
The conformations and the geometrical ptuameters of 
many composite mokcukr have not yet been experi- 
mcntaJly determined, Even if they hnd, apparant dis- 
crepancies exist between the results determined by NMR 
and x-ray spectra’” 

The inadequacy of tbc remam bofy in predicting 
the geometries and ekctron ~~~~ns of composite 
mokcuks has beea reported.” The probkm becomes 
more complicated when considering tituar a~4 cross 
conju@on in such mokcuks.’ A variety of mokcukr 
orbital approaches* were used to predict the molecular 
structure and conforrna&ns of composite mokcuks, yet 
no c4nnmon rgrocnunt is reached. 

The aim of the present paper is to introduce, in a 
cotrektive study, a fairty compkte viewpoint regarding 
the structural couformation of composite mokcuks. 
Different mokcular o&&al treatments ue compared for 
model compounds. in spite of their chemical and biologi. 
cal importnnce, isomtric 2. and 3-phenyMiophem are 
sekcted 0s model compounds for two reasons Fiit, the 
constituting subsystems ue exten3iueiy studied and their 
structures are in no doubt. Second, they are differen- 
t&ted into linear ~2.~~~1~~~) and cro33 (3. 
pheayhhiophenc) cottjq#ed mokcuks. 

MetM of cdcnlation 
Since it is impracticaf to carry out i& *iii0 cakulations 

on such krse mokcufes, fbcn tbc cboicc of tbt semi- 
tmphkl qtmlmn iltecM Inchd skouki be in such 
B way that the approximations introduced ~h&d not 
affect the primary physic4 fmcs ~~~ tbc struck 
WC. This condition is satisfied within the CNDU2 
frarnewo& which is II &c limit of sophistication that is 
practical for doing cakuktioas on such large mokcuks. 

CNfXY2 Fwmksm~ The Ofigifld CNDO 
penmcttritation’J is basic&y retained in &is wo&. 
8fowevtr. the modifications s& by Dtl Bene and 
Jaffe’ which proved to be more successful for cakldation 
of the energies and spectroscopic data were foUowed. 

The tote resonance integrai 8,” is calculated by 

IL = K/2& + BaPL (1) 

where @A and 8, arc empirically determined resonance 
in&g& for atoms A and B; S,,, is the overlap integral 
between orbit& u and v. and K is an empirical 
parameter eqtl& 1 if u and Y we o*rbMs and eqWJs* 
0.585 if u and v pn rorbitsls. 

The sin&t-sir@ transition energies 8re calculated 
by the expression 

hE=E,-E,-Jy+2Kil (21 

where E, and & are the energies of the two orbit& 
between which the ekctronic transition occurs, Ju and 
KY are the mokcular coulomb and exchange integrplr. 

Moiecwlc-in-molecule formalism. This method is in- 
chided here for comparison with the all-vaknce ekctron 
method used. The M-I-M method ckssifks excited eke” 
tronic states of I composite mokcuk into fao) “ioc&y 
excite&* states on each subsystem and (b) “charge trans. 
fer” states, arise from the tmmfer of an ekctron from a 
bonding mokcukr orbital on one subsystem to an anti- 
bonding inolecutar orbital on the other. 

S&b&arion en0gy. The stabilization energy of B 
composite mokcuk is given by: 

where Els, El and I& are the toti energies of the 
composite mokcuk (RS) and it5 constituting subsystems 
(R) and (S) respectively. A sit&r qua&on is used to 
&&ate the st&&i energy due to r-interactions 
&. 

Itonrtic ~~t~~~u. The equiiibrium COnfQr- 
mation of PbMayWophe~ is determinai by a delhte 
balance of bo4h steric and conjuptive effects. The 
experimental @ometrical paWneW% of p!Wlyl* 
thwpbebts are not reported, yet us& the standud 
fpzometrical pammeters of both thiophent” and bea- 
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zcnc.‘* tk planar conformers of 2*~nyl~~ (1) 
and 3-pknyhhiopkk (2) do not show any otcric hi@ 
dmanceductotkoAc+ortk hydrogens @ii I). As a 
result, the pktar conformers ft and 2) are favourtd by 
conjujtative effects and would have lower energies. 
Extended zfuckel calculations” showed that tk ptanarity 
of these mokcults is appreciabaliy distorted and the angk 
ktwten the planes of tk two rings amounts to 37”. Our 
previous study,” however, seriously contradicted this 
R&I. 

Using Ihe stmdaud geometrical parameters of both 
knxcnc and thiophcne. the energies of the two isomcric 
~nyl~k~s were rni~ with respect to tk 
bond kngth rA* ktwccn tk two rings (atom A is 
number 2 or 7 in thiopkk). Tk results obtain4 ia- 
dicate that, in the planar conformers, a bond kngth of 
I.44 and f.45 A represent the equilibrium distance k- 
twcfn the two moitics, knzene and thiophcnc, for 2- and 
~~n~~~~s respectively. Far tbc pcqmdicuSar 
conformers Ihe mm&y is not SCMitiVC to tbc chnngc of 
rA9 indicating a diminished interaction between tk two 
&ngs. Energy is a mi~mum for tk pktar conformer and 
for tk two isomers showed a high dcpcndance on the 
an& of twist of tk two nucki. Results are given in 
Table l. 

Transition en&s were calculated using qn (2) and 
arc given in Table 2 togctkr with those calculate4i cone 
sidering a-interactions only (M-I-M method), 

Results obtaikd by the CNDDn c&&ions are in 
Rood agreement with experiment. indicating that otkc- 
trons have a considcrab& effect on the ekctronic St.&i& 
&ion of the composite mokcu&s, 2- and Ephenyl- 
thiopkncs. Ihe charge distribution amotr~ atoms of the 
two moieties (T&k 3) indicmtcs the following: 

$1) There is a IittJe “c~~-~~~r” ~~~~tio~ to 

the ground states of tbc two isomers; 4.3% and 27% faf 
the 2- and the fphenyhhiopkncs respectively. in both 
cases the diction of charge migration is from knzek 
to thiopknc. This goes with the fact that the enert$cr of 
tk hit occupied orbit& of bcnxck and thiophek 
have very comparabk vahus:” 9.U and 9.1 CV respec- 
tively. Ekctron dfinity valks favour tk donation to the 
thiopknc vacant orbitah. 

(21 The a-bond framework of tk pkaylthiophcnes is 
polar&d to a great extent. The formal a-char~cs on the 
atoms foHow tbc ~kc~o~tivity o&r S > C. On tbc 
other band, tk r4arges do not r&et this ekctronc- 
gativity order (q, on S is less than that on Cl. The 
r-polarization may b: opposing tbc u-pokization in 
tbesc systems. The contribution of tk ucbargcs to the 
total charge distribution is apprcciabk. A similar 
kbavior has ban reported for substituted oxazoks.” 

In concbJsion, stabiitjon in the ptaarc confo@nlWs of 
the two isomers results from w and a-orb&al interactions 
as well as from “charge-transfer” contribution. 

in tk pctpendicular conformers, the S- as well as tk 
“charge-transfer” interactions arc xero and tk only in- 
teraction will k between the *-system of ok ring and 
the b*+bitals of the other. Such interactions are weak 
and tk tkctronic spectra of tk compositt mokcuks 
are expected to k the additive spectra of tk two 
constituting subsystems if the pcrpcndiiufar conformers 
contribute sigr&antty to the state8 of Ibe composite 
mokcuks. Ex~~~n~fy (F@+ 2) the spectra of tk 
composite mokcuks. phenylthiopknes. differ signi- 
ficantiy from those of tkii subsysmms. 

Agreement between tk e&u&d It. t2 DI and tk 
experimental“ (I.04 D) dipok moments of tpknyl- 
thiophck exctikntly confirms the pianar conformer for 
this mokcuk. The experimental d@ok moment of 3 
pknylthiopkk has not been reported, yet a vahm of 
t.8 D. as our calculations give, is rcasonabk as compared 
with the value for tk 2-phcnyl isomer. Tbiopkk has a 
dipok moment’* of tt.52 D, conj~n with a knxene 
ring increases its dipok moment. Perpendkukr confor- 
mers, with diminished interaction between thiopbenc 
and bcnz.ene nucki, can not account for such an in- 
crease. 

The M-I-M method predicts that tk planar conformers 
of tk 2. and 3pknyhhiophencs are the equilibrium ones. 
On the other hand. the extended Huckcf treatmerit” 
predicts, for the same isomers, nonplanar quilibrium 
conformers witb a twisting angk of 37”. These con- 
formations give -29.31 I and -29,313a.u. as the total 
ettc+cs for 2” and 3-phenytthiopkm respectively; any 
of these values is even lower tban tbc stun d tbc total 
energies of bcnxcnc and tbiopknc (-&.29?9~u.~. The 
dipole moments calcubtted us* the EHf are in very 
poor weement with tbc exp&mcntal ones. EssentiaUy, 
tk results of EDT nfkcts tbc absence of any interaction 

Tabk I. E&fiixitun confon~tioa paraawm‘ for Z- and 3abea~l~nes 

Total FAWSV 

2*wcoytthiopbm -0.436 o.wt2 -8752 -1414 -9.W 1.12 1.04 
fPhcaVttbiopknc -0.442 096a4 -97.50 -If.99 -9.995 I.8 - 

‘EtlU@UCiJ&HUtttC. 
‘Hi&CM otcupied lwlccuht o&it&. 
* bwcst empsy m&cu& orbit& 



Mokcukr orbital trtltmenl of tbc conform* of comp3rite edeeukt 

Fiir Seed 
c@WQ=f z‘*t’ f T-r* f eantY 

2.~~~~~ 
cak: (MIMI 

4.33 0.6 4.s8 0.22 -46.223 
4.66 0.4 4.73 0.W -3.J% 

Cdc. (EHT) - 
- 

iIs 
r?%. 4.4 0.4 4.63 0.19 - 

3_Phenylt&+bene 
C&L KNW) 4.4 0.1 4.65 0.31 -16.203 
talc. (MiM) 4.79 0.02 4.97 0.1 -3.4531 
Cak. (EHTt - li.985 
abs. 4.5 I 0.07 4.77 0.24 - 

2munylthjopbe# 3.P&nyWopbene 

Mom e 9. Gad e 9. %oW 

S -0.0688 -0.0224 -0.0912 -0.0921 0.0123 -0.0798 

;:: 
0.@173 -0.037 t -O.Ol% 0.0066 -0m4 -o.osn 

-0.0013 -0.0357 -0.84 -0.0157 -0.0to174 -0.033 I 
c-5 (tat 12 0.8283 0.0399 0.01 I6 0.0109 0.0225 
C-f O.OIS9 -0.0013 0.0146 0.0219 0.M 0.0668 
c.9 0.0243 0.0242 0.0485 0.014 0.0112 0.02s2 
C*IO -0.0013 -0.0164 -0.02u7 -0.Olu7 -0.W -O.OW 
c-11 -0.0145 0.0107 -0.0038 -B.OC? 0.0069 -0.0058 
c-14 -0.0061 -o.aM -0.0149 -O.a@M -0.&%37 -O.OlOi 
C-86 -0.006 0.0102 -O.Mifr -O&132 0.007f -0.0061 
CT.18 -0.0057 -0.0204 -O.OMi -0atot -0.0073 -0.0174 

P,, - 0.29?8 P,* = 0.2!%? 

We the number@ system. 
P,., is he mcbibhd order ktween atoms A and B. 

?U? 

i 
a- 

between the two ~u~y~~~ d a composite mokcuks. 
c?Ws and &ear clM~Jig&W. Cspsficouy, the two 

isomeric phcnykhiaph~s are difkxentiated into cross 
and linear conjugated systems 

If this classifKorion is a pfcdomimnt factor in deter- 
mining the physical properties of the mokcuks one 
would expect the spectrum of the Ipbenyl isomer to be 
simii to that of styme and to d&r signihnlly from 
that of the 2-pbcnyl isomer. Fe 2 sbows that tbe spectra 
of the two isomm are very much simihr. Hence, tJic 
elIteat of conjurption in both iuwcrs is idatost cq&l& 
l-be lowest six r-mdtcukr %3&itk of t#e two isoman 
utrqmscntedktF~3.TbemdJpropmirrtoftbe 
ardocuLr orbwr of the two isomcfs aJe very much 
simile iedhthg that in both isomers, the depot of 
coajuptionirthume. 

Er&nhl ti? o&i?? composite systei?u. Tk prescal 
muht provide 8 good f?amewort to lmdk rimik 



R. HILAL md R. Aw-Fmw 

composite mdtcuks, pheayffurans for ex8mple. The 
diiImm between tbc icmiath potentid of bewne 
(925 eV) sad that of turd (8.89 eV) is sign&am and 
one would expect an appreckbk *‘chupe-traasfel*’ con- 

tribution to the 3t&biihtion of such compounds. On tbis 

buis. ~ny~~s tlwst be FIBore st8biIid th the 

corresponiing thiophene utdogw. Pfehinsuy fND0 

cakulations on pheayifumes reveal greater stability for 
the planar conformers 8nd $ivc 8 relrtivrly mter &be 

For tbe barrier of rotation Fawn the phu equilibrium 
conformation (14.74 eV). T?w totd emrgie3 of the 2- 
phenyf f-9t.Xt au.) nnd ~~~y~~~s (-91.88au.j s 
given by the CNDW2 cdeuktionr are @eater thm the 

comspmding etscrgks of pbcayttikpknes due to the 

increased stabiliurlion via “charge-transfer” iatemctioas. 

Many of the c&dated pwameters, nmely (iI trun- 

sition csergies. (ii) dipok momtats and W the simihity 

of the wdal properties of tbc MO’S of 2- amI 3qbelIyf- 
thiopkne a#ee fairfy well with their experimentd 
v8hes aud bud on! to condude: 

(I) w&sting b- and “ctbuge-transfer” interactions in 
composite mokcuks causes dous crrws in calculatiw 
tkii smrture md their ekctroltic spectra 

(21 a%vaknce ekcnons mdedar urbitd ctfcutmians 



~~t~~CN~~~N~~~~~~ 
atomicandmokcSintcgrdsarequitccapabkof 
accommodrtin(l smaural ~0~~~ probkms in 
Com~itc mokcuks. 

(3) ~~e~~~a of composite systems, ss those stu- 
bkd, into cross 8nd linear conjwatcd is not adequate. 

(4) the extended HUeI mctbod of calculation is in- 
adequate for studying the geometry of composite mok- 
cuks. 
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