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Introduction

Theoretical chemistry is a traditional researcldfag the Budapest
University of Technology and Economics Departmehtirmrganic and
Analytical Chemistry. The main research topic i® timvestigation of
reaction mechanism, stabilization of short-livedlenales, calculation of
geometry, electronic structure and spectroscopipénties of molecules.
These properties were studied by both theoretihamistry methods and
our self-made Hel ultraviolet photoelectron spetieter (UPS).

My research work was performed in co-operation i research
group of University of Rennes (Ecole Nationale Siqé&e de Chemie de
Rennes, France). The research group under thdidiveaf Dr. Jean-Claude
Guillemin deals with synthesizing new moleculesrbmpinteresting and
usually unstable structures. The method of theabolation is that the
French group plans the synthesis of the new congwwamd carries out
preparative work, and we in turn study the molegdtem the theoretical
aspect and with photoelectron spectroscopy.

Since the studied molecules (mainly selenols atidrids) are
unstable, it was not possible to deliver them. €fae | actively took part
in the preparative work so | could transform certaiynthesis for the
photoelectron spectroscopy measurements that nveegpure materials in
many cases.

In my thesis such selenols, selenocyanates andrdksll were
investigated, in which the heteroatom containingugris situated next to an
unsaturated group. The majority of the compounds aew, so the
photoelectron spectroscopic measurements were at gteol for

investigating their structures. My aim was to mdge tconjugation in



molecules. Up until now, tellurols and unsaturaddighatic selenols have
not been studied by photoelectron spectroscopyariterature.

My thesis first considered selenium compounds ¢oimag alkenyl
group, later selenium compounds containing allemgd alkynyl groups and

finally alkenetellurols and cyclopropanetellurols.

Preparative work

The following compounds were investigated in thests, from

which | synthesized ten selenols one selenocyamatesix tellurols.

H,C=CHSeH H,C=CHCH,SeH H,C=CHCH,CH,SeH
H,C=CHSeCN H,C=CHCH,SeCN H,C=CHCH,CH,SeH
HC=CSeH CH,C=CSeH HC=CCH,SeH
HC=CCH,CH,SeH HC=CSeCN CH,C=CSeCN
HC=CCH,SeCN HC=CCH,CH,SeCN H,C=C=CHSeH
H,C=C=CHCH,SeH H,C=C=CHCH,CH,SeH H,C=C=CHSeCN
H,C=C=CHCH,SeCN  H,C=C=CHCH,CH,SeCN H,C=CHTeH

H,C=CHCH,TeH H,C=CHCH,CH,TeH , TeH
, CH,TeH » SeH , SH

MeSeH MeTeH

Alkenyl and alkadenyl selenocyanates were prepacedrding to

the scheme below:

_ KSeCN —
—_—
(CH,) Br (CH,).SeCN
KSeCN
—_— —_— —_—
AN
(CH,),OTos (CH,),SeCN

Those molecules where SeCN group is situated rigkt to the unsaturated

group were synthesized using the following methods:

— 1) Se —
_—
MgBr  2.) BrCN SeCN
L 1.) n-GH,,MgBr L BrCN .
R———H R—==—SeMgBr R—==—SeCN
2.) Se
R=H/Me
NCSeSeCN
SnPh SeCN

Selenols were prepared with LiAJH or AIHCIl, reagents from

selenocyanates:

1. LIAIH,/ AIHCI,

R-SeCN R-SeH
2. Succinic acid




Tellurols were prepared from ditellurides:

nBu,SnH

R-Te-Te-R R-TeH

Ph,Te, cat.

Eleven novel compounds have been synthesized tautiher.

Photoelectron spectroscopy

He | photoelectron spectra were recorded on druiment made by
the Department. The resolution wag@E/E =702 during the
measurements. For internal calibrationahd methyl iodide were used. To
interpret the PE spectra | compared the shape asitign of the bands to
those of related molecules whose PE bands have assigned. Also |
compared the recorded vertical ionization energigéth the results of
guantum chemical calculations.

Because of the instability of the investigated poonds, those
were prepared just before the measurements bylidgstthem into a trap
cooled with liquid nitrogen and designed for workim high vacuum.
Before recording the spectra the trap was joineti¢édJPS apparatus, liquid
nitrogen cooling was removed and the trap was wdrapeto -110°C. The
by-products were removed by distillation. Duringe ttprocedure, the
temperature has been gradually increased. Thergpeatas recorded at
that temperature where the vapour pressure of tmpound was high

enough and contamination was not observed.

Computational methods

Quantum chemical calculations were performed fdir the
investigated molecules by the Gaussian 98 and Geus®3 program
packages. All of the structures were optimizechatMP2/cc-pVTZ and the
B3LYP/cc-pVTZ levels of theory. The stationary psinvere characterized
by second-derivative calculations using the sameahna@hemistry. The
relative energies were corrected using the zerotpadbrational energies.
The ionization energies were calculated at the RBMGPVTZ level of
theory on the optimized geometry. For comparisafsd carried out single-

point HF/cc-pVTZ calculations on the geometriesagidd above.

New results

1. On the basis of the photoelectron spectra of alkeslgnocyanates and
selenols a strong direct conjugation was deteaiegthieneselenol and
vinyl selenocyanate between the C=C double bondfamtbne electron
pair of selenium or th@ system of the SeCN group, respectively. In
allyl derivatives hyperconjugation was detectedweein thes(C—Se)
bond and the double bond. In but-3-enyl-1-derivegiwnly inductive
effect was observed.

2. | synthesized five new compounds from alkadienylesgls and
selenocyanates. | found that in allenyl derivatiwestituted ino
position the effect of direct conjugation is strengthan the
hyperconjugation. | pointed out that the resulthaf two interactions is
a shorter Se—C bond in propadieneselenol thanheneselenol. I

substituted allenyl derivatives weak but well obsbte



hyperconjugation interaction was detectedy Isubstituted derivatives
no significant interaction was detected.

| synthesized two new compounds from alkynyl ddniiss. In ethynyl
derivatives stronger direct conjugation was obsértlean in vinyl
derivatives. In propargyl compounds hyperconjugatie the ruling
effect. In but-3-inyl-1- derivatives only inductiedfect was observed.

| synthesized three new tellurol compounds. On Wasis of the
photoelectron spectra in ethenetellurol strong wgaiion was observed
between the C=C double bond and the lone electaangb tellurium
atom. In prop-2-ene-1-tellurol the hyperconjugatiateraction is the
most important effect. In cyclopropanetellurol dint interactions
were clarified between the conformers. In cycloptomthanetellurol a
stronger hyperconjugation interaction was detethed in prop-2-ene-

1-tellurol.
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On the basis of the photoelectron spectra and tteulated bond
lengths, in vinyl calcogen hydrides a decreasingalli conjugation
between the lone electron pair of X atom (X=0, 8, $e) and the
double bond was found from oxygen to tellurium (F&y1). However
in allyl calcogen hydrides hyperconjugation is gasing from oxygen
to tellurium (Figure 2). No direct interaction cdlle observed between
the lone electron pair of X (X=S, Se, Te) and teé¢-membered ring
in the cyclopropyl derivatives. Instead, an int¢icat between the(C—
Te) and g orbitals has been shown. This hyperconjugatioa-&ifect
increases from S to Te (Figure 3). Also, an indrepkyperconjugation
could be observed from S to Te in cyclopropylmethigrivatives
(Figure 4).
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Figure 2.

Figure 1.
Trend of the direct conjugation in vinyl calcoggrdhides. The split of the
interacting orbitals and the alteration of the GX<O, S, Se, Te) bond
length.

Trend of the hyperconjugation in allyl calcogen hgds. The split of the
interacting orbitals and the alteration of the GX<0O, S, Se, Te) bond
length.
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Figure 3.
Trend of the conjugation in cyclopropyl calcogenifiges. The split of the
interacting orbitals and the alteration of the GX€O, S, Se, Te) bond
length.
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Figure 4.

Trend of the hyperconjugation in cyclopropylmetbglcogen hydrides. The

split of the interacting orbitals and the alterataf the C-X (X=S, Se, Te)
bond length.
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