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Abstract According to calculations by timeependent density-functional theo(TD-DFT) the wine-

red color of the half-chair (f 1,2-dithiin () is mainly due to a one-electron transition between the
frontier orbitals These orbitals areharacterzed by local wo-center ©€ 1T bonds The symmetic
HOMO of the twisted structarl correlates with the fully delocalized HOMO of the planar reference
structure with G, symmety. The anti-symmetrical LUMO correlates both with the essentlatal-

ized o* (SS) of the LUMO and thr* of the LUMO+1 of the planar compoun@hus the domiaing
one-electron transitionfdl has sora 11— o* character in the terminology of the planar system with a
strong admixture of the anti-bonding combination of the CC bond orbitale w*{type LUMO. The
color of 1,2-dithiins are unique because of the simultaneous presence of a non-coplanar C=C bond
system and the SS bond. For the sake of comparison calculati@alseperfonedat ab initio levels

of theory (TD-RHF, SCI, EOM-CCSD and CASPTAIlthough the absorption avelengths are gindy
underestimated by SCI and TD-RHF the order and the nature of the witstt states are the same
as those foundybTD-DFT. The electrorexcitation of 1,2-dithiin is compared with that of 1,2-dithiane
(3). In addition, the structure and the mgetics of 1,2-dithiin are comped with 1,4-dithiin 4) and

thiepin 6).

Keywords 1,2-Dithiin, Molecular stucture, Electron delocalization, Electronic transitidime-
dependent density-functional theory

of maximal absption A ). The enegy at the absorption
maximum corespondspproximately to the calculatedev-
i ) tical transition energ Different quantunthemical models
Many ctromophores absorb light mostly due to a single abtaye peen aveloped to calculate electroniansitions at
sorption band in the visie region or to the tail into the non-empirical évels [1].
visible of a UV absorption ban_d. Experimental chemists A classifiction of electronic tansitions can fincipaly
generaly report spectral absorptions with theavelengths  pe gven by molecular state notations. One component is
the molecular symmetry of the ground andeketed state.
A clear interpretation of the electronic transitions in terms
Correspondence tal. Fabian of molecular substructes (NB-, LE-, and T-structures)
[2] is more dificult or impossibleat higher bvels of theoy.

Dedicated to PofessorPaul Raguévon Shleyer on the oc- However, as long as the theory is based on M®e orbital
casion of his 70birthday
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Table 1 Selected bond lengths R (in A) and dihedral an§iés degrees) for 1,2-dithiin1j calculated by RHF [a], DFT
[b] and MP2 [c]

R(C=C) R(C-C) R(C-S) R(S-S) 8(CSSC) 8(CCCC)
C2v C2 C2v C2 C2v C2 C2v C2 C2v C2 C2 C2

Vv

RHF 1319 1.324 1472 1470 1768 1.774 2108 2.064 0.0 49.6 0.0 26.1
DFT 1.342 1.348 1464 1460 1772 1782 2171 2110 0.0 49.5 0.0 26.2
MP2 1342 1351 1455 1448 1.754 1761 2.122 2.057 0.0 55.1 0.0 29.0

Exp. [d] 1.353 1.451 1.759 2.051 53.9 29.0
[a] RHF/6-31G*, cf. Fg. 2 [c] MP2(FC)/6-31G(2df,p)
[b] B3LYP/6-31+G(d,p) [d] MW-spectroscopy, see ref [19]

concept in molecular spectroscopy is valudBle The tran- of their antibacterial, antiviral, antibiotic and anti HIV ac-
sitions between electronic states may be interpreted, intigities [10]. Except for dibenzo[ce][1,2]dithiin and some re-
approximate way, in terms of one-electroansitions. This lated more highly annullated compounds, 1,2-dithiins dis-
concept is also applicable for the Hohenberg-Kohn-Shatay an absorption band of medium intensity in the visible
density-functional theory based on Kohn-Sham (KS) orbitalsgion between about 400 and 500 nm with molar absorption
[4]. Thus electronic excitations calculated by time-depencbefficients of about 100 chmmol! at the absorption maxi-
ent density-functional theory (TD-DFT) can be analyzed mum. Consequently, the compounds are yellow to violet in
terms of the KS one-electron transitions in notations first ioelor [9310b]. Thecolor of 1,2-dithiins led to some confu-
troduced by Kasha [5], suchmas 1, n(0) - 11, T- 0*, 0~ 0*  sion in the past. At first glance, the observed color suggests a
etc. However, this one-electron notation is only strictly agithione rather than a cyclic disulfide structure. Thus, the
plicable for molecules with a plane of symmetry. If the motjuestion was asked whether the open-chain valence isomer
ecule is not planar this classification is not valid. Then tli&)-2-enedithione? or its rotamers were responsible for the
one-electron transitions can no longer be described in twdor. The possibility of the presence of the tripletLajiv-
terms mentioned above. In these cases a pictorial presein@grise to the color has also been considered [11]. Experi-
tion of the MOs becomes important and essential for underental [12] and theoretical results [13], however, have un-
standing. Fortunately, useful programs for depicting MOs aquivocally confirmed the cyclic 1,2-dithiin structure. With-
now available, e.g. MOLDEN [6]. Ais program is used in out doubt, the origin of the color is due to the cyclic disulfide
conjunction with calculations using the GAUSSIAN prograrstructure. In contrast to the wine-red colored 1,2-dithiin (ab-
package [7]. sorption maximum at about 460 nm) the saturated 1,2-dithiane
To illustrate the analysis of the nature of electronic trangB) is colorless (290 nm) [14] as is the isomeric 1,4-dithiin
tions with the help of graphical representations, the twisté) (270 nm) [15]. Huisgen regarded the light absorptioh of
1,2-dithiin () is an informative example (cf. Scheme 1). Thas an enigma because “it conflicted with the chemical intui-
parent compound was synthesized by Schroth et al. [8] dimh for a cyclic conjugated disulfidg16]. According to
progress in 1,2-dithiin chemistry has been reviewed recerfiighroth, the color of 1,2-dithiin “presents even today a theo-
[9]. These heterocycles attract much current interest becaugtieal challenge with respect to the non-planar structure and
the absence of any classical chromophore” [17].
The cyclic half-chair structure df was first predicted by
MP2 calculéions [18]. The calculed geometrical param-

S—S S S S—S eters are in excellent agreement with the recent results of
<\ /> 7\ { N microwave spectroscopy [19]. Based on the MP2 structure,
— the lowest energy transitions were first calculated by the multi-

configurational approach known as CIPSI [20]. The results
1 2 3 of this study were promising and proved to be essentially
correct in view of our recent studies using other theoretical
models. However, the pictorial representation of the results

) S was limited that time.
[ ] | \ The aim of this study was to calculate the lowest-energy
_ transitions responsible for the color bandtbg TD-DFT
S method and to use KS-orbitals for interpretation of the re-
4 5 sults. In the search for an interpretation of the one-electron

transitions, the relevant MOs of twist&dire related to those

Scheme 1Formulas of the planar structure and of the corresponding saturated
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Figure 1 DFT-optimized molecular structures shown in 3D-representatia)st,@-Dithiin 1 (C,); (b) 1,2-Dithiin 1 (C,));
(c) Tetrahydro-1,2-dithiar8 (C,)

disulfide. For the sake of comparison, the resultatoinitio lecular geometry on the absorption wavelength justifies the
calculations were also performed and are discussed. neglect of additional structural data.
According to DFT as well aab initio calculations, the

CC bond length alternation of the plangy, tructure ofl is
increased and the CS and SS bonds are lengthened relative to
the half-chair G structure (cf. Table 2). Frequency calcula-
tions confirmed that the planar structure is a transition state
for ring inversion. Ring inversion is illustrated in Figure 2
using the intrinsic reaction co-ordinate reaction path. Simu-

. lation of the structural change shows that the sulfur atoms

HI& those most strongly involved in this transformation.

n spite of the large change in geometryl tie barrier to

Results and discussion
The structure of 1,2-dithiin

1. The cyclic disulfided and3 have G-symmetry. The two-

: . -
fold axis passes through the middle of the CC and SS s"]ﬂl? rsion is relatively low and amounts to 8.7 kcal -fat

bonds, which are opposite to each other in the SiX'membetrl%(fmore reliable MP2/6-31G(2df,p) level. The experimental

fing. . - AG* value of 3,6-bis(acetoxymethyl)-1,2-dithiin is about 8.0
. Selected geometrical data for 1,2-d|th|1r)'are collected kcal mot! [24]. The barriers for ring inversion of 1,4-dithiin
in Table 1. The results of the MP2 calculations appear m ﬁ% thiepin are also less than 10 kcal-dhe DFT calcu-

definitive. The geometrical data calculated with the 6. | . h L .
. . nergy for in-
31G(2df,p) basis set does not show much improvement Oatlginosnprobaby underestimate the activation energy fo

those formerly obtained with 6-31G(d) [18]. The more ex-

. ; . The planar structure is an anti-aromatit $/stem. The
tended 6-31G(2df,p) basis set is taken mainly to get MAfKti-aromatic electron delocalization is confirmed by the

reliable relative energies. DFT B3LYP/6-31+G(d,p) calculfﬁ : - ; i
. ; o cleus-independent chemical shift (NICS) analysis intro-
tions overestimate CS and SS.bond Iengths. This is a w Hbed by Schleyer et al. [25]. NICS is the negative isotropic
known systematic error of DFT in calculations of compoun

Remical shielding at the geometrical center of the ring. NICS

with third row elements [21]. Although bond lengths in Su”u.(/'alues are usually calculated for molecules in the electronic

containing compounds calculated using this method are | qund state but may be also informative for transition struc-

?rOVIEd.Wi;h mfore ﬁxten(jztezd bas is selts \_/vithtr?dgig&r;gl fd' es of chemical reactions [26]. The NICS value of the twisted
- polarization functions [22] or by replacing the UNCT 2_dithiin is about zero«(0.3 ppm), indicating that this com-

tional with B3P86 [23], the relatively small effect of the mo[50und is neither aromatic nor anti-aromatic but rather non-
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Table 2 Barriers to ring inversion AE?) in kcal mot* and
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non-aromatic character dfis in agreement with the confor-

nucleus-independent chemical shifts (NICS) in ppm of som&tional criterion of aromaticity and anti-aromaticity [28].

sulfur-containing heterocycles

Compound AE* [a] NICS [b]
DFT [c] MP2[d] gauche planar
1,2-dithiin (1) 5.2 8.7 -0.3 4.9
1,4-dithiin (4) 2.8 4.9 -4.3 5.4
thiepin (5) 5.8 9.2 -1.3 12.6

Results of TD-DFT calculations

The TD-DFT method involves a linear response theory ap-
proach which focuses on the computation of discrete transi-
tion energies rather than on the computation of two states
explicitly and independently [4]. The TD-DFT program [29]
is included in GAUSSIAN 98 [7]. Correct oscillator strengths

[a] Very low barriers ford were found at lower levels of theory(f) are calculated only from veion A7 ofG98 [30]. The f-
see ref [42]. According to ref [43] the barrier Blamounts to values listed in Table 3 are based on the calculated transition

7.6 kcal mat ( QCISD(T)/IMP2/6-31G(d) )
[b] GIAO RHF/6-31+G(d)//B3LYP/6-31+G(d)
[c] B3LYP/6-31+G(d,p)

[d] MP2(FC)/6-31G(2df,p)

aromatic. However, the NICS value of plaria(C,) is no-

dipole lengths.

There are few TD-DFT calculated spectral data for or-
ganic compounds published yet [31]. Calculations involving
a series of about 60 sulfur organic compounds has recently
led to very promising results achieved with relatively low
computational effort [22, 32]. Surprisingly the spectral data
are not very dependent on the functional and on the basis set.

ticeably larger(5.3 ppm). This value corsponds to an Becke’s hybrid B3LYP functional [33] was employed in the
electronic structure of anti-aromatic character. The loss TP-KS calculations in this study in conjunction with the 6-
anti-aromatic character in passing from the planar to tB&+G(d) basis set. As shown in Table 3 the TD-DFT calcula-
twisted 1,2-dithiin agrees with the recent discussion of arfien provided a long wavelength absorption. 1,2-Dithiin is
aromaticity in terms of enerd27]. TheNICS value of the excited from the ground state of A symmetry to the lowest-
planar cyclooctatetraene transition structure calculated dyyergy excited state of B symmetry and to two higher-ex-
Schleyer et al., using the same approximation, is considgted stées of Aand B symmetry. The lowest energy-B

ably higher than that of planar 1,2-dithiin (30.1 ppm) [25{ransition is polarized perpendicular to the molecular axis.
This value indicates the strongly anti-aromatic character ofe lowest energy transition clearly causes the color. The
the planar & hydrocarbon. For comparison the NICS valuddgher-energy transitions obviously give rise to the near UV
of the corresponding planar transition structures involvedahsorption. In the case of the TD-DFT calculation the first

ring inversion of the boat-shaped 1,4-dithi#) é&nd thiepin
(5) were also calculated. The results Asted in Table 2.

two higher-energy transitions are close in energy.
The dominant one-electron transitions of twisted and pla-

Again, the planar structures appear to be anti-aromatic @ad 1,2-dithiin are depicted in Figure 3. As shown in the cor-
the more stable puckered heterocycles as non-aromatic. lHation diagram, the HOMO and LUMO of the twisted

Figure 2 Reaction path (in-
trinsic reaction coordinate)

and visualization of the inver- -948.764 4 Energy RHF/6-31G*
sion of the half-chair con- //-/"\\\
former of 1,2-d|th_||n through 948,766 - // \,
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LUMO+1 (b) LUMO+1 (by)
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Figure 3 Qualitative MO correlation diagram betweenresentation of the molecular orbitals. Symmetry of the MOs
HOMO+1, HOMO, LUMO and LUMO+1 of the twisted 1,2in parenthesis
dithiin (C,) and the planar 1,2-dithiin (£) and pictorial rep-
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Table 3 Lowest-energy transitions of the twisted 1,2-dithiig) (lculated by different theoretical models

Exp. [a] Transition TD-DFT TD-RHF CASPT2 CIPSI EOM-CCSD  SCI
[b.c] [b] [c.d] [e] [c.f] [b]

max )\
(loge) ®
452 B—A 488 357 538 405 391 345
(1.95) (0.003) (0.007) (0.001) (0.002) < 0.001) (0.008)
279 A-A 284 243 334 246 254 220
(3.30) (0.031) (0.03) (0.025) (0.064) (0.003) (0.048)
248 B~ A 260 223 296 239 223 235
(3.18) (0.025) (0.05) (0.032) (0.048) (0.013) (0.036)
[a] measured in CECl,, ref [44]; 451 nm (loge 2.88) in [d] B3LYP/6-31G(d) optimum geometrgmall ANO basis
cyclohexane, ref [8] set (without f-type functions), with a more extended ANO ba-
[b] Calculated with the MW geometry, ref [19] sis set second transition shifted to longer wavelengths
[c] an additional weak transition (B-A) of very low inten- [e] MP2/6-31G(d) optimum geometry, ref [18]
sity in the NUV region is omitted [f] 6-31G(d) basis set

1,2-dithiin are shifted to higher energies in going from tidOs of the saturated cyclic disulfide (see Figd)e The
puckered to the planar structure. The HOMO-LUMO gap HOMO in the last case is the symmetrical combination of
decreased. The one-electron transition from the HOMOtwo sulfur orbitals of the planar structure generally denoted
the LUMO of1 mainly contributes to the lowest-energy ele@s n+. The LUMO is the anti-symmetrical combination of
tronic transition (about 40%). This holds both for the twisteéle pr-orbitals of adjacent sulfur atoms directed towards each
and planar 1,2-dithiin. The MOs of the planar reference strather denoted by(SS)*. This is an accepted theoretical model
ture can easily be classified. The HOMO ist#ype orbital of organic disulfides [36]. Thus the lowest energy transition
while the LUMO is essentially of the (SS)*-type. The tran- of 1 is, therefore, also related to lowest-energy transition of
sition next higher in energy occurs from the HOMO to thhe type gs+ — o(SS)* of the twisted 1,2-dithiane.

LUMO+1. This is arert*-transition. Twisting ofl in passing What makes the chromophore of 1,2-dithiin unique? This
from the C- to the G-symmetry causes a strong change is certainly the presence of a perturizesystem in the HOMO
the HOMO from a fullyr-delocalized MO to an orbital whichof the twisted1 including the two sulfur atoms while the
displays localizedttype overlgs. Although theTt-notation LUMO, on the other hand, consists of the perturtredys-

is no longer valid for the non-planar compound, the HOM®m of the carbon fragment and t#{&S)*. The consequence
t-orbital of the planar compound may be considered as psra low HOMO-LUMO gap of the KS orbitals and a consid-
turbed in the non-planar compound and therefore is desggable increase of the gap in going from twisteélative to
nated by Tt in the following discussion. The energy of théwisted3. The HOMO-LUMO gap il amounts to about 3.4
LUMO changes more relative to the planar reference coeV whereas that i is 5.1 eV. The HOMO ot is lower and
pound. Theo*(SS)-character is no longer dominant in ththe LUMO higher in energy with respect to the unsaturated
LUMO of the twisted structure. Because of the reduced syoompound (see Figur®. Thereforethe first ionization en-
metry in the twisted structure and toatrmixing of the ref- ergy of 1 should be lower than f@ and, in particular, the
erence orbitals the LUMO df gainstt*-character. Thus the electron affinity should be larger than thaBimPAccording to
mixing of the MOs results in the lowest energy transition tie first ionization energies determined by photoelectron spec-
the twisted 1,2-dithiin boti§f — T{* and Tt — o* charac- tra the first ionization energy df (8.16eV) [37] actually in-
ter. creases in going frorh to 3 (8.37 eV) [38].

This interpretation is supported by the change of the bondThe relative low transition probability of the color-deter-
orders on excitioon. The Wberg SS bond index [34] of themining lowest-energy transition is due to the weak spatial
twisted 1,2-dithiin calculated by Weinhold’s NBO prograrmverlap between the frontier orbitals bf which are of dif-
package [35] decreases on excitation from 1.02 to 0.73, dmeknt symmetry. This can be most easily understood consid-
that of the planar compound from 0.98 to 0.50. The nodeeaing the planar reference compound (see Table 2). In the
the SS bond of the LUMO obviously is reflected in the r@lanar compound the lowest energy electronic transition oc-
duced SS bond strength of the lowest excited state. curs from the HOMO of a to the LUMO of -symmetry.

If the frontier orbitals of the twisted 1,2-dithiid)(and The transition between the ground and excited statpisA\B
the twisted 1,2-dithiane3] are compared, the delocalized&nd consequently forbidden by symmetry. When going from
frontier MO of 1,2-dithiin is related to the mainly localizedhe planard (C,) to the twistedL (C,)), the forbidden lowest-
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LUMO
u o - v
LUMO (b) LUMO (b)
HOMO
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HOMO (a) HOMO (a)
1,2-Dithiin 1 (Co) 1,2-Dithiane 3 (Cj)

Figure 4 Qualitative MO correlation diagram between thehe lowest energy transitions. Symmetry of the MOs in pa-
frontier orbitals of 1,2-dithiin and 1,2-dithiane (both)@nd renthesis
pictorial representation of the molecular orbitals involved in

energy transition becomes partially allowed. Therefore #f89]. The esults of the CASPT2 calculations on 1,2-dithiin
transition probability is larger than zero but remains low. (i, C,) confirmed that the electronic transitions are essen-
fact, the first absorption band afis relatively weak. tially single-electron excitations. Like TD-DFT the CASPT2
calculaion with 1 predicted a relatively weak long wave-
length transition in the visible remn. The tansition was again
Results of CASSCF/CASPT2 calculations of the symmetry B-A. The higher-energy transitions appear
at longer wavelengths than in the former CIPSI calculations

] ] ] ) but the nature of the transition is the same. The calculation at
CASSCF/CASPT2 is a multi-configurational approach angs high level ofab initio theory show that the results of the
much more expensivihian theTD-DFT calculation. In the Tp_pFT calculations are essentially correct.

complete active space (CAS) SCF method the full configura-
tion interaction defined by the active space is calculated first
[1c]. In the case of 1,2-dithiirl( C,) the active space con- -
sisted of four occupied MOs and six unoccupied MOs (CAgsults of TD-RHF, SCI and EOM-CCSD calculations

8-in-10). The CASSCF wave function is then used as a refer-

ence for second-order perturbation treatment (CASPT2) &s shown with the spectral data collected in Table 3, the TD-
cluding all inactive electrons. This method requires extende#iF [29] and SCI [40] theoretical models predict much too
basis sets. The oscillator strengths refer to the CASSCF wiawve absorption wavelengths. However, the analysis of the
functions. The calculation were performed by MOLCAS 4lbwest-energy transitions and of the MOs involved resulted




184 J. Mol. Model.2000,6

in the same assignment of the transition as in TD-DFT cal Ferences
lations. TD-DFT results are clearly superior over those of the

TD-RHFab initio method. The main reason for longer waver ; ) - ;

. : . . (a) Davidson, E. R.; McMurchie. L. E. Excited States
Ieng'gh absqrptlon of with TD-DFT relative to TD-RHF and ,g\c)ademic Press: New York, 1982: ol 5, p 1ff. (b) Stanton
SCl is, obviously, the low HOMO-LUMO gap of the KS or- 3 E: Gauss. J- I.shikawa N . Heéd-Gc;rdon.,Jl\/Chem '

bitals. It amounts to'3.6 eV; whereas, the gap is 9.7 eV for Phys.1995 103 4160. (c) Roos, B. Acc. Chem. Res
the RHF frontier orbitals. 1999 32, 137

Like CIS the more refined EOM-CCSD method [1b] ia (a) Baba, H.: Suzuki, S.; Takemura,JT.Chem. Phys
ba;ed on RHF orbitals but takes into account e;lectron (:orre-1969 50, 2078. (b) Fabian, J. Signal. AML978 4, 307.
lation by the coupled cluster method. Calculations of larger 1979 7, 67

compounds are not practical with the ACES Il package [4:5]. Wittel, K.: McGlynn, S. PChem. Revi977, 77, 745

The need for more extended basis sets exceeds the memo . . .
limits for the compounds considered in this study. The Calgj'riz'lsa?rygg,cile’\g/.evrv. IIDrE\? C%’iﬁﬁ%og? ?\]; le’ rnlggﬁ?;lggalpcge.m

lation with the double-zeta valence basis set resulted in an : i ; . ;
absorption at about 400 nm, which is 60 nm blue-shifted from Sciegklv-\ll-ﬂ’ei?%eofﬁg' HN'e\II:V"YSiStleé%Eg’ i/'c’”SlChpr%I;g;} I?b)R B
the experimental result. Again, the lowest-energy term levels Cho.r,lg D P IrEnC)}cIopedia o,f Com.r,)utatio7nal Chefnis-
are the same as those found by the other theoretical modelst.ry_ Sc,hle.ye.r P. v. RAllinger, N. L.; Kollman, P. A.;
However, the electronic transitions cannot be interpreted byCIérk T Scr’lae.fef H’ E- Ga,steige.r’ 3. Schréinér P R

the EOM-CCSD calculation with the ACES Il program. Eds., Wiley & Sons: New York, 1998., Vol 1, p 664ff, and

references therein.
5. (a) Kasha, MDiscuss. Faraday Sod95Q 9, 14. (b)
Conclusions Suzuki H. Electonic Absorption Spectra and Geometry
of Organic Compound#cademic Press: New York, 1965,

TD-KS andab initio calculations have essentially confirmed P S37ff. }

the results of the former CIPSI study. According to the cald®- MOLDEN Rel. 3.5; Schaftenaar, G., Nijmegen, 1999.
lations the color band of the half chair,(@,2-dithiin is due 7- GAUSSIAN 98, Reision A.7, Frisch, M. J.; Trucks, G.
to the lowest energy excitation to an electronic state of B- W-; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A
symmetry. The transition is predominantly of HOMO-LUMO Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A.,
character. According to the graphical representation of the Jr; Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam,
HOMO and LUMO, the twisted 1,2-dithiin exhibits frontier ~J- M.; Daniels, A. D.; Kudin, K. N.; Strain, M. C.; Farkas,
orbitals with local two-centem-bonds. Reference to the pla- O~ Tomasi, J.; Barone, V.; Cossi, M.; Cammi, R.;
nar 1,2-dithiin facilitated the interpretation of the composi- Mennucci, B.; PomelliC.; Adamo, C.; Clifford, S.;
tion of the frontier orbitals. The symmetric HOMO is a dis- Ochterski, J.; Petersson, &.; Ayala, P. Y., Cui, Q.;
torted TeMO of the planar compound. The anti-symmetric Morokuma, K.; Malick, D. K.; Rabuck, A. D.;
LUMO, however, is related to the two unoccupied MOs of Raghavachari, K.; Foresman, J. B.; CI.OS|OWSk'I, J.; Ortiz,
the planar compound: the lowegttype orbital and the anti-  J- V.; Baboul, A. G.; Stefanov, B. B.; Liu, G.; Liashenko,
bonding SS bond orbital. The presence of the perturbed conA; Piskorz, P.; Komaromi, I.; Gomperts, R.; Martin, R.
jugated system and the disulfide bond brings about the unique-- Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng, C. Y.;
chromophoric system of 1,2-dithiin with a low HOMO- Nanayakkara, A.; Gonzalez, C.; Challacombe, M.; Gill,
LUMO gap. The chromophore of tlyauchel,2-dithiin dif- P. M. W.; Johnson, B.; Chen, W.; Wong, M. W.; Andres,
fers from that ofgauchel,2-dithiane in that the frontier or-  J- L.; Head-Gordon, M.; Replogle E. S.; Pople, J. A.,
bitals of the former are delocalized, whereas, the MOs of the Gaussian Inc., Pittsburgh PA, 1998.
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