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MECHANISTIC STUDY OF THE RATE OF CONVERSION
OF 1 - AMINO - 3 - IMINO - HEFTAFLUOROCY CLOHEXENE
WITH WEAK ORGANIC ACIDS BY DYNAMIC NMR

A. VALAVANIDIS

Department of Chemistry, University of Athens, University Campus Zografou, 15771
Athens, Greece.

(Received May 18, 1990)
SUMMARY

Dynamic Nuclear Magnetic Resonance (DNMR) techniques have been used to study
the rate of conversion of 1-amino-3-iminoheptafluorocyclohexene in solutions of anisole.
Benzoic acid and.-its derivatives were added in relatively small amounts in the solution
for the measurments.'® F n.m.r. line broadening techniques were applied to the spectra
and a linear relationship between the rate of conversion and the strength of the acids
(pKa) was established.

Key words: Dynamic n.m.r., kinetic and mechanistic data, fluorinated organic
compounds

INTRODUCTION

Frequencies of observation in nuclear magnetic resonance are much iower than
these in infrared and ultraviolet spectroscopic methods, so that we can separate two
different conformations of a molecule by observing a splitting of the spectroscopic lines.
This method of studying rates of conversion is called Dynamic Nuclear Magnetic
Resonance (DNMR).

DNMR spectroscopy is suited for the study of intermolecular as well intramolecular
chemical processes in which a magnetic nucleus exchanges its position with another of
the same kind or migrates into a new mangentic environment. Intermolecular chemical
processes amenable ot DNMR investigation include proton jumps between acidic
molecules of the same or different kinds, ligand exchanges involving inorganic
complexes or organometallic compounds, the dissociation of covalent compounds into
ions or the reverse process of ion recombination, and those exchange processes of
particular importance for biochemistry in which a small substrate molecule or inorganic
jon is in equilibrium between its free form in aqueous solution and its protein - bound
state. 1
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The DNMR phenomena are a consequence of the Heisenberg Uncertainty Principle and
when the mean lifetime of one comformation from the other differ substantially so that they
can be observed as two different spectoscopic n.m.r. lines. But as the rate of conversion
increases the two lines approach eéch other and, finally typical phenomena of exchange
broadening and coalescence of n.m.r. lines occur. 2

Data analysis of the spectra can be performed by the lterative Multisite Exchange NMR
Programme (carried out by a mainframe computer) with which an estimated value of the
rate constants is produced.

In this paper we investigate the rate of conversion of 1-amino-3-imino heptafluoro-
cyclohexene in solutions of anisole, with the addition of increasing amounts of weak acids
(benzoic acid and its derivatives), by 19F n.m.r. line broademing technique (DNMR). The aim
of the project was to find the relationship between the rate of the reaction and the pKa of
the acids used, and if possible the mechanistic explanation of the conversion (or
interconversion).

EXPERIMENTAL

Preparation of 1- amino - 3-imino hepfaﬂuorocyc/ahexene (AIFC) 3

A slow stream of ammonia passed for 4 hrs through a solu'tion of decafluorocylohexene
{b. p. 52 - 53 °C, prepared by fluorination of cyclohexene). Decafluorocyclohexene was
tested for purity by IH n.m.r., i.r. and gas chromatography. 11 g of decafluorocyclohexene
was added in 110 ml of dry ether and a stream of NH; was passed through the solution.
After the end of the reaction water was added and the agueous phase was washed with
ether and the extracts were filtered and evaporated under reduced pressure to leave a
yellow solid which can be sublimed and then recrystallised from CCl, to give approximately
6g of AIFC. The purity of AIFC was tested by 'H and 'F n.m.r., i.r. spectroscopy and
elemental analysis (M.W.: 236, Cg H3 F7 Ny: theoretical : C, 30.5; H, 1.3; N, 11.9; F, 56.3
%. Found : C, 30.6; H, 1.2; N, 11.8; F, 56.2 %. The m.p. was 95 - 96 °C).

Dynamic ™F n.m.r. studies

Traces of HF were present as impurities in AIFC. Purification was performed by washing
AIFC with KyCO4 solutions and then AIFC was dried under reduced pressure.

Samples of AIFC were weighed with accuracy up to the 5th decimal point (0.00001 g, 40
mg for standard kinetic studies). Samples of benzoic acid and its derivatives were weighed
separately: The AIFC samples were transferred quantitatively with great care into the
speciment tubes of the weighed acids. The mixing of the two reagents was performed few
hours before the kinetic measurements. Usually 10 speciments were used for every kinetic
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study with electronic parameters of the n.m.r. spectrometer remaining relatively steady
throughout. Anisole, 0.50 ml, was added by a micropipette few minutes prior to the
introducing the n.m.r. tube into the instrument. Measurements were taked at, approx. 32°C.

The "F n.m.r. spectrum of AIFC has four peaks for the fluorine atoms: (a) 116.5 ppm,
(b) 121.84, (c) 134.5 and (d) 156.7 (the internal standard CFCl 5 has one peak at 106.3

ppm).
NH

(@b)F, F(ch

©F, NH
F, (a.b)

The two separate peaks at 116.5 and 121.84 ppm are the fluorine atoms near the groups
- NH; and = NH. As the rate of conversion of the two groups increases with the addition of
weak acids, the two peaks broadened and at some point coalesced into one broad peak.
With excess addition of acid each original peak spiit into four peaks. All parameters of the
spectra were used by the lterative Multisite Exchange NMR Programme for the calculation
of the rate constanis.

The DNMR measurements were carried out by using a 100 MHz Varian XL - 100
spectrometer. Spectra were expanded in the area under investigation (between 116 and 121
ppm) and recorded under slow sweep conditions (R.F. attenuator 76 - 77 db, sweep width
500 - 1000 cps, sweep time 250 secs, lock signal ext. H,O, temperature 32.3 - 32 °C).

Data analysis of the spectra by the lterative Multisite Exchange NMR Frogramme
(INMR) carried out by an ICL 1906A digital computer.

Rate constants were calculated by an INMR programme and executed in a few minutes
by a mainframe computer (University of Birmingham). The inputs for the INMR programme
were: experimental spectrum in digital form, site positions, relative intensities, linewidths,
relative transition probabilities and an estimated value of the rate constant (expected). Also,
the programme contained standard parameters which were calculated from the spectra of
the two extreme conditions, i.e., one without acid and the other with excess acid (no
change in spectrum) in 0.50 ml anisole. The two at extreme canditidns spectra are shown

below:
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. . . sweep width=I00Hz
without acid 493 Hz 3 with excess acid __
w77 - ¥ d || e eteeemmms Wy 7p=6.1
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weighted separation
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FIG. 1 () F nm.r. (expanded) of AIFC without acid. The n.m.r. spectrum gave a
weighted separation of the two peaks: 456 Hz. (b) the 18F n.m.r. (expanded) of
AIFC with excess acid, sweep width: 100 Hz, gave four (4) peaks of the following
characteristics: i. spin coupling, J = 10.2 Hz, ii. natural half height linewidth, wy, =
6.1 Hz, iii. peak separation = 456 Hz, and iv. number of sites = 8 (in the haif of the
spectrum we can see four peaks and another four in the other half of the spectrum).

The spectroscopic data of the frequencies of the 8 lines, their relative integrated intensity
and the width of each line at half height (used as an effective T, spin - spin relaxation time)
can be arranged as 8 consecutive computer lines in the INMR.

The INMR programme is a FORTRAN language brogramme which can be executed in a
few minutes by the ICL 1906A digital computer. The digitised spectrum contains more than
60 lines, which come in the end of the programme after the initial data and 8 lines
containing the square transition probability matrix. The standard deviaton must be less than
2 to have the "best fit" for the rate of the reaction. If not, improvements can be made by
readjusting the line positions slightly of the X, Y points according to the graph of the
spectrum. The graphs which are produced by the plotter of the computer give another
picture of the calculated spectrum.

The INMR was programmed by Prof. W. B. Jennings (University of Birmingham) by
éxtending to the general n - site case the iterative approach, originally devised by Jonas et
al. 4 for the AB case in the programme SPECAB.INMR uses a subroutine MULTIS based on
the classical equations of Anderson, Kubo and Sack as programmed by M. Saunders. 5
Practical aspects and difficulties for the computation and interpretation of the results are

analysed elsewhere. 8
RESULTS AND DISCUSSION
Kinetic data for the (inter) conversion of AIFC at different amounts of benzoic acid and

its derivatives were calculated by the Iterative Multisite Exchange NMR Programme (INMR).
The amounts of benzoic acid and its derivatives were in the range of 2 - 9 mg. For the
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case of insoluble acids in anisole only 2 - 3 measurements were performed. The mole
fractions of the acids and the AIFC were calculated by assuming that the solution contained
three components (including the mole fraction of anisole). The rate of (inter) conversion of
AIFC were calculated in' s -1.

Experimental and "best fit" computer dynamic n.m.r. spectra of AIFC interconversion at
32.2 °C, in anisole, containing varying amounts of added benzoic acid are presented in
Figure 2.

(e)

(@) (e) £)

(n) excess zcid

FIG. 2: F high - resolution dynamic n.m.r. spectra of AIFC as a function of varying
amounts of added benzoic acid. The observed spectra are represented by. circles
and the corresponding "best fit" theoretical line shapes by the solid lines. The
amounts of added benzoic acid: (a) no acid, (b), 2.04 mg, (c) 2.5 mg, (d) 3.95 mg,
(e) 4.98 mg, (f) 5.49 mg, (h) 6.03 mg, (g) excess acid (over 50 mg ).

Kinetic data for varying amounts of weak organic acids in anisole are presented on Fig.
3. For the insoluble acids in anisole at higher concentrations only two measurements were
achieved.
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FIG. 3: Kinetic results : rates of reactions (s™1) versus (mole fractions)? of weak organic
acids.

The results from the kinetic data of the various acids can be used to measure the
correlation between the rates of interconversion of AIFC (s*)f{mole fraction)? versus the
ionization constants (K,) of the acids (in water) as can be found in the CRC Handbook. 7
The ionization constants represend a function of strenght of the acids.

In Table | the various weak organic acids used, their pK; and K, (in water at 25° C) are
presented in tabulated form. Note, that for the p - nitrobenzoic acid the K, value is a
calculated one. The slope for each case has been calculated from Fig. 3 as well as the
intercept and the correlation.
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TABLE | : Data of the least squares fit for rate(s!) versus (mole fractions)? of the acids in
0.50 anisole (AIFC = 40 mg) at 32.2 °C.

organic acid pKa Ka X105 slope X106 intercept r (correlation)
m - chlorobenzoic acid 3.82 15.1 99.62 387.97 0.9837

m - methoxybenzoic 41 8.1 36.77 208.15 0.9887
benzoic 4.19 6.4 34.62 261.5 0.97908

p - tert - butylbenzoic 4.39 4.0 19.65 1211 0.99474

p - chlorobenzoic 3.98 10.4 ~ 62 - 65 - -

m - methylbenzoic 4.37 4.2 ~22-25 - : -

p - nitrobenzoic - ~15.3 ~M10-105 - -

The slopes of the various kinetic data, which in effect are the rate(s1) / (mole fractions)
2 X10 6 can be plotted versus the K, (X10 5) of the ionization constants of the weak organic

acids. The plot is linear.

100

b 90

I 80

- 70

+ 60

| 50

| 40

x10%8Tope : [Ratels Y )2 ]

L 30
i 20

L 10

1 2 3 4 5 6 1 8 9 I0 II I2 I3 14 IS5

X107 ¥a (iomization constant of acids)

FIG. 4: Variation of slopes of the kinetic data [rate/(mole fractions)?] versus ionization of
added weak organic acids (Ky).

The rates of (inter) conversion of AIFC in anisole and in the presence' of varying
amounts of benzoic acids and its derivatives were studied effectively by 9F n.m.r. at
32.2°C. In the majority of measurements the standard deviations were near 2 or under for
the "best fit" theoretical line shapes produced by the INMR programme. '

The rates (s™) of interconversion of AIFC were plotted versus the (mole fractions)? of
the acids giving a linear relationship. In the cases where experimental points were
adequated a very good straight line was evident. The results are presented in Fig. 3.
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The slopes of these straight lines: rates/(mole fractions)? represent the “catalytic rate
constants” for the various acids and can be interpreted by their strength (i.e. their ionization
constants in the solution). In our case their ionization constant in water at 25 °C were used
and a plot of the slopes versus the ionization constants, Fig. 4, gave a straight line, in
agreement with our initial aim that the rate of interconversion is catalysed by the protonation
of the imine group of the AIFC.

An overal rate of the interconversion of AIFC in anisole is very difficult to suggest at
present. There are evident complications for the picture of the kinetic studies. Benzoic acid
and its derivatives exist in monomeric and dimeric form. Measurements by i.r. spectroscopy
(Perkin - Elmer 180 Grating IR) showed that the ratio of monomer : dimer was stable at
various concentrations.

A mechanism of the "catalytic" interconversion of AIFC in the presence of weak acids is
suggested below: the carboxylic acid may protonate the imine to‘generate the immonium
ion (a). It has been suggested that rotation around the immonium double bond can be
facilitated by this way. & The rotational barrier in protonated imines is lowered by a
contribution from the resonance canonical (b). The carboxylic acid might catalyse the imine
isomerization by adding across the C = N bond to form the unstable intermediate (c).
Release of the carboxylic acid from the unstable intermediate might transform-the second
imino group into an amino one with the shift of the double bond to the new position. The
mechanism of geometrical isomerization about the carbon - nitrogen bond, whether the
reaction proceeds by inversion at the nitrogen atom or by rotation has been investigated in
recent years in many laboratories. @ We can assume that only a small fraction of imine
appears to be protonated in the presence of equimolar amounts of benzoic acid.

NH, NH, NH,
; + F,
6H<COOH + ; i
eHs _ + M
B =NH F2 =N F; N
(3
k @y (v)f
N )
CeHsCOO™ E F | =CeHsCOOH F
— M T |
) Ny A NHy

) ‘3@ F2

Another suggestion is that the protonated form of AIFC yis stabilized with resonance and
further protonation can occur with excess carboxylic acid (benzoic acid and its derivatives)
as shown below:



MECHANISTIC STUDY OF CONVERSION BY DNMR 11 .

4+
g F H* £ ONNF g F
’ (CeHsCOoH) ' < 2
Fa ==NH 5 P, =§<: E -—nﬂz
Fg’ F2 FZ
CONCLUSION

Despite its complications and experimental difficulties, Dynamic Nuclear Magnetic
Resonance can be a useful tool for the study of intermolecular chemical processes. In our
study we prove that the interconversion of AIFC can be studied effectively by the 1°F n.m.r.
line broadening technique and that the rate of the reactions were relative to the carboxylic
acid concentrations in anisole.

MEPIAHH

Mnxaviotikry peAétn TG TaxUtntag aMAnlopetatporrc NG  1-apivo-3iuvo
entadbopoxukioeEeviov UE aoBeviy opyavika of€a pe tn péBodo DNMR.

O Auvauikég MUPNVIKGG payvnTikog ouvtoviopsg (DNMR) xpnowomolifnke yla
HENETN TNG OXETKAG Taxutntag aAAndopetatporric tng 1A-3-IE oe SaAlpata
aviooAng. Bevloiko oEﬁ Kal nmapdywyd Tou TPooTEBNKav Ot WUIKPEG TOGOTNTEG oTa
ﬁla}\l]ua'ra yua g psrpnostq Xpnoworotiénkay °F n.m.r. TsxvtKéq Blan}\a'ruonq Twv
(PACHATIKWY vpappwv H ox€on petakl tng oxetkng tTaxdtntag Kat ™me 1oxU0g Twv
ofgwv elval ypappikr eEdptnon.
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Ta,Mo,W and x=5,6) AS CATALYST

M. G. SISKOS and G. KYRIAKAKOU.

Section of Organic Chemistry & Biochemistry, Department of Chemistry,
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SUMMARY ,
Diphenylacetylene (DPhA) was polymerized in high yields using MCIx/AICI3 (M=Nb,
Ta, Mo, W and x=5,6) as catalyst. In all cases, the polymers obtained were low molecular
weight products, coloured and soluble in aromatic and chlorinated hydrocarbons.Their
characterization was performed by IR, TH-NMR and UV-vis spectroscopy. The molecular
weights were estimated by gel permeation chromatography (GPC). The thermal stability
was investigated by thermal gravimetry analysis and the paramagnetism by ESR
spectroscopy. It was found that the. pheny! rings attached to the double bonds of the
" polyene chain are twisted.
Key words: Polymerization of Diphenylacatylene / IR, TH-NMR, UV-visible
and ESR Spectroscopy / Polyene /Geometric Structure.

INTRODUCTION

The polymerization’of;a great number of monosubstituted acetylenes
has been performed by using a wide range of catalysts and polymerization
conditions!1.2]. Among the catalysts the most common were homogeneous
and heterogeneous Ziegler-Natta catalysts, transition metal complexes (Pd,
W, Mo, Ni, Co, Fe etc), free'radicals, cationic and anionic initiators.

The polymerization of disubstituted acetylenes, however, remains
appreciably difficult, due to steric reasons. Consequently, a smaller number
of related- compounds have'been polymerized, as compared with the
monosubstituted ones. These include a variety of dialkyl, alkyl-aryl, diaryl and
heteroatom-containing acetylenes. The above monomers can be
polymerized by transition metal-based catalytic systems.
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The polymerization of DPhA has been attempted so far by thermall3I
and anionic initiatorsl4l. In both cases polymers of low molecular weight have
been obtained. Similar products have been obtained by exchange reactions
between a conjugated carbonyl group and an olefinic double bond, using
WClg as catalyst(5l. Insoluble polymers were afforted using metathesis
catalystsl6.7],

The purpose of the present work is to study the polymerization of DPhA
by homogeneous catalysts such as MCIx/AICl3 (1/12), where M=Nb, Ta, Mo,
W and x=5,8. The structure of the polymers obtained was examined by IR,
1TH-NMR and UV-vis spectroscopy. The molecular weights were estimated by
gel permeation chromatography. The paramagnetism was examined by ESR
spectroscopy and thermal stability by thermal gravimetry analysis (TGA).

EXPERIMENTAL

Materlals: Diphenylacetylene was purchased from Fluka and
recrystallized from ethano!, m.p 59-60°C. WClg (Fluka), MoCls (Aldrich) and
AlCI3 (Fluka) were purified by sublimation before use. NbCls and TaCls were
purchased from Merck and were used as received. Polymerization solvents,
chlorobenzene (Chl) and toluene (Tol), were washed with dilute sulfuric acid,
aqueous sodium hydroxide solution, water, dried over calcium chloride
overnight, refluxed over CaHz and finally distilled under argon.

Measurements: Gas chromatographic analysis were carried out on a
Perkin-Elmer model 8310 B gas chromatograph with a SE 30, 10 %
Chromosorb, 60/80 mesh, 2m column. Infrared (IR) spectra were recorded on
a Perkin-Eimer 783 spectrophotometer as KBr pellets. TH-NMR spectra were
obtained on a Varian EM-390 spectrometer using CCls as solvent and
tetramethylsilane as internal standard. UV-vis spectra were run on a Perkin-
Elmer model-15 Lambda spectrophotometer in CH2Cl2 solutions.

The molecular weights of polymers were determined by gel permeation
chromatography (GPC) using a Varian 5000 liquid chromatograph, containing
a series of 3 columns (LC-1, LC-301 and 500 A° Ultrastyragel), detected
using a UV-50 Varian instrument at 254 nm, previously calibrated with a
series of narrow molecular weight distribution polystyrene standards,
Methylene chloride at a flow rate of 1 ml/min was used as eluent.

Thermogravimetric analysis (TGA) was conducted with a Chyo Balance
Corporation RDA3 thermal analyzer at a heating rate of 10°C/min under
nitrogen.

The ESR spectra were recorded on a Varian E109 specrometer.at room
temperature. The g values were estimated using 1,1-diphenyi-2-
picrylhydrazyl (DPPH) as reference.
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Polymerization of Diphenylacetylene: The reactions were carried
out in Schlenk glassware under dry deoxygenated argon. To the flask were
added 79 mg (0.2 mmol) of WClg and 0.320 g (2.40 mmol) of AICl3 which was
flushed with argon for 15 min and injected with 9.0 ml of dry chlorobenzene
through a septum, followed by 1 mi of dry heptane (internal standard for gas
chromatographic measurements). The dark red mixture was stirred for 24
hours at 30°C (for AlCI3 dissolution) before adding 1,78 g (10 mmol) of DPhA.
After 30 minutes, the reaction mixture turned from dark red to black and
gradually became green and viscous. Aftér 24 hours, the polymer was
precipitated by adding the above mixture into a large amount of acidified
methanol (to remote the catalyst residue) and purified by reprecipitating from
benzene solution into an excess of methanol. The yield was determined by
gravimetry.

RESULTS AND DISCUSSION
Polymerization of DPhA by MCIy/AICI3

The results of DPhA polymerization are shown in Table I. We conclude
that AlCl3 combined with Nb, Ta, Mo and W chiorides forms highly active
catalytic systems with yields of polymer approaching 80 %. The AlCl3 alone
was found inactive as catalyst and the metal chlorides give only oligomers
which are soluble in methanoll6.71.
Table I: Polymerization of DPhA by MCIx/AICl3 catalysts

No Catalyst [DPhAVIMI T °C Solvent Conversion %Yield %

1 WClg/AIClz3 1001 O chl - 52 35
2 WCIg/AIClz3  100/1 30 chl 85 68
3 WCIg/AICI3 1002 30 Chl 100 85
4 MoClg/AICl3  100/2 30 chl 100 87
5 TaCls/AICl3  100/2 30 chl 100 75
6 NbCIs/AICI3  100/2 30 Chl 100 81
7 WCIg/AICl3  100/2 30 Tol 95 10
8 TaCls/AICls  100/2 30 Tol 91 6

[DPhA]=1 mol/1, [Al]=12x10-2 mol/, [M]=Concentration of metal chloride,
[MJ/[AI]l=1/12, Solution volume 10ml, Reaction time 24 hours.
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FIG. 1. Time-conversion curves for the polymerization of DPhA with WCIg/AICI3 (1/12)
in chlorobenzene at O and 30°C.

Table | shows that the polymer yield is increasing if temperature and
concentration of trantition metal are increasing. A temperature increase from
0 to 30°C results in the doubling of yield and % conversion of monomer at the
initial stages of polymerization. The time-conversion curves are represented
in Figure 1. They show high initial polymerization rate which gradually
decreases to a constant value. This suggests that the concentration of the
active species responsible for the polymerization diminishes.

Changing the metal chloride does not effect the polymer vyield or the
kinetics of the reaction (exp. 3,4,5,6).

The yield shows a strong dependence on the nature of solvent, Chl vs
Tol. However, the % conversion of monomer remains at the same level. This
difference is rather attributed to the fact that in toluene the formation of
oligomer products is dominant. The latter occurs because side termination
reactions from the polymerization are favoured in this solvent.

Polymer Characterization

The polymers formed via the aforementioned reactions are all
coloured and soluble in aromatic and chlorinated hydrocarbons (benzene,
toluene, CHCI3, CCly etc).
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A common characteristic of these polymers is their low molecular
weight, something which is anticipated due to the stereochemical inhibition
between the two phenyl rings. Table |l shows the number (Mp) and weight-
average (Mw) molecular weights and their polydispersity (I). Particulary
important is the difference noticed when the transitional metal.is changed. In
the case of NbCi5 and MoCI5 the Mn and polydispersity factor are doubled,
as compared with the other metals.

TABLE II: Influence of metal on PDPhA molecular weight

No _Catalytic system T oC Mw Mn I= Mw/Mn
1 WClg/AiCl3 0 810 645 1.26
2 WClg/AICI3 30 1530 1060 1.45
3 TaCls/AICI3 30 1530 1080 1.42
4 MoCls/AICl3 30 4610 1920 2.40
5 NbCls/AICI3 30 5780 2130 2.72

[M] = 2x10-2 mol/l, [M)/[Al] = 1/12, [DPhA)/[M] =100/2, Reaction time 24 hours.

N

(c?

(b) ‘ {’“JW

Transmittance
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cm

FI1G.2. IR spectra of PDPhA with a) WCIg/AICI3, 30°C, b) MoCls/AICI3, 30°C, c) WCIg/AIC!3,
o°C.
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The IR spectra, Figure 2, of different PDPhA are virtuaily iden
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gentical to

each other showing strong absorption bands at 3070 and 3035 cm-1, as well
as less strong at 3090 and 3015 cm-1; these are rather attributed to the
stretching vibrations of =C-H bonds. The aromatic ring double bonds, -C=C-,
absorb at 1605, 1580, 1498 and 1450 cm-1. The absorbances at 1180, 1160,
1085, 1035 cm-1 are attributed to C-H in-plane deformations of the aromatic
ring. The out-of-plane deformations appear at 915 and 760 cm-1. The
absorption at 695 cm-! s characteristic of the C-H out -of- plane
deformations of monosubstituted benzene rings. '

The TH-NMR spectra of the DPhA polymers show a strong absorption
signal in the range 6.3-7.3 ppm with the center at 7 ppm.
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FIG.3a. UV-vis spectra of PDPhA with a) WCIg/AICI3, 30°C, b) TaCls/AlCI3, 30°C,
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FIG.3b. UV-vis spectré of PDPhA with a) MoCls/AICI3, 30°C, b) NbCis/AICI3, 30°C,
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The UV-vis spectra of polymers, Figures 3a and 3b, in CH»Clo solutions
exhibit a maximum absorption band at 228 nm (e=12000-15000 per monomer
unit), a shoulder at 310 nm, and a monotonic decrease in absorption until 460
nm. The maximum absorpsion band at 228 nm is attributed to r-iC" transitions
of aromatic rings. The partial overlapping between the rt orbitals of the
conjugate system of double bonds of polymer chain and the aromatic ring,
accounts for extended absorption till 460 nm. A particular intresting fact is
that even with having molecular weights (My) three or four times larger than
the polymers obtained with other catalysts, the absorption is weaker after
260 nm in comparison with lower molecular weight polymers. This is due to
rather smaller overlap of ri-orbitals of the aromatic rings with the m-conjugate
system of double bonds of the main chain. The above observations lead to
the conclusion that phenyl groups are not at the same plane, but twisted with
dihedral angle between the rings increasing as the molecular weight
increases. A decrease in absorption is also observed between -(PhC=CH),-
and -(PhC=CCHzs)n- even when the molecular weight of the latter is higherl8l.
It seems that the the introduction of a CH3z group reduces the overlap
between phenyl group orbitals and those of the polymer chain.

The thermal stability of the polymers was studied thermogravimetrically
(TGA and DTG) under a atmosphere of nitrogen. Figure 4 shows
representative thermographs. The curves show that the polymers are stable
within the range 100 to 300°C while the percentage weight reduction is
proportional to the molecular weight.

[DPFH

E]

3

3

v’\\
T b6
100 | 2(;0 3‘00 4:)0 5(’)0 600
T— C

FIG.4. TGA and DTG spectra of PDPhA with FIG. 5. ESR spectrum of PDPhA
a) WCIg/AICI3, 30°C b) TaClg/AIC]3, 30°C MoCls/AICI3, 30°C

¢) MoClis/AlCI3, 30°C.
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The polymer paramagnetism and polyene structure have been proved
by ESR spectroscopy. The spectra, Figure 5, consist of a symmetrical single
line without hyperfine structure and a peak-to-peak width in the range 7.0-7.7
Gauss. The g values were found between 2.0019-2.0025. Similar values
have been found for PDPhA obtained from different catalytic systems[3-71,

From the above, we conclude that the polymer structure is likely the
shown in Figure 6. The phenyl rings have trans configuration and they are out
of plane with respect to the polyene chain and at the same time twisted. The
absence of a broad absorption in the region 1630-1570 cm-1 of the IR
spectra and the decrease of absorption seen in the UV-vis spectra as a
function of the molecular weight also point to the aforementioned
conclusion.

FIG. 6. PDPhA structure

Preliminary studies of the already mentioned catalytic systems with a
group of monosubstituted acetylenes showed that these systems were very
active. The polymer characteristics indicate that the active centre has ionic
character. There is also an equilibration between catalyst and co-catalyst
and this agrees with observations of other reserchersl®.10],

WClg + AICI3  [WCls]* [AICI4]

Further investigations on the DPhA polymerization, the activity of
catalyst systems against other acetylenic compounds and the elucidation of
the reaction mechanism are in progress.
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NOAYMEPIZMOX TOY PhC=CPh ME KATAAYTEX IYITHMATA
TOY TYNOY MCI,/AICI3 (M = Nb, Ta, Mo, W ka1 x = 5,6).

NEPIAHWH

To SwpawvuloakeTuAévio (DPhA) moluuepiobnke oe ugniéq amnodooelq
XPNOLOTIODVTAS KATAAUTIKA ouotruata Tou TUTou MCIx/AICI3 (M = Nb, Ta, Mo, W kat x =
5,6). & OAEQ TIG TIEPUTTMOELS TA TIPOKUMTOVTA TIOAUHEPT) HTav XaunAou poplakol Bapoug,
£yXpwpa Kat SlaAUTA Ot ApwHATIKOUG Kat XAwplwpévoug udpoyovavipakeg. O
XAapakTINpIopdg toug £ylve Ue paopatookomieq IR, TH-NMR, UV-opatoU kat o
TIPOOBIOPIONOS TWV HOPWIKQV Bapdv pe Xpwpatoypagia mnkmg (GPC). H Bepuikn
oTaBepOTa e5ETA0HNKE BePOOTABUIKA KAl N TIAPAUAYVTTIKOTNTA TOUg HE paouaTookotia
ESR. Bpéfnke 6Tt ol patvulopddeg Sev elval ouveninedeg pe Toug SUMAOUG SE0HOUG TG
aAuoidag Tou TIOAUPEPOUG. -
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SUMMARY

The reaction of C5H§5~C(O)NHNHZ, 2, and its m-CH,0, 3, and p~Cl1, 4,
derivatives with PPhZCJ, , in dry solvents CéH6 or CHC13 or THF or CF%CN
at 0-4 °C was studied. The major products were 2.HC1 or 3.HC1 or 4.HCI
respectively, also Ph,P(0)OH, 8, and an oily residue. Increase in polari-
ty of the solvent yielded an increase in 2.HC1 or 3.HC1 or 4.HC1. The
reaction of 2, with PBu;, 6, or PPhl, 7, was studied at reflux. Nucleo-
philic attack of 6 or 7 probably occurs at imine N or carbonyl O result-
ing the formation of phosphinoxide and oily or resinous product. In all
cases oxidation of tervalent phosphorus was observed in spite of the
generally known reductive character of aroylhydrazines.

Keywords: aroylhydrazine, phosphine, diphenylphosphinic acid, phosphino—

- Xide. .

Abbreviations: THF=tetrahydrofouran; TLC=thin layer chromatography; CC=
colunn chromatography; IR=infrared (m=medium, br=broad band).

INTRODUCTION

Bidentate phosphines are common 1ligands in organometallic and
coordination chemistry. Thus it is of interest the possibility to obtain
ligands containing both the "soft" o-donor phosphorus and the "hard”
lrgating sites of imine N and carbonyl O. Some of these ligands possess
a P-N-N 11nkage2. It was also postulated that PRy (R=alkyl, Ph) reac~
ting with a great variety of oxygen containing organic compounds caused
reduction in most cases with the formation of R3P=OH. At the inve-
stigation of phosphorus substituents on the reactivity it was observed
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that F'Bu3 was more effective than PPhi,. Tervalent phosphorus compounds
are also known as convenient reagents with conjugated dienes as those
containing the group (with aromatic carbon atoms) —-C(0)-C=NH- to which
e.g. F’F’h3 was postulated to react with both carbonyl O and imine N thus
forming five-membered phosphorus containing heterocyclesm'm.

The initial aftempts to react benzoylhydrazine with PC]a or PC]5
have led either to a phosphorus containing unstable produc't“3 or to a
final mixture of PhCHC1, and PhCC]au. In the Tatter case there has not
been idendified any phosphorus containing intermediate compound. This has
been, however, achieved in the reaction of benzoylhydrazine with PCl; or
F’hPC]4 and the product was oxaphosphadiazoline, 1

Ph—C/ \PC12X
N
1
(X=C1 or Ph).

Spirocyclic phosphoranes which contained the ring of 1 were also
obtained by reacting benzoylhydrazine with CHSP(O)C12"5. Simple product
containing P-N bond which preserves the structure of benzoylhydrazine was
that of p-R-CyH;~C(OINHNH-PPh;Br'" which was obtained by reacting the
corresponding aroylhydrazine with Ph,PBr, in the presense of EtyN.

The present paper is an investigation of the reaction between (i)
the benzoylhydrazine CEHS—C(O)NHNH?, 2, and its m—CH;0, 3, and p-Cl, 4,
derivatives with chlorodiphenylphosphine PPhZCL 5, under N, or He in
several solvents of various polarity and (ii) 2 with tributylphosphine
PBuz, 6, or tripheny]ohosphiné PPhS ,. 7, under I\L, in CSHé.

EXPERIMENTAL

Reagents

-The reagents 2, 3 and 4 were prepared from the corresponding aroma-—
tic acids according to known me'thods,.'S and they were recrystallised trom
HZO/EtOH 50%. 5, 6 and 7 were of Merck for synthesis. CiH., CHCY.. THF and
CHBCN used as solvents were of analytical purity and they were further
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purified and dried according to the provided methods. Merck silica gel
60 was used for TLC and CC.

Instruments

Infrared spectra were recorded in the 4000-250 cm'T

region in KBr
pellets or in nujol mull on a Perkin—-Elmer 467 spectrophotometer. The
determination of C, H, N was performed on a Perkin-Elmer 240 elemental
analyser. The apparatus used to carry out the reaction was consisted of
a three neck round bottom flask kept into ice, joined with a bottle of
inert gas and adapted to a separating funnel and to a condenser. Next to

the condenser was connected a Oa012 tube.

General procedure
The general procedure was based on that of the preparation of the

19 The major products were separated by distillation,

hydrazinophosphines
crystallization or chromatography.

i. Accurately weighted amounts of 2 or 3 or 4 were dissolved into
the chosen solvent in the round bottom flask under continuous stirring.
Then the calculated m1 of 5, dissolved in the same solvent, were added
dropwise by the separeting funnel. The mixture of the reactants was kept
under continuous bubbling of either He or h% purified from C@ by passing
through alkaline solution of pyrogaloie and then through Ca012 tube. The
inert gas was gone out through the condenser. During the reaction there
was special care to maintain strictly anhydrous conditions. The addition
of 5 was completed in 30-40min under stirring which was further condinued
for 6-8h. At that time the temperature was kept below 4 °C. Then the
flask was left for 24h at room temperature and, where necessary, was kept
in a refrigerator. The precipitate was filtered in a Gooch No 4 and the
filtrate was selected in a tube with glass stopper. The filtration was
carried out in a sealed glove box under N,. After having been washed with
smail amounts of cold solvent, the precipitate was idendified as 2.HCI
or 3.HC1 or 4.HC1. The filtrate, free of solvent by distillation in va-
cuum, gave a yellow or Tight yellow oily product from which there were
isolated mainly diphenylphosphinic acid Ph,P(0)OH, 8, and besides 2.HC1

25
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or 3.HC1 or 4.HC1 1in small amounts, usually after addition of petroleum
ether. Idendification of 2.HC1 or 3.HC1 or 4.HC1 and 8 was based on ele-
mental analysis, m.p. and IR spectral®®®&. The m.p. of 2.HC1, 3.HCI
and 4.HC1 are 180-2, 196~7.5 and 248-9 °c respectively and they were
checked against the synthesized ones. The oily residue of the filtrate,
treated by means of “TLC revealed .the presence of unreacted e and at least
two unidendified substances. The attempts to isolate them were performed
by means of CC. The first fractions contained 8, the next fractions con-
tained 2 (or 3 or d correspondingly) and the last ones gave small amounts
of a gluey product with a rancid odor. Decomposition occurs upon distil-
Tation even at reduced pressures and no way was found to effect isolation
and/or purification.

i1. Accurately weighted amounts of 2 were dissolved in dry CGH6 in
the round bottom flask of the previously described apparatus, under con—
tinuous stirring and bubbling of N2 Then the calculated amounts of 6 or
7 dissolved also in dry CSHS’ were added dropwise at room temperature.
The addition of 6 or 7 was completed in 15-20min. The solution was kept
under stirring for 6-8h at room temperature for 24h and then was kept
overnight in a refrigerator. After distillation of the solvent, there was
obtained a mixture of a white solid and a yellow-brown oily product. The
mixture, after having been treated with absolute EtOH and dry Et;0, gave
Bu3P=0, 9, or Ph3Pﬂ, 10, and small amounts of unreacted 2. 10 was iden-
210.228.83 As 9 was characterised a highly
hygroscopic compound m.p. 55— 62 °%C (1it. m.p. of 9 is 68-69 °C)22b which
showed the follwing main IR assignments: 1460m,br Cm'{‘ attributed to
V(CH;) and v(CH,) and 1240-1160m,br om! possibly attributed to the free
or bonded V(P=0)23'2‘°. The oily residue of the reaction of 2 with 6 or 7,

dified by its m.p. and IR spectrum

treated by means of TLC revealed the presence of two major compounds
whereas the application of CC gave 9 or 10, also 2 and a brown gluey
product. The IR spectra of the last product in nujol mull showed a broad
and strong absorption band near 1125 cm" which could be related tc a
possible presence of tetracoordinate phosphorus%'ze. The IR spectrum of
the corresponding product of the reaction of 2 and 6, in nujol mull,
showed also the bands near 3400-3150m,br cm~ due mainly to v(N-H}, the

bands at 1620m and 1460m,br om™ attributed to v(CH;) and v(CH,) and the
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band at 1340m cm”' which could be attributed to the group p=N-C~OA
although a strong band at 1345 em” oceurs also in 2% and thus could be
attributed to the presence of unreacted 2. This band however was not cle-
arly assigned in the IR spectrum of the analogous product of the reaction
of 2 and 7.

At the addition of 7 on 2 a white muddling was initially observed
which was gradually disappeared by further stirring. Centrifugation pro-
ceedings to isolate the muddling were failted because it was gradually
converted into an oily yellowish product which gave 10 in poor yield.

Chromatography

TLC: They were developped separately the precipitate, the initial
filtrate (free of solvent) as well as pure (synthesized) samplies of 2.HC1
or 3.HC1 or 4.HC1 in solvent mixture MeOH/CHC1, 1:4 and 1:6 v/v.

CC: The filtrate, free of solvent, was dissolved in pure CHC1, or
in CHC13/CEH5 75/25 or 50/50 %‘v/v and then was flowed through the
column. Fractions of 40 m! were collected and investigated.

Reaction treatments .

7.48g (55mmol) of 2 dissolved in 120m1 of dry solvent (CEHE or CHC13
or THF or CH3CN) are treated \:41‘th 6.06g (27.5mmo1) of 5 dissolved in 20m1
of the correponding solvent and give b.HC1 (yields 35-40 %, increasing
with the polarity of the solvent), also 8 and oily residue.

7.48g (55mmol) of 2 dissolved in 120ml of dry solvent (CHCl, or
THF) are treated with 12.12g (55mmol) of 5 dissolved in 20ml1 of the
corresponding solvent and give 2.HC1 (yields 42 and 46% respectively),
also 8 and oily residue. .

4.159 (25mmo1) of 3 dissolved in 120m1 of dry solvent (CHCl; or
THF) are treated with 5.51g (25mmol) of 5 dissolved in 20m1 of the
corresponding solvent and give 3.HC1 (yields 46 and 50% respectively),
also 8 and ©ily product.

4.26g (25mmol1) of 4 dissolved in 120m1 of dry solvent (CHCI; or
THF) are treated with 5.51g (25mmol1) of 5 dissolved in 20m1 of the

27
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corresponding solvent and give 4.HC1 (yields 38 and 43 % respectively),
also 8 and oily product.

3.4g (25mmo1) of 2 dissolved in 120m1 of dry C@Hﬁ, are treated with
5.05g of 6 dissolved in 20m1 of CeHg and produce 9 (yields 30-40 %) and
oily or resinous product.

3.4g (25mmol1) of 2 dissolved in 120m1 of dry CiHe, are treated with
6.55g of 7 dissolved in 20m1 of CsH; and produce 10 (yields under 20 %)

and oily or resinous product.

RESULTS AND DISCUSSION

i. The main products of the reaction of 2 or 3 or 4 with 5 were
correspondingly 2.HC1, 3.HC1 or 4.HC1 and, further, 8 and an oily resi-
due. The higher yield of 3.HC1 over 2.HC1 and 4.HC1 could be considered
as evidence for the electrophilic character of 5. The yields in 8 at
initial molar ratio 1:1 of 2 or 3 or 4:5 seem to be slightly .exceeding
the half compared with those of 2.HCl1 or 3.HC1 or 4.HC1 but they could
not be determined with a satisfactory precision. Increase in yields were
also observed with the increase in polarity of the solvent. This could
be attributed to a facile elimination of the.imine hydrogen as cation
enhancing thus the nucleophilicity of 2 or 3 or 4 upon Eth whereas 2.HC1
or 3.HC1 or 4.HC1 become inert to further reaction with 5. This affords
an evidence that the reaction site of the aroylhydrazines with 5 has been
protonated or it is affected by the protonated site and becomes positi-
vely charged or, at least, less e]ectroph%]ic.

i1. The major reaction products of 2 with 6 or with 7 were respect-
ively 9 or 10 and an unstable oily mixture some IR assianments of which,
in nujol mull, could be attributed to phosphorus compounds. In the case
of equimolecular initial quantities the different yiaids in 9 or 10 could
nat be considered as a distinction due teo the different nucleophilic re-
activity between 6 or 7 but, in part, could be attributed to the sieric
effect which is stronger in 7. This point is enhanced by the appearence
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of the white muddling at the reaction of 2 and 6 which might be attribu-
ted to the formation of a relatively stable adduct of 6 with 2. Thus the
reaction seems to be affected by the different inductive effect between
Bu and Ph and besides by a steric effect which affects the reactivity of
mainly the PPh; on the reaction site of 2. Nevertheless it is well esta-
plished the fact that phosphines have a strong tendency to donate the 332
electrons in these nucleophilic reactions, owing to the relatively low
ionization potentiaﬂ7. The reaction, however, under the experimental
conditions is not kinetica11yloontro]1ed. Besides, deoxygenation of 2 or
3 or 4 is expected to give tertiary phosphinoxides the first stage of the

reaction usually involved carbonyl additiontdd,

Reaction Mechanism

i. The reaction of 2 (also 3 or 4) with 5 it is believed to occur
in two main steps: first the labile and more acidic imine hydrogen of 2
is eliminated by the chlorine atom of 5 and then the carbonyl oxygen
attacks the phosphorus atom which formally positively charged, is highly
electrophilic (scheme 1)

¢]
- 7
L,EHs—C Pth
\& 1
NH C1
/
NH,
Scheme 1

The produced HC1 is binded by another molecule of 2. Oxidation of terva-
Tent phosphorus to pentavalent proceeeds possibly on elimination of the

carbonyl oxygenm‘y.

Any attempt to isolate aroylhydrazine derivatives
containing P-N bonds or certain aroylhydrazine reduction products was
unsuccesful.

ii. The reaction of 6 or 7 with 2 proceeds by a mechanism which
probably involves attack on the imine N or the carbonyl O including the
formation of an adduct. Thus on treating 6 with 2, attack may occur pre-
ferentially at imine N whereas the bulkier 7 is possibly directly linked

to the carbonyl O. The possible adduct formation could be related to the

29
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initially appeared white muddling at the addition of 6 on 2 and shows a
trend of stabilization of the quaternary phosphonium containing adduct
(scheme 2). ‘

Qo-~- ol-!

7 ~ 7/
c—c? fpsua —> gH—¢. H
Sl N/
e -
NH, Ipau,

Scheme (2)

CONCLUSIONS

The reaction of 2 (also 3 or 4) with 5 is probably an oxidative
action of the aroylhydrazines opon the tervalent phosphorus as a conse-
quence of the nucleophilic attack of the carbonyl oxygen atom on the
positively c¢harged phosphorus site. The reaction of 2 with 6 or 7 pro-
ceeds possibly via the nucleophilic attack of the tervalent phosphorus
initially at the imine N or the carbonyl O resulting finally in the
convertion of the starting phosphines to the corresponding phosphino-
xides. In spite of the adequately reported reductive character of the
aroylhydrazines only oxidation products of the tervalent phosphorus of
. the starting phosphines were obtained while among the reaction products,
under the present experimental conditions, it was nhot able to obtain
derivatives containing the P-N-N Tingage.

MEPIAHWH
Avtidpaon ng PPh,C1. PBu, - i PPh ue apoAoUdpaglveg

Enewdn ot 6l0paoTu<sq (pu)ocplvsq EXOUV HEYAAO EVOLAPEPOV OTN XNUEID TwWV
OPYQAVOUETAAAIKWV EVWTEWV Kal TWV EVWOEWV CUVAPHOYNG, £Yive Mpoondbeia va
ouvteBouv ligands Ta ormoia va neplexouv To P wg “HakaKo” 54T kat To vk N 1
To kKapBovuhiké O wg “okAnpo” 36m. Ma To oKomd auTtd pereTatal:

i. H avtidpaon mg Beviolhoidpalivng CgHs-C(O)NHNH»o, 2, kat Twv m-
CH30, 3, kai p-Cl, 4, napay®ywv aumg fe XAwpoSipavuAopwopivn PPhoCl, 5, oe
EmmﬂqﬁmhﬁeqCGHsﬁCHUgﬁTHFhCH3CNosOAOCKmoeanbowmpaNgh
He. Ta nmpotévra g avridpaong eival 2.HC! n 3.HCl  4.HC! ka\ eniong dwpavulo-
PWOPVIKO 08U PhoP(O)OH, 8, eviy mapapével éva eAaiddeq UNOAeUa To onolo
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Katé mv avaiuon pe TLC £deike v Unap&n 5 To omoio dev £XElL avTidPACEL Kal
TOUAGXLOTOV dUO akdUn KUPLWV OUCTATIKWY. Eylve mpoomnabela va amopovwBolv Ta
ouoTaTKa autd ye CC kat aropoveBnkav To 8 kat emiong 2 1 3 1 4 evd anéyeve
gva Ewdeg unoAelupa dpeiag 00U G PN TAUTOTIOMBEY.

ii. H avtidpaon g 2 pe TpiBouTuAopwoeivn PBuU3, 6, 1} TPIpaVUAOPWGPivN
PPhg, 7, og Enpd CgHg e kaBeto YPukmpa oe atuéopaipa No Ta mpolovra g
avtidpaong eivat 1o TOo TpBouTuAoPwOPvoEeidio BuzP=0, 9, 1) 1o
TPPAVUAOPwoPIVoEeidlo PhaP=0, 10, emiong 2 nou dev avtédpace kal Eva
KITplvokaoTavoypouv eAauwdeg undAepa to omoio pe TLC £detEe v mapouaia
U0 TOUAGXIOTOV KUpwv MpotévTwy. Me mv epappoyr Tng CC eAgdnoav 91 10,
eniong 2 kat éva KaoTavoypouv EEmdeg Tipotdv. Oplopéveg Tawvieg Tou pacpatog IR
TOU TIPOIOVTOG auTou mopolv va arodofolv 0Tnv napousia Cuvappoopuévou
QWaPpdpou ) oV opada P=N-C-0O.

Mnxaviouog me avtidpaong

Katd v avtidpaon mg 2 (eniong 3 1 4) ye 10 5 apykd moTeleTar 6Tl
anoondral, wg o O&vo, To Wvikd H pe to dtopo Cl tou 5 To ¢ kapBovuAikd O
MPoOPRANAEL TO LOXUPWG NAEKTPOVIOPIAO *PPho (scheme 1). H ofeidwon Tou
TpioBevolg Qwopwpou o TevraoBevn yivetat mbavwg pe anoéomacn
kapPovulikot O. H mpoomndabela anopdvwong evioewy TOU va TiEpIEXouY Seopod P-
N 11 npolovTwy avaywyng mg apolioudpalivng, ,0ev £d0Ge anoTEAeoa.

Katéa v enidpaon mg 6 1 mg 7 eni mg 2, n npooBoAn vivetal eite 010
viko N pe mBavo oxnuatiopd evog adduct (scheme 2), eite 010 KapBovuAiké O. H
6 moTeveTat 6Tt MPOCBAAAEL apXIKA TO WWivikd N evid n OYKWIEOTEPN Kal AlywTEPO
dpacTikh 7 npooBariet paAlov art' eubeiag To KApBOVUAIKG O. O oXNUatiopdg Tou
adduct propel va cuoxeTioBel e To apXika eppavigdpevo Aeukd B6AwNa katd mv
npoodnkn NG 6 om 2 autd de mbavdg deiyvel pa Taon ya otabepamnoinon Tou
MEPEXOVTOG TO TETAPTOTAYESG PWOPWVIO adduct.

Suungpaoua

Katd myv enidpaon twv puwopwvwv 51 61 7 oe apolioUdpaliveg Aappavet
XWpa YeVIKA oEeidwon Tou P(lIl) og P(V) mapd tTnv eupUtata yvwoT] CUTeptpopa
TWY apoUAoUdpalividy WG aVayWYIKOV EVROOEWY EVW HETAEY TWV MPOIOVTWY fr]q
avTidpaong, unod TIg MapoUseS MEPANATIKEG OUVBNKeEG, dev kaTEom duvatod va
An®Bolv eVWTELS TTOU Va TiEPLEXOUV TNV opdda P-N-N.
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SUMMARY

The electron impact mass spectra of some ethoxycarbonyl hydrazones,
semicarbazones and sulphonylhydrazones of o-hydroxyarylketones are
reported. The molecular ion appears in all cases with relative inten-
sity 14-100%. In addition to the main fragmentation sequences which
involve cleavage of N-N and N-CO bonds, each class of molecules show
characteristic fragmentation pattern. Thus, for ethoxycarbonyl
hydrazones characteristic peaks appear at values corresponding to the

M-0j+-, |M-OH|{* and |M-EtOH|[*. ions, whereas for semicarbazones to
the |M-NCNH:2|*. and |M-NHCO|*.. No ortho-effect was observed for
semicarbazones and sulphonylhydrazones.

Key Words : Ethoxycarbonyl Hydrazones, Semicarbazones, -Sulphonyl-
hydrazones, o-Hydroxyarylketones, Mass Spectra.

INTRODUCTION

Recently we reported! the synthesis of ethoxycarbonyl hydrazones 1
along with their conversion to ehyl o-acylbenzoates, by treatment with
lead tetraacetate.

The synthetic importance of the above reaction as well as its in-
teresting mechanism? stimulated us to study the mass spectra of 1 and

of the related systems 2 and 3.
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R’ R
R2
NNHCO,Et NNHCONH;
1
Re OH OH 2.3 R
2 a Me
R* b Et
1 ¢ H
R1
1 4
1 R R R A
a Me H H H NNHSO.Ph
b Me Br H Br
¢ Me H OMe H
d Et H H H OH
e Ph Me H H 3
f Ph H OMe H
g H H H H

RESULTS AND DISCUSSION

The results are discussed in terms of three main divisions repre-
senting the three classes of the molecules examined : (i) ethoxycar-
bonyl hydrazones 1, (ii) semicarbazones 2, and (iii) sul-
phonylhydrazones 3. )

The spectra of compounds 1-3 are recorded in Table 1. Representa-—
tive examples of the nmain fragmentantion pathways of each class,are
delineated in Schemes 1, 2 and 3, respectively. ) ‘ Lt

(i) Ethoxycarbonyl hydrazones 1. Each showed a prominent\peék’cor—
responding to the molecular ion with relative intensity 62fl00%] in
contrast to the weak molecular ions previously reportéd fansome
methoxycarbonyl hydrazones.3 )

The main fragmentation sequences involve cleavage of the N-N and
N-CO bonds giving rise to the ions a and b at m/z 134 and 149, respec-
tively. A similar pattern has been observed in the aroylhydrazones of
acetophenone and benzaldehyde?4 as well as in the carbonyl hydrazones

of o~hydroxyaryl ketones.® However, in methoxycarbonyl hydrazones of
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aliphatic compounds no fragments due to the scission of the -NH-CO-
bond were observed.3 Fragment b subsequently leads to ions ¢ and d.
Further decomposition of a and 4 is according to the data reported in
the literature for 1,2-benzoisoxazole and indazole.®

A second pathway involves the loss of an oxygen from the molecular
ion to give the ion 1 at m/z 206.

A third fragmentation route proceeds via a loss of a OH radical
from the molecular ion to give -the prominent ion e at m/z 205. A
similar fragmentation has been also observed in the mass spectra of
phenyl- and 2,4-dinitrophenyl-hydrazone derivatives,? but not in thosg
of aroyl hydrazones of o-hydroxyl arylketones, where the |M-OH|* ion
appeared only once.5

A fourth fragmentation route involves loss of an EtOH molecule from
the molecular ion to give an ion at m/z 176. Two heterocyclic
isomeric structures the 1,3,4-benzoxadiazepinone-2 g or the 1,3,4-
oxadiazolone-2 £, could\explain the resulting fragments. Using MOPAC
program (version 4.00 with the Hamiltonian and precise keyword) the
final heat of formation was found to be 0.49177 Kcal for g, and
10.13192 Kcal for £. In addition it is known that 1,3,4-oxadiezepines
have been prepared by photochemical reaction of 1,3,4~oxadiazoles.®8

No such fragmentation of an EtOH molecule from the molecular ion
has been observed for the methoxycarbonyl hydrazones.3 Subseqﬁently,
loss of a molecule of diazomethane or carbon dioxide from, either f of
g gives rise to the ions i and h, respectively. Fragments i and a,
which both appeared at m/z 134, have different elemetal analysis. The
diazirine h could be assigned for the fragment at m/z 132. The
elimination of CO2 is according to the reported data for 2-substituted
1,3,4-oxadiazoles.9 However, no data are available for the mass
spectra of 1,3,4-benzoxadiazepinones-2. ) )

Finally, a fifth pathway involves loss of an ethyl carbazate radi-
cal from the molecular icn to give the ion k at m/z 119. It is
proposed that an isomerization to the gquinoneid ion j takes place
prior to decomposition. In the mass spectra of aroyl hydrazones of

o~-hydroxy arylketones fragment k has not been cbserved.5
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FIG. 1. Mass spectrum of ethoxycarbonyl hydrazone of 2-hydroxy-
acetophenone (la)

TABLE I. Fragment Ions in the Mass Spectra of Hydrazones 1-3

Compound

la 222(100)a M*, 206(4), 205(32), 176(11), 149(32), 134(30), 133(32),
132(12), 119(22)

1b 380(100) M*, 364(2), 363(17), 334(46), 307(26), 292(25), 291(45),
290(29), 277(14) ' .

lc 252(100) M*, 236(2), 235(22), 206(16), 179(14), 164(15), 163(17),
162(2), 149(31) ‘

1d 236(100) M*, 220(3), 219(28), 190(8), 163(26), 148(70), 147(13),
146 (63), 133(34)

le 298(96) M*, 282(12), 281(72), 252(23), 225(46), 210(28), 209(45),
208(35), 195(100)

1f 314(62) M+, 298(3), 297(23), 268(1), 241(28), 226(28), 225(17),
211(100) : ’

lg 208(88) M+, 191(2), 162(14), 135(22), 120(66), 119(100), 105(21)

2a 193(83) M*, 177(4), 151(2), 150(11), 149(30), 148(3), 134(22),
119(23)

2b 207(100) M*, 191(3), 165(2), 164(21), 163(26), 162(3), 148(19),
133(16) '

2c 179(90) M+, 163(3), 137(2), 136(9), 135(20), 134(13), 120(1%),
105(100) :

3a 290(14) M*, 157(6), 149(100), 133(29). 119(18)

3b 304(47) M*, 163(100),.157(59), 147(33), 133(28}

3c 276(36) M+, 157(1), 135(44), 113(1), 105(100)

2 Numbers in parentheses indicate percentage relative abundaces.
b Abundance of the most intense isotopic peak.
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Me T e Tge [C11H1aNz0g] *
P ‘ 0" 1| mz 206
NHNHCO,Et
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SCHEME 1. Proposed pathways for the fragmentation of ethoxycarbonyl
hydrazone of 2-hydroxyacetophenone (la)

(ii) Semicarbazones 2. Semicarbazones 2 give molecular ion with in-
tensity 83-100%. Some of their pain fragmentation pathwai/s are
similar to those above suggested for the ethoxycarbonyl hydrazones.
Therefore, the ions, a, b, c, d and k, that appear at m/z 149, 134,
133, 132 and 119 respectively, are common for both la and 2a (Schemes
1 and 2). However, no ortho-effect was observed; and therefore, no
peak at m/z 176 derived from the molecular ion by loss of a OH radi-
cal. WNo loss of oxygen was observed, contrary to the ethoxycarbonyl
hydrazones.

An altermantive fragmentation pathway involves loss of a molecule

of cyanamide from the molecular ion to give rise to the ion at m/z

151. The structure of oxime f could explain the resulting fragments.

39
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A keto-enol isomerization is proposed prior the fragmentation, similar

to the carbonyl hydrazones of hydroxy arylketones.5

Me .
Me O+
Va -
NHNHCONH
2 NNHCONH; NN=CNH,
o OH
OH
M. mz
193 e
" NHCONH, " NHp
- "CONH, - NCNHg
HNGO o
- EICONHNH' [CsHsN202] *
a, mz 134 [CeHaN20T* |, mz 177 Me T4+
b mz 149 ' NOH
OoH

kK, mz 119 NNH,
\N
N
NH OH

cm/z133 d mz 1R m, mz 150

f, mz 151

SCHEME 2. Proposed pathways for the fragmentation of semicarbazone of
2~-hydroxyacetophenone (2a)

Finally, loss of a molecule of isocynate leads to the formation of
ion m. Similar pattern has been observed in the mass spectra of
aliphatic semicarbazones.!0 No ion corresponding to the precursor
carbonyl compound.-was observed, contrary to the aliphatic
semicarbazones. 10

(iii) Sulphonylhydrazones 3. The electron impact mass spectra of
sulphonylhydrazones 3 are simple. The main fragmentations resemple
those discussed above and involve scission of the =N-NH- and -NH-S--
bonds giving rise to the ions a, b and ¢ at m/z 157, 1323 and 149
respectively. However, no elimination of OH or O radicals from the
molecular ion was observed. In addition, no elimination of N2 as well

as CHiCN from c was observed, in contrast with the previously reported
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extrusion of these fragments in the spectrum of phenylsulghonyl
hydrazone of acetophenone.1l

Finally, the formation of ion e at m/z 119 could be explained by
the isomerization shown in Scheme 3, as suggested for the ethoxycar-

t

bonyl hydrazones.

. Me
Me A+
Me BEL \
A NHNHSO,Ph N
NNHSO,Ph o
No — — _ rnsomm,
d OH
a, mz 157
M, mz 250

- “NHNHSO.Ph NSOzNH
2
Me /hso2 Me 1+°
I +
© [CeHgN,01*

e, mz 118 c, mz 149
b, mz 133

SCHEME 3. Proposed pathways for the fragmentation of phenylsulphonyl
hydrazone of 2-hydroxyacetophencne (3a)

EXPERIMENTAL

Hydrazones 1 and 2 were prepared according to published
methods.1.12.13 Most of them are known compounds with the exception
of 1b, le and 2b which were characterized by their nmr spectra (Table
2) and game satisfactory elemental analysis.

Hydrazones 3 were prepared according the following general proce-
dure: To a solution of the corresponding carbonyl compound (0.01 mol)
in ethanol (20 ml) phenylsulphonyl hydrazide (0.0l mol) was added.
The mixture was stirred at room temperature 24 hs. The scolid
precipitated was filtered and dried. Hydrazones 3 gave satisfactory
elemental analysis without further purification. Their nmr data are

shown in Table 2.
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TABLE II. Preparation and NMR Data of the Novel Hydrazones 1-3

Conmp. M.p. Yield 14 NMR 13¢c NMR
it. m.p.) %O SDMSO/THS DMSO/THS
[°cI
1b 240-41 65 1.3(t, 34,7=7),2.3¢s, 34>, 3.38 13.4,14.4,109.4,111.6,
(s,1H),4.25(q,2H,J=7),7.62~ 121.9,129.5,129.6,135.0,
7.9(u,2H), (s, 1H), 14.1(s, 1H) 153.9,154.2
le 218 73 1.2(t,3H,J=7),2.25(s,3H),4.14 14.5,20.0,60.9,116.4,

(q,2H,J3=7),6.8(s,1H),7.0(d, 1H, 118.2,120.8,128.25,128.4,
J=8),7.2(d,1H,J=8),7.35(m, 3H), 128.5,129.0,129.6,131.6,
7.5(m,2H),.8.6(s,1H),9.76(s,1H) 137.4,149.3,153.2

2b 210-11 86 1.15(t,3H,J=7),2.76(q, 2H,J=7), 10.5,19.0,117.2,118.5,

3.48(s5,1H),6.35(s,2H),6.88-7.5 119.0,127.3,130.0,152.8,

(m,4H),19.0(s, 1H) 155.2,158.9
3a 154~55 89 2.38(s,3H),6.9-8.0(m,9H),11.2 14.6,117.0,118.9,119.5,
(s,1H),11.7(s, 11> 127.4,128.6,129.5,131.4,

133.5,138.4,157.6,158.7
3b 156-57 90 0.9(t,3H.J=75,2.7(q, 2H,J=7), 11.3,20.6,117.7,118.5,

6.7-8.82(m,9H),11.1(s,1H),11.6 119.5,127.7,128.8,129.9,

(s, 1) 131.8,133,9,138.8,158.6,
163.1
3c 166 95 6.75-7.82(m,9H),8.08(s, 1H),10.1 116.3,119.1,119.5,127.2,
(s,1H),11.45(s,1H) 129.3,131.5,133.2,138.8,
146.4,156.6

Low- and high-resclution mass spectra were recorder of Finnigan
MAT 4500 and AEI MS-30 spectrometers, respectively, with a 70 eV
ionization energy and source temperatures in the range 150-300°C. All
samples were introduced into the ion source through a direct insertion

probe.
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NEPTAHWH
daopata pagov nAekTpovLkol Loviouol kapBovuloUdpaloviy.

ITAV Epyesia auth LeALTOVIAL TG ACLATO 4alav AAEKTPLYLKOD LaVLgHOU
urag gelLpbe avBofuxaplovuloiiBpadaviy, ceulkaclalevey KAl couAsevurolidpaZo-
vV 0-USpofudpuiAo keTOVOV. To popLakd LoV glpay(ZeTal o AAEC TLC TEpLALe-
UeLg HE OXETLKR £vioon 14-100%. Qv xOpreg Buabikoelied €paucuaroneinong
nEepLAGLBavouy Bpailon twv Beouwvy N-N kal N-CO,  XApaKInpLoTLKEC SVAAAAKTLKEQ
BpaUoUATONGLAOELS TTAPQTNPOUVTOL TOPAAANAG 0¢ xaBe TAGTn evaoewy. Ot aLBofu-
kapRovuloiibpaldveg eugaviiouv 9palauatd G TLUEC TOU GVTLGTOLXOUY O0TG LOVIG
IM-04*", [M-CH}* kau [M-EtOH]*; evi ou ocplkapRaléveg ¢Ta LévTa IM-NCNH?1+'
kat |{M-NHCOIZ". 0 ceuixopBaddves kai oouAgovulolidpaldves BSev edwoav ~Bpau-
opatoenoingn mou xapakpldeL Tnv o-umokatdoTaon.
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III. MOLECULAR SHIELDING CONSTANTS OF NUCLEAR CHARGE.
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SUMMARY

The application of molecular shielding constants is interpre-
ted by calculating the absorption maxima in the spectrum of
lodine. The principle of shielded nuclear charge is requesting
a regular sequence of orbitals, i.e. the valence electrons of
iodine in the f-orbital, whereby iodine becomes an inner tran-
sition element. In such a way, a complete accordance of the
measured and calculated values of the absorption maxima
resulted.

KEYWORDS

Calculation of absorption maxima in the spectrum of iodine,
by the use of molecular shielding constants.

INTRODUCTION

The principle of shi?lding constants of nuclear charge was intro-
duced by J.C. SLATER . He has determined the atomic shielding
coefficients which are valid for the effective nuclear charge of
atoms. Thereby the frequency rule of BOHR became applicable for
polyelectronic atoms as well, but he did not mention in his work
the possibility to apply such a principle for molecules, neither
did he determine the molecular shielding coefficients.

In this work it is shown how ingeniously SLATER’s principle solves
the problem of a subatomic electrical field, giving a basis for the
extension upon molecules and complex ions as well, an extension
requesting a modified equation and shielding coefficients supple-
mented with additional values for electrons forming the covalent
bond or coordinative bonds in hybridized orbitals respectively.
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THEORY, MEASUREMENTS OF SPECTRA AND CALCULATIONS.

A solution of I, appeared as an example appropriate for the
presentation of the applicability and utility of the prece-
ding principles.

The first diagram is showing the absorption maxima viz.
transmission minima in thé spectrum of iodine. Literature
data are completely accordant with the measured values in
the spectrum, occurring at the following wave lengths:

A= 288 nm
1= 350 nm
A= 465 nm

AN
~ J2
590}
w
Aol
S
ur
c
2
}__
701
50
30 L t 1 L
200 300 400 500 600
o X/nm

Figure 1.

The spectrum registered in a saturated water solution of i,.

ine necessity of a modified classification of elements is gaining
emphasis by calculations involving shielding constants whica are
requesting a parallelism between the regular sequence of quantum
numbers and the sequence of filling the orbitals with electrons.
It is often observed in the literature the condition essential
for the scientific progress i.e. to correct or modify certain
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theories or classification32 (p. 1115), f.i. for the clear unders-
tanding of the bond in the triiodide I 1on, the iodine must not
be classified as a halogen element witﬁ a 53 5p configuration.

By the sequence of orbitals accordant with the theory of SLATER

1s, 2sp, 3sp, 3d, 4sp, u4d, 4f, 5sp, 5d, 5f, 5g, the element iodine
is classified as an f—orbital element, and based upon such a confi-
guration its spectrum can be calculated.

The next figure displays a scheme of possible electron transitions
in the iodine molecule. Four of such electron transitions are deno-
ted with the corresponding wave lengths in the spectrum.

Figure 2.

The scheme of electron transition in the I2 molecule.

The maxima of absorption were calculated by the frequency rule of
BOHR:

"

he.V = E' =~ E

The effective nuclear charge and the corrected quantum number
n* were determined after SLATER:

47
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_ ) n 2
hoe v =13,6¢ [(Z—s) ] _[ (Z;s) ] a)

The second formula was devised for the application upon molecules:

he Y = 13,60 (Z-s) 2 L. %_ b)

2
n’ n

Such a formula contains the unchanged principal quantum numbers and
the effective nuclear charge of the atom into which the electron is
promoted. The formula is valid for interatomic transitions of elec-
trons in a molecule and is accordant also with the FRANCK-CONDON
principle stated for molecular spectra~.

The formula a) is valid for excitation spectra within the atoms.
Its application is shown beneath, along with the measured value,
registered in a diluted solution of a covalent compound CaI2.

l.Interatomic transition in a

covalently bonded idodin e _atom

6

us? up® 4a10 T —5 4s? upd 4a10 yed 5!
The effective nuclear charge (Z-s) was calculated by deminishing
the atomic number with the shielding coefficient s :

' (Z-s)
1s 53 - 0,3 = 52,70
2s2p 53 -7.0,35-2:0,85 = 48,85
3s3p 53 ~-7+0,35 ~-8.0,85 = 41,75
3d 53 -9.0,35 -18+1,0 = 31,85
4shp 53 -7.0,35 - 18-0,85 - 10+1,0 = 25,25
4d 53 -9.0,35~-36+1,0 = 13,85
uf 53 - 6+ 0,35 - 46+ 1,0 = 4,90
5f 53 -23.0,85 ~-28+1,0 - ¢,80 = 4,65

The coefficients [(Z—s)/n*] € in the frequency rule of BOHR have
been calculated with corrected quantum numbers n* after SLATER in
accordance with equation a) :

is (52,1° 2777,29
2s2p (48,85/2)% 596, 34
3s3p (41,75/3)2 193,67
3d (31,85/3)° 112,71
Lslp (2§,25/3,7) 46,57
4d (13,85/3,7)2 14,01
ue ( 4,90/3,7) ~7,7529
5 ¢ ( 4,65/L) 1,3502

0,40
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By inserting in the frequency rule of BOHR:

hev= 13,6+ 0,40 = 5,48 eV
A=2,25+ 1077 o = 225 nmu (measured 225 nm)

Srarsmissions *fe

100

a) X—X Naly 16% motdm?
) de—i Ky 18 mol g’
) a—4 Casy 16° motam’

a5 =3
4 0—0 Caky 715 mald

0 o8 Caky 1% motdi’

L .
200 300 00
- Aram

Figure 3.

The spectrum registered in a water soluticon of CaI2

2.Interatomic electronic

transition. in the 12 molecule

4" —— s

From figure 2. it is discernable that the composition of the surface
layer corresponds to 7 electrons in the 4f’ orbital of the left atom,
above which the electron from the right atom is promoted. Accordingly:

(Z-s)
5s’ 53-2-8~18-25: 0,85 = 3,75

49
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The wave number must be calculated by the application of the
original quntum numbers in the frequency rule:

I

o= 1,0970 107 (z-)2 ’[*‘5 - e
' l n n
T o= 1,007 1070 @32 |~ =+
6 25
-~ = 1,097° 107" 14,06 0,0225
A = 288 om (measured 287 nm)

3.Interatomic transition in the

higher level

587 — 65"

i "
After the transfer of the electron from the 4f orbital,into the
58’ orbital of the left atom, the promotion into the 6s orbital
of the right atm can occur. By uging 6 electrons as the number
of electrons in the righthand 4f orbital, the calculated wave
length is in agreement with the measured maximum, whereas the
covalent electron and the 7th electron are reckoned as belonging
to the left atom in such a moment.

The effective nuclear charge is calculated, accordingly, with
24 electrons in the surface layer:

] ’ (Z-S)
6s 53 ~2-8-18-24" 0,85 = 4,6

Inserting this in the formula b) derived previously, results in
a calculated wave length agreeing with the experimental value
of the second maximun (Figure 1.)

~ =100 w0 @we? - | L L

25 36

-

) ) -1
11— =1,097 - 107+ 21,16 * 0,123 =0,285" 10’ @’
b

i

350 nm (measured 350 nm)
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., Interatomic electronic transition

4f* ———> 5

The absorption at 465 nm is effected by a transitjon of electrons
from the 4f’ orbital of the left atom into the 5s orbital of the
neighboring atom in the iodine molecule. In the moment of the,
electron transition, there are 26 electrons underneath the 5s
orbital, participating in the shielding of the nuclear charge:

" (Z-S)
5s 53-2-8-2.0,8-0,8 = 2,95

The shielding constant for the covalent electron is quantized
with a coefficient 0,8.

1,097 - 107 - (2,952 L —~ 1
16 25

il
p

1,097 - 107 . 8,70 . 0,0225 = 0,215 - 10’ "'

ik

1]

b 465 nm (measured 465 nm)

The exact correspondence of the calculated and measured wavelengths
of the absorption maxima in the spectrum of icdine is convincingly
indicating the necessity of classifying I., as an innsr transition
element. The theoretical impass, mentioneg in BAILAR™ in connection
with the configuration of the triiodide ion, is removed thereby.

Particular attention deserves the shielding coefficient of the
electron obtained by the covalent bond. The determination of its
value relies upon identical principles which were applied by
SLATER for the atomic shielding constants, namely the attainment
of the most acceptable value accordant with the experimental
values.

Consequently, whether the shielding coefficients are reliable it
can be shown by a further test f.i. by calculating the absorption
maxima in the violet solutions of iodine. Might the theory guide
and the measurement of the wave length enable the comparison.

The scheme on figure 2.is indicating which of the remaining
electron transitions is possible. It is the transition {rom the
5th energy level of the left atom into the 6th layer on the
right:

n
5 —— 69’

51
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The estimation of the nuclear charge was done by including
shielding electrons 24 electrons below and in addition an
electron obtained by the covalent bond:

6s' 53 -2-3- 18- 24+ 0,85 - 0,8 = 3,80
1 7 2 (1. _ 1
1 =100 107 (3,80 {,5 .33}

1
X
X

]

513 nm (measured 512 nm)

1.097 + 107 + 14,44 + 0,0123 = 0,195 * 10! m

ANA MEDVED

as

-1

The spectroscopically measured value in the solution of iodine in

CHCl3 is remarkable consistent with the theory.

tansnussion s e

1y «CHCY

. L n L
200 300 4«00 500 500

Figure 4.

IThe spectrum registered in a solution of I? in CHC1

700

M om
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The scheme shown in Figure 2. is indispensable for the correct
assignment of the maxima in the spectrum of iodine, but the
preceding principles and the bonding in the I, molecule are
gaining clarity by the MO diagram containing ; electrons in
the f-orbitals. Whereas the conventional classification does
not compley completely with the properties of iodine, the
f-orbital insertion is in accord with all experimentally
established properties of such element.

r—W‘G*
L@,
6s? ___/////—. \ \_}__ 65"
o NN
7/
ﬂ)ﬂ:ﬁ__.{_\,e /.;_\7_..>__.__._..__. 4f
NN\ s
\‘Q§$\ // ﬁ"
A\ / //J(Z'
[/
\Ji/ F

The electrons forming the covalent bond are not participating in
the electron transitions, instead the transitions are effected by
nonbonding electrons.

The calculations are revealing that the nonbonding electrons are
paired, which means that the ruleeof HUND is not valid for large
atoms. Such founding is in BAILAR® (p.1558) explained by stereo-
chemical arguments.

The spectra of iodine have been studied extensively 4,5,6,7,8,9
but the conventional sp-orbital MO diagram is in discord with
the spectroscopic data, and several properties of iodine can
not be interpreted as long as iodine is regarded as a halogen
element. In contrast,the f-orbital approach shown in this

work has established accordance between the experimental values
and the theory.
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MEPTAHYH

Metatponég otnv tagivéunon twv otouxelwv.Moplakéc otabepéc mpoactloeng
nupLvikod goptiou.

H egapuoyh twv poprLakdv otabepdv MpodomLong epunvedetal pe
UMOAOVLOUS TWV HEVLOTWY anoppdenonc oto obopa Tou Lwdlou.H
apxfA Tnc mpodoniong tou mupnvikol goptlou amaitel pla kavo-
VLK akohouBla TpoxLak®v, ATOL ToV niektpoviwv ogBévouc tou
Lwdlou eLc to f - Tpoxiakd, dmou TO LYBLO vivetar éva egowte-
pLKO oToLxelo petdntwonc,.Kat autdy Ttov Tpdmo mpoékube TAAPNC
oupewvlia peTadl petphoewv kaL TLuOV mou umoAoyloBnkav yia TN
udyLomn amoppdonong.
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NEPHELOMETRIC DETERMINATION OF THE TETRABUTYLAMMONIUM
CATION
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sodium tetraphenylborate; clathrate hydrates

INTRODUCTION

To investigate the phase diagram of" Bu4NOH/H3AsO37H201
by the Schreinemakers’  method we needed a sensistive method
to determine the tetrabutylammonium cation in -the presence
of As{III). Existing methods for the determination of this
cation use.potentiometric ‘\:J'_’crat:'Lons,2—4 liquid chromatogra-
phy with indirect photometric detectlon5 but the majority of
the methods are based on
blue or bromothymol blue,” anthracene-2-sulfonat ,6 bis{ma-

leonitriledithioclato)nickelate{II}, Fe{SCN) ..

ile e
organge9 followed by extraction and photometric™’ or fluo-
rimetr106 determination.

Sodium tetraphenylborate is a precipitation reagent for
large cations, including tetrabutylammonium.3 We found that
this reagent is alsoc suitable for the nephelometric determi-

o
nation of the tetrabutylammonium cation.

EXPERIMENTAL
Apparatus . A Hach model 2100 A turbidimeter and a WIW micro-

processor pHmeter model pH 95 were used.

Reagents . All reagents were of analytical-reagent grade.
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trabutylammonium hydrogen sulfate was prepared by neutrali-
zing aqueous tetrabutylammonium hydroxide with sulfuric acid
and recrys tallizin g twice from acetone, m.p. 171-2% {lite-
10 m.p. 172.5°C). Triply distilled water, pH 5.7 0.5,
was used for the preparation of all solutions.

O

rature
Tetnabutylammonium hydiogen sulfate. A 75.0 uM solution was pre-
pared by dissolving 0.0255 g of the compound in 1L of water
in a volumetric flask.

Sodium tetrnaphenylborate. A 4.38 mM agueous solution was used.
Sulfuwiic acid . 5M and 5 mM agueous solutions were prepared from
concentrated sulfuric acid.

Sodium hydroxide scfution . 10 M and 10mM agueous solutions were-
used.

Aquecus aalt solutions. 7.5 M and 0.75 mM agueocus solutions
were used for interference studies.

cal procedure is as follows: Toc a 50 ml co-

Procedivie . A typi
.70 ml water 1s added followed by 2.00 ml te-

nical flask 19
trabutylammonium hydrogen sulfate solution and swirled for
mixing. Sodium tetraphenylborate solution (3.30 ml) is added

on the surface of the solution in a circular manner, the-

flask is swirled gently for 2-3 s and then is left undist-
urbed for 30 min (unless the effect of time on the turbidi-

ty was studied) till the measurement.

The pH adjustment or the addition of solution for inter-

(@

ference studies was always done before the addition of so-
ium tetraphenylborate sclution.

The final .wolume, 25.0 ml, of the sample was transfered
to the instrument’'s cell for measurement. All samples were
kept at room temperature (23 £ 1%cy. Duplicate samples were

always run except for the calibration curve for which they

were run in gquintuple.

Statistical analyses. The analytical characteristics of the

11
method were evaluated according to Miller and Miller.™™
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RESULTS AND DISCUSSION

The concentration of the two combining fons and the stability of the
suspension with time. At three concentrations of Bu4N+ (3,9 and
15 uM) the effects of BPh4 concentration (from 5% up to 1170
uM) and time (from 10 min after mixing up to 120 min) were
studied. The results are shown in Figure 1. At 3 uM Bu4N+
the suspensions give more consistent readings (NTU, Nephe-

100 ¢ §S222555?=__*§====:*‘ \?1

C
= 10 min
& 2
2 60} -30
=z B e Se—— <60
<120

20 | 2=

0 L] L 1 L
0 100 200 300 400
[NaBPhy), ppm

FIG.1. Efpect of the neagent (NaBPh4) concentation an

IS8
h

= 3

®

o
magndtude and siability of the fuwibidity. [Ba4wHSG4} : A3, B
and C 15 uM. wm 10, =3 20, @ 30, <> 60, and 4 120 min

after mixing.

lometric Turbidity Unit) both with respect to excess of
- . . . +
BPh4 and o time. Increasing the concentration of Bu,N cau-
“

c
ses a slight decrease of the readings at higher BPh, con-

i
7]
ot
)
o
[t
o
S
e
ot
=
cf
i
3
o
3
rt
p
w
T
b4
=

i
ations, but they are fair

1
4
Bu4N the readings are not stable with respect to both v

ables. We therefore have cho

NaBPh4 200 p.p.m. (585 uM) for all our measurements and 30
min waiting time after mixing.

Chhect he turbidity was studied
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100 L c

NTU

0 2 4 6 8 10 12 1w

FIG.2. Egbect of pH on the turnbidity. [NaBPh4]»585 uM,[Bu4NHSG4]:
3, B2, and C 15 uM.

justment. The suspensions were stable up to 90 min after mi-
xing. Figure 2 reveals that there is a pH-dependence ‘and
there is a maximum at pH 3-5. However the turbidity of

.. 12
CsBPh, is independent on pH changes.™

. : + - : .
Tntenference. It is well known that Bu,N' and BPh give in-
4 4

— 1
soluble salts in water with large anions, e.g. I3 10 and
, " ' + + +
large cations, e.g. K, NHZ, Rb', ¢s , cul(I), Hg(I), &g,
1’1 13 . :
Iy~ + respectively. We therefore studied the effect

of some anions and cations, which are likely to be encoun-
ered in practice, on the turbidity of Bu4NBPh4. Because
methanolic solutions of tetrabutylammonium hydroxide are
commercially available, we also studied the effect of me-
' e results are shown in Table I.
nterfering species of Table I interfere negatively com-
P

The negative interference may_ not total-

e
; be associated to pH, because the pH of the solutions of

.
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the hydrolyzable ions were in the range 5-6.5, while that of
the controls, before the addition of the sodium tetraphenyl-
borate solution were 5.7-6.3 (the pH after the addition of
the reagent cannot be measured because precipitation +takes
place). Therefore the negative interference can probably be
attributed to the number and size of the particles prdduced
under these conditions. Methanol interferes by solubilizing
the tetrabutylammonium tetraphenylborate salt.

TABLE I. Effect of different

species on the turbidity of te-
trabutylammonium hydrogen sulfa

te (9 uM) in the presence of
sodium tetraphenylborate (585 uM). The interfering compounds

interference
s ~T~ T3 \1+ V'| ~ ~
Species moLe Du4u PEXr more speclies
1:100 1:10 1:1

Icns
Hso:1 No
cl” No
Br Yes Yes No
I Yes Yes Yes
HﬁPog Yes Yes No

4
H3Aso3* No No No
H3ASOA* Yes No No

<

+
Na No

+ 7, X7 T~
»K ies ies 1e5
NL + T~ N~
J.‘IJ.'I4 ies No NO
Solvent** 1% v/v 0,1% v/v 0.01% v/v
CHBOH Yes No No

* pH adjusted at 5.0

** yolume of solvent in water



G.M. TSIVGOULIS, D.S. ANAGNOSTOPOULOS AND P.V. IOANNOU

TABLE II. Turbidity of tetrabutylammonium hydrogen sulfate

4
ok
standards, at sodium tetraphenylborate concentration of.

585 uM. The eguation for the calibration graph is
~
v = 6.41.10%°% - 1.24 and 1its correlation coefficient is
r = 0.9989
Sample Final concentration NTU Standard
A BN
of Bu4NHSO4, WM . deviation
1 o] C.5 0.4
2 3.0 16.2 0.3
3 6.0 35.7 0.6
4 9.0 57.5 2.2
5 12.0 77.0 0.8
6 13.5 84.5 0.4
Analytical characteristica. Table II shows the NTU readings
7 1~

of standard solutions of Bu NHSO4 pH 5.
sence of constant concentr 5
the eguation of the calibrati g
s the range 3-13.5 uM, but d
o

cover £
vers the range 0.3-30 uM Bu4NHSO4.
v

that the linear part c

he precision and accuracy
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oom
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o Q
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. W
ko)
j=
ct

r
(9
s 4.2% for the entire range (3-

[

o a

13.5 uM Bu4NHSO4), and the
percentage error is -9.3% at 3 uM, -4.0 at 6 and +1.8 at 9
and 12 uM Bu4NHSO4. The limit of detection from the graph11
and from blanks (three times the standard deviation of the

mean of 5 blanks) was 1 uM when working in the range 3-13.5uM.

Applicability of *he method. The method has been applied to the
,N' in the system Bu NOH/H,ASO,/H,0

by the Schreinemakers’ wet residue method. The calibration

determination of the Bu
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+
4N had

r = 0.9987, and it was the same in the presence of arsenite.

graph obtained at pH 3 in the range 5-24 uM Bu

Eight. replicates of titrated agqueous tetrabutylammonium . hy-
droxide of 10.3 * 0.2 puM gave by the turbidimetric method
X *.SD 10.2 % 0.1 uM. The results obtained showed that cla-
thrate hydrates of the type Bu4NOH' (21.1 £ 1.5) H20 and
Bu ,NOH - (8.5 = 1.5) Hzo were formed.1 The method should be
applicable to other systems provided the effect of possible

interfering species can be eliminated or evaluated.

CONCLUSIONS

The nephelometric determination of the Bu4N+ by BPh; is sim-
ple, precise and accurate. It only requires dilution of the

sample and adherence to the protocol for the generation of

the suspension. Large cations and anions interfere at vari-

ous degrees. The calibration graph and the measurements of

the unknown solutions should be done under the same condi-

tions.

NIEPIAHYH
NegehopetpLkh péBodoc mpoodLopLouol tou Bu,NF

AvantOoxdnue uia anA’ vepeAouetpolnn uédodog mpocdiLopi-—
ouod TOL HATLOVTOE TETPAROUTUACUUWVIOU UE TETEAPALVUAORBOPLHO
avidv. AnaitTtel udvo apalworn Tou SelYHATOG HAL TPOTOXN OTOV
Tpomo Snuiovpyiag TOU EVALWENAMATOC. LTNV neptoxn 3-13,5 uM
Bu4NHSO4 O OUVTEAEOTNG HETARANTOTNTAS nNITav 4,2%,70 gnl ToLg
4NHSO4 9 uM, wat ToO
SpLo avixveloewg nHTav 1 uM Bu4N+. MeYdAa avidvia HOL HATLO-

enaTtd opdAiua NiTav +1,8% o ouyHEVIpwon Bu

via mapeunod(fouv Tov TpocSLoploid. H HAUMUAN avagopds Mot
Ol HETPNOELG TwV AYVOOTWV MEEMeEL va ylvovial ®dTw = and Tig
{Sieg ouvdnueg.
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Anstotle, the tutor of Alexander the
Great, was born in Stagira in Macedonia
in 384 BC. Together with Plato, heis *

) ‘regarded as one of the greatest
philosophers the world has known.
Aristotle was.a true academic, concerned
with Physics, A§tronomy, Rhetoric,
Literéture, Political Sciénce and History.
His teachings laid the foundation for
modern scientific thought.

The Bust of Alexander the Great. Acropolis
Museum. Athens.

as born in 356 BC in Pella
Macedoma, estabhshed by his father
Philip II, as the centre of Hellenism.
Nurtured on the thoughts of his tutor,
Aristotle, he r“ e to fame as a brilliant

k, mlhtary leader He mﬂuenced the course
of history, rlghtfully earning his title as
Alexandef the Great In 335 BC he became
Commander in, Chlef of all the Greeks.
By the time of his death in 323 BC he had
created an enormous emp1re stretching ™

from the shores of the Adriatic to India, aud

_from the Caucasus Mountains to Egypt. He .
spread the Greek spirit far and wide among’

nations who worshipped him as a god.

The OlympianAphrodite (3rd Centurs B( )
Museum of Dion.

This statue.of Aphrodi_te»cei’me to light

during archaeological digs at the ancient
sacred city of Dion. Dion, at the foot of
Mt Olympus, was the rﬁost importarir
spiritual site for the Northern Greeks,
playing thé'same role in-their lives asxth'a’r
of the'oracle at Delphi.

St Dimitrios. detail of 7th Century Mosaic.
Church of St. Dimitrios. Thessaloniki.

St Dimitrios, Protector of the city of ;
Thessaloniki, was martyred in 305 AD
defending Chns’namty Heis regarded -as
the I’atron Saint of Thessaloniki and ifs )
saviour during difficult moments.,

Thessaloniki, the heart of Macedonia, is ¢ '
modern city with 1,000,000 mhabltants

Itis strategically Tocated at the crossroads

of Europe with Asia. Having spread the
Word at Philippi, the Apostle Paul’
continued his teachmgs in Thessalohiki.

Its important monuments Froni’ antiquity and
byzantium up to the present, provide®
testimony fo the role that the City: has played
as the second capital of Hellenisri, ) )

| Symbol of the Greek Macedonian Dynasty
from the tomb of Philip 11.

duseum. Thessaloniki.

This 16 pointed star of Vérgina was
uncovered during the archaeological
excavations at Vergina. This symbol of the
Greek Macedonian Dynasty decorated the
golden tomb of Philip ] 1. The Star of
Vergina, extracted fr‘“m the soil of
Macedonia, has since l;ecomq the symbol
of Hellenism.

4.000 years:* Post-Mycenaean ceramic relics found ifcAssiros and | Mycenaean
swords found in Grevena dute back 4.000 years, ewdeac of Macedonia’s role at
the vortex of Greék history. Even jn mytholdgy Maced mythical founder of the
Macedonian race, is the son of Aeolos (god of the winds). Throughout the years
Macedonia contributed to the fountain of kmowledge of the Ancient Greeks. In the
Sth century BC Demokritos. father of Atomic Theory.Yived and worked in Avdira.




