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Theoretical studies at the CCSD(T)/aug-cc-pVDZ//B3LYP/aug-cc-pVDZ level of theory indicate that there
are four stable radicals with CCC bond connectivity on thid€potential surface, namely, HCCCS, CCHCS,
CCCHS, anddyclo-CsH)=S. Of these structures, two have been synthesized by one electron vertical oxidation
of precursor anions, formed as follows: (i) gHC=C—S—C,Hs + O — (HCCCS) + H,O + C,Hs" and

(ii) Me3Si—C=C—CH(cyclo SCH,.CH,S) + F- — “C=C—-CH=S + MesSiF + cyclo-SGH,4. A comparison

of the "CR" and“NR™" spectra of these two anions indicate that the neutral HCCCS is stable with a lifetime
of at least lus, whereas the oxidation of (CCCHSgads to two neutrals, CCCHS and HCCCS. Theoretical
calculations indicate that the rearrangement of CCCHS to HCCCS can occur by three pathways; concerted
H or S rearrangements or the stepwise H rearrangement process CCEQHFCS— (cycloC3H)=S —

HCCCS. Comparison of theCR" and "NR™ spectra of (CECHS) indicates that at least a part of the
rearrangement involves the S migration pathway. Theoretical considerations suggest that H rearrangement
should compete with S rearrangement: there is no experimental evidence to confirm or refute this proposal.

Introduction from the corresponding neutrals as a probe to detect and

Comparatively few sulfur-containing molecules have been determine the Structure§ of neutrfals formeq by vgrtical Franck
detected within interstellar or circumstellar regions of space. Cpndon processes. This neutralization-reionization (NR) tech-
The carbon sulfide neutrals CS;& and GS have been detected ~ Nidue was introduced by McLaffertyand subsequently devel-
in the taurus molecular cloud (TMCZ3 and within the  ©OPed by other$??°In a previous NR stud§’ we reported the
circumstellar envelope of the carbon-rich star IRCL021634 preparation of the radicals HCCCO and CCCHO from charged
The polycarbon sulfides 4 and GS have been characterized Pprecursors in a collision cell of a mass spectrometer and showed
spectroscopicallj. C;S has been proposed as a plausible that, although HCCCO and CCCHO are stable, some rearrange-
interstellar specieswhereas there has been a tentative assign- ment of CCCHO to HCCCO occurred under the conditions of
ment of GS within IRC + 102163 the neutralization experiment used to form CCCHO.

The cosmic abundance of elemental sulfur is 1.5 orders of  Fgjlowing the earlier study of HE isomers this paper
magnitude below that of oxygéryet, within TMC-1, GS and
CsS occur at surprisingly large abundances with respect to the
corresponding oxygen-containing analogue®@nd GO.57
This suggests that the synthetic pathways that fog® @nd
CsS may be more efficient than those that produce the oxygen
analogues. A number of synthetic pathways to form polycarbon
sulfides in a stellar environment have been propdsétifor
example, that involving the capture of S by HCE®r the Experimental Section
reaction between the acetylene radical cation and CS to form
CsSH viz (@) GH2™ + CS— HCCCS™ + H* and then (b) A. Mass Spectrometric Methods For a detailed description
HCCCS + e — CCCS+ H, seem possible scenarios. In the of the experiment and the instrument used, see ref 21. In brief,
latter case, step b is endothermic by 63.5 kcal Thél This the experiments were performed using a two-sector modified
suggests that neutral HCCCS may have a significant lifetime if VG ZAB 2HF mass spectrometer with BE configuration, where
its energy upon electron capture is lower than the dissociation B and E represent magnetic and electric sectors, respectively.
threshold, which in turn suggests that it is possible that radical The precursor anion to HCCCS was formed in the chemical
HCCCS may be present in the stellar environment. _ionization ion source by a standard Qformed by dissociative

Neutral HCCCS has been generated by pulsed discharge inresonance capture of nitrous oxereaction as shown in eq
a supersonic free jet of argon diluted with a mixture of acetylene 1 the precursor anion to CCCHS was formed in the chemical
and Czrb?ntd'simt'déf Ro;ect:tl(c:)g%; spec_tr? 'r;d'ci‘;etﬁ I|ne%f[ | ionization source, utilizing the sequence shown in eq 2, which
ggcl)cutﬂati?)r?seaftﬁee Q%rl 1 level gftT]SeIZrT wi eoretica ipvolves an {2 (Si) reaction (using Ffrom SK23) of a type

first reported by DePw#}

We have previously used neutralization of charged precursors,
followed by the formation of either positive or negative ions

reports the formation of the neutral radicals HCCCS and
CCCHS from anion precursors of known bond connectivity and
investigates, using both experimental and theoretical methods,
whether these neutrals decompose or rearrange under the
experimental conditions used to effect the neutralization process.

CH,—C=C-S-CH;+ 0 "—
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Me,Si—C=C—CH (cycloSCH,—CH,S) + F — minima (no imaginary frequencies) or transition structures (one
_ ) imaginary frequency) by calculation of the frequencies using
C=C—CH=S+ Me;SiF + cycloSGH, (2) analytical gradient procedures. The minima connected by a given
transition structure were confirmed by intrinsic reaction coor-
Typical source conditions were as follows: source temperature dinate (IRC) calculations. The calculated frequencies were also
200°C, repeller voltage-0.5 V, ion extraction voltage 7 kV,  used to determine zero-point vibrational energies which were
and mass resolutiom’Am > 1500. Each neutral precursor was used as a zero-point correction for the electronic energies. We
inserted into the ion source through the septum inlet, which have previously reported the success of the B3LYP method in
was was heated to 6TC to give a measured pressure of ca. predicting geometries of unsaturated chain structures and that
107 Torr inside the source housing. The reagent gas [either this method produces optimized structures, at low computational
N20O (for O™) or Sk (for F7)] was introduced through a gas  cost, that compare favorably with higher level calculati#hs.
inlet into the ion source, to give a measured total pressure of The B3LYP method provides good agreement with experimental
ca. 10° Torr in the source housing. The estimated total pressure observations of S (h = 2—9) molecules’ More accurate
in the ion source is 10 Torr? Collisional induced (CID)  energies for the B3LYP geometries were determined using the
spectra of HCCCSand ~CCCHS were determined using Bto  CCSD(T) method including zero-point energy correction (cal-
selectnvz 69 in each case and utilizing argon as the target gas culated by vibrational frequencies at the B3LYP/aug-cc-pVDZ
in the first collision cell following B. The pressure of argon in  |evel of theory). All calculations were carried out on the Alpha
the first cell was maintained such that 80% of the parent ion Server at the Australian Partnership for Advanced Computing
beam was transmitted through the cell. This corresponds to an(APAC) National Facility (Canberra).
average of 1.21.2 collisions per ior® Product anion peaks
resulting from CID processes were recorded by scanking Results and Discussion
Neutralization-reionizatiori®-20 ("NR*) experiments were
performed for mass-selected anions utilizing the dual collision ~ Stable Neutral Isomers of GHS. It is possible that HCCCS
cells located between the magnetic and electric sectors. Neu-a2nd perhaps other neutral isomers with this atomic composition
tralization of anions was effected by collisional electron may be formed in stellar environs by neutral/nedtralr ion
detachment using £at 80% transmittance (of the main beam) Mmolecule reaction® Thus, we have carried out theoretical
as the collision gas in the first collision cell, whereas reionization calculations at the CCSD(T)/aug-cc-pVDZ//B3LYP/aug-cc-
to cations was achieved by collision of the neutrals with O PVDZ level of theory to determine how many stable isomers
(80% transmittance) in the second collision cell. To detect a CsHS there are with CCCS bond connectivity. There are four
reionization signal due to the parent neutral, the neutral speciesstable doublet structures: their structural and energy data are
must be stable for the one microsecond time frame of this recorded in Table 1. It has also been shown that there are quartet
experiment. Charge reversalGR'") spectrd’2were recorded  structures corresponding to HCCCS, CCCHS, ayd|¢-CsH)=
using single collision conditions in collision cell 1 §080% S, but these are significantly more positive in energy than the
transmission of main beam). corresponding doublet, and we have considered them no
B. Syntheuc Procedures. (a) 1-(Thi0eth0xy)_l_propyne further: viz differences in energy between the doublet and the
(CHs—C=C—S~C;Hs). 1-(Thioethoxy)-1-propyne was prepared higher energy quartet states are HCCG%§.6 kcal mot?),
by a reported metho#. CCCHS (+39.1 kcal mot?), and [Ecyclo-C3H)=S] (+73.1 kcal
(b) [2—1,3-Dithiolan-3-yl-1-ethylnyl]trimethylsilane [M&i— mol~?) at the QCISD/6-311G**//B3LYP/6-311G** level of
C=C—CH(cyclo-SCH—CH,S)]. [2—1,3-Dithiolan-3-yl-1-eth- ~ theory!®
ylnyl]trimethylsilane was prepared by an adaptation of the  The stable doublet structurédo 4 are shown in Scheme 1.
method of Furth et &° Boron trifluoride etherate (899 mg) The valence bond structures approximate the geometric data
was added dropwise to a stirred solution of trimethylsilyl recorded in Table 1. The structural data givenXaondicate an
propiolaldehyde (9 c@ and 1,2-ethanedithiol (205 mg) in  almost linear CCCS skeleton with an HCC angle of abouf 152

dichloromethane (9 cf and methanol (9 cf at 0 °C. The Experimental data indicate a linear structtf&,and calculations
mixture was allowed to stir at 20C for 6 h, quenched with at the QCIST and higher levels of theory indicate the computed
aqueous sodium hydrogen carbonate (saturated, 25 amd geometry is dependent upon the level of theory ui8édAt

then extracted with diethyl ether (10 8m 3), and the organic ~ the CCSD(T)/aug-cc-pVDZ//B3LYP/aug-cc-pVDZ level, the
layer was separated and washed with aqueous sodium hydrogeifour stable structures—4 occupy minima within 48 kcal mot
carbonate (saturated, 15 #mvand aqueous sodium chloride of each other on the doublet neutral potential surface, and all
(saturated, 15 cand was dried (MgSg), concentrated, and  need to be considered in this study. The next task is to determine
distilled to give the product (yellow oil, 250 mg, 62% yield). whether each of these neutrals can be formed from ionic
The positive ion mass spectrum does not give a molecular cationprecursors.

radical. [M — H]~ (ZAB 2HF instrument), found 202.032; Stable Anion Isomers of GHS. In previous studies, we have
CgH14S:Si requires 202.03H NMR, 200 MHz in CDC}; 6 generally used negative precursors to generate transient neutrals
0.09 (s, 9H); 2.60 (s, 4H); 5.08 (s, 1H). in collision cells of a mass spectromefé?3 Theoretical

(c) [2-13C-2—1,3-Dithiolan-3-yl-1-ethylnylJtrimethylsilane  calculations have been used to determine whether there are
[Me3zC=C-13CH(cyclo-SCH—CH,S)]. This was prepared from  negative ion analogues of the neutrats4, and these data are
MesSi—C=C-13CHO by the method used for the unlabeled recorded in Table 2. There are six stable structures on the
analogue. Trimethylsilylpropioaldehydéc was prepared from  (C3HS)™ anion potential surfaces of species containing CCCS
the anion of trimethylsilylacetylene aiidC labeled dimethyl- bond connectivity. These correspond to the singlet and triplet
formamide {3C = 99%) by a standard methgd. forms of1, 3, and4. No anionic structur@ (CCHCS) is stable,

C. Theoretical Methods. Geometry optimizations were  so doublet CCHCS is not accessible from an anion precursor.
carried out with the Becke 3LYP meth&d3using the Dunning The singlet3~ is the lowest in energy of the anionic structures
aug-cc-pVDZ basis s&tbasis set within the Gaussian 98 suite (other structures are 99 to 154 kcal mbhigher in energy than
of programs’® Stationary points were characterized as either 37). The singlet structures & and 4~ are respectively 138
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TABLE 1: Geometries and Energies of Neutral Isomers 14

H H S
| 3 1c 2c 3(( Ics
1.2 3 C~cl -
H—C—C—C—$ c7y ¢S s pravy
1 2 3
4
state A’ 2A" A’ A’
symmetry Cs Cs Cs Cs
energy (hartreé) —512.13058 —512.05375 —512.06863 —512.10763
relative energy (kcal mot) 0 48.21 38.87 14.39
adiabatic electron affinity (eV) 6.07 8.16 7.76 6.70
dipole moment (Debye) 1.24 2.00 4.04 2.42
bond length (A or angle ¢)
cic? 1.26 1.35 1.29 1.35
cxc 1.31 1.38 1.37 1.47
cic 1.42
CH 1.08 1.09 1.09 1.09
Css 1.57 157 1.68 1.62
cicece 172.1 124.3 179.2 64.0
ccis 176.8 179.1 111.4 144.2
HC!C? 151.6 154.4
HC?C? 131.1
HC3C? 21.4 125.0
cicces 180.0 0.0 180.0
cciees 180.0
ceciees 180.0
ciccH 180.0 0.0
C'C3CH 180.0 180.0
a CCSD(T)/aug-cc-pVDZ level of theory including zero-point energy correcti@B8LYP/aug-cc-pVDZ level of theory.
TABLE 2: Geometries and Energies of Anions, 1, 37, and 42
$
12 3 M cl
H-C—C—&-s c-¢c C\S HJC—C 2
1s 1t 3s 3t 4s 4t
state A SA A SA" A SA
symmetry Cs Cs Cs Cs Cs Cs
energy (hartreé) —512.18672 —512.18260 —512.35374 —512.13419 —512.19668 —512.10853
relative energy (kcal mot) 104.81 107.39 0.0 137.77 98.56 153.87
dipole moment (Debyé) 2.98 0.87 4.92 5.25 1.46 0.87
bond length (Ayor angle ?)
cic? 1.34 1.30 1.27 1.29 1.40 1.35
cce 1.28 1.29 1.38 1.38 1.46 1.46
cice 1.37 1.42
CH 1.12 1.08 1.10 1.09 1.09 1.09
Css 1.64 1.64 1.69 1.76 1.69 1.63
cices 171.2 172.2 174.8 178.8 64.0 60.7
cCs 1775 178.6 129.2 109.6 149.7 154.9
HC!C? 111.4 140.7 146.3 154.9
HC8C? 115.4 127.2
cicxces 180.0 180.0 180.0 0.0 180.0 180.0
c'cxCH 0.0 180.0
C?C3CH 180.0 180.0
C3c’CH 180.0 180.0

aThe nomenclature Isand 1t are used to indicate the singlet and triplet states of anion 1, respecth@GSD(T)/aug-cc-pVDZ level of
theory including zero-point energy correcticrB3LYP/aug-cc-pVDZ level of theory.

SCHEME 1 shows that the two structures of each pair are very similar in
H H S geometry, which means that the singlet anidns3~, and4~
o ..Cx ‘c=c—¢ C are at least theoretically, appropriate candidates for the formation
C=C=C=S c” . Cs \ c/:\c. . .. .
H” s S w of the required neutral by collision induced one-electron
o ) 20
1 (Okcalmol) 2(+482) 3(+389)  4(+14.4) oxidation by a vertical FranckCondon proces%:

Syntheses of (HCCCS) and (CCCHS)~ and their CID
and 55 kcal mot! lower in energy than the corresponding triplet Spectra. The anions (HCCCS)and (CCCHS) were synthe-
forms (see Table 2), whereas the singlet staté af only 2.5 sized in the ion source of the mass spectrometer by the reactions
kcal mol® lower in energy than the triplet form. Comparison shown in egs 1 and 2 (Experimental Section). Process eq 1
of the geometries of the doublet neutral and singlet anion involves elimination of water from C#HC=C—S—C;Hs using
structures of each of the specigs3, and4 (Tables 1 and 2) the O method?? followed by loss of GHz' to yield (HCCCS).
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Figure 1. (A) Collision induced (CID) mass spectrum (MS/MS of

(C) Neutralization reionization-NR*) mass spectrum of (CCCHS)

VG ZAB 2HF mass spectrometer. For experimental conditions see

Experimental Section.

(HCCCSY. (B) Charge reversal CR") mass spectrum of (HCCCS)

(C) Neutralization reionization-NR') mass spectrum of (HCCCS)
VG ZAB 2HF mass spectrometer. For experimental conditions see

Experimental Section.

Process eq 2 involves thg,&(Si) nucleophilic displacemetit
of the MgSi group from MgSiC=CCH(cycloS—C,H,—S) with
F~ to yield "C=CCH(cycloS—C;H,—S) which then dissociates
to (CCCCHS) and SGH4. The cyclic isome#d~ is, in principle,

HO

MeSKMe

3. The collision induced (CID)
of the anions are shown in F
Anion 1~ fragments mainly by

(- MeOH)

MeSK .

(- MeSH)

S
A @

H

negative ion spectra (MS/MS)
igures la and 2a, respectively.
competitive losses of, HIC',

and CS cleave in complete accord with structure (HCCCS)

accessible via deprotonation of cyclopropenthione shown in eq In contrast, the major fragmentations &f are the losses of
3. Unfortunately, this procedure was not successful: a similar H*, C,, and CHS, in accord with structure (CCCHS) Thus,

strategy to produce the oxygen analogue 4of from the
corresponding dimethyl ketal failed previoushHaving formed
the two anionsl™ and 3, it is now necessary to demonstrate

respectively.

1~ and 3~ are appropriate precursors for the radichland 3

Formation of HCCCS and CCCHS. The charge reversal

that they do not rearrange to other structures under the conditiong(~“CR"), direct conversion of the anion to the cation by

necessary to effect electron stripping to form the neutraisd

synchronous two electron stripp#igd and neutralization/
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TABLE 3: Thermochemical Data for Decompositions of HCCCS and CCCHS Cations and Neutrafs

cation process AH (kcal mol)

neutral process AH (kcal mol?)

HCCCS — CCCS™ + H° 136.4
HCCCS —HCCC + S 180.6
HCCCS — HCC + CS'™ 170.2
HCCCS — HCC' + CS 190.5
CCCHS — CCCS* + H* 138.1
CCCHS — CHS" + CC 146.2
CCCHS — CC* + CHS 326.5

HCCCS— CCCS+ H° 63.5
HCCCS—HCCC +S 136.4
HCCCS—HCC + CS 717
CCCHS— CCCS+ H° 24.6
CCCHS—~CHS + CC 94.3
CCCHS—HCC +CS 32.8

a AH values were determined from the following theoretically calculated values (Hartreg8tHC—-511.87388; HES = —512.13058; GCHS"

—511.87658; @CHS = —512.06863; S™* = —511.15723; GS= —511

.53003; HG" = —114.02798; H@ = —114.35497; @= —113.74731,

HC,;" = —75.95193; HG = —76.39797; CS = —435.20464; CHS= —435.92734; CHS= — 436.19933; CS= —435.61841; G = —75.16825;
C, = —75.73035; S= —397.55817; M= —0.49933 [at CCSD(T)/aug-cc-pVDZ//B3LYP/aug-cc-pVDZ level of theory including zero-point energy

corrections].

reionization {NR™, stepwise two electron stripping of the anion
via a neutral to the corresponding cafi§yrof (HCCCS) and
(CCCHSYJ are shown in Figures 1b and 2bQR*) and Figures

1c and 2c {NR™). The CR* and"NR™ spectra of (HCCCS)

are very similar with the fragmentations (competitive losses of
H*, HC, HC,", S, and CS) consistent with a decomposing cation
of structure (HCCCS). Thus, the charge stripping sequence
for 1 is (HCCCSy — HCCCS — (HCCCS), with no

rearrangement occurring at either the neutral or cation stage of

the experiment. The fact that there is a pronounced peak
(recovery signal) in theNR™ spectrum atn/z 69 indicates that
some of the doublet HCCCS species are stable for the
microsecond time frame between the formation of the neutral
and its ionization to the cation. The geometries of the ground-
state anionl™ and doubletl are similar (cf. Tables 1 and 2)

and so the excess energy of the neutral as a consequence of the

vertical Franck-Condon oxidation is small: the excess energy
of the neutral with the anion geometry on the neutral potential
surface is calculated to be 8.3 kcal mbiat the CCSD(T)/
aug-cc-pVDZ//B3LYP/aug-cc-pVDZ level). This energy is

®) °
Ao
Rc s

(73.4) (73.5)

(38.9)
1c2C3CHS

(0.0)
H'c?c’cs

(0.0)
H3c2c'cs

modest and should not by itself be able to cause rearrangementigure 3. Concerted rearrangements of CCCHS to HCCCS via H and

or decomposition of the neutrals. Becauset@&®"™ and"NR™
spectra shown in Figure 1, parts b and c, are very similar, the

S migration. CCSD(T)/aug-cc-pVDZ//B3LYP/aug-cc-pVDZ level of
theory. Relative energies in kcal mélwith respect to HCCCS. Full
data forl and3 see Table 1. Data for transition statésandB see

fragment cations observed in these spectra are caused byraple 4 (Supplementary Data).

fragmentations of (HCCCSYyather than dissociations of neutral
HCCCS with subsequent ionization of the fragment neutrals.

because the similar geometries3ofand3 mean that the excess

The energies required for some of these fragmentations areg,anck-Condon energy of neutral CCCHS will be small
shown in Table 3 and demonstrate that the decomposing Cations(calculated 8.4 kcal mok), which by itself is unlikely to be

formed following vertical oxidation must have significant excess
energy due to collisions after the FrangRondon process. The
energy range is 135190 kcal mot? (see data in Table 3).

The situation with regard to the other isomer (CCCH&))
is different. The"CR™ spectrum (Figure 2b) shows that (i) two-
electron oxidation produces some cations of structure (CCCHS)
(suggested by peaks corresponding to losses of,@0d the
parent cation) and (ii) some of the initially formed species
(CCCHS) undergo rearrangement to an isomer which frag-
ments by major losses of Cldnd GH°*. The losses of CHand
C,H* are consistent with rearrangement of (CCCH®) an
isomer, perhaps (HCCCSjcf. Figure 1b)]. The'NR™ spectrum
shown in Figure 2c is similar to theCR* spectrum, except
that it shows more abundant peaksvat 56 (—CH*) andnvz
44 (—CyH") than those observed in theCR* spectrum. This
means that one-electron vertical oxidation of (CCCH8des

sufficient to induce rearrangement of neutral CCCHS. The
available data do not distinguish between the peake/at6
and 44 in the"NR™ spectrum (Figure 2c) being produced by
(i) decompositions of the rearranged parent catiofz 69) or

(ii) decomposition of the rearranged neutral isomer followed
by ionization of the fragment neutral;€ and CS (cf Table
3).

Rearrangement of Neutral Doublet CCCHS. We have
shown that collision-induced vertical one electron oxidation of
(HCCCS) produces a stable neutral HCCCS. In contrast,
(CCCHSY) under the same experimental conditions produces
some neutrals CCCHS which retain their skeletal integrity,
together with others which rearrange to an isomer, possibly
HCCCS () or (cyclo-CsH)=S (@). Calculations of possible
rearrangements on theldS radical potential surface have been

produce some stable neutrals corresponding to CCCHS but thainvestigated at the CCSD(T)/aug-cc-pVDZ//B3LYP/aug-cc-

some of the first-formed neutrals rearrange to an isomer. This

pVDZ level of theory. These calculations have uncovered three

isomer is probably the stable doublet HCCCS, but the data arecompetitive rearrangements of CCCH} o form HCCCS (),

also consistent with formation of the cyclic isomér(see
Scheme 1). The observation of rearrangement is interesting,

the global minimum on the potential surface. The rearrangement
pathways are summarized in Figures 3 and 4. Full details of
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-CR* (CC13CHS)" 69
A
70
45(13cst.)#
26(HC13c*)
(HCCH)25 (Cs*)a4 || 46(H13Cs+)
$ (0.0 56(-H13C")
C Hcces \57(-HC')*
% 1 NB('C)
H
4 L
2
Figure 4. Stepwise rearrangement of CCCHS to HCCCS. CCSD(T)/ X
aug-cc-pVDZ//B3LYP/aug-cc-pVDZ level of theory. Relative energies “NR+ 6o
in kcal mol? with respect to that of HCCCS (0.0 kcal m¢). Full
data for neutrald—4, see Table 1. For data concerning transitions states
C andD, see Table 4 (Supplementary Data). B 70

CsHS isomers are given in Table 1. Details of transition states
shown in Figures 3 and 4 are given in Table 4 (supplementary
data).

There are two concerted pathways for the conversion of
CCCHS to HCCCS: these are shown in Figure 3. The first of
these requires 34.5 kcal madlto reach transition statd in
order to effect H migration to form HCCCS. The second process
involves sulfur rearrangement over transition stBt¢+34.6
kcal moi?) to also form HCCCS? Both processes could, in
principle, produce HCCCS with some 73 kcal mbobf excess
energy. If this energy is retained by HCCCS, it is sufficient to
cause decomposition by the processes (i) HCCEECCS+
H* [+63.5 kcal mot! (Table 3)] and (i) HCCCS— HCC +

CS [+71.7 kcal mot? (Table 3)]. £ 5. “CR" (A) and-NR" (B) tra of (CECHS). VG ZAB
. . . igure 5. ~ and~ spectra o .
The third process involves the stepwise H rearrangementZHF mass spectrometer. For experimental details see Experimental

shown in Figure 4. This process involves all four isomers Shown gection. * see ref 40. #, see ref 41.
in Scheme 1. The first step in the sequence requires an energy
of 24 kcal mol! to surmount transition state and conver8 in the “"NR* than the"CR" spectrum, confirming that some
to 2. The radical CCHCS2) then ring closes to form cyclic  neutral C@3CHS radicals are rearranging to an isomer. The two
isomer 4 which is energized and should ring open to give spectra show the following peak ratiasiz 57 (—CH"):4° 56
HCCCS (1).%° The product HCCCS could be formed with an (-13CH") [TCR*, 100:65;"NR™* 85:100];mz 45 (—C,H*)*%: 44
excess energy of 62.9 kcal mélby this reaction sequence. (—C3CH) [TCRT, 100:55;"NR™*, 100:80], andwz 26 (-CS):
This is insufficient to cause decomposition of the neutral by 25 (13CS) [[CR* 2:3; "NR*, only m/z 26 is measurablay/z
any of the processes shown in Table 3. 25 is lost in baseline noise]. Comparison of tHeR" spectra
Neither of the two H rearrangement processes shown in shown in Figures 2b and 5a shows that both S [characterized
Figures 3 and 4 cause any change in the connectivity of the by the losses of3CH, CI3CH and CS (Figure 5a)] and H
CCCS backbone. In contrast, the S rearrangement shown inrearrangement [losses of Cfand GH**! (Figure 5a)] occur
Figure 3 causes reorganization of the CCCS backbone, namelyduring or following the formation of the positive ion (C€
CIC?CBHS yields HGC?C'S. If this rearrangement does indeed CHS)*. The"NR* spectrum shows more pronounced losses of
involve S migration, the NR™* spectrum of (CECHS)™ may 13CH, C13CH", and CS than the correspondinGR*™ spectrum,
confirm such a rearrangement. The required labeled precursorindicating that the S rearrangement shown in Figure 3 occurs

anion was synthesized as shown in eq 4 for neutral CG3CHS. No conclusion can be made concerning
a possible competing H rearrangement within neutra*Cas
Me,Si—C=C-"*CH (cycloSCH,—CH,S) + from the available experimental data. This is because we can

- 13 : only use direct comparisons of those peaks characteristic of S
F — C=C-"CH=S+ Me;SiF + cycloSGH, (4) and H rearrangementyz 57:56 and 45:44, to identify the
operation of S rearrangement in the neutral.

The “CR" and "NR" spectra of (CECHS)" are shown in The experimental data indicate that the rearrangement of
Figure 5. In accord with the data for the unlabeled species neutral CCCHS to HCCCS involves S rearrangement but
(Figure 2, parts b and c), comparison of theéR™ and "NR* provide no information concerning competing H rearrangement

spectra of (CE&CHS) indicate that there is more rearrangement reactions of CCCHS. Can we obtain further data concerning
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