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Mbwt-The pbotoekctron spectra of 12-thia(4.4.3lpropell-3-ene (1). 12-lhia[4.4.3lpropelM-ene-l2~xide (2). 
I2-lhia[4.4.3)propella-3$dk~e-l2~xi1k (J), 12-thia[4.4.3~opella-3,8dkne-l2dioxide (4). 12.thii4.43Jpropella- 
2,4-d&+12axide (5), 12_thieI4.4.3lpropella-2,4,7,9-tetraene-12-oxide (6) and 12-thia[4.4.3]propella-2,4,7,!Metraene- 
Itdioxide (7) have been investigated and the fint bands have been interpreted. For compounds 3 and 4 the 
en&-a& conformation could be excluded. For 6 and 7 the intezaction of the hvo butadiene moietks is of the 
same order as that of the w-orbiis in norbornadkne. The ekctronic structure of 3 and 4 allows us to rationalize 
and to predict the dirwtion of the addition of cations and carbenes. 

Polyenic propellanes are used as suitable models in the 
study of the stereochemistry of cycloaddition reactions 
and the interaction of semilocalized r+rbitals.‘” In 
connection with model calculations concerning the 
cycloaddition reactions of N-methyl and N-phenyl-tri- 
axoline-2,Sdione to the propellanes 6 and 7 we have 
studied the He(I) photoelectron (PE) spectra of these 
and related compounds. This investigation has been 
undertaken to obtain the sequence and energy of the 
highest occupied molecular orbitals (MO’s) of the pro. 
pellanes. This information is essential in the discussion 
of the reactivity of these compounds. 

Here we report on the He(I) photoelectron (PE) 
spectra of I2 - thi44.4.3lpropell- 3 - ene (1). 12 - thiaI4.4.31 
pmpell - 3 - ene - I2 - oxide (2). 12 - tbiaI4.4.3Jpropella - 
38 - diene - 12 - oxide (3), 12 - thiaI4.4.3jpropeBa - 38 - 
diene - I2 -dioxide (4). 12 - thi44.4.3&rpeBa - 2_4 - diene - 
12-oxide(S),12-thiaI4.4.3]piopella-2,4,79-tetraene-l2- 
oxide(6)and 12-thiaI4.4.3lprop&-2,4,7,9-tetmene- 12. 
dioxide (7). 

Interpretation of the PE spectm 
The first ionization potentials of 1 to 7 are collected in 

Table I. To interpret these data we compare them with 
the PE spectra of related compounds. This procedure is 
adequate since the interaction of the SO or SOr moiety 
with the remainder is relatively small as far as the 
highest occupied MO’s are concerned. Our interpretation 
is based on the assumption of the validity of Koopmans’ 
theorem (- 0 = Iv,)? This theorem allows us to compare 
the measured vertical ionization potentials, Iv,, with the 
calculated orbital energies. 4. 

Strucrm of 4.4.3.pmpeflanes. To calculate the orbital 
energies we use current s&empirical models: the Ex- 
tended Htlckel (EH)‘, CNDOfl and in case of 1 the 
MINDO/3’ method. For these calculations the geometry 
of 1 and 7 in the gas phase is required. So far X-ray 
crystallographic investigations are available for two 
related propellanes, II.13 - dioxo - 12 - methyl - l2axa 
[4.4.3]pmpella - 3$ - dime (8)’ and Il.12 - dioxo(4.4.21 
propella - 33 - diene (9).9 In both cases the uw-ao con- 
formation has been found in the solid state. This pref- 
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Tabie 1. Vertical ionization potentials Iv, (in eV) for tbc compouata I to 7 (AU valuet in eW 

Compound tv.1 kgnmcnt Iv2 assignwot I”, aaa&nent IV1 aasigheot 

8.07 

8.52 8.50 
9.2 
8.71 
8.44 
8.7 

a’(n) 

a’(n) a’(n) 
bl(w-1 
a”(a) 
a’(n) 
82(u) 

9.06 

9.35 
;:5 
16.06 
8.56 
8.9 

E 
Ii0 
10.64 

r”(%) a’(wlo) 
h(rso) 
a’(w) 
a”(=) 

b&oJ 

9.70 
10.7 

9.9 
11.0 

a’(r+) 
ah01 

a%o) 
doso 

erenceoftheexo-exoconformationcanbeexpkinedas 
duetoasecohyorbitaliahctionbetweenthehigbest 
occupied MO (HOMO) and lowest lllWcupied MO 
(LUMO) of 8 ml 9 rcqmtivdy.” 

9 0 10 

Dreiding models suggest that in propelladknes shilar 
to 8 or 9 (e.g. 3 or 4) tbe -ringssbouklprefer 
the boat conformation. Besides the exe-exe boat con- 
formation (a) encountered in 8 and 9 two other con- 
formations, the ado-&o boat (b) and endo-exe boat (c) 
conformations seem quite likely. NMB studies on solu- 
tions of 3 and 4 reveal an equilibrium between tbe 
conformations b and c.12 

a b C 

exo-exo endo-endo 
boat 

endo-exo 
boat boat 

Our CNDOl2 calculations on 3 and 10 are in agreement 
with these results in so far as they predict only small 
energy dilferences between the conformations a, b and c 
as shown in Tabk 2. 

PE spcc?ro of 1 to 4. In the PE spectrum of 1 we 
encounter two bands below 10 eV (a at 8.07 eV and @ 
at 9.06 eV) ckarly separated by about 1 eV. The first 
band we ascrii to an ionization process from the sutfur 
3p orbital, the second band is due to the ionization out of 
the 7r*rbital of the ethyleoe fragment. Our assilpunent 
of the first band is consistent with investigations on 
several thiaethers” with a simikr number of carbons 
(pentamethyknesulfid shows a 6rst IP at 8.45 eV). The 

w r5 1.28 

108 J0 0.22 

S 

lob -9 0.0 

s 

1OC n 0.02 

ionization potentials recorded for 11 and 123”’ arc 
similar to tbc second ionization potential of 1. 

cb 06 
11 

IP, = s.o(l ev. 
IPg =@o 8V 

12 

IP, = 8.7 8V 
IPI - 8.9 eV 
lP.- 9.15eV 
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This comparison corroborates our assignment of this 
band to the ionization process from the a*rbitai of 1. 
MthIWSCllhptidmethodsust<ttOC8kUlatCtbeOhi- 

td energies support our assignment. The prediited 
energy difference c(n) - c(o) for 1 is: 0.35 eV according 
to EH, 1.41 acc&ing to CNDO/2 and 0.30 according to 
MINDo/3. 

The relatively low ionization potential for the 3p lone 
pair is due to a spatial interaction between the 3p lone 
pairandthea~rbitaIasb&atedinFii 1. 

T T/a 

Q QY 9 
Fiil.Qualitativeinterectiondiagrambctwemtbc3ploncpaif 

onsulfuradthc r-orbitalia 1. 

The PE spectrum of 2 exhibits two peaks below 10 eV. 
TheratiooftheareasbelowthetwopeaLsleadsusto 
assign the first peak to one ionization process and the 
second one to two. In analogy with 1 we assigu the first 
peak to hization from the lone pair on the S atom. The 
second peak is due to ionization out of two n-orbitaIs 
localized mainly in the C-C double bond and in the SO 
bond, respectively. This assignment is supported by 
recent investigations of alkylsulfoxides’l’ as shown 
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IP,(eV) Q 8.77 (ns) IP,(eV) = 8.80 (ns) 
IR(ev) = 9.75 (mcl) IPp(ev) = 9.89 (%o) 

below. Both examples show ionization potentials which 
aresimilartothoseof2.Ackardeterminationofthe 
sequence of the second and third band, u, PSO or oice- 
uerso, is not possible due to the strong overlap of these 
bands. EH caIcuIations favour the amignment given in 
Table 1, CNDO/2 predict ?rso on top of ar-olefin. The 
main dilIerence between propellane 2 and propeIlane 3 is 
the presence of an additional II bond. According to 
experience”” withPEspectraofokflnstlteintroduction 
of an additional P bond wiIl lower the center of gravity 
of the basis orbital energies by about O.lSeV. From 
experience with other propelhums’ and related nmk- 
cules” we expect for tlm exe-exe conformation of 3 a 
split of about 0.3 to 0.6eV between the two linear 
combinations a+ and u_, as defined below 
and 12). With this estimate we assign bands 

7r- = l/V2(lr.- n.) 
7rTr = 1 /t/2( vr. + n,) 

due to the ionization out of a- and P+ orbitals respec- 
tively. The assignment of bands a and a is straight- 
forward. The values are very close to those recorded for 
ns and us0 in 2 (Fu. 2). A further conlirmation of this 
assigmnent is given by comparison of the PE spectrum 
of 3 with 4. In the latter case we expect the lone pair on 
the sulfur center to disappear while the split between ‘A- 
and u+ should remain constant. This is exactly what is 
observed (Fig. 2). The results of semiempirical cal- 
cakuMonsoftheCNDO/2andEHtypeon3and4 
adopting the aw-ew-, en&-exe and aldo-aldo con- 
formation,areinagreementwithtbeseargtunents.Inthe 
enffo-endo conformation both r&hods nredict for 3 a 

considerable spaca intemction of tie iv0 u- 
orbitaB,butthisisnotobserved.lEeorbitalenergies 
pred&dforthe aw-QO and auf&a0 conformationsare 
very similar. PE spectroscopy is notabk to d&t&ate 
betweenthetwoumformations. 
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Fig. 2. Comlation of the Ant bands of the PE specba of 1 to 4. 

We assign bands @ and @ of 4 to orbitals mainly 
localixed on the sulfone group. For the simplest known 
sulfotm, dimethyl sulfone, the llrst four bands, cor- 
responding to the highest occupied MO’s, were assigned 
to 4b,, &, 6a, and ?.a*.” These four orbitals are shown 
below. The MO’s 4b1 and 2a2 are of u-type, 4& is the 

ib, 

antisymmetric linear combination of the oxygen 2p orbi- 
tals and 6aI can be considered as an S-O .u-orbital. 
AcunGtg to an EH calculation the a1 orbital is predicted 
to be above b. This is due to a strong interaction of a, 
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with the u-frame. The assignment of bands @ and @ is 
thus b, and a1 as given in Table I. 

PE spectm of 56 and 7. Common to 5.6 and 7 is at 
least one butadiene r-fragment. A comparison with the 
PE spectrum of l4.4.2Jpropella - 2.4.1 I-triene (l@ leads 
us to expect the ionization potential corresponding to 
a”(r) of the butadiene part of 5 between 8 and 9eV. In 
accord with these expectations we assign the first band in 
the PE spectrum of 5 at 8.74 eV to a”(r). In 6 and 7 there 
are two butadiene units present. Our reference 

/ & 
13 

/ \ dl \ / 
14 

compound will be 14. From the comparison 13 to 14 we 
expect for 6 and 7 compared with 5 a split between r(a,) 
and a of about 0.4eV and a slight increase in the 
center of gravity. This leads us to assign the second and 
third band of 6 (see also Fig. 3) and the first and second 
band of 7 as due to ionization events from ax(v) and 
bz(n). The measured split of 0.2 to 0.4 eV corresponds to 

eD eD 

a2 b2 

a resonance integral between the homoconjugating 2p 
atomic orbital of B = - 0.2 to - 0.4 eV. This aqrees with 
values derived for 14 (B = - 0.4eV) , bicy- 
clo[2.2.2]octadiene (B = - 0.3 eV) and ci.r-ci.r-&1,4,7,- 
cyclononatriene (0 = - 0.6 eV).” In the. PE spectrum of 
6 the first three bands are strongly overlapping, therefore 
the values given in Table I are afiected by an error of 
ca. 2 0.1 eV. We assign the first band in the PE spectrum 
of 6 to an ionization process in which the electron 
vacates the sulfur lone pair since the corresponding band 
in the PE spectrum of 3 has a very similar value. 

In analogy to 2 and 3 the fourth band in 6 is assigned 
to the ionization out of a aso orbital. A comparison 
between the PE spectra of 5 and 7 with the spectrum of 4 
suggests assignment of the second and third band of 5 
and the third and fourth band of 7 to ionization events 
from bl(nsO?) and a,(u& orbitals, respectively. 

Concluding marks 
The analysis of the PE spectra of the propellanes 1 to 

4 reveals two important corollaries concerning their 
structure and reactivity. 

(I) For the propella3.8dienes 3 and 4 our results are 
only compatible with either an exe-exe boat confor- 
mation or an uo-endo boat conformation in the gas 
phase. This finding is supported by semiempirical cal- 
culations (Table 2). 

(2) The orbital sequence derived for 1 allows us to 
rationalize and predict the direction of electrophilic ad- 
ditions to the double bond in 1 and related species lihe 
13. To put forward our arguments we consider tbe MO 
which is mainly P in character. This is the second 
highest occupied orbital for 1 (Fig. 1) and the HOMO for 
l5.IntheHOMOof15therorbiiandtheporbitalon 

X 
ryn J4 mt 

15: X = 0, NCHI 

the oxygen are out of phase (negative overlap cf Fig. 4a). 
In the second highest occupied orbital of 1, however, the 
r-orbital and the p orbital on sulfur are in phase (Fig. I). 
Consider now the transition state arising from addition of 
a carbenium ion “syn” or “anti” to the bridge (see 
above). The “syn” transition state of 15 shows additional 
stabilization (Fu. 4a) due to the in-phase overlap of the 
empty p orbital of the carknium ion with both fragments 
of the “u” orbital. In the case of 1 the interaction 
between the “11” orbital and the empty 2p orbital of a 
carbenium ion does not lead to a similar stabilisation due 
to poor overlap. 

I I 1 

9 9 lil n LR (.v) 
Fi. 3. Ccrrelation of the first baods of the PE spectra of 5 to 7. 

Fia. 4(a). Schematic representation of the phases in the HOMO 
oflSaodacheaiumioaaddhgtotbcdoubkbood. 
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Pii 4(b). !Mematic rqrcsentation of the phases in the HOMO 
of 1 and a cartcnc oddms to the doubk bond. 

Foracarbcwdditionto1or15anunsymmctricd 
transition state is predicted.ao Here a secondary orbital 
effect is operating only if the fragment orbitals interact in 
a bonding mam~er as realized in the. “B” orbital of 1. A 
possible transition state for a carbene addition to 1 is 
shown in Fig. 4(b). OUI argumentation is in line with 
experiments carried out by Ginsburg et (11.2’ They found 
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in cpoxidation of 15 (X=N-CHd pr&mtimUy the syn 
tmxludFortbcetha1S(X=O)theRtiosyn:mtiis 
1:1,“Foravbenesitwasf~that15~=~e)~ 
more anti thBn SynP 

~~rn~u~l~7we~p~~~~~~~ 
criptionsinthel&aturc.~ThePEspectrswererecadedona 
PS 18 phomekctmn spectromcta UMin-Blmu Ltd., Bei+ 
constkld) equipped with a heated probe. Tht rec&ng temp. 
was 80-1109 The spectra were ca&mtaf with argon lrad a 
n3olution of about 20 meV on tbc argon lii w8s obtain&. Each 
spectrum wan recorded several times to ensue the rtpmduct 
bility of tbc results. 
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