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Two Novel Species, (Methoxycarbonyl)sulfenyl Thiocyanate and
(Methoxycarbonyl)sulfenyl Selenocyanate: Spectroscopic Characterization by
Photoelectron Spectroscopy and Quantum Chemical Investigation
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Two novel dichalcogens, (methoxycarbonyl)sulfenyl thiocyan-
ate, CH30OC(O)SSCN, and (methoxycarbonyl)sulfenyl sele-
nocyanate, CH3;0C(O)SSeCN have been generated in a con-
venient way by gas-solid reactions between CH3;O0C(O)SCl
and AgSCN or AgSeCN. Photoelectron spectroscopy and
theoretical calculations have been performed to investigate
their electronic and geometrical structures. Both compounds
are theoretically predicted to prefer gauche structure as the
most stable conformation. In CH;0C(O)SSCN, the S-S bond
length and the dihedral angle around the S-S bond for the

most stable conformer are 2.075 A and 80.5°, respectively.
And the S-Se bond length and the dihedral angle around the
S-Se bond in CH;0C(0)SSeCN are predicted to be 2.210 A
and 80.4°, respectively. The first vertical ionization energies
of CH3;0C(O)SSCN and CH;0C(0O)SSeCN are determined to
be 10.19 and 9.84 eV, respectively. The HOMOs correspond
to the electron mainly localized on the S 3p or Se 4p lone
pair MOs: {38a(ngscny)} ™! and {47a(nse)}™, respectively.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

1. Introduction

In recent years, it has been found that chalcogen—chal-
cogen interactions play a crucial role in the structure and
reactivity of a great variety of chalcogen-containing com-
pounds.'?l The chalcogen—chalcogen bonds in bivalent
compounds (REE'R’, E, E' = O, S, Se) are known to prefer
gauche conformations, which is usually attributed to lone-
pair interactions.[ These interactions favor a dihedral angle
of about 90°, and steric interactions between the substitu-
ents (R, R’) tend to increase this angle. There are many
experimental studies about the structural and conforma-
tional properties of homonuclear dichalcogens ROOR’,+]
RSSR",[®7 and RSeSeR .13

In 1977, Snyder et al.l'% discussed the lone pair interac-
tions in RSSR vs. RSOR by means of semiempirical MO
calculations. Particular attention was paid to the a-lone pair
interactions, and the study concluded that the two species
were predicted to exhibit comparable equilibrium geome-
tries. Because of the instability of thioperoxides RSOR’, un-
til recently, only a few experimental studies were performed
to investigate their structural and conformational proper-
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ties.''=131 Very recently, the parent compound of thioperox-
ides, HSOH was studied by microwave spectroscopy and
high-level ab initio calculations [CCSD(T)/cc-pCVQZ],4
which demonstrated its structure in detail. As for the exper-
imental studies of the electronic structure of thioperoxides,
dimethoxysulfane [(CH30),S] and dimethoxydisulfane
[(CH30),S,] were discussed according to their photoelec-
tron spectra.l' In 2006, Zeng et al.l') investigated bis(tri-
fluoroaceto) disulfide, CF;C(O)OSSOC(O)CF3, by Raman,
photoelectron spectroscopy (PES), and theoretical calcula-
tions.

The electronegativity of selenium is close to that of
sulfur. Therefore, similar structural and spectroscopic char-
acteristics are expected in the selenium and sulfur deriva-
tives.['”] As for the studies of sulfenoselenates with the gene-
ral formula RSSeR’, there were some theoretical investi-
gations about HSSeH,!'32%1 and the crystal structure of
NCSSeSCNP! was also reported. In 2003, Sanz et al.[>’]
investigated the gas-phase acidity of 1,8-chalcogen-bridged
naphthalenes, which also possess the S—Se bond, by means
of high-level density functional theory computations.

However, there is no experimental work reported of
RSSeR’, and no electronic structure information is cur-
rently available. They are quite unstable and difficult to ob-
tain for experimental detection. In the present work, a sim-
ple dichalcogen hydride, (methoxycarbonyl)sulfenyl seleno-
cyanate [CH30C(O)SSeCN], was generated and charac-
terized by photoelectron spectroscopy. With the help of
quantum chemical calculations, its geometric structure was
theoretically predicted and its electronic structure was dis-
cussed. The first vertical ionization energy of CH;0C(O)-
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SSeCN was determined for the first time by means of PES.
In addition, a novel disulfide, (methoxycarbonyl)sulfenyl
thiocyanate [CH;OC(O)SSCN], which has a similar struc-
ture to CH30C(O)SSeCN, was generated and characterized
with the same method for comparison.

2. Results and Discussion

2.1 Molecular Structure

For both compounds, stable conformers with synperi-
planar (sp) or antiperiplanar (ap) orientation of the C=0
bond with respect to the S-S or S—Se bond are expected.
Preliminary structure optimizations at the B3LYP/6-31G*
level resulted in gauche structures around the S-S or S-Se
bond. The potential functions for internal rotation around
the S-S bond in CH;0C(O)SSCN were derived by structure
optimizations at fixed dihedral angles between 30° and 330°
using the HF and B3LYP method with the basis set of 6-
31G* (Figure 1). There is no other minimum except the ex-
pected minima for the gauche structures with the dihedral
angle around 80° (HF/6-31G*) or 90° (B3LYP/6-31G*).
And the energy barrier for the S-S rotation is calculated to
be 4.42 (HF/6-31G*) and 3.84 (B3LYP/6-31G*) kcal/mol,
respectively. This is caused by the S-S lone pair repulsion
and steric interactions between CH;0C(O) and CN moie-
ties. Because of the structural similarity between the title
compounds, the situation for CH;0OC(O)SSeCN is probably
the same, that is to say, conformers with gauche structure
around the S-Se bond should be stable. Furthermore, ac-
cording to the relative orientation of the CH3;O moiety with
respect to the C=0O bond, which also can be synperiplanar
(sp) or antiperiplanar (ap), four possible conformers exist
for each of CH;0C(O)SSCN and CH;0C(0O)SSeCN. After
structural optimization and vibrational analysis, three con-
formers of each compound are found to be stable, except
the conformers with the C=0 bond anti to the S-S or S-Se
bond and CH;O anti to the C=0 bond. The three stable
conformers of CH;0C(O)SSeCN are presented in Figure 2.
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Figure 1. Calculated potential curves for internal rotation around
the S-S bond in CH3;0C(O)SSCN. The curve of B3LYP/6-31G* is
shifted by 1 kcal/mol.
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Figure 2. Schematic representation of the three stable conformers
of CH;0C(0O)SSeCN.

Relative Gibbs free energies (AG) calculated at 298 K for
all the stable conformers of CH;OC(O)SSCN and
CH;0C(0)SSeCN are summarized in Table 1. According
to these relative Gibbs free energies, the gauche (sp-sp) and
the gauche (sp-ap) conformers are expected to be more
stable. All the calculations predict the lowest energy for the
gauche (sp-sp) conformer. Similar to their parent com-
pound, CH;O0C(O)SCI, the structures of CH;0C(O)SSCN
and CH;0C(0)SSeCN can be rationalized by the aromatic-
ity and the anomeric effect.’3] The stabilization of the
gauche (sp-sp) conformers are accounted for by the attract-
ive m nonbonded interactions in those conformations.
Moreover, the instability of the anti conformers in these two
molecules can be understood on the basis of the aromatic-
ity. Besides, if one of the central atoms in an A-B-C-D
chain, e.g., B, possesses one or more lone pairs, the general-
ized anomeric effect may have a large influence on the con-
formational properties.?* This effect contributes to the
preference for the syn form for the conformation of —C(O)-
S—containing compounds.[>’! Our discussion of the geomet-
rical and electronic structures of these two compounds will
mainly focus on the theoretically most stable conformers.

Table 1. Calculated relative Gibbs free energies (AG, kcal/mol, T =

298 K) for different conformers of CH;OC(O)SSCN and
CH;0C(0)SSeCN.
HF/6-31+G* B3PW91/6-31+G* B3LYP/6-311G*
CH;0C(O)SSCN
gauche (sp-sp)al 0 0 0
gauche (ap-sp) 8.93 6.32 6.93
gauche (sp-ap) 1.09 0.62 0.81
CH;0C(0)SSeCN
gauche (sp-sp) 0 0 0
gauche (ap-sp) 8.42 591 6.94
gauche (sp-ap) 0.60 0.19 0.77

[a] gauche refers to the configuration around the S-S or S-Se bond.
The first orientation (sp or ap) refers to CH;O with respect to the
C=0 bond, and the second orientation (sp or ap) refers to the C=0
bond with respect to the S-S or S—-Se bond.
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The optimized geometrical parameters for the gauche (sp-
sp) conformer of CH;0C(O)SSCN and CH;0C(O)SSeCN
at different levels are listed in Table 2.

Table 2. Optimized geometrical parameters for the gauche (sp-sp)
conformer of CH;0C(O)SSCN and CH;0C(0O)SSeCN.[!

CH;0C(0O)SSCN CH;0C(0)SSeCN
Parameters B3PW91 B3LYP MP2 B3PW9IB3LYP MP2
reiol 1.442 1.451 1.445 1.441 1451 1.445
rolc2 1.328 1.332  1.337 1.329 1.334 1.339
Fca02 1.192 1.193  1.201 1.193  1.194 1.202
reos 1.818 1.829 1.802 1.819 1.830 1.806
rssel® 2.081 2.102  2.075 2208 2231 2210
Fsecs® 1.695 1.703  1.697 1.846 1.856 1.849
re3N 1.159 1.159 1.181 1.159 1.159 1.182
acio1c2 115.7 116.1 114.1 1156 116.0 1139
4010202 127.7 127.7 127.3 1274 1274 127.1
ao1C28 105.7 105.7 105.9 105.7 105.8 105.8
Gcassel? 100.4 100.6  99.3 101.0 101.3 100.0
Assecs® 101.6 101.8  99.7 99.5 99.7 98.0
0C101C202 -0.6 -0.6 0.8 -0.5 -0.6 -1.3
00102556 177.6 177.6 176.7 178.7 178.8 176.2
0C25SeC3 87.6 87.3 80.5 88.6 88.2 80.4

[a] Distances in A, angles in degrees. All the calculations were per-
formed with the basis set of 6-311++G(d,p). As for the atom num-
bering of CH3;0C(0)SSeCN, see Figure 2. [b] For CH;0C(O)-
SSCN, Se atoms should be replaced by the corresponding S atoms.

The electronegativity of selenium and sulfur are close to
each other. Therefore, the structures of CH;0OC(O)SSCN
and CH;0C(0O)SSeCN are similar (Table 2). It is well
known that the B3LYP method doesn’t do well in modeling
relatively weak polar bonds. The MP2 method is believed
to be more accurate to obtain the geometry. When opti-
mized with the three methods (Table 2), polarization and
diffusion functions were added to assure the calculations
were more accurate. The optimized structures with B3LYP
and B3PW91 methods, both of which are DFT methods,
are nearly identical. Our discussion of the geometry is based
on the structures optimized with the MP2 method.

A study on the structural and conformational properties
of disulfanes has been reported recently.”! The conforma-
tion of dichalcogens (REE'R’) is mainly determined by the
geometry of the EE’ moiety. According to theoretical calcu-
lations, the S-S or S-Se bond lengths of CH;0C(O)SSCN
and CH;0C(0)SSeCN are 2.075 A and 2.210 A [MP2/6-
311++G(d,p)], respectively. The S-S bond length in
CH;OC(O)SSCN is slightly larger than that of its parent
compound, HSSH [2.0610(3) A].2®) However, there is no
experimental work reported about HSSeH. The S-Se bond
length in HSSeH was predicted to be 2.269 A according to
ab initio calculations.['”! As determined by X-ray diffrac-
tion, the S—Se bond length in NCSSeSCN is 2.214 A [21]
which is quite close to the predicted value of CH;0C(O)-
SSeCN.

Besides the E-E’ bond length, another important struc-
tural parameter for dichalcogens is the torsional angle
OrEE'R’> Which greatly influenced the whole structure of the
molecules. Gas-phase structures of noncyclic dichalcogens
are characterized by the dihedral angle dggg - close to 90°:
for example, HOOH (112°),27 HSSH [90.76(6)°],1*°! and
4516
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CH;SeSeCHj (87.5°).181 The torsional angle in HSOH was
91.3°, as determined by high-level ab initio calculations
[CCSD(T)/cc-pCVQZLH4  In  CH;0C(O)SSCN  and
CH;0C(0)SSeCN, the dihedral angles around the S-S or
S-Se bond are 80.5° and 80.4° [MP2/6-311++G(d,p)],
respectively. The interpretation of the population analy-
sisl?®l is consistent with two qualitative arguments about the
preference of about 90° of the RSSR’ dihedral angle. A
plausible interpretation of the population analysis is related
to the resulting barrier formed by the repulsion of 3pn AO
lone pairs. The repulsion is minimized, if these AOs are
oriented orthogonal to each other. The second argument*!
is based on a hyperconjugative mechanism, whereby the -
character of the S-S bond is enhanced when, for example
in HSSH, the S—H bonds are aligned for maximum transfer
of electron density through the 3pmt AOs to the H atom.
This feature is consistent with the anomeric effect, that is,
the electron donation from the sulfur lone pair into the
empty c* orbitals of the opposite S—H bonds.?* In other
dichalcogens, a similar feature may also exist.

2.2 Photoelectron Spectroscopy

Photoelectron spectroscopy with a Hel resonance source
(58.4 nm) is an effective method to investigate electronic
structures of unstable compounds and free radicals in com-
bination with ab initio calculations.l*%3!1 The valence shell
structure of molecular vapors can be readily obtained by
Hel photoelectron energy analysis, especially for studying
similar molecules.??) The Hel photoelectron spectra of
CH;0C(0O)SSCN and CH3;0C(O)SSeCN are shown in Fig-
ure 3 and Figure 4, respectively. Before assigning the spec-

cls
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Figure 3. Hel photoelectron spectrum of CH;OC(O)SSCN.
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Figure 4. Hel photoelectron spectrum of CH;0C(O)SSeCN.
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tra, ROVGF!33! calculations were carried out to obtain the
ionization energies for CH;0C(O)SSCN and CH;0C(O)-
SSeCN. No noticeable difference can be found between the
orbital energies of the two stable conformers of gauche (sp-
sp) and gauche (sp-ap), therefore our discussion is reduced
to the analysis of the slightly more stable conformer gauche
(sp-sp). The experimental vertical ionization potentials,
theoretical vertical ionization energies, molecular orbitals,
and corresponding characters of outer valence shells for the
gauche (sp-sp) conformers of CH;OC(O)SSCN and
CH;0C(0)SSeCN are listed in Table 3. The ROVGF results
are in general in agreement with the experimental data.
Drawings of nine MOs for CH;0C(O)SSCN and
CH;0C(0)SSeCN are given in the supporting information.

Table 3. Experimental vertical ionization energies (IP in eV), com-
puted vertical ionization energies [ROVGF/6-311++G(d,p), E, in
eV], and molecular orbital characters for CH;0C(O)SSCN and
CH;0C(0O)SSeCN.

Molecule Exp. IP Caled. E, MO Character
CH;OC(0)SSCN

10.19 10.27 38 ngscen

10.60 10.64 37 ngcos)

11.32 11.60 36 Noc=0)

12.08 12.09 35 Ogs, Te=N

12.13 34 nocH3o) Noc=0)

1326 13.41 3 reen

1361 13.66 2 oen

13.87 13.93 31 TcH3, No(cH30)

1417 14.19 30 Teen
CH;0C(0)SSeCN

9.84 9.85 47  nge

10.56 10.48 46 ng

11.54 11.57 45 nocc=o)

11.84 11.80 44 Gsse Te=N

12.50 12.05 43 NocH30), Noc=0)

1311 13.11 2 meen

13.41 13.54 41  ocn

13.65 13.68 40 TcH3, No(cH30)

13.70 39 Tseen

As pointed out by Baker et al.,?4 for disulfides, perox-
ides, and diselenides, the first two bands in the photoelec-
tron spectra correspond to the symmetric and antisymmet-
ric linear combinations of the outermost p-atomic orbitals.
The first two peaks in the photoelectron spectrum of
CH;0C(O)SSCN are centered at 10.19 and 10.60 eV. The
main characters for the first two outmost orbitals are
{38a(ngiscny)} ' and {37a(ngcos))} !, and the theoretically
predicted first two vertical ionization energies are 10.27 and
10.64 eV, respectively, in good agreement with the experi-
mentally observed values. The energy difference AE be-
tween the first two bands in CH30C(O)SSCN (Ocssc =
80.5°) is 0.41 eV, which is bigger than that of FC(O)SSCH;
[AE = 0.3 eV, dcsse = 83.5(15)°].1391 This difference is origi-
nated by the interaction of the two lone pairs at the adja-
cent S atoms showing a clear dependence on the dihedral
angle. Generally, it is to be expected that as the dihedral
angle 0 deviates from 90°, the energy difference AE will in-
crease, i.e., the 3p orbitals in parallel configuration (6 = 0°,

Eur. J. Inorg. Chem. 2007, 4514-4519
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180°) interact more strongly than in an orthogonal configu-
ration (6 = 90°).128I

The most peculiar aspects of the photoelectron spectra
of the dichalcogens (REE'R’) concern the pattern of the n
ionization energies, whose ordering and splitting have been
rationalized in terms of the popular concepts of mediated
interplay of through-bond and through-space interactions
between semilocalized orbitals.?%! In general, the pattern of
the splitting is predicted to be A(OO) > A(SS) = A(SeSe)
for the homonuclear systems and A(SO) > A(SeS) for the
heteronuclear; the differences in heteronuclear systems are
much larger than those in homonuclear systems.[*”l The suc-
cessive replacement of O by S and Se causes only a pro-
gressively minor perturbation of the electronic structure, as
is expected from the electronegativity sequence of the chal-
cogens, O (3.5 on Pauling’s scale), S (2.5), and Se (2.4).2%
For sulfenoselenates with the general formula RSSeR’, the
splitting of the bands also exists in the photoelectron spec-
tra. The first two peaks in the photoelectron spectrum of
CH;0C(0)SSeCN is centered at 9.84 and 10.56 eV, respec-
tively, which are lower than the corresponding ionization
energies of CH3;0C(O)SSCN. The energy difference AE in
CH;0C(0)SSeCN is 0.72 eV. This difference is larger than
that of CH;0OC(O)SSCN, but close to its parent compound
HSSeH (0.66 €V),1?% as clearly seen from Figure 5.

The third band (11.32 eV) in the photoelectron spectrum
of CH30C(O)SSCN can be attributed to the ng electron of
the C=0 bond, which is similar to the corresponding or-
bital of the third band (11.54 ¢V) in that of CH50C(O)-
SSeCN. In comparison to the first band of CH;0C(O)HP?!
at 10.99 eV {13a’'(np(c=0))} ', the inductive effect of the
SSCN or SSeCN moiety has raised the ionization energy of
the carbonyl oxygen lone pair orbital ng by 0.33 and
0.55 eV, respectively. The third band in the photoelectron
spectrum of FC(O)SSCH; (11.3 eV),? also caused by the
ionization of the ng lone pair, is nearly equal to the corre-
sponding ionization energy of CH;OC(O)SSCN. The ion-
ization from the orbital mainly localized at the ¢ bond of
the SS or SSe moiety and the © orbital on the C=N moiety
causes the energies of 12.08 and 11.84 eV in CH;0C(O)-
SSCN and CH;0C(0O)SSeCN, respectively. Both are
smaller than the ionization energies from cgg/ orbitals of
their corresponding parent compounds (Figure 5). The dif-
ferences are caused by the effect of the different substituents
on the E-E’ bonds.

The vertical ionization energies from the ionization pro-
cess of {4a'’(nocHzo) Noc=0y)} ' in CH;0C(O)Cl and
CH;0C(O)CN are 12.21 and 12.01eV, respectively.[*?]
While in CH;0C(O)SSCN and CH;0C(0O)SSeCN, the cor-
responding ionization energies are 12.08 and 12.50 eV,
respectively. The ionization energies from 13.26eV to
14.17 eV in CH;0C(O)SSCN correspond to different orbit-
als on the SCN moiety. The situation in CH;0C(O)SSeCN
is similar. The electronic structure of the SeCN moiety can
be explained in two ways.'’l We can assume a single Se-C
bond and a triple C=N bond, so two bands from the C=N
7 bond are expected in the low-energy region of the spec-
trum. Another interpretation is when the SeCN unit is con-
4517
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Figure 5. Correlation between selected dichalcogens (REE'R’). The ionization energies of HSSH are taken from ref.,*¢l and those of

HSeSeH and HSSeH are taken from ref.[?]

sidered as two perpendicular four-electron three-center w
systems, which suggests four new bands in the spectrum
(the high-energy m; and =m;, and the low-energy m, and
7>, ). If the molecular skeleton is linear, the perpendicular
MO pairs are degenerate. In the case of the gauche
CH;0C(0)SSeCN, all four bands are expected theoretic-
ally. However, the Se lone pair in the SeCN moiety is part
of a w system and the ogg. orbital is also part of the perpen-
dicular &t system. In a word, only two additional bands from
the © orbitals of the SeCN moiety are expected in the low-
energy region. The assignments for the bands of CH;0C-
(O)SSCN and CH;0C(0)SSeCN agree with this explana-
tion, as summarized in Table 3. The remaining bands in the
high-ionization region (>14.5 eV) arising from inner molec-
ular orbitals can not be assigned with certainty.

3. Conclusion

(Methoxycarbonyl)sulfenyl  thiocyanate, CH;OC(O)-
SSCN, and (methoxycarbonyl)sulfenyl selenocyanate,
CH;0C(0)SSeCN are generated and characterized by
photoelectron spectroscopy. With the help of quantum
chemical calculations, the geometry of the two molecules
are investigated and the electronic structure analyzed. Both
compounds prefer a gauche conformation as predicted by
structural optimization and vibrational analysis. The first
vertical ionization energies of CH;OC(O)SSCN and
CH;0C(0)SSeCN are determined to be 10.19 and 9.84 ¢V,
respectively. The HOMOs are mainly localized at the lone
pair of the S and Se atom, respectively.

4518

www.eurjic.org

© 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Experimental Section

CH;0C(O)SSCN and CH;0C(O)SSeCN were heterogeneously
generated at a room temperature of 20 °C by passing CH;0C(O)-
SCI vapor over finely powdered AgSCN or AgSeCN, respectively,
and the photoelectron spectrum was recorded subsequently after
generation. Simultaneously, the product was checked by photoioni-
zation mass spectrometry. In the mass spectrum of CH;0C(O)-
SSCN, there is no signal of the parent ion of the precursor
[CH30C(O)SCI'*, m/z = 126], which indicates that CH;0C(O)SCl
reacts with AgSCN completely. However, there are characteristic
signals of the product CH;0C(O)SSCN: CH;0C(O)SSCN™* (m/z
= 149), NCSSC(O)* (m/z = 118), and NCSS™* (m/z = 90). Similarly,
in the mass spectrum of CH3;0C(O)SSeCN, there are analogously
characteristic signals, CH;0C(O)SSeCN* (m/z = 197), NCSeSC-
(O)* (m/z = 166), and NCSeS™ (m/z = 138), which can confirm the
generation of CH3;0C(0O)SSeCN. The reaction route is illustrated
below:

CH;0C(0)SCI (g) + AgSCN (s) — CH;0C(0)SSCN (g) + AgCl (s)
CH,0C(0)SCI (g) + AgSeCN (s) — CH;0C(0)SSeCN (g) + AgCl (s)

The precursor CH;0C(O)SCl was purchased from Alfa Aesar, and
used without further purification after confirmation of its identity
by obtaining its photoionization mass spectrum. AgSCN was pur-
chased from Alfa Aesar. AgSeCN was prepared according to the
previous report”! by adding a solution of KSeCN to a solution
of AgNOj; in stoichiometric amounts. The precipitate formed was
collected by filtration, washed with water, and dried in a desiccator
under dynamic vacuum. Care should be taken to avoid exposure
to light. Before reaction, both silver salts were dried in vacuo
(1 X 10 Torr) for 2 h.

The photoelectron spectrum was recorded on a double-chamber
UPS-II instrument,®-3% which was specially designed for detecting
unstable species. The spectral resolution of the Hel spectrum is

Eur. J. Inorg. Chem. 2007, 4514-4519
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about 30 meV, when measured as the full width at half-maximum
(FWHM) of the 3p~! 2P,;3 Ar* < Ar (!S) line. During the experi-
ments, small amounts of Ar gas and CHsI were added to the sam-
ple flow, which were used to calibrate the experimental vertical ion-
ization potentials.

Quantum chemical calculations were performed for the investigated
molecules by the Gaussian 03 program package.[*] The structures
of all the stable conformers were optimized with ab initio and DFT
methods. Higher levels of theory were used to optimize the theore-
tically most-stable conformers. To interpret the photoelectron spec-
tra, ROVGF!3I calculations with the basis set of 6-311++G(d,p)
were performed to obtain the theoretical vertical ionization ener-
gies.

Supporting Information (see also the footnote on the first page of
this article): Drawings of nine MOs for the gauche (sp-sp) con-
former of CH3OC(O)SSCN, and drawings of nine MOs for the
gauche (sp-sp) conformer of CH;0C(O)SSeCN.
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