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DCC-42 (Univ. Zagreb)
Croat. Chem. Acta CCACAA 46 (4) B1—B2 (1974)

The Sulphur-34 and Deuterium Isotope Effects in the
Decomposition of Sulphones

D. Hegedi¢

Faculty of Pharmacy and Biochemistry, University of Zagreb, 41000 Zagreb,
Croatia, Yugoslavia

Reaction between phenyl sulphone and sulphur was studied in the
melt, at various temperatures, and SO: production was measured.

The kinetics in nitrogen atmosphere was studied at 243, 262, 288, and
297 °C and the corresponding first order rate constants, k X 106 s1, were
found to be 5.21 + 0.12, 19.2 4+ 0.3, 120 + 1.00, 209 + 9.00, respectively (uncer-
tainties are standard deviations).

Using the technique of least squares the energy of activation was
found to be 41 + 1.00 kcal mol!, the frequency factor 1.00 X 1012 s71, and
entropy of activation — 7.00 cal mol-t K1,

The sulphur-34 isotope effect was found to be 0.43'/y at 243 °C. The
value of the sulphur-34 isotope effect was corrected, because of the re-
duction process, and it amounted to 0.87/s. The maximum sulphur-34
isotope effect for decomposition of the hypothetical C-S molecule was
calculated to be 1.07%/ at the same temperature. The experimental value
of the sulphur-34 isotope effect indicated appreciable C-S bond weakening
in the transition state, and suggested the dissociation as the rate deter-
mining step.

The decomposition of cyclic sulphones was also studied at various
temperatures, and SO: produced in the reaction was measured.

The kinetic data were used to determine the energy of activation, fre-
quency factor and entropy of activation as 33.2 kcal mol-1, 7.10 X 1014 s, and
7.00 cal molt K1, respectively, which is in good agreement with literature
data.

The sulphur-34 isotope effect was determined in the decomposition
of 2,5-dihydrothiophene-1,1-dioxide in the melt and was found to be 0.97%
at 99.5 ¢C.

The a-deuterium isotope effects were measured in the decomposition
of 2,5-dihydrothiophene-2,2,5,5-ds-1,1-dioxide at 120 °C and 2,4-dimethyl-2,5-
~dihydrothiophene-5,5-d:-1,1-dioxide at 105 °C in the melt and they amounted
to 9.4 and 5.4%.

The value of a-deuterium isotope effects and the value of sulphur-34
isotope effects indicates the concerted mechanism of this reaction, which
is one example of a retro Diels-Alder reaction, as it was also predicted
by the Woodward-Hoffman rules.

The thesis was partly published in: J. Org. Chem. 36 (1971) 3845 and
J. Org. Chem. 37 (1972) 1745.

Examiners: Prof. S. ASperger, Prof. D. Sunko, and Dr. N. Trinajstié.
Oral examination: July 6, 1971.
Degree conferred: October 28, 1971.

The thesis deposited in the University Library and Faculty of
Pharmacy and Biochemistry, University of Zagreb.
(144 pages, 22 tables, 6 figures, 173 references, original in Croatian).

D. HEGEDIC
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BIBLIOGRAPHIA CHEMICA CROATICA B3
DCC-43 (Univ. Zagreb)
Croat. Chem. Acta CCACAA 46 (4) B3—B4 (1974)
Investigation of Topological Properties of Conjugated
Hydrocarbons
I. Gutman

Institute »Ruder Bo$kovicé«, 41000 Zagreb, Croatia, Yugoslavia

Using the mathematical apparatus of graph theory several properties
of conjugated hydrocarbons were analyzed.

Upper and lower bounds for the total w-electron energy were deter-
mined. The structure of the mclecular graph is related to the energy by
applying the loop rule. Several approximate expressions for energy are
obtained.

The relation between the number of Kekulé structures and the
determinant and permanent of the adjacency matrix is found both for
alternant and ron-alternant hydrocarbons.

The class of graphs representing benzenoid hydrocarbons is rigo-
rously defined and a number of theorems is proved for this class. It is
shown that the Ruedenberg and Pauling bond orders are identical, a
formula of Heilbronner is improved and a relation between the coefficients
of the non-bonding MO and VB spin density is found. Strict limits of
validity of all these results are given.

Rules governing the =-electron charge distribution in non-alternant
hydrocarbons are given.

Rules which govern the change of the energy difference between
the highest occupied and lowest unoccupied MO in a ring closure trans-
formation are determined. An invariant of the number of bonding, non-
-bonding and antibonding MO’s is proposed which can serve for a rough
classification of conjugated hydrocarbons.

Parts of this work were published in: Chem. Phys. Lettt. 16 (1972) €14;
17 (1972) 535; 20 (1973) 257; 24 (1974) 283; Croat. Chem. Acta 45 (1973) 423, 539;
J. Chem. Phys. 59 (1973) 2772; 61 (1974) in press; Tetrahedron 20 (1973) 3449;
Naturwissenschajten 60 (1973) 475; Z. Naturforsch. 29 b (1974) 80.
Examiners: Prof. M. Mirnik, Dr. D. Cvetkovié, Prof. N. Trinajsti¢, and

Prof. Z. Maksié
Oral examination: December 22, 1973.

Dissertation deposited at the University Library Zagreb and Institute
»Ruder BoSkovié«.

(120 pages, 112 references, original in Croatian)
I. GUTMAN
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BIBLIOGRAPHIA CHEMICA CROATICA

B5

DCC-44 (Univ. Zagreb)
Croat. Chem. Acta CCACAA 46 (4) B5—B6 (1974)

The Study of Medium Influence upon Inhibitory Effect of
Amines on Electrode Processes at the Mercury Electrode

T. Matusinovié

Laboratory of Inorganic Chemistry, Faculty of Technology, University
of Zagreb, 41000 Zagreb, Croatia, Yugoslavia

Detailed research by means of DC- and AC-polarographic methods
have been made to find out the influence of the kinds and concentration
of acid, of technically important amines, aniline and cyclohexylamine
at the dropping mercury electrode in the solution of perchloric, sulphuric
and phosphoric acid. As indicating ions, the ions of cadmium and lead
have been used.

The results of the research show that examined amines more inhibit
the electrode process of cadmium and that the inhibition of electrode
reaction depends on concentration of amines. Also, cyclohexylamine is a
stronger inhibitor than aniline in electrode reactions of both used cations.

The degree of inhibition of studied amines, depending on medium,
increases in sequence:

perchloric medium < sulphatic medium << phosphatic medium and
decreases with decreasing ionic strength of medium.

The kinetic measurements indicate the dependence of rate of electrode
processes on pH in the absence of amines as well as in their presence. The
measured rate constant shows that by decreasing of pH the reversibility
of electrode process increases with higher ionic strength, while at lower
ionic strength with decreasing pH, it increases. The rate constants of ele-
ctrode processes are also influenced by the change in ionic strength. De-
creasing of the concentration oif supporting electrolyte decreases the rate
constants.

Examiners: Prof. I. Filipovié, Prof. I. Piljac, Prof. B. Lovrefek, and

Prof. M. Mirnik.

Oral examination: March 14, 1974;
Degree conferred: April 26, 1974;

Thesis deposited at University Library, Zagreb and Faculty of

Technology, University of Zagreb, 41000 Zagreb, Croatia.

(236 pages, 53 tables, 47 figures, 183 references, original in Croatian)

T. MATUSINOVIC
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BIBLIOGRAPHIA CHEMICA CROATICA

B7

DCC-45 (Univ. Zagreb)
Croat. Chem. Acta CCACAA 46 (4) B7—B8 (1974)

Investigation of the Electrode Processes on the Mercury in
Aqueous Solutions of Cadmium(II) and Complexones of EDTA Type

B. Herenda-Raspor

Center for Marine Research, Ruder BoSkovié Institute, 41000 Zagreb,
Croatia, Yugoslavia

As a model for metal-ligand interaction in natural aqueous systems
the interaction between cadmium and complexones: nitrilotriacetic acid
(NTA), ethylenediaminetetraacetic acid (EDTA), diethylenetriaminepenta-
acetic acid (DTPA), which form stable and inert chelates of z=—1, —2
and — 3 charge at pH = 8, has been investigated. The mechanism of the
electrochemical reduction of chelates has been determined comparing
their polarographic behaviour.

The parameters of electrochemical reduction of Cd(II)-NTA chelate
have been determined in aqueous solutions of pH = 8: D = (5.1 4 0.4) X 10°¢
cm? s, z=—1, k.,°=1.3 and 0.9 X 10 cm st in 0.1 M NaCl and 0.1 M KCI,
respectively, Kk = 0.161 and 0.125 cm s-!. The dissociation rate constant
and the apparent stability constant were determined in various supporting
electrolytes, e.g. in 0.03 M CaCl: (* = 0.1 M) kg = 1.6+ 04 s, log Kcax =
= 5.85; correction of the latter gives log (Kcax)corr = 10.73.

Polarographic limiting current of Cd(II)-EDTA chelate at pH =8 is
controlled by chemical reaction kinetics which precedes the electrode
reaction and depends on concentration, kind and charge of the cations
of the supporting electrolyte. The method for the investigation of the ionic
pair formation in the bulk of the solution has been applied and the charge
of the reducible species has been determined as z = —2.

Adsorption of EDTA anion on the mercury electrode has been inve-
stigated by means of capillary electrometer, streaming mercury electrode
and a.c. bridge. It has been determined that the adsorption of the anion
of di- and trisodium salt of EDTA occurs only in the potential range more
positive than the electreocapillary maximum.

Cd(II)-DTPA chelate at pH =9 (most probable charge z = 3) is not
reduced within the polarographic potential range. Polarographic behaviour
of CA(II)-DTPA at pH = 6 (most probable charge z = —2) is similar to that
of CA(II)-EDTA at pH = 8. This confirms the proposed reduction mecha-
nism of Cd(II)-EDTA, by which irreversible reduction of divalent anion is
accelerated by preceding chemical reaction with the cations of the sup-
porting electrolyte, the result of which is the formation of electroactive
species of lower charge and energy of activation. Due to the larger con-
centration of the cations of the supporting electrolyte (Boltzmann distri-
bution law) preceding chemical reaction most probably takes place in the
electrical double layer on the outer Helmholtz plane.

Examiners: Dr. M. Branica, Prof. I. Filipovi¢, Prof. M. Herak.
Oral examination: April 1, 1974.

(262 pages, 26 tables, 91 figures, 157 references, original in Croatian)

B. HERENDA-RASPOR
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BIBLIOGRAPHIA CHEMICA CROATICA B9

DCC-46 (Univ. Zagreb)
Croat. Chem. Acta CCACAA 46 (4) B9—B10 (1974)

Hydroxytryptamines — the Synthesis and General
Metabolism in Mammals

V. Plavsié

Institute »Ruder BoSkovié«, 41000 Zagreb, Yugoslavia

For biological investigations B-hydroxytryptamine and B-hydroxysero-
tonin were synthesized as crystalline, water soluble, creatinine sulphates.

The general metabolism of these compounds was investigated by using
rat liver slices and the obtained metabolites were identified as corre-
sponding indole-3-glycolic acids and indole-3-ethane diols. For this scope
also 5-hydroxyindole-3-ethane diol, so far undescribed, was synthesized.

The relative rates of deamination of synthesized B-hydroxylated tryp-
tamines were measured in the Warburg respirometer by using rat liver
mitochondria as the source of monoamine oxidase and compared with the
rates of deamination of B-nonhydroxylated tryptamines. At pH = 7.4 and
final substrate concentration of 0.66 X 10-3 M it was found that the rates of
deamination of B-hydroxylated tryptamines were lower than the rates of
deamination of 8-nonhydroxylated tryptamines.

The synthesized compounds were examined for four types of pharma-
cological activity: effect on smooth muscle in vitro, blood pressure, spon-
taneous respiration, and the resistance of respiratory pathways in wvivo.
It was found that B-hydroxylated tryptamines show similar, although
weaker biological activity than B-nonhydroxylated tryptamines. The only
difference is the pressor activity of f-hydroxytryptamine, which is identical
with the activity of tryptamine.

The thesis was partly published in: Croat. Chem. Acta 44 (1972) 303.

Examiners: Dr. S. Kveder, Dr. A. Deljac and Prof. Z. Supek

Oral examination: May 8, 1974.

Dissertation deposited at the University Library, Zagreb, and Institute
»Ruder Bo§kovié«, Zagreb.

(80 pages, 7 tables, 13 figures, 93 references, original in Croatian).
V. PLAVSIC
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BIBLIOGRAPHIA CHEMICA CROATICA Bl11

DCC-47 (Univ. Zagreb)
Croat. Chem. Acta CCACAA 46(4) B11—B12 (1974)

N.m.r. Studies of the Equilibration of Phosphonium Salts
and Phosphoranes

1. Szele

Harvard University, Cambridge, Mass., U.S.A. and Rugjer Boskovié¢
Institute, 41000 Zagreb, Yugoslavia

The interconversion between phosphonium salt and phosphorane was
studied by n.m.r. methods.

+
(ArO)sPCH; + “OAr — (ArO)sPCH;3;

Ar = C¢Hs, 0-CH3;—Cg¢Hy, p-CH3;—CsHy
I II III

The equilibrium constant for the reaction of each salt with aryloxide to
give the phosphorane was found to be very large and its value could not
be determined by the method used. Line shape analysis of the spectra
provided rate constants for the dissociation of phosphoranes I—III. Orthc-
and para- methyl group substitution in the ring influences the dissociation
rates only by a small extent. The p- substituted phosphorane, III, disso-
ciates faster than phosphorane I, presumably due to electronic stabilization
of the developing phosphonium ion. The o-substituted phosphorane II,
however, dissociates more slowly than phosphorane I, most likely because
of steric hindrance to solvation.
Methyltetra(2,6-dimethylphenoxy)phosphorane, IV, was synthesized,
too. It was found that the P—CHj; protons exchange with deuterium in
CDCIl; solutions, indicating the existence of some phosphonium ylid.

+ + —
(ArO)¢PCH; = (ArO);PCHs + “OAr = (ArO);P—CH: + HOAr
ArO- = 2,6-dimethylphenoxy

At low temperatures the ring methyl groups of phosphorane IV cease to
be n.m.r. equivalent and two separate signals (A 8 = 0.69) of equal inten-
sities are observed at —57 “*C. The temperature dependent n.m.r. behavior
of phosphorane IV was shown, by comparison with that of dimethyltri(o-
-cresoxy)phosphorane, V, to be due to slow pseudorotation; the latter com-
pound, V, was synthesized to allow this comparison. The steric crowding
in the trigonal bipyramid of the »2,6-dimethylphenoxy« phosphorane seems
to be laige enough to account for this behavior. This is the first example
for restricted pseudorotation of a tetraoxyphosphorane.

A part of this work was reported at the 2"d IUPAC Conference on
Physical Organic Chemistry, Noordwijkerhout, the Netherlands, May 1974.

Examiners: Prof. D. E. Sunko, Prof. F. H. Westheimer, Prof. C. F.
Wilcox, Jr. H
Oral examination: June 18, 1974.

Thesis deposited at the University of Zagreb, Faculty of Natural
Sciences and Mathematics, and at the Rugjer Bo§kovi¢ Institute, Zagreb.
(144 pages, 5 tables, 35 figures, 126 references, original in English with a

detailed summary in Croatian).
I. SZELE
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BIBLIOGRAPHIA CHEMICA CROATICA B13

MCC-65 (Univ. Zagreb)

Master of Science Thesis
Croat. Chem. Acta CCACAA (46) B13—B14 (1974)

The Sulphur-34 Isotope Effect in the Reaction of
2-Phenylethyldimethylsulphonium Bromide with Sodium Ethoxide
in Ethyl Alsohol and the Reduction of the Sulphonium
Salt with Lithium Aluminium Hydride

D. Hegedié¢

Faculty of Pharmacy and Biochemistry, University of Zagreb,
41000 Zagreb, Croatia, Yugoslavia

The reaction of 2-phenylethyldimethylsulphonium bromide with sodium
ethoxide was studied in ethyl alcohol solution. In the reaction dimethyl-
sulphide was produced, this was then oxidized by oxygen at 1000 °C to
sulphur dioxide.

The sulphur-34 isotope effect was measured and it was found to be
1.26% at 20.1°C. The maximum sulphur-34 isotope effect in the reaction of
sulphonium salts for breaking C—S bond was calculated to be from 1.51 to
1.57/¢ at 25 °C.

The experimental results show that the sulphur-34 isotope effect in
the ethyl alcohol solution is about 2/3 the theoretical, but in the correlation
with the value of the sulphur-34 isotope effect in the aqueous solution it
can be concluded that both sulphur-34 isotope effects are the same, which
means that the solvent has no influence on the mechanism of the reaction.
The experimental value of the sulphur-34 isotope effect indicated the con-
certed mechanism of this reaction.

In studying the reaction of deuterated trimethylsulphonium bromide
with lithium aluminium hydride, methane was isolated, and analysed by
mass spectrometry. The mass spectrum contained an intense mass of
19 units corresponding to CHDj;, but no detected methane of the formula
CH:D:. This experimental result suggests that possibly simple displacement
is occurring:

[HsAlHT] CDs3-S* (CDs): —> HsAl + CHD; + S(CDs):

as the reaction mechanism.
The thesis was partly published in: J. Org. Chem. 33 (1968) 2526.
Examiners: Prof. S. ASperger, Dr. S. Boré¢i¢, and Prof. H. Ivekovié.
Oral examination: February 15, 1967.
The thesis deposited at University Library and Faculty of Pharmacy
and Biochemistry, University of Zagreb

(80 pages, 3 tables, 5 figures, 87 references, original in Croatian).
D. HEGEDIC
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BIBLIOGRAPHIA CHEMICA CROATICA B15

MCC-66 (Univ. Zagreb)
Master of Science Thesis

Croat. Chem. Acta CCACAA 46 (4) B15—B16 (1974)
Study of the Cyclization of 2-(3-Butenyl)-2-cyclohexenyl
Derivatives
M. Ladika

Faculty of Science and Mathematics, 41000 Zagreb, Croatia, Yugoslavia

The aim of this work was to obtain additional information on the
mechanism of nonenzymic biogenetic-like olefinic cyclization. The fol-
lowing compounds were prepared: 2-(3-butenyl)-3-methyl-2-cyclohexenyl
p-nitrobenzoate (Ia), 2-(3-butenyl)-3-methyl-2-cyclohexenyl-1-d; p-nitroben-
zoate (Ib) and 2-(3-butenyl)-3-methyl-l1-methyl-ds;-2-cyclohexenol (II).

Solvolysis of Ia in 97/s 2,2,2-trifluoroethanol (TFE) gave about 34% of
cyclic products, but solvolysis of this ester in 80% ethanol gave exclusively
non-cyclic products. The secondary oa-deuterium isotope effect in the
solvolysis of Ib in 97 TFE is slightly decreased (ku/kp = 1.14).

The study of the cyclization of alcohol II in anhydrous formic acid
confirmed Johnson’s hypothesis which implies the formation of a reso-
nance stabilized cation as intermediate.

On the basis of obtained results a cyclization mechanism of 2-(3-
-butenyl)-2-cyclohexenol derivatives, including the formation of a cationic
intermediate with a resonance stabilized allylic cation, can be proposed.
Using the INDO SCF MO method, the energies of different conformers of
the 3-methyl derivative of the cited cation were calculated in order to
predict the products that are formed in the cyclization process. The results
showed that of the two possible effects, i.e. steric and electronic, the
first is the predominant one, resulting in the formation of cyclic products
without an angular methyl group. This result is in accordance with the
proposed cyclization mechanism, which does not include a concerted, but
a stepwise process.

Examiners: Prof. D. Sunko, Prof. S. Bor¢i¢ and Dr. T. Cvita§

Oral examination: November 13, 1974.

Thesis deposited at the University of Zagreb.
(135 pages, 9 tables, 1 figure, 120 references, original in Croatian)

M.: LADIKA
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Belfer Graduate School of Science, Yeshiva University, New York,
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B18

BIBLIOGRAPHIA CHEMICA CROATICA

BCC-1279
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J. E. Bloor and Z. B. Maksi¢
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BCC-1282

D. Cvetkovi¢, I. Gutman, and N. Trinajsti¢
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Kekulé Structures and Topology
Chem. Phys. Lett. 16 (1972) 614.

BCC-1283

R. Despotovié and J. Tomic¢
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BCC-1284

D. Deur-Siftar and V. Mitrovié¢

INA-Institute, Zagreb, Yugoslavia and JUGOVINIL, Split, Yugoslavia
Determination Thermal Stability of pVC by Reaction

Gas Chromatography

Chromatographia 5 (1972) 573.
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H. L. Goering, J.V. Clevenger, and K. Humski
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Preparation and Stereochemistry of 1-Methyl-2-methylenebenzo-
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BCC-1286

H. Guesten and L. Klasinc
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J.N. Herak and M. Pai¢
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