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THE NECESSITY OF USING NON-KOH COLUMNS FOR THE GLC
ANALYSIS OF DIMETHYLPROPION AND TWO OF ITS METABO-
LITES

S.L. MARKANTONIS, A. KYROUDIS AND A.H. BECKETT

Department of - Pharmacy, Chelsea College, University of London, Manresa Road, London
SW3 6LX, Great Britain.

(Received August 21, 1984)

Summary

Decomposition of dimethylpropion (2-dimethylaminopropiophenone) .and 2-
aminopropiophendne was observed during (GLC) gas-liquid chromatography on KOH coated
columns. Decomposition products were characterized by GLC and GLC-MS and it was con-
firmed that dehydrogenation, caused by the presence of KOH and the temperature used,
occurred. N-primary and tertiary 2-aminopropiophenones decomposed to significantly diffe-
rent extents.

A GLC analytical method using a non-KOH coated column and a single step exfraction
with chloroform is adopted for the analysis of dimethylpropion and two of its metabolites.
The method can be used for the determination of these compounds in urine for at least 24
hours after oral administration of dimethylpropion hydrochloride in a dose of 50mg.

Key Words: Dimethylpropion, Monomethylpropion, 2-Aminopropiophenone, Methylpseudoephedrine.
Decomposition of Aminopropiophenones.

Abbreviations

Chemical Names Abbreviated Names
2-Dimethylaminopropiophenone (Dimethylpropion) DMP T
2-Methylaminopropiophenone (Monomethylpropion) DMP 11
Methylephedrine/Methylpseudoephedrine DMP IV’
2-Aminopropiophenone .DMP III

1. Introduction

The a-aminoketone-type compounds, of which diethylpropion, dimethylpropion
(DMP 1) and 2-aminopropiophenone (DMP III) are examples, have been reported to
be unstable in the presence of alkali’”. Two neutral and one acidic product (benzoic
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acid), as a result of instability during alkaline extraction and GLC analysis, were
found.

Van Zwol (1966)® studied the decomposition of some sympathomimetic amines
(among which was diethylpropion) during separation on gas chromatographic colu-
mns. He mentioned that this decomposition-was promoted by high injector and de-
tector temperatures and probably some stationary phases.

Decomposition and rearrangement of diethylpropion and its ketone metabolites,
2-ethylaminopropiophenone and 2-aminopropiophenone, during GLC analysis on
KOH treated supports was also reported to occur*’. Banci et al (1971)* attributed
this decomposition to ‘a keto-enolic equilibrium or. to another rearrangement.

In the present study, decomposition of dimethylpropion (DMP I) and 2-
aminopropiophenone (DMP III) during GLC analysis on KOH-coated supports, was
observed and the structure of their decomposition products was investigated by
means of GLC-MS. '

The results of these investigations led to the development of a new method for
the determination of DMP I and two of its metabolites by GLC using non-KOH
coated supports.

2. Experimental section

2.1. Apparatus used:

PYE ¢104” Chromatograph fitted with a flame ionisation detector and incorpora-
ting a Perkin Elmer (model 56) Reécorder.

2.2 GLC Columns used:

One meter glass columns were used containing:

a) Chromosorb G (AW DMCS, 100-120 mesh) coated: with 10% KOH, 2% Carbo-
wax 20M and 10% Apiezon L. '

b) Chromosorb G (AW DMCS, 100-120 mesh) coated with 2% Carbowax 20M and
109% Apiezon L.

¢) Chromosorb G (AW DMCS, 100-120 mesh) coated with 5% KOH.:and 2% Car-
bowax 20M.

d) Chromosorb W coated with 10% KOH and 10% Apiezon L.

2.3 Working Conditions:

Fo- columns a, b and d:

17, pressures 87, 100 and 135 kPa; flow rates.I, 1.25 and 1.66- cmi’s-! re-
spectively; column temperature 200°, injection port temperature 2509; H,:and air
pressures 135 kPa.

For column c:

The same as with the other columns except with a column temperature of 150°.

2.4 Gas Liquid Chromatography-Mass ‘Spectrometry (GLC-MS)

Gas liquid chromatography-masé spectra were- recordedf on a VG. 12F Mass
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Spectrometer with VGDS 2135 data system (ionization potential 70eV) linked to a
Pye-104 gas chromatograph.

Direct inlet mass spectra of the compounds examined were obtained on the same
instrument at an ionization petential of 70eV.

2.5 Preparation of Solutions for GLC-MS Studies

Solutions of DMP I and DMP III were obtained by dissolving their hydrochlori-
des in methanol or chloroform, or by extracting alkaline aqueous solutions of their
salts with freshly distilled diethyl ether. Each solution contained approximately 2ug
base per ul, with the exception of the solution of 2-aminopropiophenone (DMP III)
examined on the column (b) where concentrations were ca. 20ug/ul. 2-3ul of the pre-
pared solutions were chromatographed.

2.6 Preparation of samples of DMP I and its metabolites DMP II and DMP IV Jor
GLC analysis

To 1-4ml of aqueous solution or urine, containing from 4 to 400ug of DMP I,
DMP II and DMP 1V, in a tapered centrifuge tube, 1ml of internal standard solution
(ethylephedrine hydrochloride) was added. The mixture after dilution to 6ml with di-
stilled water or blank urine, was alkalinised (pH 10.5) with diluted ammonia solution
(0.5ml of 30% v/v NH,) and then extracted with 100ul freshly distilled chloroform
by shaking the tube for 2.25min on a Fison Whirlimixer. After centrifugation of the
tube at 6000 r.p.m. on a MSE Speed Bowl for 10min to separate the 2 immiscible
phases, 50ul of acetic anhydride was injected into the chloroform layer by means of
a 100ul Hamilton syringe. The mixture was allowed to stand overnight. The next
morning 1-2ul of the chloroform extract was removed using a 5pul SGE glass syringe
fitted with a 3cm needle. The chloroform was removed by placing the tip of the sy-
ringe needle directly into the chloroform layer, below the aqueous layer, and withdra-
wing the required volume. The chloroform was then injected into the GLC column
for analysis.

3. Results and Discussion

GEC analysis of DMP I and DMP III using column (a) produced two peaks for
DMP I and a single peak for DMP III (FIG 1). The smaller peak derived from com-
pound DMP I had a longer retention time (Rt) than the main peak. Phenylvinylketo-
ne and phenylmethyldiketone, the proposed decomposition products (formed by beta
elimination) of the 2- ammoproplophenones , chromatographed under the same condi-
tions, showed very short Rt 1.8-2.0 min. A process of beta elimination occurred to a
small extent in DMP I and DMP III during the process of extraction from alkaline
medium, but peak(s) with short Rt corresponding to phenylvinylketone and phenyl-
methyldiketone were almost immeasureable. Since the observed GLC decomposition
on column (a) did not correspond to a beta elimination reaction, the structures of de-
composition products weré examined by GLC-MS.

Direct inlet mass spectrums of DMP I (M.W. 177) and DMP III (M.W. 149)
showed base peaks, at m/e 72 and m/e 44 respectively, formed by a-cleavage.
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DMP III
DMPI
5.0min
41min 35min
| NI\

FIG. 1: GLC Chromatograms of the 2-Aminopropiophenones Using Column (a)

The GLC-MS results showed that the spectrum of the first peak of DMP I (Rt
4.1min) produced a base peak m/e 72, corresponding to the direct inlet mass spec-
trum of DMP I. The GLC-MS of thesecond peak of DMP I (Rt 5.0min) and the
single peak of DMP III showed the highest masses, two mass units lower than those
corresponding to molecular ions (M) of these compounds and characteristic frag-
ments. The m/e 175 (16%) and peak at m/e 70 (100%) was obtained from DMP I
and m/e 147 (6%) and peak at m/e 42 (100%) from DMP III. These results showed
that decomposition was almost complete for the N-primary aminopropiophenone
(DMP III), since this compound gave only one peak using column (a) and this peak
had a mass spectrum in which m/e 147 (M*-2) instead of m/e 149 (M) was obtai-
ned. In the case of the N-tertiary aminopropiophenone, DMP I, about 20-25% de-
composition occurred i.e. much less than with DMP IIL

In the GLC-Mass Spectra of DMP I and DMP III there were no m/e units cor-
responding to the direct inlet mass spectra of phenylvinylketone and phenylmethyldi-
ketone.
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Decomposition of the compounds examined on the KOH-coated column.(a) al-
ways took place, but the extent of the change depended on the gas chromatographic
conditions and varied daily. Decomposition did not depend on the solvent used as a
very similar picture was obtained using methanol and chloroform solutions as well as
ether extracts of the compounds examined.

Very similar results were obtained with DMP I and DMP III using two other
KOH-coated columns (c and d) and’this ifidicated that stationary phases did not in-
fluence the decomposition of these compounds. For this reason column (b) which
was the same as column (a) but with KOH omitted, was prepared. Using the same
gas chromatographic conditions on column (b), DMP I showed a single peak (FIG
2). Best peaks were obtained when the following conditions were used with this col-
umn: N, flow rate 1.25 cm3, H, and Air pressures 135 kPa and oven temperature
200°. The GLC-MS of DMP I now corresponded to its direct inlet mass spectrum; .
only a small amount (1.3%) of the fragment corresponding to its decomposition
product could be seen. At the concentration usually used on column (b) i.e. 2ug/ul, it
was not possible to detect any 2-aminopropiophenone (DMP III). But using higher
concentrations (10-20 times higher) a peak for DMP III was observed (FIG 2) which

DMP I

3.7min DMP III

3.1min

J—J b _JL L

FIG. 2: GLC Chromatograms of the 2-Aminopropiophenones Using Column (b).
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was not as sharp as the peak on column (a) (FIG 1). GLC-MS confirmed that the
peak was a mixture of unchanged DMP III and decomposition product (in almost
equal amounts) indicating that because of its thermolability, dehydrogenation of
DMP III occurred to some: extent without catalysis by KOH.

To confirm that both the compounds and their decomposition products had alka-
line character and that an alkali during the process of extraction did not influence
decomposition observed on the column, -ether extracts ‘of the compounds examined
were washed with HCI (IN) and chromatographed. No peaks were observed. Acid
layers were again made alkaline (SN NaOH), extracted with ether and chromatogra-
phed. Two peaks from DMP I were observed using column (a) and a single peak
using column (b).

On the basis of the above, a probable chemical mechanism for the GL.C decom-
position of DMP I and DMP III on KOH-treated columns was proposed (see FIG
3). Hydrogen abstraction leading to dehydrogenation via free radical mechanisms is

R /7 R

N2

COHNSR 7 N\ %-EH-N<H2
0 CH, ! —/ 0 CH;

(DMP 1) (DMP 111)
“H0 l KOH ' -Hz0 KOH

R
C-c-Ng 2 C-C=N-R
i SR @u [ °
0 CH, 0 CH,

FIG. 3: Chemical mechanisms for the GLE decomposition of the 2-Aminopropiophenones on KOH treated columns

mainly based on the following facts: -The reaction takes place in the gas phase and
under conditions which favour energetically the homolytic process. The reaction is i-
nitiated by KOH which under these conditions generates free radicals by heating.

Having established that DMP I did not produce a decomposition peak with colu-
mn (b), this column was adopted for the GLC analysis of DMP I in urine and water.

Metabolites of DMP 1 i.e. methylpseudoephedrine, DMP IV, and monomethyl-
propion, DMP II’, extracted from aqueous solution or urine in the same way as
DMP 1 (see 2.6) and injected onto column (b), under the same conditions, gave sati-
sfactory peaks for quantitative analysis. However, the retention time of DMP 11 was
exactly the same as DMP I (3.0 min.). It was therefore proposed to separate the pa-
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rent compound (DMP I) from the metabolite DMP II by acetylating the secondary
amine DMP II using acetic anhydride as the reagent (DMP I and DMP IV both
being tertiary amines could not be derivatized by this method). The acetylated DMP
Il gave a retention time of '12.6min. FIG 4 represents one of the chromatograms

DMP 1V

ETHYLEPHEDRINE —
(LS)

DMP I

ACETYLATED
DMP 11

\

FIG. 4: A Chromatogram showing the Separation of DMP I, DMP II, DMP IV and Ethylephedrine extracted Sfrom
Urine and injected onto Column (b).

showing the separation of DMP I, DMP II, DMP 1V and the internal standard ethy-
lephedrine. The reproducibility of extraction of these compounds from water or urine,
determined by GLC, gave coefficients of variation not exceeding 4.0%. The ex-
traction efficiency of the method from both.water and urine was between 80-100%
for DMP LILIV and ethylephedrine. Calibration curves gave correlation coefficients
of 0.998 and more.

Markantonis (1982)" found that DMP I was not metabolised to DMP III, so
quantitative GLC analysis of the compound was not required.
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Mepidnyn

«H avayxaidtyra ypnowonoinong otniwv ywpic KOH yia tqv agpioxpwuatoypapixi
avdAvon tov Swebvlomporniov kar dvo uerafloAntdv Tovs.

Kotd ) Sidpkela agpiov ypouatoypagiog we otiies mov mepieixav KOH napotnphfnke
arochvleon tov Suebvronponiov kau g auvorpomoavovns. Ta npoidvta didonaong
xepoxtnpiotnkav e GLC kot GLC-MS kot emBefoiddnke 611 mpdkeital yur apvdpoydve-
on mov mpokeAsital and v enidpacn tov KOH kot tng Bepuokpaociag.

Telkd mpotdfnke 1 xpnotponoinon othing xwpic KOH yo tov agploxpouatoypaeko
ROCOTIKO mPocdloptopnd 1ov dipeBvronporniov kar ddo petafoitdv tov. H péBodog avth
ATOBEIYTNKE OTMOTEAEGUATIKT] Y1 TOV TOCOTIKO TPOCIOPIOUS TMV OLCIOV AVTOV CTIG CLY-
KEVIPMGELG TOL LIAPYOLV 6T 0P Y 24 TOVAGYIGTO BPES UETE TN Xopnynon 50 mg Srue-
Bvlonporiov and to oTOUO.
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APPLICABILITY OF DISSOLVED - AIR FLOTATION FOR THE
RECOVERY OF FINE MINERAL PARTICLES

KOSTAS A. MATIS AND GEORGE P. GALLIOS

Lab. Gen. & Inorg. Chem. Techn., Dept. Chem., Aristotelian University of Thessaloniki,
Greece.

(Received September 24, 1984)

Summary

In most mineral beneficiation operations much of the losses are attributed to the fine size
fraction of the ore. Application of conventional flotation techniques for the recovery of fine
mineral particles is not possible for a number of reasons. The suitability of dissolved-air flota-
tion, a separation method established in wastewater engineering, was examined on calcite
fines at a laboratory batch stage. The process is known to produce fine bubbles. Parameters
studied were the conditioning time,-flotation recovery, agitation, fatty acid concentration, pulp
density, and flotation time. The problems associated with the presence of fine particles during
flotation processing were discussed and reviewed.

Key Words: Dissolved-air flotation, fine mineral particles processing.

Introduction

The problem of processing fine particles poses an immense challenge today to the
researchers both in mining and mineral processing areas, with the increasing demand
for minerals and the continuously diminishing grade of ores. Since mineral recoveries
are generally difficult to achieve at the fine particle size, much of the losses in most
mineral beneficiation operations may be attributted to the fine size fraction of the
ore.

The processing of ores containing fine mineral particles can be classified into two
broad categories, namely: (a) those in which the desired mineral almost entirely oc-
curs in the fine size range, due-to liberation reasons and in this instance, the process
(ideally) should be designed to recover virtually all the particles at this size range,
and (b) those in which the desired mineral extends from coarse sizes down into the
fine size range and in this case, the fines or slimes often interfere with the concentra-
tion of coarser particles and are usually removed (and simply discarded).

Examples of ores that consit mostly of fine particles are taconites, tin ores con-
taining cassiterite, certain sulphide ores, and mainly those encountered in the clay in-
dustry. There are numerous examples of processing systems in which the ore must
be deslimed. Perhaps the best example is the Florida phosphate industry, where ap-
proximately one third of the phosphate is discarded as a slime. It is known that
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nowadays roughily one fifth of the world-tungsten -and -one half -of- Boliviantin are
lost in slime, because of the lack of a suitable method of separation at fine particle
sizes!.

Because of the losses of mineral and metal values in the fine size range, con-
siderable interest is growing in developing new processes and in improving old ones
for the recovery of fine particles. Flotation is by far the most important unit opera-
tion of mineral processing. However, the application of conventional flotation techni-
ques for the separation of mineral fines is generally uneconomical and present several
scientific and technological problems. i

Particle - bubble collision, adhesion, and detachment are the three major sub-
processes during flotation. The first is non-selective in that both hydrophobic and
hydrophilic particles have the same probability of collision. Theoretical treatment of
the particle - bubble collision process assumes that bubbles move through pulp so
that there is a streamline flow of fluid around the bubble. At constant bubble size the
collision rate decreases with decreasing particle size?.

If, on the other hand, the bubble size is reduced in proportion to the particle size,
the rate of collision remains unchanged. This indicates that flotation with fine bub-
bles would be an effective way of recovering fine particles.

Scope of this paper is to study the technique of dissolved-air flotation applied to
the separation and recovery of fine particles. The background of the field will be also
briefly reviewed. Dissolved-air flotation has found increasing value during the 1970,
particularly in the area of water and wastewater treatment.

Our parallel work on electrolytic flotation as a separation method for fines has
been also reported recently3. The two techniques are known to produce bubbles of an
average diameter of approximately 50 pm, compared with the size range of 0.6 - 1
mm produced in froth flotation cells.

A dissolved -air (pressure) flotation system consists essentially of a flotation unit
and a saturator. The flotation unit serves to separate the solid phase from the liquid
phase and the saturator dissolves air into water under pressure. The pressure -
saturated water is introduced to the flotation unit through a reducing valve. Just
downstream of the valve the pressure is virtually atmospheric and the saturator feed
becomes highly super-saturated with air (Henry’s law). The air precipitates out of
solution ini the form of very small bubbles, which are blended with the feed.

The technique was reviewed by one of the authors?, among others. The
operational experience with a 2,300 m?/day pilot plant installed by a Water Com-
pany has been described®, and a cost comparison between dissolved-air flotation and
alternative clarification processes was also attempted®. While, a design example was
included in an excellent article on the process’.

Only two papers were found in the literature dealing with dissolved-air flotation
for the separation of mineral particles, and both studies were carried out, more or
less, at the same time with ours. In the first, the method was applied at ultrafine
particles (less than 10 um) and as an example, the separation of fine coal from coal
washery wastewater was chosen. The second paper® investigated the possibility of us-
ing the method for the separation of fine cassiterite.
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Experimental

The dissolved-air flotation batch experiments were conducted’® in a portable jar
tester for laboratory use, pioneered by Water Research Centre (UK).and manufac-
tured by Aztec Environmental Control Ltd. The system, although was primarily
designed for sedimentation tests, could readily be adapted with a special 1,500 cc
calibrated jar and a mini saturator having a content of 10 1, for dissolved-air flota-
tion evaluations. The jar, having a conical bottom with a drain and two side sampl-
ing points, was equipped with a stirrer motor giving stable speeds, fast for initial mix-
ing and slow to assist floculation in effluent treatment. Water saturated with air
(from a compressor), under a saturator’s pressure of around 5x10° Pa, was in-
troduced to the base of the unit via a nozzle specifically designed. The operation for
the dissolution of air needs attention’.

As material natural calcite was used having the chemical analysis shown in Table
I, and certified by an x-ray crystallographic analysis. The material was crushed,

TABLE I: Analysis of Material CaCO,.

Loss on ignition 43.71%
Sio, 1.93
R,0, 0.04
MgO 0.98
CaO 51.28

ground and sieved in the laboratory and the - 45 um fraction (- 325 mesh) was
taken. As collector the Acintol FA1 tall oil fatty acid was selected, supplied by
Arizona Chemical Company. It was containing mainly linoleic and oleic acids.
Previous experiments on the floatability of calcite have been also carried out and
reported elsewherell, B

Results and discussion

Not all minerals, of course, show maximum recovery in exactly the same size
range. To get some idea of the differences between minerals, the observed size ranges
of maximum flotation recovery have been published'? in a review paper on the
floatability of very fine particles; as for instance, 50-150 um for fluorite, 37-295 pm
for galena, 15-100 pm for sphalerite, 50-150 pum for pyrite, etc.

As the particle size is reduced two characteristics begin to dominate: the specific
surface becomes large and the mass of the particle becomes very small. A schematic
diagram was given!?, which is drawn as Figure I, to illustrate the relationship bet-
ween the physical and chemical properties of fine particles and their behaviour in
flotation. The arrows indicate the various factors contributing to a particular
phenomenon observed in flotation of fine particles. Certain phenomena affect the
recovery, as low flotation rate, high reagent consumption and rapid oxidation; other
the grade, as fine particle entrainment and non specific collector adsorption; while
there are some affecting both recovery and grade, as froth stabilization and higher
dissolution.
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FINE PARTICLES

HIGH agAGENT | HIGH " MENTTM
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¥
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AGGLOMERATION PROBABILITY
RAPID

™1 oxIpaTION

HIGHER LOW FLOTATION| | LOW ADHESION
DISSOLUTION SLIME COATING RATE *—| PROBABILITY

FIG. 1: Relationship between the properties of fine particles and their behaviour in flotation (after
Fuerstenau).

One of the first parameters studied during the batchwise laboratory. work was.the
effect of flotation time, expressed here as volume of water saturated with air, that
was added in the cell. The results are shown in Figure 2. The initial liquid content-of
the flotation cell was 800 cc, the weight of calcite particles 8.4 g, the collector’s con-
centration 40 ppm and the conditioning time 5 min. The values given are the average.

100
R (%)
d
50 A 1 iy 'y
200 400 600

AY (cc)

FIG. 2: Effect of time of dissolved-air flotation on recovery of calcite fines.
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of two (or three sometimes) tests. On the ordinate in the figure, it is customary in
flotation tests to calculate the flotation recovery, R, expressed per cent. It is seen
from the exprerimental results that with an introduced volume of 200 cc, or in other
words a recycle of 25%, the recovery reached 75%.

The speed of stirring was another variable and the results are presented in Table
II. A recovery of over 80% was noticed with 200 rpm. In this case, the added

TABLE II: Effect of agitation during flotation on recovery.

rpm R %

45 66.5
100 54.5
200 83.0

volume of saturated water was 500 cc and the other parameters as above. The samé "
principle stands for the rest of the paper, unless stated otherwise. It was obvious that
agitation, even with fine particles, was a necessity to keep them in dispersion and
prevent them from settling towards the bottom of the flotation tank.

Because of the small mass and momentum of fine particles, it is known that they
may be carried into the froth after getting either entrained in the liquid, or
mechanically entrapped with particles being floated. This phenomenon was also
noticed during the next round of experiments, when no colléctor was used giving a
recovery of 13% roughly. Figure 3 shows this effect of flotation reagent concentra-

R (%) X
60
30
0 10 20 30
Ccol. (ppm)

FIG. 3: Study of collegtor concentration on flotation recovery.
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tion on dissolved-air flotation recovery. A 10 ppm concentration was separating 80%
of calcite fines. It is accepted that the mechanism of fatty acids adsorption on salt-
type minerals is predominantly by chemisorption in neutral and basic pH!.

Chemisorption, generally, helps to improve the flotation recovery of fine particles.
This was explained'® due to one or more of the following reasons: (a) Specific
chemical interactions between the collector ion or molecule and metallic cation sites
on the mineral surface, maintain the selectivity even -at finer, sizes. (b) Because of
large free energies of adsorption in chemisorbing systems, the residual concentration
of collector in solutions is lower, which results in lower reagent consumption. (c) If
collector adsorption occurs by exchange or neutral molecule adsorption, the electrical
charge on the mineral is lower leading to better recovery of fine particles. (d)
Reduced adsorption of collector on bubble surfaces contributes to better recovery of
fine mineral particles. A

The next parameter tested was the pulp density. Satisfactory results, shown in
Figure 4, of the order of 80% recovery, were observed with a pulp density of 2%.

100}
R1% | o 0 ° a
— o
50 ] 1 i 1 1
1.0 20

p-d. (%)
FIG. 4: Effect of pulp density on calcite recovery.

This might be a problem for the application of the process on industrial scale, par-
ticularly in places where there is scarcity of water.

Similar range of pulp density was also found for electrolytic flotation®, compared
with an average pulp dilution of 15% solids in commercial nonmetallic circuits. Pulp
densities of as high as 55% and as low as 8% solids have been mentioned for flota-
tion separations!4.

Figure 5 shows the experiments where the effect of conditioning time was tested.
An optimum of 4 min was observed.

Because of the extremely complicated physico-chemico-mechanical conditions
existing in the flotation process, the problems associated with the presence of fine
particles are most pronounced in flotation processing. Attempts to develop theories
which explain the slower flotation of fines have had limited success. A lower rate of
attachment of particles to bubbles appears to be a contributing factor, but the
relative contributions of the processes of collision and adhesion have not been
resolved.
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FIG. 5: Studying the conditioning time as a parameter.

The most plausible theory described the~behaviour of fine particles in terms of
their lower rate of collision with bubbles and their low particle momentum, which
reduces the chance of adhesion. However, it must be stresséd that this useful work-
ing hypothesis lacks experimental proof?2. .

Other postulates were found inconsistent either with the limited data available or
else with relevant theoretical considerations. These included collision by dif-
fusiophoretic motion, attachment through rotation of angular particles, an increasing
dynamic contact angle, older surfaces, increased solubility, increased surface stress,
and an increased rate of adsorption. Certainly the whole problem of fines does not
look simple at all.

Many researchers carried out investigations on the tenacity of attachment of par-
ticles to bubbles, measuring the contact angle and relating the size of bubbles to the
floatability of particles. Volkova was one of the first in 1940 (quoted in reference
15), who actually worked with calcite. Her work has played a significant role in
development of the theory of mineralization of bubbles in flotation. Volkava’s ex-
perimental results, among others, showed that fine patricles float better with fine bub-
bles.

In conclusion, the results on dissolved-air flotation for the processing and
recovery of fine mineral particles are considered promising. It would be interesting to
investigate the possibilities of this technique for the selective separation of minerals
and in this area our work is continued.

Tepidnym
Avvarérnra Epapuoyric tne Eninlevong diaivugvov Aépa yia v Avdktnon Aentdy
Zwuatidiwy OpvkTdy

Me v eofovousvn LRTon ToV opukTdV Kol 1 ovveX(DS EARTTOVONEVN TOLOTNTR TWV
KoUtaoudTmv, 10 TpoPAnue g enekepyaciog xar gumhovticpod TV Aentdv oopatdinv
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npoPdiier ofjuepo éviovo. ITIG EYKOTOOTGOELS EUMAOLTIONOV PETOAAELUATOV OL
TEPLOCOTEPEG OmMAElE anodidovtal 10 Agntd cwportidio, mov sivar yevikd dbokoro v’
avaktnBovv. To avEavouevo evilapépov TV epevvnNTAOV oTpépetar eite otn Peltimon
noMdV yvootdv pedodov, eite oty avokdloyn ko perétn vimv. AdQopsg TEXVIKEG
enindevong £xovv dokipacel, agod n kAacowd agpo-enindevon mapovoldlel texvoroyika
Kol ETLOTNHOVIKG TpoPAfjuata o’avtd tov topéa kat Oswpeitatl un otkovoutky. Mio an’ avtég
T1g duvatdtnteg givat kot M eninAsvon SaAvpévov aépa, Tov Exsl kabepwbel oto nedio g
TEXVOAOYIOG TOV mePIBAAAOVIOC KO WG YVOOTO TapPAYeEL WIKpES QUoOAidsg aépa. tnv
gpyooia efetdletar oav vVAKO Aentdg aoBeotiTng Kol ol TOPAUETPOL TOL peEAsTHBNKAY ATAV O
xPOvog mpoodoroinong, n avapén, N cuyYkEVIpoon oLAAEKTN Mrapod offog, n avaktnon, n
TUKVOTNTA TOV TOAPOV KoL 0 Xpovog enindevong. Ta didgopa mpoPfAiuate mov sugavifov-
TOL HE TNV TO.POLCI0 TOV AETTOV copatdiov katd tnv enitAevon cvintodvior kaL avoivov-
ToL
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Summary

The effect of diffusion on the rate of attainment of adsorption equilibrium is ex-
amined for the case of a stationary spherical electrode surface, by means of a time
dependent expression for the electrode surface coverage. This expression is derjved
from the solution of the differential equation representing Fick’s second law for sym-
metrical spherical diffusion. _ ) .

The analysis is also extended to the derivation of equations which enable a time
dependent isotherm analysis.

Application of literature data for the adsorption of naphthyl compounds on mer-
cury reveals a satisfactory agreement between the experimental and calculated values
of the free energy of adsorption, while the agreement between the experimental and
the calculated adsorption isotherms is limited only to the potential of maximum ad-
sorption. ,

Key words: Time, dependence, adsorption, stationary, electrode.

Introduction

Time dependence of the interfacial behaviour of surface active substances is
usually introduced either by a slow diffusion! or a slow adsorption® process. The
case of a slow diffusion step towards a large variety of electrode surfaces, including
plane, spherical, stationary, rotating and growing®® electrodes is the most frequently
encountered in practice.

- Spherical symmetrical diffusion has been systematically studied™® on a theoretical
as well as experimental level for the case of diffusion of electroactive species.

Enough attention has been also given to the diffusion controlled adsorption of
electroinactive substances on plane electrodes as well as on growing mercury drop
electrodes?®,

However the diffusion controlled adsorption of electroinactive substances, the so
called surfactants, to a stationary spherical electrode, like the hanging mercury drop
electrode (HMDE), has yet received no attention, although such a study should set
the time effects on a quantitative basis. Such a study is attempted on a theoretical
level at the first part of this work. Here equations are derived for the time dependen-
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ce of the electrode coverage while adsorption isotherms are introduced into these e-
quations. ]

At the second part, we use literature data'® for the adsorption of naphthyl com-
pounds on Hg in order to test the applicability of the expressions previously derived.
Plots of surface coverage against time are calculated at various concentrations of the
adsorbates and the calculated adsorption isotherms and the values of the standard
free energy of adsorptiijn are checked against experimental data.

Symmetrical spherical diffusion of a surface active substance

It can be shown?*® that the fundamental differential equation describing sym-
metrical spherical diffusion of an electroactive substance to the surface of a spherical
electrode is given by Fick’s second law expressed in spherical coordinates:

oc % ‘ 2 oc
) D ( (Zr.t) + (689) ) (1)
ot or Ty or

where c(.) is the concentration of the diffusing substance, at a distance r from the
center of the electrode, D is the diffusion coefficient and r, is the electrode radius.
Obviously this equation is also applicable to the case of the diffusion controlled ad-
sorption of electroinactive species. '

Equation (1) is analogue to the equation:

a . 2
c _ b o%c (2)
ot X2

for linear diffusion, except the term 2/ry(dc/dr) which accounts for the curvature of
the diffusion plane.

The solution of (1) can be obtained under the following initial conditions:

at t=0 and r=oo (bulk) c=c*

at t=0 and r=r, (electrode surface) c=0

at t>0 and r=r, c# 0, and it is given by:

aC(r,t) — % ( 1 + 1 )
or "I /7Dt

If the first law of Fick is transformed to spherical coordinates then we obtain:

(3

dn oC(r )

= =gD -
dt q or . @)

where q is the area of the electrode surface and n is the number of moles transported
by diffusion.
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Therefore from equations (3) and (4) we obtain:

dn ' 1 1
—— =Dqc + ——
a \/n—DT)

dt

It is seen that eq. (5) is composed of a constant and a time dependent term.
The latter is the same as for linear diffusion. For large time values the steady

state term predominates. Therefore the times required to reach the steady state, even

with electrodes of large diameters are relatively short. As it is pointed out by

Delahay'! for the case of electrolysis current at a HMDE, the contribution of the

steady state term is relatively small at the initial stage.

Therefore equations for linear diffusion are applicable to our case only when time is

sufficiently short (a few seconds) and the radius of the electrode is not too small

(r,>0.05 cm). ' '

From. (5) integrating between 0-N; and 0-t we obtain:

)

Ni= Dgc*(t.r0~1 + 2D—,1/2ﬂ_1/2t 1/2) (6)

where N, is the number of moles diffusing to the electrode surface within time t.
It is known*® that the surface excess concentration of the adsorbate, I'y, is related to
N; by I't=N/q (mole/cm?).

Therefore

I'y=Dc*(tr, ! + 2D~ V2 =14 1/2) ™

By means of equation (7) a relation can be established for the time dependence of
the degree of the electrode coverage.
Since Bt:Ft/l"‘zs, where I'g is the I' value at saturation coverage, then:

0= (Dc*r, 7!t + 1.128D 1/2.%¢ 1/2)1~S_1' ®

where 0 is the time dependent value of the degree of the electrode coverage, 9.
This equation can be used for the calculation of the time dependence of the surface
coverage, provided,that D, ry, c* and Iy are given.

However. the study of the interfacial behaviour of surfactants enters a quantitative
level, when the, adsorptlon data. are subjected to an isotherm analysis. Such an
analy31s can be enabled by introducing the adorption isotherms into equat1on(8)
It is known that the adsorption isotherm can be generally represented by

Bc* = f(8)g(B;0) ®

where B is the adsorption equ111br1um constant, in cm3/mole, f (0) is the con-
figurational term standing for the entropy of mixing of the adsorbed species, g (Bj, 6)
is the energetic term which accounts for the interactions between the adsorbed par-
ticles'2 and Bj is the interaction parameter’ which depends’ on the certain adsorption
isotherm used.
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If (9) is written in the form fBc =F(8,B) then we have:

8= (Dr, 't + 1.128 D212 p~Ir—1 r@ By (10)

The adsorption equilibrium constant is related to the standard free energy of adsorp-
tion by:

B— 1 exp (— AGads ) ' (11)

Cs RT

where cg is the concentration of the solvent in moles/It.
Therefore we obtain:

, _-AGY ,
0= (Dr, "'t + 1.128D 12t 1/2) T~ lc exp ( R;"S )F (0, B) (12)

Thus when the corresponding pair values of B; and t are determmed by means of e-

quation (8), we .can.obtain through equation -(12) the AGads vs 0 dependence.
Finally we: must define the certain form of the F(Q By term.

For the most commonly used isotherm for adsorption from splutions namelly the

Frumkin isoterm'?, equation (10) takes the following form:

8= (Dr, lt+1.128-D /%t 1/2) =17~ exp (—2af,) (13)

De
1i-ee\'
where a is the interaction parameter and 0, is the equilibriunm’ surface ‘coverage:
It must be pointed out that the results obtained for 0, at any ihstant of time retain
their physical meaning when the condition o € 0;< 1 is fulfilled. In other words equa-
tions (8) to (13) do not account for the formation of multimolecular films. -
Another limitation of the above relations is that the 0; values are derived actually
almost mdependently of the certam polarrzatron condltrons ‘existing at the elec-
trochemical system. - ’

Nevertheless the effect of the electric ﬁeld is 1nd1rect1y introduced in equatlon (10)
through the adsorptron equrhbrrum onstant B, which is known to depend on the
electric variable (electrode potent1a1 or charge) of the system, however leading to
very comphcated expressions. ,

Application to the adsorption of naphthyl compounds at the mercury-solution inter-
face

The apphcablhty of the above outlined theory can be tested against experimental
data for the adsorption of surface active substances derived from the literature. Our
chmse from the vast varlety of the available data was g ‘ed by the need to know
the values of the . maximum surface excess tconc: ation, T's and of the
orrespondmg “diffusion coefficients.
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The availability of these parameters enables us to verify to what extend our
theoretical treatment is valid for the case of a stationary spherical Hg electrode,
namely the hanging mercury drop electrode (HMDE).

On the basis of the experimental T’ and D values for a-naphthol, a-naphthaldehyde
and a-naphthoic acid derived from ref. 10, provided in table 1, we calculated the 8; vs
t dependence for the above substances by means of equation (8).

TABEE 1. "Maximum‘.‘.,_sﬂggfaée_*ég(ggss and diffusion coefficient values (Taken from ref. 10)

Substance I's- 1010 D - 10°
mole/cm? cm?/s
a-C ,H,0H 2.8 6.7
a-C,,H,CHO - 29 6.4
a-C,,H,COOH 2.2 6.1

The radius used for the HMDE is taken -equal to 0.1 cm, in agreement to Delahay’s
suggestions'!. ’

In figures 1,2 and 3 the calculated 0; vs t plots for various concentrations of a-
naphthol, a-naphthaldehyde and a-naphthoic acid are respectively provided.

100

0 5  t/s 10 15

FIG. 1: Calculated 6, vs t curves of 0.IN HCI aqueous solutions in the presence of the following a-
naphthol concentrations: 1) 0.5-107°, 2) 1-107, 3) 1.5-107>,.4) 2-107°, 5) 3-107,
6)4-107°,7)5-107, 8) 6107 moles/It. )
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t/s 10 15
FIG. 2: Calculated 6, vs t curves of 0.IN HC! aqueous solutions in the presence of the following a-

naphthaldehyde concentrations: 1) 0.5 - 1073, 2) 1 -10‘?,_ 3) 1.5 107, 4) 2 1079,
5 3-107°, 6) 4-107°, 7)5-107°, 8 6-10~ moles/lt. .

1007 --¢

-— e e wm e g —— —

0 5 t/s 10 5

FIG. 3: Calculated 6, vs t curves of 0.IN HC! aqueous solutions in the presence of the following a-
naphthoic acid concentrations: 1) 0.5-107, 2) 1-107°, 3) 1.5-107, 4) 2-107,
5) 3107, 6)4-107°, 7) 5-107°, 8) 6107 moles/lt.

It is seen that for low enough concentrations (c*<2-10~>M) equilibrium is slowly at-
tained. At this concentration range it is also seen that the equilibrium surface
coverages are markedly below the value 8 = 1. For higher concentrations saturation
coverage is attained within short time intervals (<10s). It must be pointed that at this
concentration range the increase of the exposition times, leads ‘to values of 6>1



TIME DEPENDENT ADSORPTION AT A STATIONARY SPHERICAL ELECTRODE 233

which lack of physical meaning and they are produced by the inability of equation
(8) to account for the formation of multimolecular layers. However the almost im-
mediate attainment of the value 8 = 1 for ¢*>3 - 107°M makes these concentrations
inappropriate for further calculations.

From the comparison of figures 1 to 3 conclusions are drawn about the adsor-
bability of these substances. Comparing the 0; values corresponding to certain time
instances it is seen that a-naphthaldehyde presents the higher adsorbability, followed
by a-naphthol and a-naphthoic acid. This order is in agreement with our literature
data!'®. However such a comparison is of a qualitative character.

A quantitative comparison of the adsorbabilities of these substances is enabled by
means of the values of the adsorption equilibrium constant, contained in equation
(10).

In order to facilitate our calculations we don’t account for particle-particle in-
teractions, thus assuming a Langmuirian'® behaviour. Under these conditions, (10)
takes the following form:

ét: (Dro“lt +.1.128D 1/2t1/2) B—IF_I e

M (14)

For the calculation of the values of §, we set the following requirements: concentra-
tions must be limited below 1.5-107°M in order. to obtain'® 6.<0.5, within
reasonable time intervals (t<50s). :

The calculated values of the adsorptlon equilibrium constant are provided in table II,
together with the values of AGads calculated by equation (11) and also the ex-
perimental values of AGads taken from reference 10.

TABLE II. Adsorption equilibrium constants and standard free energies of adsorption for
9.=0.25 and T =298 K.

Substance Bealc. - 1074 (—=AGggg)calc. (—AGYgg)exp.ref-10)
cm3/mole kcal/mole kcal/mole
o-C,,H,0H 2.89 8.46 8.80
a-C,,H,CHO 4.33 8.70 9.00
o-C,,H,COOH 1.86 8.20 8.60

It is again seen that the adsorbability follows the order:

C,,H,CHO>C,,H,0H>C ,,H,COOH.

We must also point out the reasonable agreement between the calculated and the ex-
perimental values of AGads
The fact that the calculated values are systematically lower than the experlmental
ones must be attributed to the Langmuirian behaviour assumed that is to the fact
that the interaction between the adsorbed particles was not taken into account.
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Finally the 0 vs ¢ adsorption isotherms were calculated by means of eq (8) at
various time instants and they are comparatively provided in figure 4 together with
the corresponding experimental ones.

100 | b,

0.50

0.50

/. Y N ‘ :

9 g
¢ x109 mole-|!

. 5
5
1ol a. cx107mole-”’

050 (

VAR o
5 S 1
cx107/mole-|

FIG. 4. Experimental adsorption isotherms (solid lines) of a-naphthol (a), a-naphthaldehyde (b) and a-
naphthoic acid (c) at E-0.4 V(SCE) in 0.IN HC! aqueous solutions, according to reference 10.
Broken lines represent adsorption isotherms at t=2s (a), t=2s (b) and 1=0.15s (c) calculated by means
of equation (8).

It is seen that although eqn. (8) does not account for the polarization conditions ex-
isting at the interface, we can establish a satisfactory agreement by changing the ex-
position times. This is achieved only for the potential of maximum adsorption of the
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substances studied, which is located'® at -0.4V/SCE. Therefore in figure 4 we see
that a fairly satisfactory agreement is obtained for a-naphthol and a-naphthaldehyde
for t=2s.

For a-naphthoic acid at t=0.15s the agreement is less satlsfactory At other poten-
tials no agreement was detected.

Mepidnyn

Enidpacn e Sidyvong oto pvlud emitevéng TtHG 100pponiag TPoopoenNeNs yia THY
TMEPIRTWON EVOC OTATIKOU CQAIPLKOU NAEKTPOOIOV.

Tty nopodoa epyasio pueretdtar M enidpaon mov Exel M Sidyvon mhve 6To PLOUS
gnitevéng G ooppomiog mMPoopOENONG YW TNV TEPITTOON EVOG OTOTIKOD
oQapkod MAektpodiov.

Topdyetor plo xpovikd e€optduevn e€icmon Yo TO TOGOOTO EMKAALYNG TNG
nhextpodakfig empaveiog, uéowm g emilveng g dapopiknc eEicmong Tov 20v
vopov 1oV Fick, ekppacpévng 6e GQULPIKEG GLVTETAYUEVEG.

H avéivon eniong nepthapuBovel ko v napoynyf eEIGOOEMV Ol 0Toles EmLTpé-

novv pia ypovikd eEaptdpevn epapuoyn Twv 16obépuov TpoopoENoNC.
H epapuoyn Piprioypapik@v dedopévov yo ™V TpopoenoT TOV OLCLHOV O-VOQ-
06An, a-vaedaAidevudn kor a-vaedoikd 0&0 otov VEPAPYLPO, AvadEWVVEL TNV VTTapEN
IKOVOTTOMTIKNG oLupemviag aviueso oTig vrohoylloueves kot Tig BifAoypapixés
Tég g mpotunng  gievfepng  evépyewrg mpoopdemomns. Evpioketor  emiong
IKAVOTOWTIKT] GUUEMOVIN AVANESH 6T LTOAOYILONEVES KL TIG TELPOUOTIKES 1600Ep-
UEG TPOPOPMONG HOVO OUMG Yot apvMTIKG duvapikd kol €581K0 Y0 1O SLVOUIKO
UEYLOTNG TPOCPOPNOTS TOV OVCLAV CVTMV.
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Summary

Some oestrogens were studied by y-radiolysis in alkaline solutions. The influence of the
substituents of the five member D ring of the Oestrogen’s framework was investigated. The
reaction rate constants of the hormones with the oxidizing and reducing species were deter-
mined and found to be:

Ko+ Oestradiol = (3.33 £ 0.11) x 10°M s,

ko4 Oestriol = (4.5540.19) x 10°M s,

K0+ 17a-Ethynyloestradiol = (6.71 + 0.20) x 10°M~'s~!,
ke, + Oestradiol = (2.42 +:0.20) x 101M s,

ke, + Ocstriol = (2.35 + 0.15) x 10"M~'s™",

ke, + l7a—ﬁthyny}oestradiol =(2.60 + 0.20) x 10" M~'s™",

Key words: Oestrogens/Radiolysis/rate constants/oxidation/reduction

Introduction

The role of oetrogens hormones in the living organism is of great importance.
Thus, the knowledge of their reactivity toward oxidation-reduction agents helps to
understand their transformation mechanism in the cellular system. In order to follow
these reactions in various systems several methods have been reported'?>.

We have tried to elucidate the influence of the two distinct functional groups of
the oestrogenic A and D rings on the rate constant of the reaction of O~ radical-ions
and € 5q, produced by y-radiolysis of alkaline solutions with the oestrogen molecule.
We have irradiated oestrogen hormones under conditions where only O~ radical-ions
or € ,q were present, and we calculated the corresponding rate constants.

Materials and Methods

The hormones used were Merck or Serva, biochemical purity. All experiments
were carried out using compounds of the same lot number without any further
purification. :
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Recrystallized Safranine T [further in the text as (S)] (trade name of 3,6-diamino-
2,7-dimethyl-10-phenylphenazonium chloride) was Merck’s fiir Mikroskopie und
Bakteriologie.

Solutions were deaerated by flashing Ar or N,O before irradiation and they were
scrubbed with V2*. Irradiations were carried out using a °Co y-irradiation source (~
700Ci) with a dose rate of ~ 900 rad min—!. Dosimetry was performed with the
Fricke dosimeter, using GFe** = 15.6.

Experiments were carried out by irradiating the deaerated aqueous oestrogen
solutions in air tight spectrophotometric cells. Changes of the optical density (O.D.)
before and after irradiation were followed on a Perkin-Elmer 551 spectrophotometer.

In some experiments Safranine T was added as a competitor to the oestrogens
solutions, The spectrum of (S) was the same in alkaline, neutral or slightly acid solu-
tions. The determination of the dye concentration was measured spec-
trophotometrically using the reported*’ calibration curve at 520 nm and the & value
of 43333 M~'cm™.

Results and discussion

The absorption maxima and the € of the studied hormones were found as listed
in Table I

TABLE 1. Maximum wavelength and & of hormone alkaline solutions

Oestrogens Amax(nm) e(M~cm™)
Oestrone 292, 240 2940, 9290
QOestradiol 297, 239 2680, 8503
Oestriol 297, 239 2963, 9245
17a-Ethynyl- 296, 233 2756, 9380
oestradiol

The most important reactive groups of oestrogen’s molecule are the phenolic A
ring and the substituents of the five carbon D ring.

Using Safranine T as reference system the competition of hormones and (S) for
the reducing and oxidizing species was followed. It is reported®’ that HO, and H,0,
do not react with the dye which is also stable! in high pHs'. k

Considering that the reactions (1) and (2) take place between (S) and (E) and k,
is known, the unknown k, can be calculated.

S+ 0 or ey K products (1

E+O or e'aqﬁ products (2
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Reaction of Oestrogens with O radical-idns‘

It has been established that €’,q are transformed to OH via the reaction:

N,O +e3qg — N, + OH + OH"

It is also known that at high pHs’ the OH radical dissociates:

OH + OH= O + H,0

with a pk = 11.9%

The reaction of O~ radical-ion with oestrogens was studied following the UV-Vis
spectra of irradiated alkaline solutions, added with (S) as competitor, and saturated
with N,O. Thus, the disappearance of (S), by measuring the G(—S), served to follow
the competition of the two substances for the O~

The final products do not interfere in the spectrophotometric determination of
(S). As shown in Fig. (1), G(—S) results assymptotically to a constant non-zero value

X
v Off
(o] X » ’ ©
0.4
00 L | L ] 1 I 1 | ) | L L ]
00 08 16 24 32 4.0 5.0 68

[Oestrogen] x 10 M

FIG. 1: Safranine T disappearance as a function of oestrogen concentration. {S} ~2.5 x 107* M, N,0-
saturated, pH = 13. ® OQestradiol, O Oestriol, x 17a-Ethynyloestradiol.

at «infinite» oestrogen concentration. Considering the compefition between reactions
(1) and (2), equation (3) was obtained:

1 1 o 1 k,{E}

G(=S)—A) _ (1/3Gog—A) . (1/3Gon—A) kS )

where A is the extrapolated constant value of G(—S) at «infinite» oestrogen’s concen-
tration, and-{E}, {S}-are the*concentrations of oestrogen and-safranine T, respective-
ly. The A values were measured in each case from Fig. 1. As shown in Fig. 2, the
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FIG. 2. Variation of 1/g¢_s) _4 as function of oesirogen concentration. S} ~2.5x 10* M, N,O-
saturated, pH = 13. @ Oestradiol, O Oestriol, x 17a-Ethynyloestradiol.

plots of 1/,5(_s)_a; vs {E}/{S} are linear, as expected. It is found that the oxidation of
(S) in alkaline solution is a three one-electron equivalent processes.

From the plot of Fig. 2 we calculated the slopes in each case, and using
Gop=6.3 (the sum of the G values of oxidizing and reducing species), with
k; =ko4+s=9.3 x 10° M~'s”! and with the A values measured as above, we found
the- rate” constants k, = ko4 Qestrogen -

TABLE II. Rate constants of the reactions of the studied hormones in alkaline solutions.

Oestrogen K07+ Oestrogen ke'aq+ Oestrogen
x(10° M~ 1s71) x(101° M-1s~1)
QOestrone! 2.12 +0.32 —
Oestradiol 3.33 +0.11 242+ 0.20
Qestriol 4.55+0.19 235 +0.20
17a-Ethynyl-
oestradiol 6.71 £ 0.20 2.60 + 0.20

Considering that the A ring is the same for all investigated oestrogens, we can
conclude that the substituents of the D ring influence the oxidation rate of the hor-
mone molecule.
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Reaction of Oestrogens with € 54

Using the same competition technique we can calculate the rate constants of € 5q

with oestrogens. Using as reference electron scavenger the complex {Co(en),}**
(where (en) = NH,CH,CH,NH,), and ke, + [Co (en)y 3+ = 7.3 x 10% M~1s719) we
recalculated the k- , 5=4.88 x 10" M~'s™" which is very close to the reported'

value.

The competition curves of Safranine T and oestrogens for e';q, for the irradia-

tions carried out in Ar-saturated-solutions with 0.5M t-butanol present, are given in

Fig. 3.
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Fig. 3: Safranine T disappearance as a function of oestrogen concentration. (S} ~2.5x 107°M, Ar-
saturated, pH =13, 0.5M t-Butanol. ® Oestradiol, O Oestriol, x 17a--Ethynyloestradiol.
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FIG. 4: Variation of 1/g,_gs)_. 4 as a function of vestrogen concentration. S} ~ 2.5 x 10*M, Ar
saturated, pH = 13, 0.5M t-Butanol. ® Qestradiol, O OQestriol, x 17a-Ethynyloestradiol.
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The reduction of (S) by € ,q is an one electron equivalent process and equation
(3) is transformed to (4).

G(9-A  GeA Gy A K]

, 4
eaq_

The experimental results are shown in Fig. 4. From the slopes of this Figure
Ge-aqz 3.3, and from Fig. 3 A=1.2, kzzke‘aq+oes1rogen was calculated.

The similar rate constants of the reducing species with the investigated hormones
may be connected with the fact that the attack takes place at a common site of the
molecules, i.e., the phenolic A ring, or at least, that the rate determining step for the
reduction is the same in all cases. It also may mean that, contrary to the oxidizing
species attack, the substituents of D ring have no influence in this case.

Tepidnyn

y- PadidAvon uepikady Olotpoyovawy Opuovady og alkaldikd dialvuara

Mehetibnkav pepikéc Owotpoyoves Opupdveg oe arkehixd SoAdpaTe e Y-
padloivo.

Epeovinke m enidpoon vrokataotatdv otov meviapeAn D SokTtOAlo Tov
otepoedods okeAetod. Tlpoodiopiotnkav or orabepés Tax\LINTOS OVIOPLOEWS TWV
0l3TPOYOVOV oplovedVv e T1g ofedwTikég Kol avaywywkés pileg.
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MAPAIQI'H MONOYAPOZEYITEATIKQON OZEQN ME YAPOXAQ-
PIQXH TOY EAAIKOY OZEOX

A.Z. NTOYAIA, I'N. BAAKANAZX

Epyactiipio Opyavikric Xnuixtic Teyvoloyiag, Turpa Xnuicawv Mnyavikwyv, Efvikov Metoo-
Biov Holvteyveiov

(TTapernpdn 28 dePpovapiov 1985)

MepiAnym

Ia tnv nopaynyn povoidpoluoteatik@v obémv ano eAaikd o&d avantoxOnke 1| mapokd-
T uéBodog, mov meprhauPaver dbo Paoikég ynuikég diepyaoieg: i) v mpocbikn aepiov
vdpoyrwpiov Lo micon oto HMAG deocud Touv gAnikov okéog, mov 0dMynoe oe YAWPOOTENUTL-
k0 0EV ue LYNAR arodoon 95% xou ii) v LEPOALON OE AVTOKAELGTO TOVL TPOIOVTOG TPO-
oOfkng ue vdaTikd aAkalikd dwwAvpate, 7oL Edwoe’ UlyNoTa pE LEYLOTN TEPLEKTIKOTNTO OF
novoiidpokvotentikd oéa 50%. Mia celpd QUOIKOYNULKEOV TPOGOLOPIGUDOV EPAPLOGTNKE Y10
TNV TOLOTIKN Kl TOcOoTIKA eEETOGT TOV TPolovTOV TV avidpdoewy (aplBuoc wdiov, apid-
nog vdpobuviinv, apBuog ofvtntag, tposdiopionds xAwpiov, o. TEewg, aéplog xpwuotoypa-
oia).

Aé€aig kAabua: povoidpofusteatikd 0o&D, ghaikd o&D, vdpoyAwpimemn, canwvonoinem.

Ewcayoyn

M ovygpovn 1domn otn obvvBeon PLoamolkodOUTNCU®Y ETLPOVELNKE EVEPYDV
ovolOV!, oL cfuepo nopdyovtal kupiwg and To metpélato, eival n ypnoipuonoinen
QLTIKOV AVOVEDCIU®V TPOTOV LADV, 0nmg eivat to eutikd éAaw. H evbeiag aivoi-
dag arkviopdda Tmv aveTépmV MTApOV o0&V, BOCIKAOV GLOTUTIKOV TOV TPLYAUKE-
pidiwv, o uropovee va anotedicer 1o LEIPOPOPO TUNME £vOC apeipiiov popiov?.
Enedfi ouwg otnv mAsloymeio. tovg t0 Amepd o&fo TV QUTIKGYV eAainV, TEpLEYOLY
0TO MOPLO TOLG ueyGAo aplBud atopwv avipaxa (14-18), katéxovv évtova vOPOPO-
Bo (AMméeido) yopaktipa. Meiwon tov VEPOPoPov xopaktipo Unopel va emttevydel
PE TNV e1saymyh LEPOPILDY OuEdmV 6To pésov e LEPOYoPng alvcidac®*’. Tinv
mepintwon tov glaikod o&éog (18 dropa C oto udpro) amarteitor 1 EAGTTOON TNG
L3poYofLkoTNTag, GOTE TO TAGLEVEPYO Tov Ba mpokbyeL and Tnv npochikn ¢’ avtd
EVOG LAPOPIAOL TuMUHOTOG Vo Exel TG emtfuunTég 1810TNTEG MOV YopokTNpilovy TIg
ETPAVELDKG EVEPYEC EVGELS T.x. LOOTOSAALTOTNTA, KATAAANAT avaAoyia LIPOPL-
Aov mpog vépopoPo tufue (HLB) kAm.

~ Eivat yvooto 61t 1 onuacio tTov mupnvelainv 6To xOpPe TOV OTOPPLTAVIIKOV
VADOV, £yt atsBntd peiwbel and 1 og ueydio Babuo avTikoTdoTasn TOV KOOV oa-
ToLVIOV and Tig cvvleTikég amoppunoviikeég VAEG. H yxpnowwonoinet tovg yo mopo-
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Yoyl Proamotkodoufoiumy cuVBETIKOY EMQUVELakd evepydV ovoldv Bewpeitar OT1
fo anotelovoe e onuaviikf akonoinon Tov gyympiov CVTOL TPOIGVTOG.

Txondg g mapovoes epyosiag frov N avantuln vémv texvoloyikdv uebodov
ywo avopafuion tov elaivadv, ue TN HETOTPOTH TOL KOPLOL GLGTATIKOD TOVG, TOL
ehuikov ofgog og VOPoELAIOUEVE TOPAyWYL TOV GTEATIKOD 0EEOG TOPOUOLE TOV TTO-
AbTipov 12-vdpovoteatikod o&fog, mov mapdyetor and to Kikivédaio (castor Oil-
PLCLKO TTPOIOV (1€ LYNAT OLKOVOULKY onudcia).

H npocBnkm véparoydovov oto Sindd deopd TV povoakopéstmV o&émv Tov ov-
vodebeTal and canmvomoinon omotehei yevikn uébodo g oxetkig Biprioypagiag
yia mapookev’] VEpo&votinv kat o8nyel oe piypa wovobdpovotimv, axopéstmy Kot
Aoxtovev®’. Ag onueimbel ot N vpoyrmpiwon tov ehaikod oEfog £xel TOAD Adyo
neetnfel. T BipAoypagla avapépovror epsuvnTikés npoonédsieg pe xpnoiuonoin-
on d1eépov dAvtHV kot katolutdvd>0, "Ocov apopd tn canwvonoinon, youn-
Afc anodocelg vVOpokv-otiwv avagépovial otn Pifioypapic xatd v avtidpaom
aAOYOVOUEVAV TOPUYDY®V TOL ToAULTIKOD 0§80 ue VOPOEEdo Tov KaAiov®, evd M
ovykekpluévn vdpoivon dev xel uehetnbel ot ocvvbnkeg tng mapovoag epyaciag.

Mewpopatixd pépog

a. Ylixd mov ypnoionori@nkay. Elaiké ofv (pure Merck Art 471) Al: 90 (uéon me-
PLEKTIKOTNTA 0t €AaikO oED 85%)

— Ydpoyrapro aépro (xnuikd xabopd, Gvodpo).

— Oetikd o0& (Merck 96-98%)

— Y8pokeidio tov varpiov (pure Merck)

— Tletpelaixog abépac Merck DAB 7 e6. Bdpog: 0,66 o. (éoewg: 40-60°C).

— To. avtidpaoctfpla, oL YpNoLLOTOMENKAY GTOVG (MUKOVG TPOCHLOPIGUOVS Up.
10diov katd Wijs, ap. ofvtntag, ap. vépokvkiov, avopépoviar otig npdTLTEG PEBo-

dovg!l. To Tov mPocdIoPIGUO TNG TEPIEKTIKOTNTAS O YAMPLO O OPYAVLKEG EVAOCELS
xpnotworomnkov 1o avudpaotipie g pedodov Schoniger!2

B.. Opyava mov ypnowonoujyray ~I'e v vVEpoYAwPiwEN TOL glaixob o&éog xpn-
cmonomemcs auToKAELGTO, xcopntucornmg 468ml, and avo&m&mo xa?mﬁa eQodia-
. OPEVO WE HAVOMETPO Kat pe OepoOuETpo, moy épepe TAGY1E OTH Yl TV TPOPOSHTN-
on 7OV agpiov, uépokaptou H avn&paon SlSE_,(I'YO‘E(lV o0& yudAvo kOAVSpo pe eEo-
. TEPIKA 6Laus‘cpo 40 mm, goT. 61(1].18‘[[:)0 37 mm, pfixog, 27 cm MOV KATEATYE OE K-
vo vyovg 15 cm.

— TNt ™ coanwvonoinom. rou x?»copoorsamcou o@aog xpnolponomemcs QALTOKAELGTO,
. xwpnukotntog 1 It, and avoE,etSm‘ro xGAvBa €Qodiocpévo. pe chotNue avadevong,
HAVOUETPO, fepUavTicd navdva, BepUOUETPO KOL AVTONATO CHOTNUE EAEYYOV NG
Bepuoxpasiog.

— T v avélven tov mpoioviav xpnowwornoufinke n ovokevn Schoéniger!?
(npocdlopiopds yrwpiov) kor aEpiog xpopatoypapog (Perkin Elmer). To Mnopod
ulyua uetd canmvonomcn goteponotifnke yie TV mapackevn tov uebovreoté-
POV TOV MTap®OV 0EE®V, TOL aVOADENKAV 6TO XPOLATOYPdpo ot cuviikes: Ogpuo-
kpacia otiAng 210°C, nAnpotiké viAké APIEZON L (20%) oe Chromosorb W,
mieon aepiov (He) 1,3Kp/cm?

y. dwadikagia vépoylwpivonc-canwvonoiions Tpowodotodoapue T0. AVTOKAEISTO pe
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vdpoyAdpLo, Tov avtidpovoe e To meplexduevo ehaiko ofv (0.5 mole). Tpayuato-
nombnkav vdpoyrwpibdoelg ue covvexn tpoeodoosio vVOpoyAwpiov (ctabepry mison)
kot [e acvveyn tpogodooia vépoyxhwpiov (uetafaAiiouevn nieon). Meietifnke 1
anodoon tng avtidpacng e npoidov nposbikng. I'a 1o daywpioud Tng Anapng ea-
ong spapudotnke ekyOAlon Tov uiyuatog Tng aviidpuong ue netperdiko aifépa,
TADGN UE OmOoTAYUEVO vepd Kot andotaEn Tov dAvtn vnd kevo. H anddoon tng
avtidpacng uetpndnke pe mpoodiopiopd tov opduod wwdiov (akopesToHTNTE) UE TN
ugfodo Wijs kot ue npocdlopiopnd tov yAmpiov ue t uébodo Schoniger. To mpoiov
npoodfkng petd tnv avoakpuotdrioon ard Sbvimbipa £dele o. tEewg 40°-
41°C, A.L:1,1, A.0:176,5, nepekticdtnia oe xAdpto 10,9%..

To xopecpévo mpoidv and ™ depyacia g vdpoyrwpivwong usrd(pépﬁnxs GTO
QATOKAELGTO TNG cammvornoinong Yo va vdpolvdel oe cuvbnkeg: avadoyic moles
yAwpooteatikoy oEEog Tpog kavoTiko vatplo 1:3,2, SwwAdpate NaOH: 7% ko 10%,
Oepuokpaociec 125-200°C, xpovor 5-20 mpeg. Metd to Téhog TG avtidpacng tpoche-
tope apatd ddivpa Beiikov ofgog 15% x.0. Y1 T0 SOYWPLOUO TNG OPYOVIKNG QG-
ong. To Mmopod piype cvykevipovotav otnv eneaveln, ekyoliotav pe dtaAvtiko
nésov kot akohovBovoay skmAOGES UE BEPLLO AMOSTAYUEVO VEPS UEXPL TEAIKA TQ €K~
nAouato vo Seixvouv ovdétepn aviidpacn. ' tn SevkdAvven Tov draywpiouov
v pdoewv tpootédnke didAvua NaCl 10% x.B. Téhog to ekyvAoTIKG péoov (me-
tp. afépag) anooctaldtov vrd Kevo.

Zt0 Mmapd piyue g aviidpaong nposdioptlotav o apdudg wwdiov, o apBudg
vOpoELAimV, N TEPLEKTIKOTNTA OE YAGDPLO Yo TNV EKTIUNOT TNG TEPLEKTIKOTNTAG TMV
akopestev offmv (ehaiko o&v-apudpaloyovmon), TV vIPoEvoTERTIKOV 0EEMV KoL
Tov YAwpooteatikod oEEog, mov dev vipoAvBnke, aviicToixWS. XPOUUTOYPAPLKT
avalvon oe 0EPLO XPWUNTOYPAPO, WETG TN WETATPOTN TOV MROpdV 0EEmV 0TOVG
avtictoiyove ueBvrestépeg, counAnpove tnv eEETaon NG TOLOTIKTG KOl TOCOTIKTC
obotaong Tov Amopod piypatog. e v nopoiafn tov vdpofvoteatikmv ofimv
gpapudoTnke avakpvotdiioon and Simbviadépa.

Anotedéopoto Ko cuininon

YépoyAwpiwan tov eAaikot otéog. H mopeio g vdpoyrmpimong tov ehaikod o&éog
ue otabepn mison HCI 40 atm diverdr otov TMivaka I péoo and ™ petaforn g ov-

IMINAKAX I: Metatponf] Tov gAoikod oféog ot yhwpooteatikd oEh katd TV LOPoYAwpinoN UE OTO-
Bepf micon 40 atm

Xpovog ApBuog Meratponn Cl % Xlwpootea-
avTOpAcENG Iwbiov el of. % Ko o0&y (%)
t oe min katd Wijs
30 78,9 12,3 1,3 - 11,7
60 64,3 28,5 3,1 27,9
90 55,5 38,3 4,3 38,6
120 . 429 52,3 5,7 51,2
150 29,1 67,7 7,5 67,4
180 17,6 80,4 8.8 79,3
210 9,5 89,4 10,1 90,1
240 2,5 97,2 10,6 95.5
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oTa0ong Tov avidpavtog piyuatog. H petatpont tov eAaikod o&fog oe xAmpooTea-
K6 0ED aville o& TOC0GTO AVMTEPO TOL 95% GE XPOVIKG SlAcTNUL 4 OP®Y, TOV
Oewpeitor egarpetikd vyNAN. Ztovg napondve LTOAOYIGUODG Eyive M Topadoyn Ot
10 ehaikd o0&V Mtov teleing kobopd (100%). H peyddn Oum¢ mepIEKTIKOTNTO G
gADiKO OED UOG EMITPEMEL VA CLUTMEPAVOVUE OTL TO YAMPOOTEATIKO 0D KLPLOPYEL
670 Mmapo uiyua, yeyovog mov emiBeBai@vetal ond 1o 0TOTEAECHOTO. TV TPOcdio-
picumv Kol mtpoPAénetor ond BewpnTikn droyn. Ac onueiwbei, 611 M Bepuoxpacio
SotnpnOnke otobepn otovg 21°C katd v aviidpacm.

H aovveyfig vdpoyrwpimon perethbnie ya apyikég méceg vépoyrwpiov 40-50
atm, ue povi N dimAn droxétevon vdpoyxrwpiov (véo tpoeodotnon vdpoyAwpiov 6-
tov M mieon émece oTig 25 atm) kal KOTOYPAQNKE N RTMOOM Tieong koi 1 UETABOATR
¢ Beppokpacioc. Me Bdomn 0 neipapatikd avtd dedouéve LTOAOYICTNKE N KOTOVO-
uf Twv moles vdpoyAwpiov 6NV eépra ke LVYPR EAom katd tnv eEEAEN g avii-
dpaong. (Zynua 1). Eivar eavepd 611 n peyaddtepn ovykévipoon tov deAvuévou

B
A . .~
R
,""’
-~
--"‘——
G,2w 2-104
0,14 1.159
T v ¥ =T T T T T T T LR LN T T T
0 1 20 30 &£ 5 60 70 8 90 100 110 120.150 140 150 160 170 180

xpdvog (min)

n,: moles vdpoxrwpiov otV aépla @hon
Q,: ouvvolikd moles vdpoyrwpiov oTnv LYPR edon moles/cm?
A, B: pdonon pe ynp. avtidpacn (endf kar SmAY aviioToixwg).

LXHMA I: Ydpoxhwpiwon oc acvveytf Aeitovpyia (Movij kar Simdif wpogodosia HCI).

vdpoxrwpiov Exel gvvoikh enidpacn otn petatponh tov elaikod o&fog, apov o1
vynAég miEcelg 0dfynoay oe PEYOADTEPES 0MOdOGELS 6E TPolOV TPOocOnKNG, eVd av-
tibeta m Bepuokpacio peiwoe TV amddoom, Yeyovog TOL AVAPEVETAL QGO T OVTI-
dpaon eival wyvpd eEmbepun (IMivokag II).
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TIINAKAZX II: Y8poyhwpinon ehaikod okfog pe petafoilopevn micon
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a/a  Anii doyétevon H Cl

%UETATPOTT TOL

P (max) atm T (°C) Al Cl % elaiko¥ offog o€
) poldov mpocHnkng
1 40 22 30,8 7,2 66
2 40 26 34,9 6,8 61
3 50 22 16,7 8,9 81
Awnkn Sroyxéteven H Cl (T=22°C)
P (max) P,(max) ,
1 50 50 0,6 10,9 100
2 48 48 0,7 10,8 100
3 45 45 5,5 10,3 93,9
4 42 42 10,2 9,7 88,6
5 40 40 14,9 9,1 83,4

Ot TIUéC TOV PLOIKOYXMUIK®OV TPOGSOPIGUOV 6T0 avakpvuotarimuévo mpoiov (Al-
11,1, A0:176,5 C1%:10,90.7. (°C): 40-41) coykprtikd L& T OempnTikég Kot To. eAA-
yioto. BrpAoypapikd Sedopéval® (AI:0, AO:175,5, C1%: 11,1, o.t.: 39-41) odnyodv
OTO GUUTEPOGCUO OTL TO TPOIOV TNG OVTIOPACTG AMOTEAEITAL TPAKTIKAOG OnO YAWPO-
oTEATIKO 0&L.
Zanwvonoinon. Kotd v vdpoivon tov yAwpooteatikod offog damotdverar 0Tt
YOPOUV TOVTOYpOVE dV0 POCiKéG OVTIOPACELS, N 0PLIPAAOYOVICT KOL T QVTIKOTA-
6T06M TOL 0AOYOVOL amd pie vipofvioudda. (Tlivakes IIT ko IV) 6nwg npofAéme-
ot kot Gewpntikd. H mopatnpovuevn avEncn g aKopesToTnTaG Evvoeiton kot’ ap-
YAV ue TNV adEnon e Beppokpacias, evd otig bynAés bepuokpocieg napovoibotn-

TIINAKAZX III: Avdivon koi oBoTaon tTov Tpoidviog g canmvoroinong (SutAvpe NaOH 7%)

o/afxropopive Ydporvon Tpoidv vdpoAdoEMS Sovola
nPOIGY axop.+OH
Al T (°C)t (h)| AI |Cl%{AOH| axdpecto | kexopeop. | Ydpotv KXAmporpoiov +xhop/

. Tpoiov TpOIoV TpoidV TPOIoV
1 0.6 125 5 137,3]190] 65,0 414 58,6 34,8 17,0 93,2
2 0,6 125 10 |40,0(0,90]| 71,0 44,4 55,6 38,0 8,1 904
3 0.6 125 15 {42,8(0,34]| 74,5 47,6 52,4 39,9 3,0 90,5
4 0,6 125 20 |42,0(0,04]| 70,5 46,7 |} 533 37,8 0,0 84,5
5 0.6 150 5 140,0(1,55| 71,0 44,4 55,6 38,0 14,0 96,4
6 0,6 150 10 [42,0(0,67] 75,0 46,7 533 40,2 6,0 92,9
7 0,6 150 15 |46,31040] 78,0 514 48,6 41,8 3,6 96,2
8 0.6 150 20 |48,5]0,33|65,9 53,9 46,1 353 3,0 92,2
9 0.6 175 5 |141,9]1,00] 72,5 46,6 534 38,8 9,0 94.4
10 3,0 175 10 |48,0]0,30{ 77,7 53,3 46,7 41,6 T 2,7 97.6
11 2.2 175 15 |45,6]10,201 79,2 50,7 493 42,4 1,8 95,1
12 2,2 175 20 |43,3}10,00| 69,0 48,1 51,9 37,0 0,0 88,9
13 1,5 200 5 [49,510,57)69,5 55,0 45,0 37,2 5,1 97,3
14 2,9 200 10 [53,310,22) 74,5 59,2 40,8 39,9 2,0 101,1
15 2,9 200 15 {45,710,12{ 773 52,8 49,2 41,4 1,1 93,3
16 2,9 200 20 {44,210,00{670 49,1 50,9 359 0,0 85,0
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MINAKAZX IV: Zorovonoujoelg xrlopooteatikod offog pe Stahvpa NaOH 10% x.p. T = 150°C.

t(h) Al -AOH Ci% 9%axop. | %kexop. | %OH %Cl
5 41,0 96,7 0,25 45,6 54,4 51,8 | 2,2
10 43,0 97,2 0,10 47,8 52,2 52,1 1,0
15 49,4 84,6 0,04 54,9 45,1 45,3 0,0
20 51,0 79,0 0,00 56,7 43,3 423 0,0

ke ueiwon mov o@eileTar ce GAAeg dpdceg. H peyaddtepn amddoon oe vdpo-
Eumpoiov emitevyinke oe xpdvo 15 wpdv yia Oheg Tig Bepuokpaoies nov getaotn-
kav. H avénon g Oeppokpasiog mave and tovg 175°C odNynce oe pikpotepn
andSoon oe vpofuoteaTikG oféa. etk fiTav N enidpacn TLKVOTEPOL AAKAALKOD
SroAvparoc (10%) xatd, ) conwvornoinon ondte eEANEncoY peyaAvTEPES amodOoELG
o LIPOELTPOIOV of pkpOTEPOLG Y pOvovs. H peyiotn amddoon tomofeteltar ot
XPOVIKT| TEPIOXT T@V 5-10 opdv kar avirle ot 52%.

H avéloon Tov piypertog tov Mrapdv uedolestépov 61OV 0EPIO YPOUATOYPAYO
£dmae ypovovg avicyeong 44.40 min, 19.80 min kor 44.50 min yw tov vpoguorea-
Tcd peboreotépa, yia Tov ehoikd pebvoiestépa kor Tov 12-vdpoguoteatikd pehude-
OTEPQ AVTIGTOLYWG, OV yPNoonodnke cav mpOTLAN OLCIR KOL | TOCOTIKN EKTi-
UNoT TOVG CLPPOVODGE HE TO. OMOTEAECUOTE TOV XNUKOV TPOCOLOPLOUOV.

To_ v8pokuotentikd oED petd TNV avoxpustdAlwen omd Swbviabépa Edwoe:
AOH:180-186 (évovtt 186,7 g Bcwpntixfg tiufg), AO: 182-187 (Evavt 186,7),
Al:5 (gvavtt 0,0), o. thEewg: 73-75 (évavtt 74-75 wou 81-82 tov 9- xor 10 -
v3potudekaokTavoikod offog avtiotolya), xpOU ALk kar Mmapd ven.

Summary

Production of monohydroxystearic acids by hydrochlorination of oleic acid.

D. Doulia and G. Valcanas

A method for the production of monohydroxystearic acid from oleic acid was
developed, which consists of two basic chemical reactions: i) the addition of gaseous
hydrogen chloride to the double bond of oleic acid under pressure, which leads to
95% yield in chlorostearic acid and ii) the hydrolysis of the addition product in an
autoclave, using aqueous sodium hydroxide solutions, which gives mainly mixtures
with a maximum content in monohydroxystearic acids approximately 50%. The con-
ditions of the above reactions were studied in order to increase the yields in chloro-
stearic acid and monohydroxystearic acid respectively. The physical and chemical
determinations, which were employed for testing the reactions’s products, included
the iodine number, the hydroxyl number, the acid number, the chlorine content, the
melting point and the G.L.C of the fatty acid methyl esters.

Key words: monohydroxystearic acid, oleic acid, hydrochlorination, saponification.
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DERIVES DE LA nor-MEPERIDINE AVEC UNE EVENTUELLE
ACTIVITE NEUROLEPTIQUE ET ANALGESIQUE
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Introduction

La pharmacologie des bases de Mannich dérivées des a-tétralones est déja conn-
ue. Ainsi des propriétés tranquillisante’>'*4* et analgésique™'* ont été citées. L’activi-
té neuroleptique des composés de ce type devient plus compréhensible a la lumiére de
la théorie de Janssen® qui présupose une conformation § 3 comme la conformation
active pour la plupart des neuroleptiques. Composés qui possédent une structure
semie-rigide 4 pourraient obtenir plus facilement cette conformation imposée par le
reste de tétralone; la pipéridyl méthyl-2 tétralone et la Molindone” 5 sont des exem-
ples des B-amino cétones de ce type, qui possedent une activité neuroleptique.

(o}
©\/(\N/ m/\
~ rd
3
4

o]
__/
o SN

SCHEMA I ’ : -1

Par ailleurs, la phénopéridine est un analgésique 150 fois plus puissant que la mé-
péridine et comprend dans sa molécule la chaine ouverte C.H; — CH(OH) — CH, —
CH, — N < Nous avons préparé des composés des formules 1 et 2 dont les caracté-
ristiques structurales sont conformes a celles qu’exige le modele de Janssen pour les
dérivés de la péthidine plus particuliérement et pour les analgésiques morphinomimé-
tiques plus généralement®’, Ainsi la structure de ces composés rappélle bien celle de
la phénopéridine et piminodine (avec une chaine CCH, — NH — (CH,); — N ) ala

* Died on June 18th, 1985
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différence que la formation d’un cycle en six chainons entre le carbone B par rapport
a l'azote et le phényle par I'intermédiaire d’un hétéroatome ou pas assure la confor-
mation S semi-rigide.

Partie chimique

Nous avons préparé les composés des formules 1 et 2 en faisant réagir le chio-
rhydrate de la normépéridine avec la tétralone-1, chromanone-4 et N-méthyl dihydro-
2, 3-quinolone-4 selon Mannich. Les bases 1 obtenues, qui se décomposent relative-
ment facilement'® sont soumises a une hydrogénation catalytique. On obtient ainsi les
alcools 2 sous forme d’un seul stéréoisomere dans lequel les hydrogénes aux posi-
tions 1 et 2 du noyau cyclanique sont en position trans-diaxiale'?.

Les réactions effectuées sont figurées dans le schéma II et les caractéristiques
principales des produits synthétisés dans le tableau I.

o]

nor-meperidine ___.P%
» H2

X=CHy , O, N-CHy

CeHg
SCHEMA 11 COOC2Hg

TABLEAU I

Composé X F base (éther) F I (éthanol-éther) Formule

H

1a CH2 103 173 C25H29NO3
1b 0O 91 141 C24H27NO4
1c N—CH3 104 ‘176* C25H3ON2O3
2a CH2 94 159 C25H3‘]NO3
2b O 112 188 C24H29NO4
2c N—CH3 116 **x C25H32N203

(*) dichlorhydrate
(**) Dichlorhydrate hygroscopique, 1l se décompose &

basse température.
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Partie Expérimentale

Les points de fusion ont été pris dans un appareil de Biichi et ne sont pas corri-
gés. Les microanalyses ont été effectuées par le Service Central de Microanalyse du
C.N.R.S. et sont conformes aux valeurs théoriques a +0,4%. Les spectres RMN pro-
ton 'H ont été enregistrés sur un appareil Varian FT-80A; les déplacements chi-
miques sont donnés en & (ppm) par rapport au TMS en référence interne. Les spec-
tres en IR ont été enregistrés sur un spectrophotométre Perkin-Elmer 177.

La N-méthyl dihydro-2,3 quinolone-4 a été préparée selon!! et la chromanone-4
selon'?,

[(oxo-1 tétrahydro-1,2,3,4 naphtyl-2) méthyll-1 nor-mépéridine la. (X=CH,)

Un mélange de 2g (0,0074 mole) de chlorhydrate de nor-mépéridine, de 1,26g de
trioxymeéthyléne (0,014 mole), de 1,16g (0,008 mole) de tétralone-1, de 20 cm?® d’é-
thanol absolu et de 5 gouttes d’éthanol saturé d’acide chlorhydrique est chauffé a re-
flux pendant 8h.

On évapore 1’éthanol sous pression réduite, ajoute 100 cm?® d’eau et extrait quatre
fois a I’ éther. La couche aqueuse est alcalinisée avec un excés d’une solution de bi-
carbonate de sodium saturée. On élimine sous pression réduite ’éther dissous dans la
masse du mélange. Il se forme un précipité que l'on filtre et lave a I’eau. Le précipité
est mis dans le méme ballon, dissous dans 100 cm?® d’éther et séchée sur Na, SO,.
Aprés avoir évaporé sous pression réduite et a la température ambiante le solvant, on
obtient la base qui est transformée par la suite en chlorhydrate (éthanol abs. — HCI).
Rdt en chlorhydrate: 60%. IR base (nujol):v (C=0) ester 1720 cm™!, v(C=0) cétone
1680 cm™', RMN (base-CDCl,) 61,18 ppm (t, 3H, CH,), 1,50-3,32 ppm (m, 15H, 2,
3, 4, CH,-N et pipéridiniques-H), 4,10 ppm (q, 2H, COOCH,), 6,90-7,55 ppm (m,
9H, aromatiques H). '

De la méme fagon on prépare les bases de Mannich 1b et lec.

[(ox0-4 chromanyl-3) méthyl]-1 nor-mépéridine 1b (X=0)

Rdt en chlorhydrate: 52% LR. base (nujol): WC=0) ester) 1718 cm!, o(C=0) cé-
tone 1690 cm~!, RMN (base-CDCl;) 61,12 ppm (t, 3H, CH;), 1,56-3,12 ppm (m,
11H, 2, CH,-N, pipéridiniques-H), 4,08 (q, 2H, COOCH,), 4,25-4,68 (m, 2H, O-
CH,), 6,75-7,93 (m, 9H, aromatiques).

[(méthyl-1 oxo-4 tétrahydro-1, 2, 3, 4-quinolyl- 3) méthyll-1 nor-mépéridine 1.
(X=N-CH,)

Rdt en dichlorhydrate: 57% I.R. base (nujol): v(C=0) ester 1720 cm!, w(C=0) cé-
tone 1668 cm~', RMN (base-CDCl,) 51,18 ppm (t, 3H, CH,CH,), 3,00 ppm (s, 3H,
N-CH,), 1,56-3,78 ppm (m, 13H, 2, 3, CH,-N, pipéridiniques H) 4,08 ppm (q, 2H,
COOCH,), 6,58-7,87 ppm (triplet de multiplet, 9H, aromatiques). La base et son
chlorhydrate sont de coloration jaune comme toutes les quinolones-41%,

[(hydroxy-1 tétrahydro-1, 2, 3, 4 naphiyl-2) méthyl]-1 nor-mépéridine 2a (X=CH,)

La cétone la est hydrogénée en présence de Pd-C a 10%. L’ hydrogénation est
effectuée au début a la température ambiante, puis vers 45° jusqu’ a absorption com-
pléte du volume d’hydrogéne calculé. Apres filtration et évaporation du solvant sous
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pression réduite, on verifie la disparition de la bande du carbonyle a 'infra rouge. Le
résidu est dissous dans I’ éther et filtré sur alumine activée. Aprés évaporation du so-
lvant le résidu cristallise dans un mélange éther-n-pentane. La base est transformée
ensuite en chlorhydrate suivant les méthodes courantes et dans des conditions anhy-
dres.

Rdt en base: 95%. IR base (nujol): v(OH) 3250 cm™! trés large, v(C=0) ester 1735
cm~!, RMN (base-CDCl;): 61,18 ppm (t, 3H, CH,), 1,35-3,37 ppm (m, 15H, 2, 3, 4,
CH, N, pipéridiniques-H), 4,10 ppm (q, 2H, COOCH,), 4,62 ppm (d, 1H, J=9Hz, 1-
H), 6,81-7,68 ppm (m, 9H, aromatiques).

De la méme fagon on prépare les bases 2b et 2e.

[(hydroxy-4 chromanyl-3) méthyl]-1 nor-mépéridine 2b (X=0)

Rdt en base: 80%. L.R. base (nujol): (OH) 3440 cm™! trés large, v(C=0) ester 1724
cm~!, RMN (base-CDCl,) 81,18 ppm (t, 3H, CH,), 1,68-3,31 ppm (m, 11H, 2,
CH,N, pipéridiniques-H), 3,56-4,25 ppm (m, 4H, OCH,, COOCHz), 4,66 ppm (d,
1H, J=9Hz 1-H), 6,56-7,50 ppm (m, 9H, aromatiques).

[(hya’roxy—4 méthyl-1 tétrahydro-1, 2, 3, 4 quinolyl-3) méthyl]-1 nor-mépéridine 2e.
(X=N-CH,)

Rdt en base: 83%, L.R. base (nujol): v(OH) 3380 cm™! trés large, (C=0) ester 1728
m~!, RMN (base-CDCl,): 81,15 ppm (t, 3H, CH,), 1,81-3,18 ppm (m, 13H, 2, 3,
CH,N, pipéridiniques-H), 4,06 ppm (q, 2H, COOCH,), 4,62 ppm (d, 1H, J=9Hz,
1-H), 6,37-7,50 (m, 9H, aromatiques).

Sommaire

Des bases de. Mannich de la nor-mépéridine avec la tétralone-1, chromanone-4 et N-
méthyl dihydro-2, 3-quinolone-4 ont été synthétisées. Ces amines cétones ont été transformées
aux amines alcools correspondants par hydrogénation catalytique. Les deux séries des com-
posés obtenus possédent les caractéristiques structurales négessaires, selon Janssen, pour une
éventuelle activité neuroleptique et analgésique.

Key words: Mannich bases of 1-tetralone, 4-chromanone, N-méthyl-2, 3-dihydro-4-quinolone.

Summary

Synthesis of nor-meperidine derivatives with a possible analgetic and neuroleptic action

In this paper the preparation of Mannich bases of 1-tetralone, 4-chromanone and N-
methyl-2, 3-dihydro-4-quinolone with nor-meperidine is described. These bases were converted
to amino alcohols by catalytic hydrogenation. The two series of produits show the Janssen
structural characteristics for a possible neuroleptic and analgetic activity.

Tepiinyn

2ovheon mapaydywy THE NOr-uUEREPIIVIIG ue mBavij avaAynTiky Kal Veupolyntiki dpdor
Mupaokevaotiay Bdoeg tov Mannich g 1-tetparovng, 4-xpouovovng xar N-uébvio-
2, 3-8108p0-4-KIVOAOVIG WE TNV NOT-UENEPLOIVY MOV UETETPAMNKOY GE GULVO OAKOOAES UE K-
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talutikf] vépoydvoeon. Ot §0o oepég TV Tpoldviwv napovstdfovy ta Sopkd xapakTnpL-
OTIKA, oUpQovVe pe Tov Janssen, yie po mihovi) VELPOANTTIKT kot aVaAYNTKYy Spdom.
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Introduction

Polyethylene is the most widely used polymeric packaging material in the world
today including food and drug packaging applications. Upon aging polyethylene un-
dergoes oxidative degradation under the influence of heat, light or radiation!. Depen-
ding on nature of oxidizing agents and conditions of oxidation nearly 20 oxidation
products of the antioxidant BHT have been isolated and characterized®.

To prevent such degradation and to increase the stability of polyethylene, antioxi-
‘dants are added in small amounts to the polymer, the major one by far being butyla-
ted - hydroxytoluene (BHT). These compounds inhibit oxidation by blecking free ra-
dical formation but in turn oxidize themselves to produce colored substances®. An o-
xidation product of BHT causing a marked yellow discoloration of clear polyethylene
film was identified as 3,3",5,5-tetrabis (tert-butyl) stilbenequinone* and was isolated
from cooking oil to which BHT was added’.

This work was undertaken with the objective to isolate and identify the com-
pound or compounds responsible for the yellow discoloration of polyethylene pellets
destined to be used in food packaging applications and possibly to conﬁrm the for-
mation of the above mentioned ‘stilbenequinone derivative.

Experimental

Samples

Two different samples of PE pellets were supplied by a local manufacturer. The
“control” sample, white in color ‘and the “oxidized” sample ranging from bright yel-
low to off white in color.

Isolation of colored compound

A series of organic solvents were tested for solubility of the yellow colored com-
pound without simultaneous dissolution of the polymer. Methanol was chosen for the
above purpose. Both samples were extracted in a Soxhlet apparatus for 8 hrs with
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methanol. The solvent was subsequently evaporated in a vacuum evaporator until a
bright yellow colored solution resulted. The control sample gave a colorless solution.

Oxidation of pure BHT

A small amount of BHT was dissolved in methanol, placed in a glass vial which
was sealed with a rubber stopper and an aluminum crimp cap and purged with oxy-
gen. The vial was simultaneously heated on a heating plate at 60° C. Oxidation of
BHT was stopped when a bright yellow colored solution was formed.

TLC analysis

TLC analysis of the following samples was run on Eastman Chromogram 13181
Silica gel sheets using acetone as the separation medium and iodine vapors as the
developing medium:

a. Oxidized BHT

b. “Oxidized” sample extract

c. “Control” sample extract

d. Isolated yellow compound. This compound was purlﬁed by repeated preparative
TLC analysis.

HPLC analysis

HPLC analysis was performed on the following samples:

Oxidized BHT

“Oxidized” sample extract

“control” sample extract

isolated yellow compound

Pure BHT dissolved in methanol

Preliminary scanning of the above samples was performed using a UV detector

between 180-390nm with the wavelenght 232nm chosen for the analysis.
HPLC operational conditions:

column: partisil Px5 5/25 30cm x 0.65cm i.d.

injector: Rheodyne, model 7125

pump: Altex, model 110A

detector: Tracor, model 970A, variable wavelenght UV detector at 232nm.

flow rate: 1ml/min

carrier medium: methanol, A, = 202nm

injection volume: 20ul

oo o

LR. analysis

LR. analysis of samples a.b. and d. was performed using a Perkin Elmer, model
421 LR. spectrophotometer.

Mass spectrometry analysis

Mass spectrometry analysis of samples a. and d. was performed using a Hewlett
Packard, Model 5990A GC/MS system. To obtain a sufficiently purified sample for
Mass spectrometry analysis, 3 TLC purifications were required. Samples were analy-
zed at 70 eV using temperature programming between 110 and 150° C.
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Results and discussion

TLC analysis of samples ab, and d gave the same major .yellow spot
(R¢=0.67).

HPLC analysis of samples a,b,d and e, gave the same characteristic peak respan-
se (tr = 3. 44min) at A = 232nm., for BHT and its oxidation product. There was no
differentiation between the two. Sample c., gave no significant peak response at
232nm indicating the absence of both, excessive amounts of BHT and its oxidation
product.

Samples a,b, and d, gave an IR spectrum with a major absorption band at 1600
cm'L This is characteristic of a ‘carbonyl group in a highly conjugated system and is
indicative of a quinoid structure®.

TABLE I: Relative Abundance of Major Ions in Mass Spectra of Samples a* and d*.

m/e Sample a Sample d

- 57 9 9
203 6 5
204 4 3
217 5 4
219 4 3
434 100 100
435 34 32
436 22 21
437 8 8

* See text for description of samples a and d.

The mass spectra of both samples a, and d, exhibited a base peak at m/e 435
and additional peaks at m/e 437 and 57 (Table I), and were similar to those obtained
previously*.

Based on data recorded in Table I, the m/e 434 peak was considered the mo-
lecular ion, the m/e 435 peak was attributed to the normal isotopic abundance of
carbon-13, and the m/e 436 peak was attributed to the normal isotopic abundance of
oxygen-18. The m/e 57 peak was assigned to a t-butyl ion (C,H,,).

Based on a molecular weight of 434 and establishing the number of carbon a-
toms present from mass spectra recorded’, the isolated yellow compound is confir-
med to be-an oxidation product of BHT*® with a molecular formula of C,,H,,0,
and a structure that of stilbenequinone.

C(CH,), C(CH
o

T \—r

C(CHy ) C{CH,),
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Extraneous peaks found in both: spectra (Table I) were attributed to minor im-
purities present in the samples.

It is postulated that during compounding due to excessive content of BHT in the
polyethylene, a significant portion of the antioxidant is oxidized to produce yellow
discoloration in the polymer. BHT is regulated by government agencies (F.D.A.,
GREEK FOOD CODE)®® and as a food additive it is permitted in certain
_foods at levels ranging from 10-200 ppm. However breakdown products of BHT
such as stilbenequinone or stilbene are not regulated and their presence in large a-
mounts as a result of excessive oxidation of BHT raises questions as to the accepta-
bility of products containing them without proof of their safety. Foods therefore con-
taining off color and/or off taste could lead to seizure by the appropriate Govern-
ment agencies.

Summary

Butylated hydroxytoluene (BHT) is widely used as an ‘antioxidant in the production of po-
lyethylene. An oxidation product of this antioxidant was isolated from discolored polyethyle-
ne pellets, destined to be used in food packaging applications. The compound identified as a
derivative of stilbenequinone, was isolated by extraction with methanol, purified by prepara-
tive TLC and its structure identified by IR, HPLC and Mass Spectrometry. The formation of
this yellow colored oxidation product of BHT can cause discoloration of polyethylene and is
not regulated as an indirect food additive.

Key words: BHT oxidative degradation, Polyethylene discoloration, TLC, IR, HPLC, MS analysis.

Tgpidyn

EmiBeBaiwon the dourc mpoidvrog amotkoddutions tov fovtvAiwuévov vépolvtodovo-
Alov, anouovwlsvtoc and neAlétec moAvaifvAeviov TPOOPICUEVES YIa. TLOKEDATIO TPO-
Qluwy

To Bovtvhwuévo vdpoEvtorovdrio (BHT) xpnowonoteitol cfuepa evpitata cav aviio-
EetdmTik6 oTnVv mapaywyf tov noAvalvieviov. Ly gpydcio avth anopovobnke kat Tavto-
notfdnke évo mpoidv okeidwong tov BHT mpogpydpevo and kokkovg molvaibvieviov mov
npoopiloviav va xpnoiporomBodv yo v mopaywyn edmY-cvckevasiog tpoginwy. H ov-
oilo. anouovadnke kotomy exydiong ue uebavorn, Swxwpiotnke ue ropaoxevactikfy TLC
kal tovtonomnke pe pacuatockonic IR, MS xat HPLC cav Bovtoliopévo napdymyo tng
octhBevokivovng. ‘Etor emPBeBoiwdnke n douf g ovoiag avtig, n mopovsia tng omoiag e
avtiotoiya cvotnuatd, £xst avaeepfel tponyodueva otn Pifioypagia. O oynuatioudg av-
700 TOL KiTpLYOL XPMUOTOG, TPoioviog ofeidwong tov BHT, dvvatdv va mpokadéost ag’
EVOG eV XpwuaTiond Tov molvaibuleviov, ag’ etépov mlavov mpofAfuata vyeiag oto KaTa-
VOA®TIKO KOLVO, Wb Kal ovoieg cav ki’ avth dev £xovv peretnBel kot kotaxwpnbel otov ni-
VOKO TOV EMITPEMOUEVOV EUUECOV TPOCOETOV OTU TPOPIUA.
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Nous avons montré intérét des thiosulfinates R-SO-S-R naturels dans certaines
relations plantes-insectes! et cette classe de” composés peu stables a activité biolo-
gique est intéressante en synthése?. La nouvelle méthode d’obtention facile des trisul-
fures symétriques® nous a permis de synthétiser aisément des trisulfures mono-
sulfoxydés de propriétés chimiques et biologiques analogues a celles des thiosulfinates
et qui sont plus stables. En particulier nos premiers résultats montrent que, par
coupure de la liaison SO-S, ces composés s’additionnent sur les acétyléniques vrais et
par ailleurs ils se sont revélés étre aussi attractifs pour la teigne du poireau (4crole-
piopsis assectella Z.) que les thiosulfinates et plus attractifs que les trisulfures corre-
spondants lors de tests effectués dans un tube olfactométrique®.

Nous avons obtenu cette nouvelle classe de composés, dont deux exemples
avaient déja eté cités®, avec un excellent rendement (80 a 95%) et sans sous-produits
en oxydant par Pacide m-chloroperoxy-benzoique (MCPBA) les trisulfures:

R -S;—-R +MCPBA — R-SO-S—S-R

(R = Meéthyl, Ethyl, Propyl, t-Butyl, Benzyl).

L’absorption IR a 1080 cm™' indique la fixation d’un seul oxygéne et la RMN
(*H) 'existence unique de la structure dissymétrique: par exemple, le diméthyltrisul-
fure monoxyde présente deux singulets a &= 2,65 et 2,95 p.p.m.

Exemple de synthése

A 0,1 mol (12,6g) de trisulfure de méthyle dans 50 ml de dichlorométhane, a-
jouter goutte a goutte en 1 heure 0,11 mol (19 g) d’acide m-chloroperoxybenzoique
dissout dans 200 mi de dichlorométhane a température comprise entre —5 et 0°C;
laisser 2 h a température ambiante; éliminer le précipité apparu; laver au bicarbonate
et a I’eau; sécher; évaporer le solvant. On obtient 0,085 mol (12,1 g) de diméthyltri-
sulfure monoxyde exempt de produit de départ selon la RMN et utilisable directe-
ment pour les syntheses ultérieures et les tests biologiques.
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Resumé

Les trisulfures symeétriques sont oxydés par le MCPBA pour donner des trisuifures S-
monoxydes stables et purs avec un trés bon rendement. Cette nouvelle classe de substances
semble avoir les mémes propriétés chimiques et écologiques que les thiosulfinates.

Mots-clefs: Trisulfures, Thiosulfinates, mono-S-oxydation, relations plantes-insectes.

Abréviaton: MCPBA: acide méta-chloroperoxybenzoique.

Summary

Mono-oxidation of organic trisulfides

Symmetrical trisulfides are oxidized by MCPBA to give stable trisulfide monoxides in
good yield and high purity. This new class of substances seems to have the same chemical
and ecological properties as thiosulfinates.

Tepidnyn

Movo-o&eidwon opyaviky tproovAiidiwy

Zoupetpika  tproovdeidia ofeddnxav pe MCPBA vy va ddcovv otabepd S-
LOVOELTPLOOLAQISIO TOAD kabapd ki pe peydAn anddoon. H kavobpyio ovTh TGEN 0LGLOY
Qaivetor va €xet Tic i0teg yxnuikés kot owoloyikés diotnteg pe 1o BerocovApivucd (S-
uovoEvdioovApidur).
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