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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 
S W3 6LX, Great Britain. 

(Received August 21, 1984) 

Summary 

Decomposition of dimethylpropion (2-dimethylaminopropiophenone) and 2- 
aminopropiophenone 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 exlraction 
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 I5ast 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 

2-Dimethylaminopropiophenone (Dimethylpropion) 
2-Methylaminopropiophenone (Monomethylpropion) 
MethylephedrineIMethylpseudoephedrine 
2-Aminopropiophenone 

1. Introduction 

Abbreviated Names 

DMP 1, 
DMP I1 
DMP IV' 
.DMP I11 

The a-aminoketone-type compounds, of which diethylpropion, dimethylpropion 
(DMP I) and 2-aminopropiophenone (DMP 111) are examples, have been reported to 
be unstable in the presence of 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)3 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 occur4q5. Banci et a1 (1971)4 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 111) 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) Recorder. 

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 

10% Apiezon L. 
c) 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: 

F(?. columns a, b and d: 
l:, pressures 87, 100 and 135 kPa; flow rates I, 1.25 and 1.66 cm3s-' re- 

spectively; column temperature 200•‹, injection port temperature 250" HH, :sand 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-mass spectra were recorded 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 potential of 70eV. 

2.5 Preparation of Solutions for GLC-MS Studies 

Solutions of DMP I and DMP 111 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 2yg 
base per yl, with the exception of the solution of 2-aminopropiophenone (DMP 111) 
examined on the column (b) where concentrations were ca. 20yg/yI. 2-3y1 of the pre- 
pared solutions were chromatographed. 

2.6 Preparation of samples of DMP I and its metabolites DMP ~k and DMP IV for 
GLC analysis 

To 1-4mI of aqueous solution or urine, containing from 4 to 400yg of DMP I, 
DMP I1 and DMP IV, in a tapered centrifuge tube, lml 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 lOOyl 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 lOmin to separate the 2 immiscible 
phases, 50yl of acetic anhydride was injected into the chloroform layer by means of 
a lOOyl Hamilton syringe. The mixture was allowed to stand overnight. The next 
morning 1-2yl of the chloroform extract was removed using a 5yl 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 

G k C  analysis of D M P  I and DMP 111 using column (a) produced two peaks for 
DMP I and a single peak for DMP I11 (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-aminopropiophenones6, 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 I11 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 were examined by GLC-MS. 

Direct inlet mass spectrums of DMP' I (M.W. 177) and DMP I11 (M.W. 149) 
showed base peaks, at m/e 72 and m/e 44 respectively, formed by a-cleavage. 
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4.1 min 

L 

5.0 min )1 
FIG. I :  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.lmin) 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 I11 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 111. These results showed 
that decomposition was almost complete for the N-primary aminopropiophenone 
(DMP 111), 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 111. 

In the GLC-Mass Spectra of DMP I and DMP I11 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 I11 using two other 
KOH-coated columns (c and d) and-this indicated 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 cm3s ', 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. 2yg/pl, it 
was not possible to detect any 2-aminopropiophenone (DMP 111). But using higher 
concentrations (10-20 times higher) a ~ e a k  

DMP I 

DMP I11 was observed (FIG 2) which 

DMP I11 

FIG. 2: GLC Chronzatograms of the 2-Arninopropiophenones Using Column (b). 



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

was not 2s sharp as the peak on column (a) (FIG 1). GLC-MS confirmed that the 
peak was a mixture of unchanged DMP I11 and decomposition product (in almost 
equal amounts) indicating that because of its thermolability, dehydrogenation of 
DMP I11 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 (5N 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 GLC decom- 
position of DMP I and DMP 111 on KOH-treated columns was proposed (see FIG 
3). Hydrogen abstraction leading to dehydrogenation via free radical mechanisms is 

(DMP I )  (DMP 111) 

I KOH -H20 / KOH 

FIG. 3: Chemical mechanisms for the GLG 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 I i.e. methylpseudoephedrine, DMP IV, and monomethyl- 
propion, DMP 117, extracted from aqueous solution or urine in the same way as 
DMP I (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 I1 was 
exactly the same as DMP 1 (3.0 min.). It was therefore proposed to separate the pa- 
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rent compound (DMP I) from the metabolite DMP I1 by acetylating the secondary 
amine DMP I1 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 
I1 gave a retention time of 12.6min. FIG 4 represt 

ETHYLEPHEDRINE - 
( I. S.) 

DMP I - 

ACETY LATED 
DMP I1 

DMP I V  1 
ts one of the chromatograms 

FIG. 4:  A Chromatogram showing the Separation of DMP I, DMP 11, D& IV and Ethylephedrine extracted from 
Urine and injected onto Column (b). 

showing the separation of DMP I, DMP 11, DMP IV 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 I,II,IV and ethylephedrine. Calibration curves gave correlation coefficients 
of 0.998 and more. 

Markantonis (1982)' found that DMP I was not metabolised to DMP 111, so 
quantitative GLC analysis of the compound was not required. 
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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. Chern. Techn., Dept. Chern., 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 t o  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 roughly one fifth of the world tungsten and one half-of- Bolivian tin are 
lost in slime, because of the lack of a suitable method of separation at fine particle 
sizes1. 

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. 

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 size2. 

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's, 
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 ph'ase 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 in the form of very small bubbles, which are blended with the feed. 

The technique was reviewed by one of the authors4, among others. The 
operational experience with a 2,300 m3/day pilot plant installed by a Water Com- 
pany has been described5, and a cost comparison between dissolved-air flotation and 
alternative clarification processes was also attempted6. While, a design example was 
included in an excellent article on the process7. 

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 first8, the method was applied at ultrafine 
particles (less than 10 pm) and as an example, the separation of fine coal from coal 
washery wastewater was chosen. The second paperg 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 conductedlo 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 5x 105 Pa, was in- 
troduced to the base of the unit via a nozzle specifically designed. The operation for 
the dissolution of air needs attention7. 

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 

0.04 

MgO 0.98 
CaO 51.28 

ground and sieved in the laboratory and the - 45 pm 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 elsewhere". 

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 published12 in a review paper on the 
floatability of very fine particles; as for instance, 50-150 pm for fluorite, 37-295 pm 
for galena, 15-100 pm for sphalerite, 50-150 pm 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 givenI3, which is drawn as Figure 1, 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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FIG. 1: Relationship between the properties of Jne 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 

5 0 1  I l 

200 LOO 600 

FIG. 2 :  Effect of time of dissolved-air flotation on recovery of calcite Jnes. 
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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 
11. A recovery of over 80% was noticed with 200 rpm. In this case, the added 

TABLE 11: Effect of agitation during flotation on recovery. 

rpm R %  
4 5 66.5 

100 543  
200 83.0 

volume of saturated water was 500 cc and the other parameters as above. The same 
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 collector was used giving a 
recovery of 13% roughly. Figure 3 shows this effect of flotation reagent concentra- 

FIG. 3: Study of collegor coucentration 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 explained13 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  fine^ ,S-izes. (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. 

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%. 

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 flotation3, 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 separations14. 

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 adheosion 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 stressed that this useful work- 
ing hypothesis lacks experimental proof12. 

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. 

Aovazdzyza EpappoyrjS z y ~  EninAeooyc AzaAophoo Aipa yza zyv Avci~zyoy Asnzdv 
.&.qazzGiwv Opu~z6v 

ME rqv autavopwq cfirqoq r o v  o p u ~ r h v   at rq  o u v g h q  ~ h a r r w v o p ~ v q  notorqra r o v  
i c o t ~ a o p ~ r o v ,  ro npophqpa nlq ~ns&pyaoiaq KUI ~ p n h o u r ~ o p o d  r o v  hsnrhv oopa~16iov 
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npophhhst o4yspa Evrovo. Zrtq ~y~araoraostq synhourtopod ysrahh~up6rov ot 
n~ptoo6rspsq anhhstoq ano6i6ov~at ora hsnra owpari6ta, nou sival ysvt~a 6d0~0ho V' 
ava~rq806v. To autavoysvo sv6tacpEpov ~ o v  spsuvqrhv orpkcpsral sirs orq pshriooq 

spyaoia E ~ E T ~ ~ < E T ~ I ,  oav u h t ~ o  hsnrdq aoPsorirqq  at ot napaysrpot nou y~hsr j0q~av  jrav o 
~p6voq npoo6onoiqoqq, q avayttq, q ouy~ivrpwoq ouhhE~rq htnapod otEoq, q ava~rqoq, q 
nu~v6rqra rou nohqod Kat o ~povoq sninhsuoqq. Ta 6tacpopa npophfipara nou spcpavirov- 
rat PE rqv napouoia rwv hsnrhv ooyart6iov ~ a r a  rqv sninhsuoq ou~qrodvrat Kat avahdov- 
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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 derived 
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 diffusion1 or a slow adsorption2 process. The 
case of a slow diffusion step towards a large variety of electrode surfaces, including 
plane, spherical, stationary, rotating and g r ~ w i n g ~ - ~  electrodes is the most frequently 
encountered in practice. 

Spherical symmetrical diffusion has been systematically ~ t u d i e d ~ . ~  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 2*9. 

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 data1, 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 adsorptibn are checked against experimental data. 

Symmetrical spherical diffusion of a surface active substance 
It can be ~ h o w n ~ , ~ , ~  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: 

where 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: 

for linear diffusion, except the term 2/ro(ac/ar) which accounts for the curvature of 
the diffusion plane. 
The solution of (1) can be obtained under the following initial conditions: 
at t=O and r= m (bulk) c = c* 
at t = 0 and r = r, (electrode surface) c = 0 
at t>O and r = r, c# 0, and it is given by: 

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

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

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-Nt and 0-t we obtain: 

where Nt  is the number of moles diffusing to the electrode surface within time t. 
It is k n ~ w n ~ . ~  that the surface excess concentration of the adsorbate, Tt, is related to 
N t  by T t =  Nt/q (mole/cm2). 
Therefore 

By means of equation (7) a relation can be established for the time dependence of 
the degree of the electrode coverage. 
Since e t =  Tt / r s  where r, is the r value at saturation coverage, then: 

where is the time dependent value of the degree of the electrode coverage, 0. 
This equation can be used for the calculation of the time dependence of the surface 
coverage, provided th,at D, r,, c* and T, are given. 
Howeve: the study of the interfacial behaviour of surfactants enters a quantitative 
level, when' the adsorption data are subjected to an isotherm analysis. Such an 
analysis can be enabled by introducing the adorption isotherms into equation(8). 
It is known that the adsorption isotherm can be generally represented by 

where p '  is the adsorption equilibrium constant, in cm3/mole, f (0) is {he con- 
figurational term standing for the entropy of mixing of the adsorbed species, g (Bi, 0) 
is the energetic term which accounts for the interactions between the adsorbed par- 
t i c l e ~ ' ~  and B, is the interaction parameter'which depenils on the certain adsorption 
isotherm used. 
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If (9) is written in the form pc = F(B,Bi) then we have: 

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

1 p=- exp ( -  ---- 
C S  RT 

where c, is the concentration of the solvent in molesllt. 
Therefore we obtain: 

Thus when the corresponding pair values of and t are determined by means of e- 
quation (g), we can obtain through equation (12) the AGtds VS 0 dependence. 

Finally we must define the certain form of the F(0, B,j) term. 
For the most commonly used isotherm for adsorption from splutions pamelly the 
Frumkin isoterm13, equation (10) takes the following form: 

where a is the interaction parameter and 0, is the'equilibrium surface 'coverage: 
It must be pointed out that the results obtained for'8, at any instant bf time retain 
their physical meaning when the condition o €lt 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 values are derived actually 
almost independently of the certain polarization conditions existing at the elec- 
trochemical system. i , / 

Nevertheless the effect of the electhc fie1d"is indirectly introduced in equation (10) 
through the adsorptioA eq~ilib'riLi~m constarit p, which is known to depend on the 
electric variable (electrode potential or charge) of the system, however leading to 
very complicated expressions. a 

I 

Application to the adsorption of naphthyl compounds at the mercury-solution inter- 
face 
The applicability of the above outlined theory can be tested against experimental 
data for the adsorption of surface active substances derived from the literature. Our 
c$oise from the vast variety of the available data yas  FI- ed by the need to know 
the values of the maximum surface excess :con: ,ition, T, and of the 
corresponding 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 F, and D values for a-naphthol, a-naphthaldehyde 
and a-naphthoic acid derived from ref. 10, provided in table I, we calculated the et vs 
t dependence for the above substances by means of equation (8). 

TABEE 1:" 'Maximum surface excess and diffusion coefficient values (Taken from ref. 10) 

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 Ot vs t plots for various concentrations of a- 
naphthol, a-naphthaldehyde and a-naphthoic acid are respectively provided. 

FIG. 1 :  Calculated B, vs t curves of O.IN HCI aqueous solutions in the presence of the following a- 
naphthol concentrations: 1) 0.5 . 1oP5, 2) 1 . Io-~,  3) 1.5 . Io-~ ,  4) 2 . l r 5 ,  5) 3 . IF", 
6) 4 . 1oP5, 7) 5 . 10-j, 8) 6 . 10-5 moles/lt. 

D .  106 
cm2/s 

Substance l'-, 1010 
mole/cm2 
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FIG. 2: Calculated 8, vs t curves of O.IN HCl aqueous solutions in the presence of the following a- 
naphthaldehyde concentrations: 1) 0.5 . m5, 2) 1 . l r 5 ,  3 )  1.5 . l r 5 ,  4) 2 . IF', 
5 )  3 . W', 6) 4 . 10-', 7)  5 . I O - ~ ,  8)  6 . 10'~ molesllt. 

FIG. 3:  Calculated 8, vs t curves of O.IN HCl aqueous solutions in the presence of rhe following a 
naphthoic acid concentrations: 1) 0.5 . I O ~  2) 1 . lOP5, 3) 1.5 . W', 4) 2 . IF', 
5 )  3 . 10p5, 6 )  4 . I O - ~ ,  7) 5 . I O - ~ ,  8)  6 . lOP5 molesllt. 

It is seen that for low enough concentrations ( c * < 2 - 1 0 - ~ ~ )  equilibrium is slowly at- 
tained. At this concentration range it is also seen that the equilibrium surface 
coverages are markedly below the value 6 = 1. For higher concentrations saturation 
coverage is attained within short time intervals (G10s). I t  must be pointed that at this 
concentration range the increase of the exposition times, leads 'to values of % > l  
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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 0 = 1 for c*>3 - ~ o - ~ 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 et 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 
datalO. 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 LangmuirianI3 behaviour. Under these conditions, (10) 
takes the following form: 

For the calculation of the values of p, we set the following requirements: concentra- 
tions must be limited below 1.5 . ~ o - ~ M  in order to obtain1•‹ 0A0.5, within 
reasonable time intervals (t<50s). 
The calculated values of the adsorption equilibrium constant are provided in table 11, 
together with the values of dGzdS calculated by equation (1 1) and also the ex- 
perimental values of A G : ~ ~  taken from reference 10. 

TABLE 11. Adsorption equilibrium constants and standard free energies of adsorption for 
8,= 0.25 and T = 298 K. 

It is again seen that the adsorbability follows the order: 

Substance 

We must also point out the reasonable agreement between the calculated and the ex- 
perimental values of AG:~,. 

The fact that the calculated values are systematically lower than the experimental 
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. 

a lo-' 1 (-AG&Jcalc. 
cm3/mole kcal/mole 

(-AG:ddexp. (ref. 10) 
kcal/mole 
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Finally the 8 vs c 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. 

FIG. 4. Experimental adsorption isotherms (solid lines) of a-naphthol (a), a-naphthaldehyde (b) and a- 
rlaphthoic acid (c) at E-0.4 V(SCE) in O.IN HCl aqueous solutions, according to r4erence 10. 
Broken lines represent adsorption isotherms af  t=2s (a), t=2s (b) and t=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 



TIME DEPENDENT ADSORPTION AT A STATIONARY SPHERICAL ELECTRODE 235 

substances studied. which is located1•‹ at -0.4VlSCE. 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 satisfactory. At other poten- 
tials no agreement was detected. 
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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-+ (Jestradio) = (3.33 & 0.1 I) X 109M-'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 r e p ~ r t e d ~ . ~ , ~ .  

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 0- radical-ions 
and e-aq, produced by y-radiolysis of alkaline solutions with the oestrogen molecule. 
We have irradiated oestrogen hormones under conditions where only 0- radical-ions 
or e-aq 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 60Co y-irradiation source (- 
700Ci) with a dose rate of - 900 rad min-l. Dosimetry was performed with the 
Fricke dosimeter, using GFe3+ = 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 55 1 spectrophotomefer. 

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 r e p ~ r t e d ~ , ~  calibration curve at 520 nm and the E value 
of 43333 M-'cm-'. 

Results and discussion 

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

TABLE I. Maximum wavelength and E of hormone alkaline solutions 

Oestrogens L a x  (nm) E (M-'cm-') 

Oestrone 292, 240 2940, 9290 
Oestradiol 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 reported6.' that HO, and H,O, 
do not react with the dye which is also stable1 in high pHs'. 

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

k 
S + 0 -  or e-aq 2 products (1) 

k 
E + 0- or e-,q f products (2) 
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Reaction of Oestrogens with 0 -  radical-ions, 

It has been established that e-aq are transformed to OH via the reaction: 

N 2 0  + e-aq + NZ + OH + OH- 

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

OH + OH-* 0- + H,O 

with a pk = 1 1.98. 

The reaction of 0- radical-ion with oestrogens was studied following the UV-Vis 
spectra of irradiated alkaline solutions, added with (S) as competitor, and saturated 
with N20.  Thus, the disappearance of (S), by measuring the G(-S), served to follow 
the competition of the two substances for the 0-. 

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

0.0 1 l I I I l I A 
0.0 0.8 1.6 2.4 3.2 ' 410 ' % . 0  6.8 

[oestrogen] x ? o - ~  M - 
FIG. 1 :  Safranine T disappearance as a function of oestrogen concentration. [ S }  -G'S X lr4 M, N,O- 
saturated, pH = 13. 0 Oestradiol, 0 Oestriol, X 17a-Ethynyloestradiol. 

at ((infinite)) oestrogen concentration. Considering the competition between reactiocs 
(1) and (2), equation (3) was obtained: 

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 



K. TSONI, A.E. MANTAKA-MARKETOU 

FIG. 2. Variation of l/G(-S) -A as function of oestrogen concentration. {S}  - 2 . 5 ~  loP4 M, N2O- 
saturated, pH = 13. Oestradiol, O Oestriol, X 17a-Ethynyloestradiol. 

plots of l/I,(-s,P,I 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 
Go,= 6.3 (the sum of the G values of oxidizing and reducing species), with 
k, = ko-+ S =  9.3 X 109 M-'- '  a nd with the A values measured as above, we found 
the  rate constants k, = ko-+ Oestrogen. 

TABLE 11. Rate constants of the reactions of the studied hormones in alkaline solutions. 

Oestrogen ko-+ Oestrogen ke-aq + Oestrogen 

x(109 M-~s-' 1 x(lo1•‹ M-'S-') 

Oestronel 2.12 0.32 - 
Oestradiol 3.33 & 0.1 1 2.42 0.20 
Oestriol 4.55 & 0.19 2.35 & 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 e-,q 

Using the same competition technique we can calculate the rate constants of e-,, 
with oestrogens. Using as reference electron scavenger the complex {Co(en),I3+ 
(where (en) = NH2CH2CH2NH2), and kegq + p, (en),13+ = 7.3 X 101•‹ M-%-' 9, we 
recalculated the keaq+ S = 4.88 X 1010 MP's-' which is very cldse to the reported1•‹ 
value. 

The competition curves of Safranine T and oestrogens for emaq, for the irradia- 
tions carried out in ~r-saturated solutions with 0.5M t-butanol present, are given in 

O ~ . . . ' * ' . ' . - ' ~ - I J  
0 1.2 24 3.6 4.8 8.2 9.4 

W 

[oestrogen] x10-~ M ----A 

Fig. 3: Safranine T disappearance as a function of oestrogen concentration. {S} - 2.5 X 1 r 4 ~ ,  Ar- 
saturated, pH = 13, 0.5M t-Butanol. 0 Oestradiol, 0 Oestriol, X 17a--Ethynyloestradiol. 

[oestrogen] / [S] ---) 
FIG. 4 :  Variation of l/G(-S)-A as a function of oestrogen concentration. { S ]  - 2.5 x IO-~M, Ar 
saturated, pH = 13, 0.5M t-Butanol. 0 Oestradiol, 0 Oestriol, X 17a-Efhynyloestmdiol. 
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The reduction of (S) by e-aq is an one electron equivalent process and equation 
(3) is transformed to (4). 

The experimental results are shown in Fig. 4. From the slopes of this Figure 
Geaq = 3.3, and from Fig. 3 A = 1.2, k, = ke-a,+ 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. 
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IIAPATQTH MONOYAPOEYZTEATIKQN OEEQN ME YAPOXAQ- 
PISEH TOY EAA'~KOY OEEOL: 

A.C. NTOYAIA, T.N. BAAKANAC 

M m  o 6 y ~ p o v q  zkoq ozq o6v0soq ~ t o a n o t ~ o 6 o y f p y w v  sntcpavsta~k svspyhv 
o u o ~ h v ' ,  nou oilyspa nupkyovtat ~ u p i w ~  ano 70 nszp6ha~0, s i va~  q ~ p q o ~ y o n o i q o q  
c p u z ~ ~ h v  avavshotywv npwzwv uhhv, 6nw5 sivat za c p m ~ ~ a  ihata. H su0sia~ ahuoi- 
6aq ah~uhoya6a zwv uvwr6pwv hmaphv oeiwv, p a o ~ h v  o u o z a z t ~ h v  zwv T P L ~ ~ U K E -  
pt6iwv, 0a propo6os va anozsh6ost To u6p6cpopo zyflya &v05 aycpicpthou yopiou2. 
E ~ E L ~ ?  oywq ozqv nhs~oyrqcpia zouq za hunapk o56a TWV cpuct~hv shaiwv n s p ~ b ~ o u v  
ozo yopto zouq ysykho ap~0yo  azoywv a v 0 p a ~ a  (14-18), ~ a z i ~ o u v  Gvzova u6pocpo- 
p 0  (htTCocpth0) X U ~ U K T ~ ~ ~ U .  Msiwoq 'COU ~6p6cpopou X U ~ U K T ~ ~ ~ U  /M't~p&i VU E ~ ~ L T E U X ~ E ~  

PE zqv stoaywy~j u6pocp~Awv oyk6wv 070 y h o v  z q ~  u6pocpopqq a h u o i 6 a ~ ~ * ~ . ~ .  Czqv 
nspinzwoq zou shaY~o6 05605 (18 azoya C ozo yAp~o)  ana~zs i za~  q ~hazzwoq z q ~  
u6pocpo~l~ozqzaq, hozs  T O  zaotsvspyo nou @a n p o ~ 6 y r s ~  an0 zqv n p o o b j ~ q  0' auzo 
svoq u6pocpthou z y ~ y a r o q  va G ~ s t  n q  sxtOuyqr6q t6tozqzq nou ~ a p a ~ z q p i ~ o u v  z y  
sn~cpavsta~k svepy6q E V ~ ~ E L ~  n . ~ .  u6az06tahuzozqza, Kazkhhqhq avuhoyia u6pocp~- 
hou npoq u6pocpopo zyilya ( H L B )  ~ h n .  

Eiva~ yvwozo o n  q oqyaoia zwv nupqvshaiwv ozo ~ h p o  zwv a x o p p u n a v z ~ ~ h v  
uhhv, G X E L  ato0qzk ye~o0si an6 TV os  ysykho pct0y6 avzu~azaozaoq zwv ~ o t v h v  oa- 
~ ' C O U V L ~ V  an0 TLq G U V ~ E T ~ K ~ S  u ~ ' C O ~ ~ ~ ~ T U V T ~ K ~ <  6hsq. H ~pqolyonoiqoil TOUS yLU TCUpU- 
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yoyq Ptoanot~oSop~otpov o u v 0 ~ z t ~ h v  sntcpavsta~a svspyhv ouothv 0sopsiza1 ozt 
0a anozsho6os yta o q y a v n ~ q  a&onoiqoq 'IOU ~ y ~ o p i o u  auzoi) npoi'ovzo~. 

C K O T T ~ S  z q ~  napoOoa~ spyaoia~ fizav q avbnzucq viov w ~ v o h o y t ~ h v  ps066wv 
yta avapaeptoq zov shai'vhv, ps zq pszazpon~ ZOU ~6p tou  ouozazt~oi) TOUS,  ZOU 

shai'K06 05805 c& u6po~uhtoyEva napayoya zou ozsazt~olj 05i05 ,nap6yota zou no- 
h6nyou 12-u6p0evo~&azl~06 05805, nou napaymat an6 T O  ~ t ~ t v i h a t o  (castor Oil- 
q u o t ~ o  npoYov y& uyrqhfi o t~ovopt~i l  oqpaoia). 

H npooeil~q u6pahoy6vov ozo 6tnh6 6myo zov yovoa~opiozov o&ov nou ov- 
vo6sha t  an6 oanwvonoiqoq anoz~hsi Y E V ~ K ~ ~  pi0060 T ~ S  ~ X E T L K ~ ~ S  Ptphtoypacpia5 
yta napao~suil u6potuo&~1v  at o6qysi OE piypa ~ o v o ~ ~ ~ ~ o ~ u o ~ E w v ,  a~opkozmv Kat 
h a ~ z o v h v ~ . ~ .  AS oqp&twe&i 6'11 q u6po~hopiooq zou &hakoi) O@OS E X E ~  noh6 hiyo 
y&h&zq0&i. Czq PtPhtoypacpia avacpkpovzat ~ p o u v q z t ~ k ~  npoona0stq p& ~pqotyoxoiq- 
oq 6tacp6pov 6tahuzQv Kat ~ a z a h u z Q v ~ ~ ~ ~ ' ~ .  'Ooov acpopa zq oanwvonoiqoq, Xayq- 
h& ano66on~ u6poEu-o@wv avacpipovzat 0711 ptphoypacpia  ad zqv avzi6paoq 
ahoyovoyivov napayhywv ~ o u  n a h y t ~ t ~ o b  05805 p& u6p05~i6to 'COU ~ a h i o u ~ ,  EVQ q 
o u y ~ a ~ p y i v q  u6p6huoq 6 ~ v  &&L p&h&zqe&i on5 ~ U V ~ I ~ K E S  zq5 napoboa~ ~pyaoia~.  

a. YAzlca' zoo ~pyaz,uonozy'Byrcav. Eha'itco 056 (pure Merck Art 471) AI: 90 (pioq ns- 
~ ~ E K ~ K O T ~ T ~  G& &hai'K6 066 85%) 
- YGpoxhhpto aipto ( ~ q p t ~ a  ~aeapo,  avu6po). 
- O ~ i i ~ o  oglj (Merck 96-98%) 
- Y6pocsi6to sou vazpiov (pure Merck) 
- IIszpshako~ at08pu~ (Merck DAB 7 st6. papo~: 0,66 o. Siosw~: 40-60•‹C). 
- Ta avztbpao~ilpta, nov ~pqotponoti$hycav ozouq ~ q y t ~ o 6 q  npoobtoptoyoiq ap. 
tw6iou ~ a z a  Wijs, ap. o56zqza~, up. u6poEphiwv, avacpipovzat ozq  npozuns~ yseo- 
60u<". k t  TOV ~~p0~6toptob6 TqS n ~ p t s ~ z t ~ o z q z a ~  G& ~hhp10 G& O P Y G ~ V ~ K ~ ~  E V ~ O E ~ S  

~pqotyonot7j0q~av .ra avtt6paoz~pta z q ~  ys068ou S~honiger'~. 

'Opyava noo ~pyoz,uonozy'By~cav 4 t a  q v  u6po~hwpiwm zou &hai'~ob o & o ~  ~ p q -  
o t~ono tqeq~s  auz6~hetoz0, ~ o p q n ~ 6 z q z a ~  468m1, an6 avo5~i6oz.o ~ahupa ,  scpo6ta- 
opivo p& yavoyszpo Kat ye 8sppopszp0, nou icpeps nhbyta oni  yta q v  zpocpo6ozq- 
oq rou acpiov v6po~hwpiou. H avzi6paoq ~&&@qozav as yuahtvo ~6htv6po p& &go- 

. z&pt~q 6tCk~~7p0 40 mm, sooz. 6~hpszpo 37 m m , - y f i ~ o ~ , 2 7  cm nou ~az ihqys  os Kh- 
vo 61you5 1,5' cm. 
- rta zq oanwvonoiqoq zou ~ h w p o o z ~ a z t ~ o 6  o&o5 ~pqotyonotfieq~s auzo~hstozo, 
~ o p q z t ~ o q z a ~  l It, an6 avo@i6oto ~cihupa ~cpo6taopivo pc ovozqya av%kuoq~, 
pavoyszpo, 0spyavn~o yav6va, 0~ppopszpo  at auz6yaz0 o6ozqya ~ h i y ~ o u  zq5 
I k p ~ o ~ p a o i a ~ .  
- Tta zqv avahuoq zov npoi'ovzov ~pqotponotf$q~~ q ouorcsuq Sch~niger'~ 
(npooFtoptop6~ ~hwpiou)  at a8pto~ ~popazoypacpo~ (Perkin Elmer). To  htnapo 
piyya ps~a  zq oanovonoiqoq s o ~ ~ p o f r o t f i 0 q ~ ~  yta zqv napao~suil zov ys0uhsozi- 
pov zov htnaphv oE,kwv, kou avaA60q~av 070 ~poyazoypa(p0 os O U V ~ ~ K E S :  O~ppo-  
~paoia o z f $ q ~  210•‹C, nhqpwzt~o uhuc6 APIEZON L (20%) os Chromosorb W ,  
n i s q  aspiou (He) 1 ,3Kp/cm2. 



u6po~hhpto. nou av~t6po6os p& T O  nspts~6ysvo sha'i~6 056 (0.5 mole). Hpayyazo- 
notqOq~av u6po~hopthosy  ys o u v ~ ~ f l  zpocpotiooia udpo~hopiou (ozaespfl nisoq) 
 at ys aouve~il zpocpobooia u6po~hopiou (y~zapahhoy~vq  nisoq). MEAEZT~O~KE q 
ano6ooq rq5 a v ~ i 6 p a o q ~  os npoi'ov npooOfl~qq r ta  T O  tita~optopo zqq htxap?i~ cpa- 
o q ~  scpappoo~q~s ~ ~ ~ 6 h t o q  TOU y iyyazo~ z q ~  a v ~ i 6 p a o q ~  ps n s ~ p ~ h a k o  aiOBpa, 
nh6oq pc anoo~ayyivo V E P O  Kat anbo~a tq  TOU 61ah6~q uno KEVO. H ano6ooq 
avzi6paoq~ yerpil0q~s ys npoobtoptop6 zou apt0yo6 tw6iou ( a ~ o p s o ~ o z q ~ a )  ys zq 
$0060 Wijs Kat ys npoobtoptopo zou ~hwpiou ps ~q pi0060 Schoniger. T o  npoi'ov 
n p o o 0 q ~ q ~  p s ~ a  q v  ava~puo~ahhooq  ano 6tatOuhatOipa 6 6 ~ 1 5 ~  o. ~flE,swq 4O0- 
4 1•‹C, A.1.: 1 ,l, A.0:  176,5, ~ E P ~ E K ' C ~ K ~ T ~ ) Z ~  OE ~ h h p t 0  10,9%. 

To  ~ o p s o p ~ v o  npoi'6v an6 ~q 6Epyaoia T ~ S  u6po~hwpiooqq p~~acp6pOq~s ozo 
au~b~hs to ro  ~ q q  oanovonoiqoqq yta va u6pohuOsi os ouveil~sq: avahoyia moles 
~ h w p o o w a n ~ o 6  05605 npo5 ~ a u o ~ t ~ o  va~p to  1:3,2, 6tah6paza NaOH: 7% Kat 10%, 
B ~ p y o ~ p a o i s ~  125-200•‹C, ~povot  5-20 hpsq. MET& T O  ~Bhoq zqq avzi6paoq~ npooO6- 
Zap& apato 6t6huya 0sii~o6 05605 15% K.O. yta TO 6ta~wptoyo rq5 o p y a v t ~ i l ~  (pa- 
Oqq. TO htnap6 piypa ~ ~ ~ K E v T ~ C O V O T ~ V  OTqV &TLt@~&ta, E K X U ~ ~ < O T ~ V  p& 6tahuzt~o 
P ~ O V  Kat a~ohouOo6oav ~ ~ x h 6 o ~ t ~  p& O E P ~ ~ O  anoozaypivo V E P O  ~ ~ X P I  Z E ~ I K ~  Ta &K- 

nhiyaza va 6sipouv ou66wpq avd6paoq. Tta TV 6 t ~ u ~ o h u v o q  ~ o u  6ta~optoyo6 
rov  cpaoeov xpoozi8q~s Gtahupa NaCl 10% K.P.  T6hoq T O  E K X U ~ ~ ~ T ~ K O  pbov  (ns- 
~ p .  at86pa~) anoo~a<6zav ux6 K E V ~ .  

Czo htnapo yiypa z q ~  avzi6paoq~ npoo6topt<ozav o aptOpoq twtiiou, o aptOyo5 
utipo5vhiwv, ~ T E ~ ~ E K T ~ K o T ~ ~ ~  0s ~ h h p l o  yta TqV E K T ~ M O ~  TqS ~ E ~ ~ E K ' C ~ K O ' T ~ T ~ ~  T o V  

a ~ o p s o m v  o56ov (shai'~K6 0~6-acpu6pahoyovoq), ~ w v  u 6 p o 5 u o ~ s a ~ t ~ h v  o56ov K ~ L  

zou ~ h o p o o z s a n ~ o 6  05605, nou 6sv u6poh60q~s, av r to~o i~og .  Xpoyazoypacpt~q 
avahuoq os a6p10 ~popa~oypdlyo,  PET& zq pszazponil TOV htnaphv 05iov ozouq 
a v z i o ~ o t ~ o u ~  yeOuhsozip~~, ouynhflpwvs  qv s5izaoq zqq xotoztcfl~ Kat nooozt~flq 
o6ocaoq~ zou htxapo6 yiypazo~. l3a oqv xupahapq ~ o v  u6po5uozsazt~hv o56wv 
scpappoozq~s ava~puozahhooq an6 GtatOuhatO6pa. 

YGpox/Zwpz'coaq zoo daiicoo' ocio<. H xopsia z q ~  u6po~hop iwoq~  zou shai'~o6 05605 
P E  ma0spfl nisoq HCl 40 atm 6ivszat ozov I I i va~a  I p6oa an6 ~q p~zapohfl zqq 06- 

IIINAKAC I: Msrarpomj rou shakoi, o&o< oe ~ h w p o o r s a r ~ ~ o  056 ~ a r a  rqv ~Fpoxhwpiooq p ora- 
0spil ~ i ~ o q  40 atm 

t os min 
30 

AptOyoq 
IoGiou 

~ a z a  Wijs 
78,9 
64,3 
553  
42,9 
29,l 
17,6 
925 
2,5 

Xho  poozsa- 
TLKO 056 (%) 
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n,: moles u6po~hwpiou o ~ q v  aipta cpaoq 
Q,: s u v o h ~ ~ a  moles u6poxhwpiou orqv uypq cpaoq moles/cm3 
A, B: pbcpqoq FE ~ q k .  avri6paoq (anhq Ical 6tnhq a v r t o r o i ~ o ~ .  

CXHMA I: YSpoxLopiwuq UE a o o v g ~  Lazrovpyia (Movd Ka2 SzzLlj rpoqosooia HCI). 

u6po~hwpiou i ~ s t  E U V O Y K I ~  ~ni6paoq o ~ q  p&zarpon?'l ZOU shaY~06 O&OS, acpo6 ot 
uy~quq  ntiosy o6qyqoav 0s ysyah6rsp~q ano66osy o& npoYov npoo0$lcqq, &vh uv- 
zi0sra q Bspyo~paoia ysioos rqv an660oq, ysyovo~ nou avuy6vszat acpo6 q a v ~ i -  
Gpaoq ~ i v a i  toxupa s&dkppq (IIiva~aq 11). 
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a la  Anhq 6 t o ~ i z ~ u o q  H C1 - %y~zazponil zou 
P (max) atm T ("C) AI Cl % ~ h a k o 6  05805 o& 

npoi'ov n p o o 0 q ~ q ~  
l 40 22 30,8 7 2  6 6 

01 zty& cov ( ~ u o t ~ o x q y t ~ h v  npou6toptoycbv ozo a ~ a ~ p u o z a h h w y 8 ~ 0  npoyov (AI- 
:1,1, AO:176,5 C 1%:10,9o.z. (OC): 40-41) o u y ~ p t z t ~ a  FE z y  0~wpqzt~6q Kat za &ha- 
~ t o z a  PtPhtoypacpt~ci 6~60p8va '~  (AI:O, AO:175,5, C 1%: 11,1, u.T.: 39-41) o6qyo6v 
ozo ouynipaoya ozt TO npoi'ov zqq avzi6paoqq anozshsizat n p a ~ z t ~ c b ~  an6 ~ h o p o -  
o z ~ a z t ~ o  056. 
2ancovonoiyay. Kaza zqv udpohuoq zou ~hopoozsaz t~o6  05805 GtantozQvszat ozt 
~wpo6v ~ a u z o ~ p o v a  660 P a o t ~ 8 ~  avzt6priocy, q acpu6pahoyovwoq  at q avzt~aza-  
ozaoq zou ahoyovou an6 yta uGpo5uhoy6Fa. ( H i v a ~ ~ 5  I11 Kat IV) o n w ~  npoPh8n~- 
Tat Kat 0~0pqzt~ci. H napazqp06p~vq adtqoq zqq a ~ o p ~ o z o z q z a ~  ~uvosizat ~ a z '  ap- 
 qv PE zqv arjeqoq zq5 0 ~ p p o ~ p a o i a ~ ,  EVW oztq u ~ q h 8 ~  0 ~ p p o ~ p a o i q  napouotaozq- 

rIINAKAC 111: Avahuoq rat o b o ~ a o q  rou npoT6vro~ ~ q q  oanovonoiqoq~ (Gtahu~a NaOH 7%) 

a/a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

X ~ C O ~ ~ C O ~ B V ,  

npoi'ov 
AI 

0.6 
0,6 
0.6 
0.6 
0.6 
0,6 
0,6 
0.6 
0.6 
3,O 
2.2 
2.2 
1.5 
2.9 
2.9 
2,9 

r'6p6huaq 

PC) t (h) 

125 5 
125 10 
125 15 
125 20 
150 5 
150 10 
150 15 
150 20 
175 5 
175 10 
175 15 
175 20 
200 5 
200 10 
200 15 
200 20 

AI 

37,3 
40,O 
42,s 
42,O 
40,O 
42,O 
46,3 
48,5 
41,9 
48,O 
45,6 
43,3 
4 9 3  
53.3 
45,7 
44,2 

Cl% 

1,90 
0,90 
0,34 
0,04 
135  
0,67 
0,40 
0,33 
1,OO 
0,30 
0,20 
0,OO 
0 3 7  
0,22 
0.12 
0,OO 

AOH 

65,O 
71,O 
74,5 
70,5 
71,O 
75,O 
78,O 
65,9 
72,5 
77,7 
79,2 
69,O 
69,5 
743  
77,3 
67,O 
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HINAKAX IV: Xanovonoc~o~tq  ~ h w p o o r ~ a r ~ ~ o i ,  o&oq y& Gtaliuya NaOH 10% K$. T = 150•‹C. 

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 
deterrninations, 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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Introduction 

La pharmacologie des bases de Mannich derivees des a-tetralones est deja conn- 
ue. Ainsi des proprietes tranquilli~ante',~~~~~~~~ et analgesique3.l4 ont ete citees. L'activi- 
tk neuroleptique des composes de ce type devient plus comprehensible a la lumiere de 
la theorie de Janssen6 qui presupose une conformation S 3 comme la conformation 
active pour la plupart des neuroleptiques. Composes qui possedent une structure 
semie-rigide 4 pourraient obtenir plus facilement cette conformation imposee par le 
reste de tetralone; la piperidyl methyl-2 tetralone4 et la Molindone7 5 sont des exem- 
ples des p-amino cetones de ce type, qui possedent une activite neuroleptique. 

SCHEMA 1 5 - 

Par ailleurs, la phenoperidine est un analgesique 150 fois plus puissant que la me- 
peridine et comprend dans sa molecule la chaine ouverte C6Hs - CH(0H) - CH, - 
CH, - N : Nous avons prepare des composes des formules 1 et 2 dont les caracte- 
ristiques structurales sont conformes a celles qu'exige le modele de Janssen pour les 
derives de la pethidine plus particulierement et pour les analgesiques morphinomime- 
tiques plus ger~eraIement~-~. Ainsi la structure de ces co,mposes rappelle bien celle de 
la phenoperidine et piminodine (avec une chaine C6H, - NH - (CH,), - N :) a la 

- 
* Died on June 18th. 1985 
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difference que la formation d'un cycle en six chainons entre le carbone B par rapport 
a l'azote et le phenyle par l'intermediaire d'un heteroatome ou pas assure la confor- 
mation S semi-rigide. 

Partie chimique 

Nous avons prepare les composes des formules 1 et 2 en faisant reagir le chlo- 
rhydrate de la normeperidine avec la tetralone-1, chromanone-4 et N-methyl dihydro- 
2, 3-quinolone-4 selon Mannich. Les bases 1 obtenues, qui se decomposent relative- 
ment facilementIo sont soumises a une hydrogenation catalytique. On obtient ainsi les 
alcools 2 sous forme d'un seul stereoisomere dans lequel les hydrogenes aux posi- 
tions 1 et 2 du noyau cyclanique sont en position trans-diaxialeI3. 

Les reactions effectuees sont figurees dans le schema II et les caracteristiques 
principales des produits synthetises dans le tableau 1. 

SCHEMA II 

TABLEAU 1 

Compose X F b a s e  ( e t h e r )  F H C L ( e t h a n o l - e t h e r )  Formule 

1  c N-CH 104 1 7 6 "  
3 C25H30N203 

2 a  CH 9  4 159 
C25H3 l''O3 

2b O 1 1 2  188 
C24H29N04 

2~  N-CET3 116 * * C H N O ,  
25 32 2 3 

........................ ---- ----- ------ - - - - - - - - - -- - - - - - - - - - - - - - - - - 

( * )  d i c h l o r h y d r a t e  

( * * )  D i c h l o r h y d r a t e  hygroscopique,  il s e  decompose a 

b a s s e  t e n p e r a t u r e .  



DERIVES DE LA nor-MEPERIDINE 253 

Partie Experimentale 

Les points de fusion ont ete pris dans un appareil de Buchi et ne sont pas corri- 
ges. Les microanalyses ont ete effectuees par le Service Central de Microanalyse du 
C.N.R.S. et sont conformes aux valeurs theoriques a $0,4%. Les spectres RMN pro- 
ton 'H ont ete enregistres sur un appareil Varian FT-80A; les deplacements chi- 
miques sont donnes en 6 (pprn) par rapport au TMS en reference interne. Les spec- 
tres en IR ont ete enregistres sur un spectrophotometre Perkin-Elmer 177. 

La N-methyl dihydro-2,3 quinolone-4 a ete preparee selon1' et la chromanone4 
selon12. 

((0x0-1 tetrahydro-1,2,3,4 naphtyl-2) methyil-1 nor-meperidine la. (X=CH,) 
Un melange de 2g (0,0074 mole) de chlorhydrate de nor-meperidine, de 1,26g de 

trioxymethylene (0,014 mole), de 1,16g (0,008 mole) de tetralone-1, de 20 cm3 d'e- 
thanol absolu et de 5 gouttes d'ethanol sature d'acide chlorhydrique est chauffe a re- 
flux pendant 8h. 

On evapore l'ethanol sous pression reduite, ajoute 100 cm3 d'eau et extrait quatre 
fois A 1' ether. La couche aqueuse est alcalinisee avec un exces d'une solution de bi- 
carbonate de sodium saturee. On elimine sous pression reduite l'ether dissous dans la 
masse du melange. Il se forme lin precipite que l'on filtre et lave a l'eau. Le precipite 
est mis dans le meme ballon, dissous dans 100 cm3 d'ether et sechee sur Na, SO,. 
Apres avoir evapore sous pression reduite et a la temperature ambiante le solvant, on 
obtient la base qui est transformee par la suite en chlorhydrate (ethanol abs. - HCl). 
Rdt en chlorhydrate: 00%. IR base (nujd):v (C=O) ester 1720 cm-', v(C=C) ceiune 
1680 cm-', RMN (base-CDC1,) 61,18 pprn (t, 3H, CH,), 1,50-3,32 pprn (m, 15H, 2, 
3, 4, CH,-N et piperidiniques-H), 4,10 pprn (q, 2H, COOCH,), 6,90-7'55 pprn (m, 
9H, aromatiques H). 

De la meme facon on prepare les bases de Mannich lb et lc. 

((0x0-4 chromanyl-3) methyll-l nor-meperidine Ib (X=O) 
Rdt en chlorhydrate: 52% I.R. base (nujol): v(C=O) ester) 1718 cm-', w(C=O) ce- 

tone 1690 cm-'. RMN (base-CDCl,) 61,12 pprn (t, 3H, CH,), 1,56-3,12 pprn (m, 
11H, 2, CH,-N, piperidiniques-H), 4,08 (q, 2H, COOCH,), 4,25-4,68 (m, 2H, 0- 
CH,), 6,75-7,93 (m, 9H, aromatiques). 

[(methyl-1 0x0-4 tetrahydro-1, 2, 3, 4-quinolyl-3) methyll-1 nor-meperidine lc. 
(X=N-CH,) 
Rdt en dichlorhydrate: 57% I.R. base (nujol): v(C=O) ester 1720 cm-', v(C=O) ce- 
tone 1668 cm-', RMN (base-CDC1,) 61,18 pprn (t, 3H, CH,CH,), 3,00 pprn (s, 3H, 
N-CH,), 1,56-3,78 pprn (m, 13H, 2, 3, CH,-N, piperidiniques H) 4,08 pprn (q, 2H, 
COOCH,), 6,58-7,87 ppm (triplet de multiplet, 9H, aromatiques). L.a base et son 
chlorhydrate sont de coloration jaune comme toutes les quinolones-4". 

[(hydroxy-1 tetrahydro-1, 2, 3, 4 naphtyl-2) methyll-l nor-meperidine 2a (X=CH,) 
La cetone l a  est hydrogenee en presence de Pd-C a 10%. L' hydrogenation est 

effectuee au debut a la temperature ambiante, puis vers 45O jusqu' a absorption com- 
plete du volume d'hydrogene calcule. Apreq filtration et evaporation du solvant sous 
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pression reduite, on verifie la disparition de la bande du carbonyle a l'infra rouge. Le 
residu est dissous dans 1' ether et filtre sur alumine activee. Apres evaporation du so- 
lvant le residu cristallise dans un melange ether-n-pentane. La base est transformee 
ensuite en chlorhydrate suivant les methodes courantes et dans des conditions anhy- 
dres. 
Rdt en base: 95%. IR base (nujol): v(0H) 3250 cm-' tres large, v(C=O) ester 1735 
cm-', RMN (base-CDCI,): 61,18 pprn (t, 3H, CH,), 1,35-3,37 pprn (m, 15H, 2, 3, 4, 
CH2N, piperidiniques-H), 4,10 pprn (q, 2H, COOCH,), 4,62 pprn (d, lH,  J=9Hz, 1- 
H), 6,81-7,68 pprn (m, 9H, aromatiques). 

De la meme facon on prepare les bases 2b et 2c. 

[(hydroxy-4 chromanyl-3) methyll-1 nor-meperidine 2b (X=O) 
Rdt en base: 80%. I.R. base (nujol): v(0H) 3440 cm-' tres large, v(C=O) ester 1724 
cm-', RMN (base-CDCI,) 61,18 pprn (t, 3H, CH,), 1,68-3,31 pprn (m, 11H, 2, 
CH,N, piperidiniques-H), 3S6-4,25 pprn (m, 4% OCH,, COOCH,), 4,66 pprn (d, 
IH, J=9Hz 1-H), 6,56-7,50 ppm (m, 9H, aromatiques). 

[(hydroxy-4 methyl-1 tefrahydro-1, 2, 3,  4 quinolyl-3) methyll-l nor-meperidine 2c. 
(X=N-CH ,) 
Rdt en base: 83%, I.R. base (nujol): v(0H) 3380 cm-' tres large, v(C=O) ester 1728 
cm-', RMN (base-CDCI,): 61,15 pprn (t, 3H, CH,), 1,81-3,18 pprn (m, 13H, 2, 3, 
CH2N, piperidiniques-H), 4,06 pprn (q, 2H, COOCH,), 4,62 pprn (d, lH, J=9Hz, 
1-H), 6,37-7,50 (m, 9H, aromatiques). 

Sommaire 

Des bases de Mannich de la nor-meperidine avec la tetralone-1, chromanone-4 et N- 
methyl dihydro-2, 3-quinolone-4 ont ete synthetisees. Ces amines cetones ont ete transformees 
aux amines alcools correspondants par hydrogenation catalytique. Les deux series des com- 
poses obtenus possedent les caracteristiques structurales necessaires, selon Janssen, pour une 
eventuelle activite neuroleptique et analgesique. 

Key words: Mannich bases of 1-tetralone, 4-chromanone, N-methyl-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-tetraione, 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. 

ZOv6~aq zapaykywv nor-pm~pzbivqc p~ ziBavIj avaAyr]nIcrj Icai veupo/2yn~ilcIj Gpiay 
iInpuoicsuao.rq~uv pkosiq TOU Mannich rqq 1-z~~pothovqq, 4-~pwpcrvovqq Icai N-pE0vho- 

2, 3-6iu6po-4-~ivohovx p~ T ~ V  n o r - ~ ~ n ~ p i o i v q  TOU p ~ r ~ ~ p a n q ~ u v  GE aptvo nhrcooh~q p~ Ka- 
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rahurucil u6poy6vooq. 01 660 o~tp65 rov  npoY6vzov napouotcicouv ra 60yth-a ~ a p a ~ r q p t -  
oruch, arjycpova PE rov Janssen, yta yta nteavq vsupohqnztcfl cat avahyqrt~q 6paoq. 
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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 radiation1. Depen- 
ding on nature of oxidizing agents and conditions of oxidation nearly 20 oxidation 
products of the antioxidant BHT have been isolated and characterized2. 

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 blocking free ra- 
dical formation but in turn oxidize themselves to produce colored substances3. 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%nd was isolated 
from cooking oil to which BHT was added5. 

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 alurninum crimp cap and purged with oxy- 
gen. The vial was simultaneouSly heated on a heating plate at 60" C. Oxidation of 
BMT 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 purified by repeated preparative 

TLC analysis. 

HPLC analysis 

HPLC analysis was performed on the following samples: 
a. Oxidized BHT 
b. "Oxidized" sample extract 
c. "control" sample extract 
d. isolated yellow compound 
e. 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 P x 5  5/25 30cm X 0.65cm i.d. 
injector: Rheodyne, model 7125 
pump: Altex, model l lOA 
detector: Tracor, model 970A, variable wavelenght UV detector at 232nm. 
flow rate: lml/min 
carrier medium: methanol, A,,, = 202nm 
injection volume: 20yl 

I.R. analysis 

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

Mass spectrometry analysis 
Mass spectrometry analysis of samples a. and d. was performed using a Hewlett 

Packard, Model 5990A GC/MS system. To obtaill 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 a,b, and d gave the same major yellow spot 
( R f  = 0.67). 

HPLC analysis of samples a,b,d and e, gave the same characteristic peak respan- 
se (tr = 3. 44min) at h = 232nm., for BHT and its oxidation pfoduct. There was n o  
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 '. This is characteristic of a carbonyl group in a highly conjugated system and is 
indicative of a quinoid structure6. 

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

* See text for description of samples a and d. 

m/e 

- 57 
203 
204 
217 
2 19 
434 
435 
436 
437 

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 
previously4. 

Rased on data recorded in Table I, the mle 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 (C4H,,). 

Based on a molecular weight of 434 and establishing the number of carbon a- 
toms present from mass spectra recorded7, the isolated yellow compound is confir- 
med to be an oxidation product of BHT4,5 with a molecular formula of C,,H,,O, 
and a structure that of stilbenequinone. 

Sample a 

9 
6 
4 
5 
4 

100 
3 4 
22 

8 

Sample d 

9 
5 
3 
4 
3 

100 
32 
2 1 

8 
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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)8.9 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. 

Enr/3~/3aiwoq zqc doprj~ npoiidvzo~ an01~08dprpq~ ZOD /30uz~Azwp~~ou v~po~vzoAovo- 
Aiov, anopovwO6vzo~ and ;rrdA6-csc noAva~OvA~viou npooplop6v~c yza o v o ~ ~ v a o i a  zpo- 
q$lov 

To pouruh~wybvo u6po~uroliouolito (BHT) ~pqotyonot~irat oilyspa sup6rara oav avrto- 
~el6orKo orqv napayoyi rou nohuat0uhsviou. Crqv spyaoia auril anoyovh8q~s   at rauro- 
nouj0q~s iva npoyov o<ei6ooqq TOU BHT nposp~opsvo an6 K O K K O U ~  nohuat@~h~viou nou 
npoopi~ovrav va ~pqotyono1q806v yta q v  napuywyfi st6hv oua~suaoiaq rpocpiyov. H ou- 
0ia alL0y0~h0qK~ KO.TOK~V E K X ~ ~ L O ~ ~  PE p~8avohTl, 61a~OJpiCf~Tltc~ PE ~ T ~ ~ U ~ K E U U O T ~ K ~ ~  TLC 
 at ~aurono~r j8q~s  PE cpaopa~oo~onia IR, MS K ~ I  HPLC oav ~ouru l~opbvo  naphyoyo rqq 
O T L ~ P E V O K L V O V ~ ~ .  'Erm snlPePaih0q~~ q 60p4 tqq ouoiaq auriq, q ncr.pouoia rqq onoiaq os 
a v r i o r o ~ ~ a  ouorrjyara, ~ X E I  avacpsp0si npoqyo6psva orq Ptphtoypacpia. 0 o~qpartoyoq au- 
to6 rou ~irptvou xphyasoq, npo'iovroq o~si6woqq zou BHT, 6uvarov vu npo~ahbon ucp' 
evoq yev ~pwyar~oyo  rou nohua~Ouheviou, acp' srbpou nt0avbv npoPhilyara uyeia~ oro ~ a r a -  
vahor t~o rotvo, yta KUI ouoisq oav KL' aumi 6ev b~ouv p ~ h ~ ~ 1 ] 6 ~ i  K ~ I  ~ a r a ~ w p q 0 s i  orov ni- 
v a ~ a  rwv E ~ I T P E ~ O ~ E V O V  iyysoov npoo0itov ora rpocpcpa. 
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MONO-OXYDATION DES TRISULFURES ORGANIQUES 
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(Received November 26, 1984) 

Nous avons montri. I'interCt des thiosulfinates R-SO-S-R naturels dans certaines 
relations plantes-insectes' et cette classe de'composes peu stables a activitt biolo- 
gique est inttressante en synthese2. La  nouvelle mkthode d'obtention facile des trisul- 
fures symttriques3 nous a permis de synthktiser aisement des' trisulfures mono- 
sulfoxydes de propriktes chimiques et biologiques analogues a celles des thiosulfinates 
et qui sont plus stables. En particulier nos premiers resultats montrent que, par 
coupure de la liaison SO-S, ces composks s'additionnent sur les acktyleniques vrais et 
par ailleurs ils se sont reviles Ctre aussi attractifs pour la teigne du poireau (Acrole- 
piopsis assectella 2.) que les thiosulfinates et plus attractifs que les trisulfures corre- 
spondants lors de tests effectues dans un tube olfactomitrique4. 

Nous avons obtenu cette nouvelle classe de composes, dont deux exemples 
avaient deja et6 cites5, avec un excellent rendement (80 a 95%) et sans sous-produits 
en oxydant par l'acide m-chloroperoxy-benzoique (MCPBA) les trisulfures: 

R - S, - R + MCPBA - R-SO-S-S-R 

(R = Methyl, Ethyl, Propyl, t-Butyl, Benzyl). 
L'absorption IIR a 1080 cm-' indique la fixation d'un seul oxygene et la R M N  

('H) i'existence unique de la structure dissymitrique: par exemple, le dim&hyltrisul- 
fure monoxyde prisente deux singulets a 6 = 2,65 et 2,95 p.p.m. 

A 0 , l  mol (12,6g) de trisulfure de mithyle dans 50 m1 de dichloromethane, a- 
jouter goutte a goutte en 1 heure 0,11 m01 (19 g) d'acide m-chloroperoxybenzoique 
dissout dans 200 m1 de dichloromethane a ternp6ratu;e comprise entre -5 et O•‹C; 
laisser 2 h a temperature ambiante; kliminer le pricipiti: apparu; laver au bicarbonate 
et a I'eau; secher; evaporer le solvant. On obtient 0,085 m01 (12,l g) de dimethyltri- 
sulfure monoxyde exempt de produit de depart selon la RMN et utilisable directe- 
ment pour les syntheses ulterieures et les tests biologiques. 
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Resume 

Les trisulfures symktriques sont oxydes par le MCPBA pour donner des trisulfures S- 
monoxydes stables et purs avec un tres bon rendement. Cette nouvelle classe de substances 
semble avoir les m2mes propriites chimiques et Ccologiques que les thiosulfinates. 

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

Abreviaton: MCPBA: acide mita-chloroperoxybenzofque. 

Summary 

Mono-oxidation of organic trisulfids 

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. 
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