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Abstract—The method of conjugative interruption in conjunction with the CNDO/S and an ¢b initic method is

applied to cyclopropene, ¢

thiirene 1-oxide, and thiirene 1,1-dioxide. Thereby

yclopropenone, cyclopropenthione,
mmmmm.mamccmm,,c-o CsS, S=0, and SO,) subunits are
mlyzduwennmimemunmmemmmm&u the

the results of both methods basically differ (as to the sign of the aromaticities, or the splitting pattern of two
interacting orbitals) it can be traced back to the zero differential overlap approximation made for the valence
electron procedure. In addition, the paper presents the first ab initio data on cyclopropenethione, thiirene 1-oxide,

and thiirene 1,1-dioxide.

Chemists frequently use concepts such as inductive,
conjugative, and steric abilities, orbital interactions, and
aromaticity in a purely qualitative sense. To improve the
situation we have been recently much concerned with
smdymcasmplctheoreuedmcthodfor?_mufmthe
effects associated with these Preceding
appﬁuﬁomoftheptocedmhnvebeendonemthe
framework of valence electron methods. In this paper we
proceed to apply an ab initio method. We compare in
detail ab initio and valence electron results.

The methods are exemplified for the intriguing series
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of molecules: cyclopropene (1), cyclopropenone (2),
cyclopropenethione (3), thiirene 1-oxide (4), and thiirene
ll-dloxlde(S).'lhuesyswmsmqmrelevmto
aromaticity considerations. We present new aromaticity
scales and define the positions of 1-5 on these scales.
Furthermore, the relative inductive and conjugative abil-
ities of the CH2, C=0, C=S, S=0O and SO. groups are
evaluated. These data are backed by from pe

findings
studies’ on the diphenyl derivatives 6-97* of 1-4 and
methyl and dimethyithiirene 1,1-dioxide (11 and 12).”

AAALX

The main valence electron procedure chosen is the
CNIX)ISmethod"extendedtothemondrow"Theab
initio calculations are performed using the program
POLYATOM."” Extended basis setsof double-{ quality
were used for H (3,1),"" C, O (3,3,2,3:3,3)* and near
double-{ quality for S (4,43.3; 4,3,3).”" In addition d
polarization fnneuom were included for S.2 The
geometry of 1,2 2 7,7 8.2 97 and 167 is experiment-
ally known. For § the structural data of 127 were used
and for 3 and 4 those of 8 and 9. The coordinate systems
chosen are specified—where necessary—in Figures or
Tllustrations throughout the paper.

Orbital interactions

Let us start defining the various sorts of model inter-
actions between M (CH;, C=0, C=S, S=0 and SO-) and
C=C that we have to take account of when interpreting
the results of our approach. What we do first when
applying our procedure is a full SCF calculation on any
ofthesystmlto!undusmdy Thereafter we interrupt
= conjugation between C=C and M and perform a
second “SCF” calculation. The orbital energies of both
calculations differ. We define the energetic effect of M
on the = orbital of the C=C unit in the interrupted case
as the inductive effect of M (abbreviated throughout the
paper as effect A). It summarizes all the influences that
the charge polarized group M may exert through the
intact o system or directly through space on the wc.c
orbital.

Passing over from the  interrupted to the = coupled
case, orbitals of appropriate symmetry of both subunits
start interacting to form molecular » orbitals. Simplify-
ing here we distinguish three cases: interaction between
the occupied wc.c orbital with orbitals of M
(leading to an energetic efiect that is unfavorable and is
designated throughout the paper as effect B), interaction
between the filled wc.c orbital and vacant orbitals of M-
MNIMNWMWMMC),

and finelly interaction between the vacant w&.c orbital
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and filled orbitals of M (which is energeticaily favorable
again and is abbreviated as effect D).

The orbital energies in the conjugatively coupled and
decoupled cases are arranged in interaction diagrams.
The wec energy in the interrupted cases is indicative
of the inductive effect of M when compared to the woc
energy of a suitably chosen reference compound as
etl:ylene or conjugatively decoupled cyclopropene (for a

full discussion of this point see later sections. The
energy changes that occur for the coupled orbitals when
referenced against the uncoupled localized subunit orbi-
tals directly indicate the strength of conjugative inter-

As mentioned above energetic effects (affecting the
total molecular energy) are connected with all three
types of conjugative orbital interactions. Additionally,
interactions of types C and D lead to a transfer of »
charge from C=C to M or in the opposite direction,
respectively. Both effects are readily available by
considering the total energy and the = charge dis-
tribution in the coupled and decoupled cases. We refer in
this paper to the energetic effects determined in this way
as conjugation energy or aromaticity (for a full account
on this point see a later chapter). If a sizable » charge
transfer in either direction (from C«C to M or vice versa)
occurs either geometrical changes (see a later chapter) or
secondary changes in the orbital energies as a result of
the = charge transfer (eflect E) become possible. Some
consequences of the latter effect will be discussed
throughout the paper. It reminds us of the model charac-
ter of our effects A-E which means that they are not
strictly separable. They are interdependent. Nonetheless,
it is our experience that their mutual influences are, as a
rule, much smaller than the effects themselves. There-
fore we are permitted to interpret calculated interaction
diagrams in terms of effects A-E and in addition to
believe in the reliability of the predicted conjugation
energies (aromaticities) and « charge transfer data,

We now present the calculated interaction diagrams of
1-5 and analyse the orbital interactions in terms of
conjugative effects B-D and their immediate
consequences as = charge transfer and conjugation
energy. The inductive influence of M (eflect A) will be
separately discussed in a subsequent chapter.

Cyclopropene (1) and cyclopropenone (2)

Figures 1 and 2 display the CNDO/S and ab initio
orbital interaction diagram for cyclopropene (1) and
cychpmpenone(Z)(thewhdbarmutheC—Chonds
in the sm)cmnl formulas symbolizes conjugative inter-
ruption). ™

Forlwelnvemcomﬂerthe(hyper)commve
interactions between woc and wcu, (eflect B) and ad-
d!uomﬂybetweenrc‘:andt&,(‘edc,mtethtﬂn
star indicates as usual a vacant orbital). Due to the
practically symmetric splitting between woc and wcw,
andthennyemgychnaeofv&n,mtheCNDOISme
we must conclode that the stabilizing effect C (which
determines at the same time the » charge transfer and
the aromaticity of 1) is rather unimportant for 1. As judged
fmmther&.,othmlemychmaenﬂwedbycon-
jugation in the ab initio case a bit more aromaticity and
« charge transfer is to be anticipated for 1 (eflect C). But
the most prominent difference between the CNDO/S and
ab initio calculations pertains to the interaction of the
occupied orbitals (eflect B). In the ab initio case the
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Fig. 1. CNDO/S and ab initio interaction diagrams of the
respective orbitals of the CoC and CH; mnits of cyclopropene.
The orbital energies prior to interaction are those obtained when
the » conjugstion between both subunits is interropted. The
interruption is symbolized by a dash across the C-C bonds. The
highest occupied and lowest unoccopied (s) orbitals are
classified in terms of their respective nature (v, o of 1), the
subunit where they are localized, and the symmetry species of
the point group that the molecule under study belongs to.
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Fig. 2. CNDO/S and ab initic interaction diagrams of the
respective orbitals of the C=C and C=0 units of cyclopropenone.
For further explanations, see caption to Fig. 1.

antibonding combination of xoc and xcg, is much more
destabilized than the bonding one is stabilized.

This behavior is clearly anticipated from overlap
considerations. The CNDO/S method neglects overlap
(zero differential overlap approximation) and therefore
predicts necessarily and wrongly a symmetrical splitting
pattern for two interacting occupied orbitals. The ab
initio treatment is free from such a serious neglect and
leads therefore to the correct splitting pattern.

Regarding the wc.c, #o.0 80d 785 localized orbitals
of 2 the obtained interaction pattern is qualitatively
similar as between the corresponding orbitals of 1.
Quantitative differences, however, occur as a
consequence of the differing relative energies that these
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basis orbitals have in 2 as compared with 1. Thus both
the interactions between #o.c and wc.o (effect B) and
between wo.c and w8, (effect C) are much stronger
leading us to expect 2 to be much more aromatic than 1
and experiencing a sizably higher » charge transfer from
C=C to C=O than 1 from C=C to CH,. In addition the
extremely unsymmetrical wc.c/mc-o splitting pattern is
noteworthy for the ab initio case.

As mentioned above the # charge transfer from C=C
to M is directly related to the stabilizing interaction
between the wo.c and wae orbitals and thus is a useful
measure of the tendency of 3-membered ring systems to
exhibit a partial (aromatic) cyclopropenylium structure. It
can be further expected that the o charge transfer varies in
accord with the amount of conjugation energy. These
quantities along with the calculated pattern of atomic
charges (printed on the atomic positions of the structural
formulas shown), the dipole moment, and its change
caused by conjugative decoupling are gathered in Fig. 3. In
Fig. 3 as in any following figure of the same variety the first
numbers give the CNDO/S values and the second ones
(separated by semicolon) the ab initio counterparts.

The good agreement between the CNDO/S and the ab
initio data in Fig. 3 is quite noteworthy. Note, however,
the difference in magnitude and sign between the
CNDO/S and ab initic conjugation energies.

The discrepancy is again a direct consequence of the
different treatments of overlap by the CNDO/S and ab
initio procedures. The valence electron methods
(through their neglect of overlap) lead to symmetrical
orbital splittings (see above) implying that an interaction
between two occupied orbitals yvields no net energetic
effect. On the other hand the ab initio procedure takes
full account of these effects 5o that finally the ab initio
procedure counts all destabilizing (elfect B) and stabiliz-
ing (effect C) effects. If the destabilizing interactions
produce larger effects than the stabilizing ones the resul-
ting conjugation energy is positive (as it is for 1 and 2
and also for 3-8 the case). Then lower positive values of
the conjugation energy imply higher aromaticity. The
CNDO/S method only counts the stabilizing interactions

(eflect C) and leads therefore necessarily to negative -

conjugation energies. The more these energies are nega-
tive the more the systems studied are aromatic.

Cyclopropenethione (3)
F':s:m4and53howtheCNDOISandabmuio

interaction diagrams, both in an sp and spd basis, for

cyclopropencthione (3).>* As it can be seen, the sp and

+12; +316
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Fig. 4. CNDO/S interaction diagram of the respective orbitals of
theC-CndC-Smofcychptmnethnne.Themuluoftwo
calculations are presented, one performed using an spd basis
(meaning that d orbitals on sulfur are considered) and the other
using an sp besis. For further explanations, see caption to Fig. 1.

spd basis produce nearly the same orbital encrgies
conﬁmin;thaxthedAOsondivalentsulfmatomsm
negligible. What is further remarkable is the near
deaeneucyofthero.candtc.gorbmlsmulungma
strong interaction (eflect B) and moreover
dnetothelowemgyofra.,manupecnllyeﬁcwnt
stabilizing interaction (eflect C). The latter type is
responsible for more charge transfer and more aromati-
city for 3 than for cyclopropenone (2). The latter data are
collected in Fig. 6. The data of Fig. 6 further reveal that
the major part of the dipole moment of cyclopropen-
thlonelsduetotherchametmnsfermdtlntthe
lowermgmtohlewxydnetomlwonofdorblmson
sulfur is rather low considering the corresponding
lowering in thiophene to be —41.81 kcal/mol (CNDOJS) or
—46.94 kcal/mol (ab initio). There is a general agreement
mhm:mthumemlphwdabmhmthwphmm
be neglected
The ng orbital in cyclopropenethione (3) just as the ng
orbital in cyclopropenone (2) (see Fig. 2) undergoes a
rather dramatic shift upon switching on conjugation. At
first brush, this is surprising since the conjugative status
of the lone pair orbitals has not been changed by execut-

+57; +M
Dipole Moment 0.47; 0. L% A o
ADipole Moment 0,16 ; 0,05 L2 268 O
RCharge Transter  10; 60 007w 20, 0 a0y
Conjugation Energy +3.95 ; 78.63 calimol) 42,05 4188 wcalimols

Fig. 3. Electrc (charge densities, mu&mmm&hfm&sm%mﬂ
Adbokmm&cchwmthedpobmdmwm w charge transfer) and energetic

(conjugation coergy) quantities obtained for
procodures.

using the CNDO/S and ab initio

TthNDOISmniumaluy:Mhn(h left to the semicolon), and the ab initio data follow
{right to the semicolon).
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Fig. 5. Ab initio intecaction dingram of the respective orbitals of

the C=C and C=S uaits of cyclopropenethione. The results of two

calculations are presented, one performed using an spd basis

(meaning that the d orbitals on sulfur are included in the basis)

and the other using an sp basis. For further explanations, see
caption to Fig. 1.

ing # coujugative manipulations. The nature of this
effect is, however, easily understood. Due to the high »
charge transfer (see. Figs. 2 and 6) from C=C to M and
the fact that the charge which accumulates on M mainly
accumulates on the heteroatoms, the nuclear or core
charge of O or S is more effectively screened so that the
respective lone pair orbitals are pushed up. In a preced-
ing section of this chapter we referred to this effect a3
secondary effect caused by charge transfer (effect E). It
lmbeenprevnouslydetnctedmapemdnmr:mdyof
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gndtheS-Ow type: the bonding ws.o(1) and antibond-
m;r..o(z)orbualsmdtheflddn).mmnmcmny
pure sulfur d orbital. In addition we have the wouc

;

substituted cyclopentadienones.® (symmetry a') and w8&.c (symmetry 2" orbitals. It is
notgworthy that four calculations (ie. CNDOJS, ab
Thiirene 1-oxide (4) . initio, both in the sp and spd basis) predict the same
Figure 7 presents the CNDO/S orbital interaction sequence of orbitals.
SP-Basis SPD-Basis
- -10
17 -1
s
;4
Digole Sement 18 58 O
4 Digols Mement 18; 58 o
EChrpe sy 39 ; M0 a0
Conjupstion Energy  -55.19; 0.3  Scalimon
Atgigp A7.42; <300 fcatineld

Fig. 6. Electric (charge deasities, printed at the respective atomic positions of the formulas shown; dipole moment;

A dipole moment, i.e. the change in the dipole moment dwe to conjugation; » charge

transfer) and energetic

{conjugation eoergy, AE,, .0, ie. the change in total encegy due to inclusion of the sulfur d orbitals) quantities
obtained for by use of the CNDO/S and the ab initio methods and an sp and an spd busis. The
CNDO/S results are always printed first (ic. left to the semicolon), and the ob initio data follow (tight to the

).
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Fig. 8. Ab initio interaction diagram of the respective orbitals of
the C=C and S=O units of thiirene 1-oxide. The results of an spd

and an sp calculation are shown. For further explanations, see
caption to Figs. 1 and 9.

-008d,, -009dy; -08tdy,
Mdﬁf%&ﬂd[_}%.oﬂdgf
a, ng a’, ng .

a' & 1)

a, tc.c
Pg. 9. Highest occupied

o) K.2

il ol

2987

Looking at the energies of the orbitals after interaction
relative to the localized subumit orbitals we detect an
interaction between the occupied &' orbitals. This inter-
action can be classified as hyperconjugative and is
destabilizing (eect B). In addition, there is a stabilizing
hyperconjugative connibunon by mixing into the oc-
cupied a’ orbitals the o3-o(dy) orbitals (elfect C). The
latter type is responsible for x charge transfer from C=C
to S=O and part (presumsably the major part, see below)
of the stabilization of 4.

Moreover in this molecule, there is—different from the
situation in 1-3—an interaction between the =8 orbital
androrbmhofs-Opouihle(dedD)'l‘hstypeof
interaction can be considered as spiroconjugative™*

becoumpouibleforthmcnell-dmnde(s cf the
subsequent section of this chapter) and the results with
regard to aromaticity will be discussed in full detail in a
later chapter.

There are several indications that the sulfur d AOs
Phy.conmrymthecydopropeneth:one(:i)use,anap-
preciable role mchemmlbondmgo(thmencl-oxﬂe(‘)
The orbital encrgies depend rather heavily on the d
orbitals (see Fig. 7 and 8).

Aceoldm;lythedorbmleonuﬂmnomtolbeofbmh
appreciable (see Fig 9). In accord with these
ﬂndina,thedipolemomentuuaedbycowtlon,m
the » charge transfer and conjugation energy or the
lowering of the total energy are rather dependant upon
the d orbitals on sulfur (Fig. 10).
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thiireas 1-oxide. The orbitals are classified in terms of the symmetry species of the point group Cs, of their

respective «, o or n natore, and of the molecular waits (C=C 'or S=0) where they are mostly localized. The vacant
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nombering thom. The coattibutions (CNDO/S atomic orbital coefiicients) of the
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Fig. 10. Electric (charge densities, printed at the respective atomic positions of the formulss shown; dipole
moment; A dipole moment, i.e. the change in the dipole moment due to conjugation; » charge tramsfer) and

encrgetic (conjugative energy, change in the total energy

due to inclusion of the d orbitals on sulfur) quantities

obamedtortbmeneI-ondcummCNDOISandabhiﬂomeMmﬂnspmdspdhﬂ.lnnﬂmthc
nombers printed first (i.c. left of the semicolon) give CNDO/S results and the subsequent numbers (printed right to
the semicolon) specify the ab initio valves.
Thiirene 1,1-dioxide (5) AB INITIO
The orbital interactions in thiirene 1,1-dioxide and the
implications with regard to aromaticity and charge SPD BASIS SP BASIS
transfer have been analysed in a preceding publication o BB
using the CNDO/S mothod.” We include here & modified \
CNDO/S interaction diagram (Fig. 11) in order to enable 1 N
mderstocomparenmththecormpondmz ab initio K T
diagram (Fig. 12).” The modifications pertain to_the i .
geometry (now the experimental geometry of 127 is I & .!8.\
used) and to including the additional b,, oso,(1) orbi- ’ >
tal. This orbital and the other six relevant SO, orbitals = \ e
together with the two C=C « orbitals are shown in Figg == . X% ¢
13. There are three #SO; orbitals and four o SO; orbi- >, [ @& &, 18 I8,
tals. Two of them, the a;, #30,(dy,) and by, oBofdy ) are & 1
vacant and practically pure d orbitals. @ -
Both diagrams (see Figs. 11 and 12) are in accord with w -1t -y wm
—_— ; A ~~:Biy,
CNDO/S ‘g -13¢ ai%‘:-‘-n% ;‘fg;;’:‘:%%m
D BASTS P B S| TR e, DN W
3} oa i \_:‘?&r%‘ . By
| ¢, - *
1 iy} -17 m/,’-‘m%,m b‘_m",ﬂ%m
E PN RS PR M T p »
s nllo o the, X X X X
ESI b4l __-lie,
> oMl _ 88y G .TE T TWem™' g 12 Ab initio interaction dingram of the respective orbitals
E’-nt L o BR of the C=C and SO, units of thiirene 1,1-dioxide, both in an spd
eI /3:‘““‘ ) Sl g, and an sp basis. For further explanations, see caption to Figs. 1
B 3 > i and 13.
2 | A% appreciable hyperconjugative interactions within the b,
S gl b-BE--"" ™' manifold of orbitals (destabilizing eflect B and stabilizing
! B P elfect C, where the latter one is connected with a »
gt BoERT charge transfer from C=C to SO2).

X X X X

Fig 11 CNDO{SMM-&MMM
of the C=C and SO, units of thiirene 1,1-dioxide, both in an spd
-ndmhuk.?utuﬁuuﬂn;;ﬁou.mapdoﬂoﬁu and

Just as thnrene l-oxide (4), thm'ene ll-dtonde *

mentioned hyperconjugative effect (ellects B plms C). To
this end we make two selectively decoupled SCF cal-
culations. In one of these calculations we interrupt con-
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obtained for the » decoupled CeC
1,1-dioxide. The orbitals are classified in terms of the symmetry
spocies of the point groap C,, of their respective ¥ or o nature,
and of the molecular units (C=C or SO,) where they are localized.
The vacant SO, orbitals are further characterized by adding the d
orbital that mostly contributes to them and the two oaq, orbitals
ohynnﬁryb, mndedkmﬁhbkbymbahum
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jugation between the two 2p, atomic orbitals on C=C
with the d,. orbital on S and with the p, orbitals on both
oxygen atoms (note that the orbitals are specified with
respect to the coordinate system shown in Fig. 13)
thereby selectively excluding the spiroconjugative
process. We can refer to these manipulations as a;
decoupling. The results of such a caiculation then reflect
only hyperconjugative interactions. In the other cal-
culation we selectively decouple conjugation between
the p, orbitals of C=C and the p, and d,; orbitals on
sulfurandthes.p, andp,abmlsontheoxygenatcms.
thereby mamma spiroconjugation but excluding hyper-
conjugation. We call this process b; decoupling.

The main outcome of these calculations is that spiro-
conjugation (effect D) is negligible relative to hypercon-
jugation (effects B plus C). The result does not only mean
that the orbital energies are little affected by spirocon-
jugation but also that the back transfer of charge from SO,
to C=C as a result of this type of interaction is only tiny (for
the data see Fig. 14) and that spiroconjugation energy
(spiroaromaticity) is really small relative to the hypercon-
jugation energy (hyperaromaticity).

The influence of d orbitals on sulfur on the electronic
structure of § is rather pronounced. This follows from
the comparison of the orbital energies calculated with
and without inclusion of the d orbitals on sulfur (see Fig.
#andlZ)andfromthevarionsquanﬁﬁesgatheredin

ig. 14.

Aromaticity

In the foregoing chapter we listed the calculated con-
jugation energies (aromaticities) and the « charge trans-
fer values® which are intimately connected with the
aromaticities for the system 1-8. In this chapter we wish
to discuss these values in more detail and to relate them
with the corresponding quantities of a typical antiaroma-
tic compound, cyclobutadiene, and on the other hand
with benzene, a typically aromatic system.

Figure 15 displays the ab initio and CNDO/S con-
jugation energies. If all the levels are taken relative to
the cyclobutadiene level, this diagram means that all

respective d orbitais are explicitly given. other compounds studied (i.c. 15 and benzene) are more
SP-Basis SPD-Basis
¢ -7 - ¢ 4N, -2
\5{:!: +1UN \[;9- +55
-50; - - -m
;W54 W e
Digole Mowent m; 8 o M, 58 O
Adigole Moment -0.0l; O.mM M oOM; 0B O
KCharge Transter 1: n aoMe w o, 0w
HprXchwgm Transr  6; @ 007w w ; = a0
Spieo R charge Transler 1, 4 aode a3 ao%w
Conjugation Energy 3. 0.6 Kool M R0 Gesbeed
Begpispn “R0.3; 20,90 Eealimoh

Fig. 4. Electric (charge densities, printed at the respective atomic positions of the formulas shown; dipole moment; A
dipole moment, i.e. the change in the dipole moment due to conjugation; « charge transfer; hyper » charge transfer, i.c.
the contribution to the » charge transfer due to hyperconjugation; spiro » charge transfer, ic. d\cmiuﬁmtothct

charge transfer due to spiroconjugation) and energetic (;

conjugition energy.
mwthenchanno{ﬂnemlfwdahlh)mow{wﬂml

, L.e. the change in the total energy
xide using the CNDO/S aad &b initio

procedures in an sp and spd basis. CNDO/S results are printed first (left $0 the semicolon) and the ab initio data follow
(right to the semicolon).
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initio and CNDO/S methods. The way of partitioning the =
systems of the molecule under study into » subunits is indicated
by solid bars.

aromatic than the reference system with benzene being
the most aromatic one.

The gross features of the ab imitio and CNDO/S
diagrams are quite similar: cyclopropene is predicted to
be the least aromatic system amongst the 3-membered rings
and cyclopropenone (2) and cyclopropenethione (3) are
indicated to be more aromatic than thiirene 1-oxide (4)
and thiirene 1,1-dioxide (8).

Only the aromaticities of the similar (concerning their
aromatic stabilisations) pairs of molécules 2 and 3 on one
hand and of 4 and § on the other come out reversed in the
ab initio case as to what is expected from the CNDO/S
results. On the other hand both the aromaticity orders (as
illustrated below) derived from the ab initio and

X Cherge Transter
€S> C0>S0, > SO>CHy
OIS MW 20 127 108 10 a0
dinile 39 20 25 200 & a0

CNDO/S charge transfer values concur and agree with
the CNDO/S conjugation energy order (cf the lower part
of Fig. 15). Therefore the CNDO/S energy order might
be preferable.

According to the aromaticity orders defined above
cyclopropenone is more aromatic than cyclopropene.
mspredwuonmatvamncemththemmeucmtemn
which leads to comparable aromaticities for both
systems.>* However in agreement with the predicted
sizable aromaticity of cyclopropenone is a recent nmr
meuurementoftherchamtnmfertromC-CtoC-O
in trans-2,3-di-n-propylcyclopropenone.” The philoso-
phy of this study is quite on line with our = charge
transfer criterion of aromaticity. Thus there is some
evidence that cyclopropenone is aromatic in its ground-
state and that its aromaticity is not just a particular
feature of its reactivity.*

H.-L. HASE ¢ al

Geometry

As shown in the preceding section the aromaticity of
molecules 1-8 implies » charge transfer from C=C to M.
As a result the C=C bond is weakened and the C=C bond
clongates. Using the cut off method in connection with
the MINDO/3 technique’' and the Davidson-Fletcher-
Powell method™™™ the corresponding bond length
changes (i.e. due to aromaticity) can be easily predicted
(see 13-18 below). As the data indicate conjugation both

INEC
1317

1308
13 1%

0 0
1% un
1443 1504
130 139

known we consider instead the C=C bond lengths of
dlphenyldenvnuvest-lo In this series only
data of 6 are unknown. We estimate the

FES

and thus 0.017 A longer than the experimental

For 6 we calculate the C=C bond distance to be mssk
Correcting this value by 0.017 A we finally arrive at 1.336 A
for the “‘experimental” C=C distance of 6 (for a summary
of the data see 19 and 20 below).
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Fig. 16. 2,3-Diphenylthiirene 1,1-dioxide, 2,3-diphenylcyclopropenose, 2,3-diphenyicyclopropenethione,
2,3-diphen;

dipheaycyclopropene, and

> 0Me > OBSe colculated

A A

1568 > 15Ka

1.2-

yithiirene 1-oxide in the order of decreasing C=C bond length (i.c. series A),

cyclopropenone, thiirene 1,1-dioxide, thiirene 1-oxide, and cyclopropese in the order of

dropping » charge tramsfer from C=C to M (ie. series B), and thiirane 1,1-dioxide, cyclopropanose, cyclo-

propanethione, cyclopropane, and thiirane 1-oxide in the order of decreasing C-C boad length (i.e. series C).
Measured data set in brackets were estimated utilizing theoretical methods (see text for details).

In Fig. 16 molecules 6-10 are arranged in the order of
decreasing measured C=C bond lengths (i.c. series A) and
their unsubstituted counterparts 1-8 in the order of
dropping = charge transfer. (i.c. series B). We see that
both series do not at all correspond showing that the
simple relationship between » charge transfer and the
O-Cbondlengthd:sclmedtboveunotfumbd.'l‘he
this discrepancies becomes immediately evident
1fwe consider the series C of the saturated counterparts

LA A X

A A A
cyclopropanone (22)," cyclo-

r4l
(ie. cyclopropane (21),*
propanethione (23), thiirane 1-oxide (24), and thiirane
ll-dnxﬁe(x)”)mﬁmtheorderofdeaum
H,C-CH; bond lengths. It is seen that arrangements
A and C agree. The resuits means that the C=C bond
lengths in the unsaturated molecules are predominantly
determined by the o system and only to a lesser and not
ing extent by the =z bonding processes. There-
fore the C=C bond lengths in our series of unsaturated
3-membered ring systems cannot be used as a guide to
the aromaticity of these systems. It is to be added that
the experimental geometry of cyclopropanethione (23) is
not known. Therefore its ‘‘experimental” C=C bond
length was theoretically determined in the same way as
described in detail for 1,2-diphenyicyclopropene (6) in
the foregoing paragraph (this time the correction for the
C-C bond is based on the deviation between calculation
and measurement for cyclopropanone 22, for all relevant
data see 26 and 27 below).

%

A A
1.520 A caic. 1500 A caic.
LS A om. L% A w'

26 14

Inductive effect of M(M = CH;, C=0, C=S, S=O and SO,

In a preceding chapter we defined the inductive effect
ofM(M-CHz,C-OC-SS-OmdSO,)mthesermof
molecules 1-5 as the energetic influence that these
groups exert on the wo.c otbital if the conjugation be-
tween C=C and M is interrupted. As reference the xo.c
orbital energies of “fictional ethylene molecules” with the
same C=C distance as in the respective three-membered
ring counterparts were taken in the CNDO/S but not in
the ab initio case (to save computer time). In view of our
apodexpemncumadeprevnomlywnhthepredwuonof
inductive effects with the CNDO/2*' procedure we ad-
ditionally considered it here. The data obtained in this
way for molecules 1-§ are with CNDO/S: 0.0eV, -
0.35¢V, —0.71¢eV and —0.70eV and with CNDO/2:
00eV, —045¢V, —031eV, —059e¢V and ~127eV.
Compared to these values and preceding experimental
results (for some relevant measured effects sce 29-38
below)>"42-% the ab initio data appear to be too high.
The CNDO/2 data seem to be slightly preferable over the
CNDO/S ones.

Q -3
0;
4] 0

Q Q
0, 0,

k) 32 33

xl;)x -1.2 eV

5 : -1.2 eV
02
3 35
"?\ -0.7 ev
0

NC"J-HJ eV
0,

-104eV
-0.97eV

-1.36eV
-122eV

Q -105eV

o, ~101e¥

Q«ueev '?' -0gev
0

0
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CONCLUSION

In this paper we analyzed the various sorts of inter-
.actions and their consequences as = charge transfers,
aromaticities, or geometries for the unsubstituted systems
1-5. Furthermore we quantified the relative inductive and
conjugative abilities of the CH,, C=0, C=S, S=0 and SO,
groups in these systems. In a subsequent paper’ photo-
electron spectroscopy is used to derive experimental
information on the inductive and conjugative effects of
these groupings in 1.2-diphenyicyclopropene, 23-
diphenylcyclopropenone,  2,3-diphenylcyclopropene-
thione and 2,3-diphenylthiirene 1-oxide.
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