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Gas-phase Thermolyses. Part 7.l Gas-phase Thermolysis of I ,2,3-0xadi- 
thiolan 2-Oxide and Thiiran 1 -Oxide. On the Intermediacy of 1,2-Oxathi- 
etan 
By Lars Carlsen and Helge Egsgaard, Chemistry Department, Riss National Laboratory, DK-4000 Roskilde, 

The unimolecular gas-phase thermolyses of 1,2,3-0xadithiolan 2-oxide and thiiran 1 -oxide have been studied by 
the flash vacuum thermolysis-field ionization mass spectrometry (f.v.t.-f.i.m.s.) technique in the temperature range 
from 1 043 to 1 404 K. The reactions are rationalized in terms of sulphoxide-sulphenate rearrangement and 
atomic oxygen, sulphur monoxide, and sulphur dioxide extrusions. Evidence is presented for the common inter- 
mediacy of 1,2-0xathietan from the thermolyses of both 1,2,3-0xadithiolan 2-oxide and thiiran 1 -oxide. 

Denmark 

VERY recently we reported on the intermediacy of 1,2- 
oxathiolan 2 in the gas-phase thermolyses of 1,2- 
oxathiolan 2-oxide and thietan l - ~ x i d e , ~  the five- 
membered cyclic sulphenate being characterized partly 
based on its thermal decomposition into acrolein and 
ally1 alcohol. We have likewise in a series of papers 
reported on features of the three-membered cyclic sul- 
phenates, i .e .  the ~xath i i rans .~  However, to our know- 
ledge , no reports on the corresponding four-membered 
sulphenates, the 1,2-oxathietans, have appeared.? In 
the present study we report investigations on the possible 
intermediacy of the parent 1,2-oxathietan (1) in the gas- 
phase thermolyses of 1,2,3-0xadithiolan 2-oxide (2), and 
thiiran l-oxide (ethylene sulphoxide) (3). 

p - b  
The choice of the compounds (2) and (3) as possible 

1,2-oxathietan precursors was based on the following 
assumptions. I t  has previously been reported that 
cyclic sulphites upon thermolysis eliminate sulphur 
monoxide ; hence, an analogous sulphur monoxide 
extrusion from (2) seems feasible, apparently leading .to 
(1). In connection with our recent study on 1,2-0xa- 
thiolan we reported on the thermally induced ring ex- 
pansion of thietan l-oxide into the five-membered sul- 
phenate ; analogously, the three-membered sulphoxide 
(3) was expected to  afford (1) by ring expansion. 

EXPERIMENTAL 

1,2,3-Oxadithiolan 2-oxide (2) and thiiran 1-oxide (3) 
were synthesized according to previously reported proce- 
dures. 

Flash Vacuum Thermolysis Technique.-The f .v.t. tech- 

t The parent 1, Z-oxathietan has been studied theoretically by 
semi-empirical CNDO methods (J.  P. Snyder and L. Carlsen, J .  
Am. Ckem. SOC., 1977, 99, 2931). 

nique used has been described in detail elsewhere * and is 
based on the direct combination of a thermolysis unit with a 
double focusing Varian MAT CH 5D mass spectrometer, 
equipped with a combined electron impact ionization-field 
ionization-field desorption (e.i.-f .i.-f.d.) ion source. The 
thermolysis unit is connected directly to the ion source of 
the mass spectrometer via a heatable line-of-sight inlet 
system. Samples (ca. 50 pg) of the pure compounds were 
introduced (microsyringe) into the hot zone (reactor) via a 
heated injection block. The contact time in the reactor 
has been estimated to be ca. 10-3-10-4 s. The internal 
geometry of the reactor (1 40 mm, i.d. 2 mm) combined with 
a low actual pressure ( P  ca. Torr) assures a very low 
frequency of intermolecular collisions relative to the 
molecule-hot surface collision frequency, i .e. only uni- 
molecular reactions take place. However, it should be 
remembered that surface catalytic effects may operate. 

The thermolysis products are detected by recording the 
field ionization mass spectra immediately after the thermo- 
lyses. F.i. gives rise to molecular ions (even of very un- 
stable substances) accompanied only by few, if any, frag- 
ment ions.s 

Further identification of the single compound formed by 
the gas-phase thermolyses is obtained by recording the 
collision activation (c.a.) mass spectra lo of the correspond- 
ing molecular ions.8 The oxiran and acetaldehyde ions are 
distinguishable by c.a.m.s.ll However, the conclusive 
discrimination between the possible C,H,O isomers is 
strongly facilitated by a study of the unimolecular meta- 
stable ion spectra.12 In the present case DADI (Direct 
Analysis of Daughter Ions) spectra of the molecular ion 
(m/z 44) of oxiran and acetaldehyde, obtained by 70 eV 
electron impact ionization, have been applied. 

RESULTS 

The thermolyses of compounds (2) and (3) have been 
studied by the flash vacuum thermolysis-field ionization 
mass spectrometry (f.v.t.-f.i.m.s.) technique 8 in the tem- 
perature range from 1 043 to 1 404 K. 

In Figure 1 the f.i.m.s. spectra recorded after thermolysis 
of the monothiosulphite (2) (M 124) a t  1043, 1253, and 
3 404 K, respectively, are shown. Based on these spectra 
and by comparison (c.a.m.s. or DADI, cf. Experimental 
section) with authentic samples, the following products have 
been identified: ethylene (4) ( M  28), formaldehyde (5 )  ( M  
30), keten (6) ( M  42), acetaldehyde (7) (M 44), and thiiran 
(ethylene sulphide) (8)  (M 60). 
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In recent years several authors have reported on the gas- 

phase thermolysis of thiiran l-oxide.13* l4 It was concluded 
that the main reaction was the extrusion of sulphur mon- 
oxide, affording ethylene in high yield. Additionally, 
Saito l4 reported the formation of minor amounts of C,H,S, 
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FIGURE 1 Field ionization mass spectra after gas-phase thermo- 

lysis of 1,2,3-oxadithiolan 2-oxide at 1043, 1253, and 1404 
K 

C,H,O, and formaldehyde. It should, however, be em- 
phasized that the thermolyses were carried out under condi- 
tions where bimolecular reactions certainly could not be 
excluded. The thermolysis of (3) under pure unimolecular 
conditions results, nevertheless, in a product composition 
qualitatively quite similar to that reported by Saito.14 

Scrutiny of the spectra depicted in Figures 1 and 2 
reveals the presence of a peak at  m/z 76. In the case of (3) 
the peak was n priovi assigned to undecomposed sulphoxide. 
However, careful c.a.m.s. analyses disclosed that in both 
the case of (2) and (3) the correct assignment of m/z 76 was 
carbon disulphide. The appearance of CS, among the 
reaction products seems rather obscure, but the authors are 
convinced that catalytic effects on the hot surface in the 
reactor play an important role.? 
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FIGURE 2 Field ionization mass spectrum after gas-phase 

thermolysis of thiiran 1-oxide at 1043 K 

In addition, it should be emphasized that c.a.m.s. 
analyses of the vn/z 76 peak following thermolyses of (3) a t  
temperatures between 631 and 1 043 K showed, besides an 
increasing amount of carbon disulphide, only unchanged 
(3). No signals corresponding to a contribution of other 
possible C,H,OS isomers, e.g. the sulphenate (l), to the peak 
mjz 76 were observed. 

DISCUSSION 

The above reported product formation is discussed in 
terms of sulphoxide-sulphenate rearrangement, atomic 
oxygen extrusion, and sulphur mono- or di-oxide elimi- 
nation. The latter reaction, however, cannot be dis- 
tinguished from an atomic oxygen extrusion con- 
secutively accompanied by a rapid sulphur monoxide 
elimination, as the f.i.m.s. technique does not enable us 
to verify the possible existence of small in organic 
fragments such as 0, S, and SO t among the reaction 
product s8 

The presence of an atomic oxygen extrusion reaction is 
obvious in the case of thiiran 1-oxide (3), resulting in the 

S 
/-\ 

6,1043 K H,C=CH, + HzCO + HzCCO + H3CCHO + H2C-CHz 

Figure 2 shows the product composition obtained after 
thermolysis of (3) at 1 043 K. The products are shown 
to be identical to those generated by thermolysis of (2).* 

* It should be noted that the C H 0 isomer ( M  44), unequivoc- 
ally established by the DAD1 teihdque to be acetaldehyde, was 
reported by Saito 1' as ethylene oxide. However, the present 
study revealed no evidence for the presence of ethylene oxide 
among the products. metry. 

formation of a considerable amount of thiiran (8) ( M  60) 
(cf. Figure 2). We have previously reported extrusions 
of atomic oxygen from organic S-oxides; 3,416 however, 

t Tentatively it is suggested that sulphur monoxide is involved, 
since we have not been able to detect SO, obviously eliminated at 
least from (3), by normal 70 eV electron impact mass spectro- 



1982 281 
rupture of the semipolar S-0 bond apparently requires 
ca. 90 kcal mo1-l,l6 which may suggest that surface 
catalytic effects are operating by this reaction. Evi- 
dence for an analogous reaction in the case of (2), which 
apparently would result in formation of 1,2,3-oxadithi- 
olan, is not obtained, since no signal corresponding to the 
latter ( M  108) was detected. Thus, we conclude that, 
if formed, the 1,2,3-oxadithiolan exhibits a half-life < ca. 
1 ms under the actual conditions used.8 However, a 
rapid series of consecutive reactions, the primary one 
being a sulphur extrusion from 1,2,3-0xadithiolan, cannot 
be excluded. 

Apart from the ethylene formation from (3), by SO 
extrusion, (4) may additionally originate from ethylene 
sulphide (8). Thermolysis of (8) at 1 043 K revealed 
nearly quantitative ethylene formation which led us to 
suggest that formation of the latter by thermolysis of 
(2) most probably appears as a secondary product origin- 
ating from primarily generated thiiran (S), the latter 
being a result of sulphur dioxide elimination from (2). 

We shall now turn to a discussion of the formation of 
keten and acetaldehyde. It has previously been reported 
that sulphoxides that do not possess p-hydrogens can be 
rearranged thermally into the corresponding sulphenate, 
the latter consecutively fragmenting into a thiol and a 
carbonyl c0mpound.3.1~ In the case of (3) a sulphoxide- 
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FIGURE 3 Field ionization mass spectra of mercaptoacetalde- 
hyde before thermolysis and after gas-phase thermolysis a t  
1 043, 1 253, and 1 4 0 4  K 

sulphenate rearrangement evidently would result in the 
formation of the unknown 1,2-oxathietan (1). On the 
other hand, a chelotropic elimination of sulphur 
monoxide from the monothiosulphite (2) analogously 
would lead to (1). 

As mentioned above, we have not been able to detect 
any product with molecular weight M 76, corresponding 
to CpH,OS, other than thiiran 1-oxide (1). It is, how- 
ever, obvious that (1) formed under the present reaction 
conditions will be generated in a vibrational excited 
state. Analogous to 1,2-oxathiolan 2 9 3  it is highly 
likely that the vibrational relaxation of (1) will lead 
to a quantitative degradation of the latter. This indi- 
cates that, if formed, (1) exhibits a half-life < ca. 10-3s 
under the actual reaction conditions.8 

Formation of keten (6) and acetaldehyde (7) by re- 
arrangements and/or fragmentations directly from both 
(2) and (3) can be explained only in terms of highly 
speculative mechanisms, whereas a straight forward 
rationalization is possible assuming the common inter- 
mediacy of 1,Zoxathietan (1). 

Drawing a parallel to the previously reported thermal 
decomposition of 1,2-oxathiolan 2*3 the first step on the 
decomposition path for (1) is suggested to be a ring open- 
ing to mercaptoacetaldehyde (9), consequently followed 
by loss of sulphur and hydrogen sulphide to give acet- 
aldehyde and keten, respectively. It has been reported 
that mercaptoacetaldehyde (9) is generated by cracking 
the corresponding dimer 2,5-dihyd roxy- 1,4-d i t hian. 
Smooth cracking of the latter in vacuo followed by flash 
vacuum thermolysis of the generated (9) indeed affords 
a mixture of (6) and (7) (Figure 3), the (6) : (7) intensity 
ratio being qualitatively in accord with those observed 
following thermolysis of (2) and (3), respectively. 

With this background we rationalize the unimolecular 
gas-phase thermolyses of (2) and (3) as visualized in the 
Scheme, taking the above results into account for the 
intermediacy of (1). Although cumulative evidence for 
the intermediacy of (1) in the gas-phase thermolyses of 
1,2,3-oxadithiolan 2-oxide and thiiran 1-oxide is high a 
direct experimental verification under such conditions 
does not seem feasible. 

Finally the appearance of formaldehyde (5) shall be 
discussed. The unimolecular decomposition of 1,2-di- 
oxetans affords the formation of two carbonyl com- 
pounds,19 in general as the only products. By analogy 
to this it might have been expected that 1,2-oxathietan 
would lead to formaldehyde and thioformaldehyde, at 
least to a reasonable extent. However, only very minor 
amounts of formaldehyde are detected, and it is believed 
that thioformaldehyde formed in equimolar amounts 
may well have escaped detection owing to a lower 
sensitivity of the latter relative to formaldehyde. I t  is 
generally assumed that the first step in the case of de- 
composition of 1,2-dioxetans is a homolytic cleavage of 
the 0-0 bond. The driving force in the consecutive 
cleavage of the carbon-carbon bond to form the two 
carbonyl compounds may well be the high energy gain 
by generation of the carbon-oxygen double bonds. In 
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C S  + HS-CHZ-CHO 

SCHEME 

the case of (1) a similar decomposition pathway would 
be accompanied by a smaller energy gain. In addition, 
the rearrangement may be strongly facilitated in the 
monosulphur case, leading to (9), due to steric effects, 
the size of the sulphur atom apparently minimizing the 
strain in the transition state. 
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