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Letter to the Editor

To the Editor-in Chief
Sir,

The gas phase sulfur-containing
distonic radical cation
HC*(OH)SCH,

Many unimolecular fragmentations
observed in the field-free regions of
mass spectrometers do not occur
directly from the initial ionized
molecules, but involve several pre-
liminary isomerizations to reactive
intermediates as critical steps of the
fragmentation mechanism. Two
types of reactive intermediates are
usually identified: distonic iors’
and ion/neutral complexésDistonic
ions are species where the charge
and radical sites are centered at dif-
ferent atom$. Such radical ions are
known in mass spectrometry and
radiation chemistry.In the last dec-
ade, these ions have gained con-
siderable experimental interéstdue

to the fact that calculationspre-
dicted that many exhibit thermo-
dynamic stability equal to, if not
larger than, the corresponding con-
ventional isomers. In previous
work,® we have shown that the dis-
tonic radical cation HC(OH)OCHS,,

an isomer of ionized methyl formate
HC(=O)OCH,'*, can be generated
by fragmentation of ionized isobutyl
formate upon loss of propene. Identi-
fication of the distonic structure was
based on collisional activation (CA)
and neutralization-reionization (NR)
mass spectrometry and further sup-
ported by MO calculation$. Evi-
dence for the distonic species has
also been found in the low energy
CA spectrum featuring an intense
loss of water, not observed for the
classical speci€$.

Recently, we have prepared and
studied a large series of alkyl thio-
formates, eitherO-alkyl or S-alkyl
derivatives. Their behaviour upon
electron impact was investigated by
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using tandem mass spectrometry
methodologies and several complex
rearrangement reactions were identi-
fied and rationalized with the aid of
molecular orbital calcula-
tions 219111213 the present paper,
the structural identification ofn/z76
ions having the [GH,,0,S]" com-
position is reported. These are
derived from direct electron ioniza-
tion of Smethyl thioformatel and
dissociative ionization (loss of pro-
pene) of Sisobutyl thioformate 2.
These latter ions correspond to the
sulfur-containing distonic radical
cation, HC"(OH)SCH..

The spectra were recorded on a
large scale tandem mass spectro-
meter of EBEEBE geometry (E-
electric sector and B-magnetic sec-
tor) fitted with five collision cells
and, in its hybrid configuration, with
an additional rf-only quadrupole col-
lision cell. The characteristics of the
mass spectrometer and general con-
ditions of experiments are as Pre-
sented in previous papet&®
Collisional activation (CA) and neu-
tralization-reionization (NR) spectra
were recorded by scanning the field
of the third electric sector and col-
lecting the ions in the fifth field-free
region with an off-axis photo-
multiplier detector. The low energy
CA spectra were obtained in the fol-
lowing way. Mass-selected (EBE)
ions were decelerated teca 20—
30eV and focused into the quadru-
pole collision cell pressurized with
argon (10° Torr, estimated pres-
sure); after reacceleration to 8kV,
the product ions were separated by
scanning the field of the second
magnet and collected on the final
photomultiplier detector. In our ion-
molecule reaction studies, the mass-
selected ions were deceleratedct
5eV and reacted with nitric oxide in
the quadrupole collision cell. The
reaction products were then reaccel-
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METASTABLE ION (MI)
REACTIONS

The MI spectrum of ionizedS
methyl thioformate 1 features an
intense peak ain/z48 corresponding
to loss of CO. The daughter ions
generated from metastable parent
ions have therefore the elemental
composition [C,H,S]. Theory and
experiment have established that two
distinguishable [C,lS] ™ ions exist,
namely, the conventional form
CHsSH™ and the distonic species
‘CH,S"H.. The former was found to
be the more stable isomer by 86 kJ/
mol.> The CA spectra of these two
isomers have already been repotfed
and found to be very similar. How-
ever, we have observ&d that the
[C,H4S] ™ ions generated by the loss
of CcO from metastable
HC(O)SCH'* [17] are CHSH™
ions rather than the distonic isomers.

HIGH ENERGY COLLISIONAL
ACTIVATION SPECTRA

In the high energy (8 keV) CA spec-
trum of 1, the low-energy process
corresponding to the formation of/

Z 48 ions, is still very abundant, but
other signals of high intensity are
now seen aim/z 47-44 andm/z 29

(HCO™"). Minor peaks are observed
at m/z 60-61 related to losses of
CH,, 'CHs. The intensity distribution
of the m/z47-44 peaks is similar to
that of ionized methanethiol itself
(Fig. 1(a)). Although the data recor-
ded for them/z 76 ions generated
from 2 do not very significantly

erated and separated as described differ from those ofl™* (Fig. 1(b)), a

above; after mass selection with the
second magnet, a specific ion—-mole-
cule product was collisionally acti-
vated and the fragments recorded by
scanning the field of the last electric
sector. The alkyl thioformate$ and

2 were prepared according to litera-
ture methods®*’

The thioformates used to generate
the m/z76 ions are shown id and2
along with the relative abundance of
m/z 76 ions in the 70eV electron
ionization mass spectra (values in
parentheses).

closer inspection of the low intensity
signals at m/z 63-56 and 39-27
emphasizes clearly that a different
type of ion (or a mixture of ions) is
in fact generated. In particular, the
characteristic loss of 14 Da (loss of
CH,, m/z62), the increase of inten-
sity of the charge stripping (CS)
peak atm/z 38 and the peak atn/z
58, corresponding to the loss of
water, are worthy of note. These fea-
tures leave no doubt that the loss of
propene starting withi2 ™ has pro-
duced the distonic ionsa H-
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Figure 1. CA spectraof the m/z76 ions generatedy ionization
of theS-methylthioformatel (a) anddissociativeéonizationof S-
isobutyl thioformate2 (b). The insetsshow expandedviews of
the m/z63-56and 39-27regions.
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C*(OH)SCH,, rather thanits isomer
HC(=0)SCH . A plauside
mechansmis depictedin Schemel.

NEUTRALIZATION—
REIONIZATION EXPERIMENTS

The NR spectrun of 1", obtaned
by neutraliation with ammona, fol-
lowed by reionization of the inter-
medate neutal with oxygen, shows
a recowery sigral with a very low
intensty and a new peak corre-

spondng to the reionizaton of CO
lost in the metasable fragmentation
is seenat m/z28. It is propo®d that
the recoverysignal is attributable to
stableS-mettyl thioformateions 1,
while the peaksat m/z48 and 28 are
due to another specieswhich dis-
sociaes sponaneously upon neu-
tralization. To a good approxina-
tion, the NR spectraof the m/z 76
ionsof 2" and1™*, shownin Fig. 2,
presentthe sane differences asthose
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Figure 2. NR (NH3/O,) spectraof the m/z76 ions generated
by ionization of Smethyl thioformatel (a) anddissociative
ionization of Sisobutylthioformate2 (b).
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Figure 3. Low energyCA (Ar) spectraof the m/z76 ions
generatedrom 1 (a) and2 (b). Peaksatm/z48 and47 areoff
scale.
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observed in their CA spectra
Howeve, the more signficant dif-
ferences betwea both NR spectra
originage most probaly from the
neutralizd distonic ion a, i.e. the
diradical HC'(OH)SM,, which is
an unstble complex and ought to
decompos into HCOH and SCH,.
This may explain the appearane of
the peakat m/z30 (HCOH") andthe
increadng of intensity of the peakat
m/z46 (SCH,") in the NR spectrum
of mz76ionsof 2.

LOW ENERGY COLLISIONAL
ACTIVATION SPECTRA

Decekrated ions (ca. 20-30eV) of
m/z76, geneatedby ionization of S
methyl 1 and Sisobuyl 2 thio-
formates are allowed to collide with
argonin the rf only quadrupolecol-
lision cell, and fragmentation is
observed to occur giving intense
peaksin the region m/z 48-45 both
from 1 and 2 (Fig. 3). The spectra
were neverthelasfound to be differ-
ent as the significant peakat m/z29
(formyl ions) for 1" is replace by
an intense peak at m/z 62 (loss of
CH,) for the [2-CsH¢] " ions. This
loss of a carkene, already observed
but to a lesser extent in the high
energyCA specta, strongy suggets
that these latter ions have the dis-
tonic structure a, HCT(OH)SCH,".
The peakat m/z 29 can be ascriba
to the classcal structure 1,
HC(O)SCH;*, andbr to an ion-
moleclde complex such as b,
[HsCSTH-CQO.

ION-MOLECULE REACTION WITH
NITRIC OXIDE

lon—-mokcule reactionsof both ions
a and 1" with nitric oxide (NO)
carried out in the quadupole colli-
sion cell showthatin the reactionof
1+, a peakis seenat m/z 78 corre-
spondingformally to a replacenent
of CO by NO in the m/z 76 pre-
cursorions. The CA spectrun of the
peculia m/z78 ions is chaacterizel
by an intensesigral at m/z 30 for
NO* and intensepeak at m/z 48—45
which can be ascibed to CHsSH™
ions and consecute fragmentéion
produds [Relative intensties of the
major peaks (m/z %): 48(72)
47(81), 46(100, 45(90) 30(91)].
Thesedatastrongly sugges that part
of the m/z 76 ions generagd upon
ionization of 1 may correspad to
the complexesb. In the readion of a
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Figure 4. SelectedU)MP2/6-31G(d,p)-geometriexf the structuresof
the Smethyl thioformate ion 1°*, the distonic isomer a, the ion-
moleculecomplexb andthetransitionstructuresTS1 */aandTS 1 */b.

with NO', the m/z 78 ions are still
formed but with a reduced effi-
ciency. No peak correspading to
H,CNO" wasrecorded

AB INITIO MOLECULAR ORBITAL
CALCULATIONS

In order to gain sonme quanitative
information on the relative stability
betwea the radical cations con-
sidered in this work, we conduded
ab initio molecdar orbital calcul-
tions usin% the Gaussan 94 set of
progams:® Initial geometryoptimi-
zation and characteization by har-
monic vibration analysiswere done
at the unredricted Hartree-Fak
leve (UHF) with the 6-31 G(d,p)
bask set. Geanetriesof the relevan
strucures were then reoptmized
using secom-order perturkation the-
ory (UMP2) (Fig. 4). To improve
relaive enegies, single-mpint elec-
tronic enepgies were obtainal using
quadatic configuration interacton
methods (U)QCISD(T), using the
larger 6-311++G(d,p) basis set.

Relative energis of 1™ a, b and
both transitin structures 1 / a and
1% / b, togetherwith thoseof frag-

mertation products are colleced in

Table 1. The adiabaic ionization

enegy of Smethyl thioformate is

estimated to be IE, (1)=9.7 eV,

with a probale error of 0.3 eV on

the basis of (U)QCISD(T) results
along with an empirical correcton ?°
Due to the fact that most of the MO

methods consisterly undeestimate
the IE,'s, as compare with experi-
mertal values,the correction scheme
simply consiss of appling a sys-
tematc andapproprate correcton to

the calculaed values.As far as the
(U)QCISD(T)6-31H+G(dp) leve

is concened, we have found that a
systenatic correction of + 0.3 eV

needsto be addedto the calculated
IE.s in orderto obtain realistic esti-
matesfor this quantty.

A few points can be noted when
inspecting Table 1. The calculated
resuts indicatethat the distonic spe-
cies a is slighty higher in energy
thanits classicalisomer1™, whereas

Table 1. Relative energies (kJ/mol) obtained from (U)QCISD(T)/6-311++G(d,p) //
(U)MP2/6-31G(d,p)+ ZPE calculations

Structures

H3CS *HCO (b)
HsCSH™ + CO
HC(=0)S*CH; (1 *)?
HC*(OH)SCH, (a)
TS1"/b

TS1"/a
0O=C=S"'-CHz+ H’
CHsS +HC*=0
HC(=0)SCH," +H’
HC"OH + H,C=S

@ Vertically ionized 1: 33 kJ.mol™%.

Relativeenergies
-51
-31

0

4
114
117

132(TS 161)

156
216
298
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the complex b resulting formally
from interacton of CH;SH™ and
CO is morestableby 51 kJ/mol than
1. Startingfrom 1", when a CO-
elimination occurs, a small fraction
of the distonic speciesa is expeded
to be formed dueto the small differ-
encein enegy betweenboth transi-
tion structurs 1 "/a and 1 /b. It is
thus likely that a mixture of ions,
including the classcal 1, the dis-
tonic a and the conplex b are pre-
sentuponionization of 1. Moreover,
starting from the distonic speciesa,
a partid isomeriation can also give
riseto 1'* in a primary step.This is
in line with the detectionof a small
amouwnt of 1" upon direct produc-
tion of a. Formaton of b from a is
also possibe but needsto involve a
two-gep process via 1. This may
be more difficult to detectdueto the
small amountof 1. Theseindica-
tions are not in conflict with exper-
mental obsewvations reportedabove,
in particula with the redued effi-
ciency of a CONO exchage in the
ion-mdecule reactionof m/z 76 ion
produed from 2 with NO gas.
Finally, a loss of hydrogen from 1+
yielding methykted carbon oxysul-
fide, H;C-S=C=0", m/z 75, is also
competitive with the C—Sbond clea-
vage producing formyl ions, HCO"
(m/z 29), but both processs are
more energydemanding.

In summary, the tandem mass
spectranetric experiments sugges
that the distonic species
HC"(OH)SM, a (m/z76) hasbeen
geneanted for the first time, upon
ionization of S-isobutyl thioformate
2. A minor amant of the ions
obsewed are expeted to be its more
convertional isomer, ionized S
methyl thioformate, 1'*. Inversely,
upon ionization of 1, the conven-
tional isomer 1" also partidly iso-
merizes not only to the distonic a
but also to anion-mdecule complex
[HsCSH-QO]* b, which is an ulti-
mate species as observedin MI
experments.
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