,Me/H where m is >4

i Bands 2.47 to 2.75 ppm assigned to
RCH(SO3Me)(CH;),CH,CO,Me/H where m is <4

I The NMR indicates that a range of positional isomers is pre-
sent although nothing is known about all possible isomers.

I Bands 2.9 to 3.2 ppmn assigned to CH-SOj3
(many CH-SO; bonds present)

Bands 3.57 to 3.73 ppm assigned to CO,Me and MeOSO3
~ (if present) and (if present) CH(SO;H)CO.H

i Bands 3.8 to 4.0 ppm assigned to SO;Me of product and
CH(CO;Me)SO;Me/CH(CO,Me)SO,H (if present).

Integration of the spectrum gave the following results:

Group Integral/H Mole Ratio

Terminal Methyls (total) 76/H 1

CH,CO,Me/H (total) 74/H 0.97

CH-S0; 79/H 1.04

CO,Me 58/H 0.76

SOsMe 122.67/H 1.6

CH(SO3)CH,CH,CO, or 69/H 0.91

CH,C(5035),CH, if 2H

m/z Assignment From the mole ratios it can be seen that:
333 364 minus CH;0 I The difference between the CO,Me figure and the
263 364 minus —SO3CH; CH,CO, figure, 0.97 and 0.76 respectively, could indicate
23 364 minus —CoHyo that there are non-methylated acid groups in the products
55,69,83 corresponding to the loss of water molecule as well as the required dimethyl ester.
{18 amu) in esters. As‘an example, ! The major species present contains one CH-SO; and one
~CH»-C(0O)—O-CH; gives 73 minus 18 = 55. CH,CO, group.
............ 4 Current Data Parameters ***
i NAME  : GONINDZSS
EXPND Ha
PROCNO :1
44¢ Acquisition Paramaters ***
AQ_mod  : dqd
AUNM sauzg
BF1 : 500.1300000 MH2
on : 3.0000000 sec
DATE_d : May 10 2000
INSTRUM  : spact
NS 116
NUC1 :TH
o0 : 3088.51 Hz
P tusec12.3
PAPS QP
PROBHD  : 5 mm QNP 11/13C/31P/\SF Z-grad
PULPROG : 2g30
SFO1 : 500.1330885 MHz
SOLVENT : CDCI3
sw_h 1 10330579 Hz
m : 65536
TE : 3000K
*** processing Parameters ***
18 1 030H
L] 1 32768
** D NMR Plol Parameters ***
Start 1 B.0OO ppm
Stop + -D10 ppm
7!17[TIII|IIlT|||II]lIII TT T TPrT Y rITrreTT Irlr[l‘lil[l|l|||||l|l[ll||lll|llll| SOLVENT :7

45 40 35 30 25 20 15
[ppm]

75 70 65 60 55 50

Figure 2 NMR spectrum of dimethyl ®-MESCg
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3.3 LSIMS, LSIMS — tandem MS results ple gave the fragment ions that are shown in Figure 4. Note
that the jon at mje =181, CH,=C(SO;CH,)CO,CH;H*
3.3.1 Standard pure dimethyl a-MESC) g which indicates substitution at the alpha position has a rea-

sonable intensity, similar to that of the ion at 219. Beta sul-
Positive ion LSIMS using a glycerol matrix gave ions as  phonated ester may also be expected to give an ion of mass
shown in Figure 3. Tandem MS on the 365 ion in this sam- 181, structure CHSO3Me=CHCO,Me + H*.

o] 3.3.2 Dimethyl ®-MESC 6

100 BE4

957 2810 o ~8384  The positive ion LSIMS spectrum of
o - :;ggi this sample (Figure 5) gave ions at the
- o 704 m/e values listed below:

75 - 6.6E4

7 : - 6.2E4

ng 4432 b 57E4 mZE 365

60 - I-5.3E4 . . .
55 e Lases  This corresponds to the main species
o %70 il . (4464 observed in the case of the dimethyl o-
40 90 4572 L 35E4 MESC, standard.

35+ - 314 The tandem MS spectrum of this
22: ’iggi ion (Figure 6) gives a series of ions si-
20+ w3 8 - 1.8E4 milar to those for the m/e = 365 ion in
S LR the dimethyl o-MESC;4 standard, but
5 e | 44£3 with a much reduced intensity for the
o-FiHd #4-00e0 181 ion. Though a range of MS/MS

180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 conditions (different collision gases

m/z and gas pressures) had been tested,
Figure 3 LSIMS spectrum of a-dimethyl MESC, 5 the intensity of the 181 ion has never
exceeded 1/3 of the intensity of the
(] ion at 219. This indicates that there is
100 T very little alpha or beta substitution.
2] ) [ In general, the intensity of the ion
85 - 16E3 at mfe = 333 was greater than that for
- (1% the correspcf)niingdion in the tandem
70 | 14E3 spectrum of the dimethyl a-MESCys.
65- - 13E3 This again suggests that the alpha sub-
o (123 stituted MES is not a major isomer in
50- -ose2  this sample (the increased intensity of
. (372 the 333 ion may be due to the greater
35- L 66E2 ease of loss of CH;OH in the case
30- -58E2  where there is no alpha substitution).
] e This result is in agreement with the
15+ 970 2982 fa}clt thta}llt radical formatic%n rliils efa_lsier
10 1 Jep BP0 %692 N when the CH; group is farther from
o] N WS- s J. S W 00%0 C(0)-OCH;, owi%ig to the inductive ef-
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 fect of the latter
m/z
Figure 4 MS/MS spectrum of ion 365 of standard pure dimethyl o-MESC,s mje 333
This is the most intense ion in the spec-
el trum. This ion is absent in the LSIMS/
e ey _ :252 MS spectrum of the dimethy! a-MESCyq
90- -13e6  standard (but an ion at m/e = 333 does
o [1%fc  appear in the tandem MS spectrum of
75+ L1ies the standard) suggesting that this may
;g: ) _;‘;ig be a reallie cl'&lemiti:qal species. Alternagively,
4[5 | 8.9E5 it may at the ion at m/e=333 is a
gg 32 8265 fragment produced by loss of CH3;0H
] (1% in the LSIMS source. The presence of
40 L 5985 this ion in the spectrum of this sample,
35 ‘5-255 and its absence from the spectrum of
3 e (3%  pure dimethyl a-MESCys may be ex-
20 o :égsg plained by arguments si'milar_to those
1o J el [ls;s  presented above for the 1ntedn51ty of the
5] Loy 3179”3m 4732521155” e . TEL 333 fragment ion in the tandem spectra

of these materials. That means fragmen-
tation by loss of CH;0H is easier in the
absence of substitution at the alpha posi-
Figure 5 LSIMS/MS spectrum of dimethyl ®-MESCs tion. It should also be noted that there

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 BOO 850 900 950 1000
m/z
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may be more than one isomeric species contributing to this
ion.

The accurate mass measurement for this ion is consis-
tent with C17H33SO4+.

Ions in the Tandem spectrum of the m/e =333 ion in-
clude an ion series common to the tandem spectrum of the
365 ion, 1. e. ions at mje =269, 237, 219. There is also a frag-
ment at mje = 253.

m/e 331

The accurate mass measurement for this ion is consistent
with the formula C17H3;80," i.e. 333 -2H's.

mje 269

The accurate mass value for this ion is consistent with the
formula C17H3302, i.e. the SpECieS CH3C14H26C02CH3H+.

3.4 Evidence of disulphonation

m/e 459

The accurate mass value for this ion is consistent with
the formula Cy9H308,05%, i.e. the disulphonated species
CH;C1sH,6(SO3CH;),CO,CH, H*.

The tandem spectrum of this ion shows the following ions:

m/e Assignment

427 459 minus CHzOH

363 453 minus HSOsCH3

33] 427 minus HSO-CHsx

267 363 minus HSO5CH5 — i.e. confirms that the 459 ion

contains two SO3CHz groups

235 331 minus HSO3CH3 - i.e. confirms that the 459 ion

contains OCHs5 as well as two SO3CHs groups

No 181 ion is seen in the tandem spectrum of 459, indicat-
ing that this ion does not contain significant amounts of
alpha substituted species, it may also indicate that there is
little beta substitution. Similarly, the tandem spectrum does
not contain any ion at 275, suggesting that there is no disub-
stitution at the alpha or beta positions.

The tandem spectrum of this ion (Figure 7) does, how-
ever, contain an ion at m/e=217. This mass is consistent
with C;H,(SO3CH;),H™, indicating the presence of either
geminal or viscinal substitution. Further studies on stan-
dards of known substitution would be needed to confirm
this.

mje 427
1.284
w52 - 11E4 The accurate' mass value for this
[1s:  ion is consistent with the formula
L 9.4E3 CigH355,0;5, i.e. the  species
::gg CH3C14H25(SO3CH3)2CO+, a diSU.].ph0~
| 7563 nated analogue to the ion at m/e = 333.
e The tandem spectrum of this ion
(-0 (Figure 8) shows the following ions:
- 5363
L 4783 -
L 4163 m/e Assignment
- 3.5E3 X
I 2.9E3 395 427 minus CHz0H
3333 I 2.4E3 -
L 18E3 331 427 minus HSOzCH3
22 %93 - 1.2E3 -
L. 5,92 299 331 minus CH3OH
T . Y- -
D 20 40 B0 B8O 100 120 140 160 180 200 220 240 250 280 300 320 340 360 380 251 331 minus SO3
m/z 235 331 minus HSOsCH5
Figure 6 MS/MS spectrum of ion 365 of dimethyl d-MESC,5
” The above ions suggest that the
100 e 427 peak consists of more than one
7 3312 392 | yg3  Species, as no single isomer can easil
90+ i i i
30- 155 explain all the fragments of this spec-
80 4272 [ 1363 trum.
75+ - 1.2E3
70+ a0 ~ 1L1E3
85~ 550 | 91 - LIE3 4 Conclusions
gg N 690 235.2 - 9.8E2
= - 9.0E2
:g- 1081 -s222 1 The SO; group in a random posi-
el e tion has been demonstrated.
351 231 Lss;z B GC-MS shows the presence of at
gg: o :ﬁg least eleven isomers that cannot be
W] 4o o 2 3632 338 characterised.
}g - il [ 2 2522 | 'HNMR indicates that the major
sl 20 165 1952 w3 352 :;‘;E;] species present contains one CH-
0 -t Fet g ! T ORI B S NPT . DR SEPUNIOD WO <. SO I S0; and one CH,CO, group, and

20 40 &0 80 100 120140 160 180200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

m/z
Figure 7 MS/MS specirum of ion 459

82

confirms the presence of different
isomers and suggests the presence
of polysulfonates
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[%]

100 1.6E3
95 2121 5e3
90 L 1.4E3
85 - 95.1 - 1.3E3
80 . L1263
75+ 5o OO 1283
70 69.0 - 11E3
65 - - 1.0E3
60 - 9362
55 1081 Bz - 8.6E2
50 - - 7.8E2
45 L 7082
40- L 6.2E2
35 1 1281 —_— - 5.4E2
304 L a7E2
o i (35
5] 511 - %12 e
10 L 1.6E2

20 1651 192
5 1[1752 2052 sts. LZGH 2602 Y - 78E1
il ) L P, N L A ey | O v udl 1 i
0 Lttt b et Ll A e e e R 0.0F0
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460

m/z
Figure 8 MS/MS spectrum of ion 427

§  LSIMS and LSIMS/MS confirms: (a) The presence of  The authors of this paper
CH3(CHz)mcH(SO3MC)(CH2)nCH2cOZME, Mw =364
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