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MECHANISTIC STUDY OF M E  RATE OF CONVERSION 
OF l - AMINO - 3 - IMINO - HEPTAFLUOROCYCLOHEXENE 

WITH WEAK ORGANIC ACIDS BY DYNAMIC NMR 

Deparfment of Chemistry, University of Athens, University Campus Zografou, 75777 
Athens, Greece. 

(Received May 18, 1990) 

SUMMARY 

Dynamic Nuclear Magnetic Resonance (DNMR) techniques have been used to study 
the rate of conversion of l-amino-3-iminoheptafluorocyclohexene in solutions of anisole. 
Benzoic acid and its derivatives were added in relatively small amounts in the solution 
for the meas~rments.'~ 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 

Frequencies of observation in nuclear magnetic resonance are much lower 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 

ion 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 each other and, finally typical phenomena of exchange 

broadening and coalescence of n.m.r. lines occur. 

Data analysis of the spectra can be performed by the Iterative 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 l-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 

Preparafiqn of 7 - amino - 3-imino hepfafluorocyclohexene (AIFC) 

A slow stream of ammonia passed for 4 hrs through a solution of decafluorocylohexene 

(b. p. 52 - 53 "C, prepared by fluorination of cyclohexene). Decafluorocyclohexene was 

tested for purity by 1I-l n.m.r., i.r. and gas chromatography. 11 g of decafluorocyclohexene 

was added in 110 ml of dry ether and a stream of NH3 was passed through the solution. 

After the end of the reaction water was added and the aqueous 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 CCh to give approximately 

6g of AIFC. The purity of AIFC was tested by IH and I9F n.m.r., i.r. spectroscopy and 

elemental analysis (M.W.: 236, C6 Hg F, N2: 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 lgF n.m.r. sfudies 

Traces of HF were present as impurities in AIFC. Purification was performed by washing 

AIFC with K2CO3 solutions and then AlFC was dried under reduced pressure. 

Samples of AlFC 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 AlFC samples were transferred quantitatively with great care into the 

specirnent 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 I9F nmr .  spectrum of AlFC has four peaks for the fluorine atoms: (a) 116.5 ppm, 

(b) 121.84, (c) 134.5 and (d) 156.7 (the internal standard CFCL3 has one peak at 106.3 

The two separate peaks at 116.5 and 121.84 ppm are the fluorine atoms near the groups 

- NH2 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 split into four peaks. All parameters of the 

spectra were used by the lterative Multisite Exchange NMR Programme for the calculation 

of the rate constanfs. 

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. H20, temperature 32.3 - 32 "C). 

Data analysis of the spectra by the Iterative Multisite Exchange NMR Programme 

(INMR) carried out by an /CL 7906A dgital 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 canditions spectra are shown 

below: 
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FIG. 1: (a) 19F n.m.r. (expanded) of AlFC without acid. The n.m.r. spectrum gave a 
weighted separation of the two peaks: 456 Hz. (b) the 19F n.m.r. (expanded) of 
AlFC 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, W,,* = 
6.1 Hz, iii. peak separation = 456 Hz, and iv. number of sites = 8 (in the half 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 T2, spin - spin relaxation time) 

can be arranged as 8 consecutive computer lines in the INMR. 

The INMR programme is a FORTRAN language programme 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 

extending to the general n - site case the iterative approach, originally devised by Jonas et 

al. 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. 

Practical aspects and difficulties for the computation and interpretation of the results are 

analysed elsewhere. 

RESULTS AND DISCUSSION 

Kinetic data for the (inter) conversion of AlFC 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 meas.urements were performed. The mole 

fractions of the acids and the AlFC 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 AlFC interconversion at 

32.2 "C, in anisole, containing varying amounts of added benzoic acid are presented in 

Figure 2. 

FIG. 2: 1 9 ~  high - resolution dynamic nmr .  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, (9 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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m-ehlorobenzaio acid(l3) 

FIG. 3: Kinetic results : rates of reactions (S-') versus (mole  fraction^)^ 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 AlFC (S-l)/(mole f ra~ t ion )~  versus the 

ionization constants (K,) of the acids (in water) as can be found in the CRC Handbook. 

The ionization constants represend a function of strenght of the acids. 

In Table I 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 I : Data of the least squares fit for rate(sl) versus (mole  fraction^)^ of the acids in 

0.50 anisole (AIFC = 40 mg) at 32.2 "C. 

organic acid pKa Ka X10 !j slope X10 E 

m - chlorobenzoic acid 3.82 15.1 99.62 

m - methoxybenzoic 4.1 8.1 36.77 

benzoic 4.19 6.4 34.62 

p - tert - butylbenzoic 4.39 4.0 19.65 

p - chlorobenzoic 3.98 10.4 - 62 - 65 

m - methylbenzoic 4.37 4.2 - 22 - 25 

p - nitrobenzoic - 15.3 - 110 - 105 

intercept r (correlation) 

387.97 0.9837 

208.15 0.9887 

261.5 0.97908 

121.1 0.99474 

The slopes of the various kinetic data, which in effect are the rate(sl) I (mole fractions) 

X10 can be plotted versus the K, (X10 5, of the ionization constants of the weak organic 

acids. The plot is linear. 

FIG. 4: Variation of slopes of the kinetic data [rate/(mole  fraction^)^] versus ionization of 
added weak organic acids (K,). 

The rates of (inter) conversion of AlFC in anisole and in the presence' of varying 

amounts of benzoic acids and its derivatives were studied effectively by 19F n.m.r. at 

32.2% 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 AlFC were plotted versus the (mole  fraction^)^ 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: ratesl(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 AlFC 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 AlFC 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. 9 We can assume that only a small fraction of imine 

appears to be protonated in the presence of equimolar amounts of benzoic acid. 

Another suggestion is that the protonated form of AlFC is stabilized with resonance and 

further protonation can occur with excess carboxylic acid (benzoic acid and its derivatives) 

as shown below: 
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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 AlFC can be studied effectively by the I9F n.m.r. 
line broadening technique and that the rate of the reactions were relative to the carboxylic 
acid concentrations in anisole. 

0 AuvapL~oq ~ ~ U ~ Q \ R K O $  ~ C ~ ~ V I ~ T L K ~ $  UUV~OVLU~O$ (DNMR) x ~ ~ u L ~ o ~ o L ~ ~ I ~ K E  yLa Tq 
~ E A E T ~  ~ q q  UXETLKI~~ ~ a x l j ~ q ~ a q  ahhqhop~~a~ponrjq TUC 1-A-3-IE a& 6~ah l jpa~a 
av~a6Aqq. B&V<O~KO 0613 Kat napaywya TOU npoo~E8q~av oe p ~ ~ p t q  ~ O U O T ~ T E ~  uTa 
6LaWpa~a yla TL(; p&~pfia&lq. Xpqolpono~j8q~av I9F n.m.r. TEXVLKE~ 6~anha~uaqq TWV 

cpaCTpaTlKCb~ ypapp8v. H U X ~ U ~  p&Taclj Tqq UXETLK~~S T ~ X ~ ~ T Q T ~ S  Kal TQC, 1 0 ~ ~ 0 ~  TWV 
oCEwv ~ i v a t  ypapp~~r j  ~ c d p ~ q u q .  
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POLYMERIZATION OF Ph-CEC-Ph USING MCIx/AIC13 ( M = N b ,  

Ta,Mo,W and x=5,6) AS CATALYST 

M. G. SlSKOS and G. KYRIAKAKOU. 

Secfion of Organic Chemistry & Biochemisfry, Department of Chemistry, 

University of loannina 451 10, Greece. 

(Received December 9, 1991) 

SUMMARY 
D~phenylacetylene (DPhA) was polymerized In h~gh y~elds using MClx/AIC13 (M=Nb, 

Ta, MO, W and x=5,6) as catalyst In all cases, the polymers obta~ned were low molecular 
we~ght products, coloured and soluble In aromatic and chlormated hydrocarbons The~r 
characterlzat~on was performed by IR, 'H-NMR and UV-VIS spectroscopy. The molecular 
we~ghts were estmated by gel permeat~on chromatography (GPC) The thermal stab~lity 
was mvest~gated by thermal gravlmetry analys~s and the paramagnet~sm by ESR 
spectroscopy It was found that the phenyl nngs attached to the double bonds of the 
polyene cham are tw~sted 
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INTRODUCTION 

The polymerlzation of a great number of monosubstituted acetylenes 
has been performed by using a wide range of catalysts and polymerlzation 
conditions[1321. Among the catalysts the most common were homogeneous 
and heterogeneous Ziegler-Natta catalysts, transition metal complexes (Pd, 
W, MO, Ni, CO, Fe etc), freeradicals, cationic and anionic initiators. 

The polymerlzation 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, diary1 and 
heteroatom-containing acetylenes. The above monomers can be 
polyrnerlzed by transition metal-based catalytic systems. 
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The polymerization of DPhA has been attempted so far by thermaI[sl 
and anionic initiators[4]. 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 
WC16 as catalyst[5]. Insoluble polymers were afforted using metathesis 
catalyst~[6~7l. 

The purpose of the present work is to study the polymerization of DPhA 
by homogeneous catalysts such as MCI,/AIC13 (1/12), where M=Nb, Ta, MO, 
W and x=5,6. The structure of the polymers obtained was examined by IR, 
'H-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 

Materials: Diphenylacetylene was purchased from Fluka and 
recrystallized from ethanol, m.p 59-60•‹C. WC16 (Fluka), MoCl5 (Aldrich) and 
AIC13 (Fluka) were purified by sublimation before use. NbC15 and TaC15 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 CaH2 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, 60180 mesh, 2m column. Infrared (R)  spectra were recorded on 
a Perkin-Elmer 783 spectrophotometer as KBr pellets. 'H-NMR spectra were 
obtained on a Varian EM-390 spectrometer using CC14 as solvent and 
tetramethylsilane as internal standard. UV-vis spectra were run on a Perkin- 
Elmer model-15 Lambda spectrophotometer in CH2C12 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 A0 Ultrastyragel), detected 
uslng 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 mllmin 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,l-diphenyl-2- 
picrylhydrazyl (DPPH) as reference. 
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Polymerlzatlon 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 WC16 and 0.320 g (2.40 mmol) of AIC13 which was 
flushed with argon for 15 min and injected with 9.0 ml of dry chlorobenzene 
through a septum, followed by 1 ml of dry heptane (internal standard for gas 
chromatographic measurements). The dark red mixture was stirred for 24 
hours at 30% (for AIC13 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. After 2 4  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 

Polymerizatlon of DPhA by MCI,/AICIa 

The results of DPhA polymerization are shown in Table I. We conclude 
that AIC13 combined with Nb, Ta, MO and W chlorides forms highly active 
catalytic systems with yields of polymer approaching 90 %. The AIC13 alone 
was found inactive as catalyst and the metal chlorides give only oligomers 
which are soluble in methanol[697. 

Table I: Polymerization of DPhA by MClxlAIC13 catalysts 

No Catalyst 

1 WCl61AIC13 

2 WCl61AIC13 

3 WC161AIC13 

4 MoC151AIC13 

5 TaC15lAIC13 

6 NbC151AIC13 

7 WChjlAIC13 

8 TaC151AIC13 

Solvent 

Chl 

Chl 

Chl 

Chl 

Chl 

Chl 

Tol 

Tol 

Conversion "Mield % 

52 35 

8 5 68 

100 85 

100 87 

100 75 

100 8 1 

9 5 10 

9 1 6 

[DPhA]=I molll, [AI]=12x10-2 molA, [M]=Concentration of metal chloride, 
[M]l[AI]=1112, Solution volume IOml, Reaction time 24 hours. 
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t ime ( rn in l  

FIG. 1. Time-conversion curves for the polymerization of DPhA w~ th  WC/6/A/C/3 (1/12) 

n chlorobenzene at 0 and 30•‹C. 

Table I 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 yield 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, CHC13, CC14 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 II shows the number (Mn) 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 NbC15 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 M" I= Mw/Mn 

[M] = 2x10-2 molll, [M]/[AI] = 1/12, [DPhA]/[M] =100/2, Reaction time 24 hours 

FIG.2. /R spectra of PDPhA with a) WCl~AlC13,30•‹C, b) MoC15/AlC13, 30•‹C, c) WC16/A/C13, 

0 "C. 
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The IR spectra, Figure 2, of different PDPhA are virtuaiiy ideniicai to 
each other showing strong absorption bands at 3070 and 3035 cm-l, 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&-, 
absorb at 1605, 1580, 1498 and 1450 cm-1. The absorbances at 1180, 1160, 
1085, 1035 cm-' are attributed to C-H in-plane deformations of the aromatic 
ring. The out-of-plane deformations appear at 915 and 760 cm-'. The 
absorption at 695 cm-1 is characteristic of the C-H out -of- plane 
deformations of monosubstituted benzene rings. 

The IH-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. 

UV-vis spectra of PDPhA with a) WCIdAIC13, 30•‹C b) TaC15/AIC13, 

r J HeC15/AlC13,30 'C 

b )  NbC;S/AlC13, 30 'C 

;i 4 nrn 

FIG.3b. U V-\/is spectra of PDPhA with a) MoCI5/AIC13, 30•‹C, b) NbC/5/AIC13, 30•‹C, 
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The UV-vis spectra of polymers, Figures 3a and 3b, in CH2C12 solutions 
exhibit a maximum absorption band at 228 nm (&=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 n-n' transitions 
of aromatic rings. The partial overlapping between the K 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 (Mw) 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 rr-orbitals of the aromatic rings with the n-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=CCH3),- even when the molecular weight of the latter is higher(81. 
It seems that the the introduction of a CH3 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. 

FIG.4. TGA andDTG spectra of PDPhA with 
a) WCl~AIC13,30•‹C bj TaC15/AICI3,30C 
C) MoC15/AIC13. 30%. 

FIG. 5. ESR spectrum of PDPhA 
MoC15/AICI3, 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 sy~tems~~-71. 

From the above, we conclude that the polymer structure is likely the 
shown in Flgure 6. Th'e 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-' 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 catalytir: 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 reserchers[g3101. 

WC16 + AIC13 [WCl5]+ [AIClql- 

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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IlOAYMEPlEMOE TOY PhCGCPh M E  KATAAYTEI EYtTHMATA 
TOY TYnOY MCI,IAIC13 (M = Nb, Ta, MO, W KUI X = 5,6). 
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SUMMARY 

The react ion o f  Cg C(O)NHNY, 2, and i t s  m-CH30, 3, and p-Cl, 4, 
d e n  vat r ves wr t h  PP$C1,%; i n  dry solvents C6$ o r  CHC13 o r  THF o r  CYCN 
a t  0-4 'C was studied. The malor products were 2.HC1 o r  3.HC1 o r  4.HC1 
respect ivelv, a lso PhlP(0)OH, 8, and an 01 l y  residue. Increase i n  po la r i -  
t y  o f  the solvent yielded an increase i n  2.HC1 o r  3.HCl o r  4.HCl. The 
react ion o f  2, w i t h  PBu3, 6, o r  PPh3, 7, was studled a t  re f lux .  Nucleo- 
phi l i c  attack o f  6 o r  7 probably occurs a t  imine N o r  carbonyl 0 resul t -  
i n g  the formation o f  phosphinoxide and o i l y  o r  resinous product. I n  a l l  
cases ox idat ion o f  terva lent  phosphorus was observed i n  s p i t e  o f  the 
general ly known reduct ive character o f  aroylhydrazines. 

K~.Y words: aroy 1 hydrazi ne, phosphine, d i  phenyl phosphi n i  c acid, phosphino- 
. xide. 

Abbrev?at7ons:THF=tetrahydrofouran; TLC=thin layer chromatography; CC= 
colunn chromatography; IR=infrared (m=medium, br=broad band). . 

INTPODUCTION 

Bidentate phos~hines are common ligands i n  organometall ic and 

cool-dinat~on chemistry. Thus i t  i s  o f  i n te res t  the possibi 1 i  t y  t o  obtain 

l iqands conta~nrng both the " s o f t "  U-donor phosphorus and the "hard" 

l l c r a t ~ n s  S - t e s  of  rmine N and carbonyl 0. Some o f  these l igands possess 

a P-N-b. l inkaqe'. I t  was a lso postulated tha t  PR:, (R=alkyl , Ph) reac- 

t ~ n q  WI t h  a great va r ie ty  o f  oxygen containing organic compounds caused 

reduc t~on  i n  most cases w i t h  the formation o f  R~P=O'-~. At the inve- 

s r iga t ion  o f  phosphorus subst i tuents on the r e a c t i v i t y  i t  was observed 
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tha t  PBu3 was more e f f e c t i v e  than PPh? . Terval ent phosphorus compounds 

are a lso known as convenient reagents w i t h  conjugated dienes as those 

containing the group (w i th  aromatic carbon atoms) -C(O)-C=NH- t o  which 

e.g. PPh3 was postulated t o  react w i th  both carbonyl 0 and .imine N thus 

forming f i ve-membered phosphorus containing heterocycl 

The i n i t i a l  attempts t o  react benzoylhydrazine w i t h  PC13 o r  PC15 

have led e i t h e r  t o  a phosphorus containing unstable product'3 o r  t o  a 

f i n a l  mixture o f  PhCHCl? and P ~ c c I ~ ' ~ .  I n  the l a t t e r  case there has not 

been idend i f i ed  any phosphorus containing intermediate compound. This has 

been, however, achieved i n  the react ion o f  benzoyl hydrazine w i th  PC15 o r  

PhPC14 and the product was oxaphosphadiazoline, 1 : 

1 

(X=Cl o r  Ph). 

Spi rocyc l ic  phosphoranes which contained the r i n g  o f  1 were a lso 

obtained by react ing benzoyl hydrazine w i t h  C H : P ( O ) C ~ ~ ' ~ .  Simple product 

containingp-N bondwhich preserves the s t ructure o f  benzoylhydrazine was 

tha t  o f  ~ - R - c ~ H ~ - c ( o ) N H N H - P P ~ ~ B ~ ' ~  which was obtained by react ing the 

corresponding aroylhydrazine w i t h  Ph?PBr? i n  the presense o f  Et3N. 

The present paper i s  an invest igat ion o f  the react ion between ( i )  

the benzoylhydrazine C&-C(O)NHNY, 2, and i t s  m-CH,O, 3, and p-Cl, 4 .  

der ivat ives w i t h  chlorodiphenylphosphine PPh,Cl, 5, under N5 o r  He i n  

several solvents o f  various p o l a r i t y  and ( i i )  2 w i t h  tr ibutylphosphine 

PBu,, 6, o r  t r iphenyl~hosphine PPh,, 7, under N, i n  CFHv 

EXPERIMENTAL 

Reager? t s  

-The reaqents 2. 3 and 5 were pr-eoared frnm the corresponding j:.cma- 
0 

t i c  acids according t o  known methods'? and they were recrysta? l ised trom 

H20/EtOH 50%. 5, 6 and 7 were o f  Merck f o r  synthesl S .  C,H,, WC!. . THF and 
. . 

CH3CN used as solvents were o f  analy t ica l  p u r i t y  and they were f l .~ t - th i : -  
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p u r i f i e d  and d r ied  according t o  the provided methods. Merck s i l i c a  gel 

60 was used f o r  TLC and CC. 

Instruments 

In f ra red  spectra were recorded i n  the 4000-250 cm-' region i n  KBr 

p e l l e t s  o r  i n  nu jo l  mull on a Perkin-Elmer 467 spectrophotometer. The 

determination o f  C, H, N was performed on a Perkin-Elmer 240 elemental 

analyser. The apparatus used t o  ca r ry  out  the react ion was consisted o f  

a three neck round bottom f lask  kept i n t o  ice,  joined w i t h  a b o t t l e  o f  

i n e r t  gas and adapted t o  a separating funnel and t o  a condenser. Next t o  

the condenser was connected a CaC12 tube. 

Genera 7 procedure 

The general procedure was based on tha t  o f  the  preparat ion o f  the 

hydrazinophosphinesi9. The major products were separated by d i  s t i  1 l a t i o n ,  

c rys ta l  l i zat ion o r  chromatography. 

i . .\ccuratel y weighted amounts o f  2 o r  3 o r  4 were dissolved i n t o  

the chosen solvent i n  the round bottom f lask  under continuous s t i r r i n g .  

Then the calculated m1 o f  5, dissolved i n  the same solvent,  were added 

dropwise by the separeting funnel. The mixture o f  the reactants was kept 

under continuous bubbling o f  e i the r  He o r  9 p u r i f i e d  from O? by passing 

through a1 ka l  i n e  so lu t ion  o f  pyrogalole and then through CaCl? tube. The 

i n e r t  gas was gone out through the condenser. During the react ion there 

was special care t o  maintain s t r i c t l y  anhydrous condit ions. The addi t ion 

o f  5 was completed i n  30-40min under s t i r r i n g  which was fu r ther  condinued 

f o r  6-8h. At tha t  time the temperature was kept below 4 k. Then the 

f lask  was l e f t  f o r  24h a t  room temperature and. where necessary, was kept 

i n  a re f r ige ra to r .  The p rec ip i ta te  was f i l t e r e d  i n  a Gooch No 4 and the 

f i l t r a t e  was selected j n  a tube w i th  glass stopper. The f i l t r a t i o n  was 

car r ied  out i n  a sealed glove box under N2. A f te r  having been washed w i t h  

small amounts o f  co ld solvent. the p rec ip i ta te  was idendi f ied as 2.HC1 

o r  3.HC1 o r  4.HC1. The f i l t r a t e ,  f ree  o f  solvent by d i s t i l l a t i o n  i n  va- 

cuum, gave a yellow o r  l i g h t  yellow o ~ l y  product from which there were 

~ s o i a t e d  main1 y d i~benylphosohin ic  ac id Ph?P(O)OH, 8, and besides 2.HC1 



o r  3.HC1 o r  4.HC1 i n  small amounts, usual ly  a f t e r  add i t i on  o f  petroleum 

ether. Idend i f i ca t ion  o f  2.HC1 o r  3.HCl o r  4.HC1 and 8 was based on ele- 

mental analysis, m.p. and IR s p e ~ t r a ~ ~ " ~ ~ ~ ' ~ .  The ..p. o f  2.HC1, 3.HC1 

and 4.HC1 are 180-2, 196-7.5 and 248-9 'C respective1 y and they were 

checked against the synthesized ones. The o i l y  residue o f  the f i l t r a t e ,  

treated by means of'TLC revealed the presence o f  unreacted e and a t  least  

two uni dendi f i ed substances. The attempts t o  is01 ate them were performed 

by means o f  CC. The f i r s t  f rac t ions  contained 8, the next f rac t ions  con- 

tained 2 (or  3 o r  d correspondingly) and the l a s t  ones gave small amounts 

o f  a gluey product w i th  a rancid odor. Decomposition occurs upon d i s t i l -  

l a t  ion even a t  reduced pressures and no way was found t o  e f f e c t  i s o l a t i o n  

and/or pur i f i ca t ion .  

i i . Accurate1 y weighted amounts o f  2 were dissolved i n  dry  CeHg i n  

the round bottom f lask  o f  the previously described apparatus, under con- 

tinuous s t i r r i n g  and bubbling o f  9. Then the calculated amounts o f  6 o r  

7 dissolved a lso  i n  dry GHg, were added dropwise a t  room temperature. 

The addi t ion o f  6 o r  7 was completed i n  15-20min. The so lu t ion  was kept 

under s t i r r i n g  f o r  6-8h a t  room temperature f o r  24h and then was kept 

overnight i n  a re f r ige ra to r .  A f te r  d i s t i l l a t i o n  o f  thesolvent ,  there was 

obtained a mixture o f  a white s o l i d  and a yellow-brown o i l y  product. The 

mixture, a f t e r  having been treated w i th  absolute EtOH and dry Et70, gave 

Bu3P=0, 9, o r  Ph3P=0, 10, and small amounts o f  unreacted 2. 10 was iden- 

d i f  ied by i t s  m.p. and IR spectrum21b,22a123. As 9 was characterised a high1 y 

hygroscopic compound m.p. 55- 62 'C ( l i t .  m.p. o f  9 i s  68-69 which 

showed the f o l  lwing main IR assignments: 1460111, b r  cm-' a t t r i bu ted  t o  

v(CH3) and "(CH2) and 1240-1 160m, b r  cm-' possibly a t t r i b u t e d  t o  the f ree  

o r  bonded v ( P = o ) ~ ~ ~ ~ ' ~ .  The o i  l y residue o f  the react ion o f  2 w i t h  6 o r  7, 

treated by means o f  TLC revealed the presence o f  two major compounds 

whereas the appl icat ion o f  CC gave 9 o r  10, a lso 2 and a brown gluey 

product. The IR spectra o f  the l a s t  product i n  nu jb l  mull showed a broad 

and strong absorption band near 1125 cm-' which could be re la ted t o  a 

possible presence o f  t e t  racoordi nate ~ h o s p h o r u s ~ ~ ~ ~ ' .  The IR spectrum o f  

the corresponding product o f  the react ion o f  2 and 6, i n  nu jo l  mul l ,  

showed also the bands near 3400-3150m,br cm- due mainly t o  v(N-H;, the 

bands a t  1620m and 1460m,br cm-' a t t r i bu ted  t o  "(CH:,) and "(CHL) and the 
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band a t  1340m cm-' which could be a t t r i b u t e d  t o  the group P = N - c - ~ ~ ~  

a1 though a strong band. a t  1345 cm-' occurs a lso i n  $Ob and thus could be 

a t t r i bu ted  t o  the presence o f  unreacted 2. This band however was not cle- 

a r l  y assigned i n  the I R  spectrum o f  the analogous product o f  the react ion 

o f  2 and 7. 

At the addi t ion o f  7 on 2 a white muddling was i n i t i a l l y  observed 

which was gradual l y disappeared by fu r the r  s t i  rri ng. Centr i fugat ion pro- 

ceedings t o  i s o l a t e  the muddling were fa i l -ed because i t  was gradual ly 

converted i n t o  an o i l y  yel lowish product which gave 10 i n  poor y ie ld .  

Chromatography 

TLC: They were developped separate1 y the p rec ip i ta te ,  the i n i t i a l  

f i l t r a t e  ( f r e e  o f  solvent) as we1 l as pure (synthesized) samples o f  2.HC1 

o r  3.HC1 o r  4.HC1 i n  solvent mixture MeOH/CHC13 1:4 and 1:6 v/v. 

CC: The f i l t r a t e ,  f ree  o f  solvent, was dissolved i n  pure CHC1; o r  

i n  CHC1&H5 75/25 o r  50/50 % v/v and then was flowed through the 

column. Fract ions o f  40 m1 were co l lected and invest igated. 

React 70n treatments 
\ 

7.489 (55mmol) o f  2 dissolved i n  120ml o f  dry solvent (CEH, o r  CHCl3 

o r  THF o r  CH,CN) are treated w i t h  6.06g (27.5mrnol) o f  5 dissolved i n  20m7 

o f  the correpondinq solvent and g ive b.HC1 (y ie lds  35-40 %, increasing 

w i th  the p o l a r i t v  c f  the solvent),  also 8 and o i l y  residue. 

7.489 (55rnmol) o f  2 dissolved i n  120rnl o f  dry  solvent (CHC1, o r  

THFf are treated w i t h  12.129 (55mmol) o f  5 dissolved i n  20ml o f  the 

correspcr~ding solvent and give 2.HCl { y i e l d s  42 and 46% respect ively),  

a lso 8 and o i  l y residue. 

4.15q (25mmol) o f  3 dissolved i n  12Oml o f  dry  solvent (CHC1; o r  

TMF) are treated w i th  5.519 (25mmol) o f  5 dissolved i n  20ml o f  the 

corrsspntding solvent and qive 3.HC1 (y ie lds  46 and 50% respect ively),  

a lso 8 and o i  l v  product. 

4.26q (25mmol) o f  4 dissolved i n  120ml o f  dry  solvent iCHC1: o r  

THF) are treated w i th  5.519 (25mmol) o f  5 dissolved i n  20ml O f  the 
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corresponding solvent and g ive 4.HC1 ( y i e l d s  38 and 43 % respect ive ly) ,  

a lso 8 and o i l y  product. 

3.49 (25mmol) o f  2 dissolved i n  120ml o f  dry C6Hg, are treated w i th  

5.059 o f  6 dissolved i n  20ml o f  C:H5 and produce 9 ( y i e l d s  30-40 %)  and 

o i l y  o r  resinous product. 

3.49 (25mmol) o f  2 dissolved i n  120ml o f  dry C5H,, are treated w i t h  

6.55g o f  7 dissolved i n  20ml o f  CgH5 and produce 10 ( y i e l d s  under 20 %) 

and o i l y  o r  resinous product. 

RESULTS AND DISCUSSION 

i. The main products o f  the react ion o f  2 o r  3 o r  4 w i th  5 were 

correspondingly 2.HC1, 3.HC1 o r  4.HC1 and, fur ther ,  8 and an o i l y  res i -  

due. The higher y i e l d  o f  3.HC1 over 2.HC1 and 4.HC1 could be.considered 

as evidence f o r  the e l e c t r o p h i l i c  character o f  5. The y ie lds  i n  8 a t  

i n i t i a l  molar r a t i o  1 : l  o f  2 o r  3 o r  4:5 seem t o  be sl ight ly.exceeding 

the h a l f  compared w i t h  those o f  2.HC1 o r  3.HC1 o r  4.HC1 but they could 

not be determined w i t h  a sa t i s fac to rv  precision. increase ;? y ;e?ds  were 

a lso  observed w i t h  the increase i n  p o l a r i t y  o f  the solvent.  This could 

be a t t r i b u t e d  t o  a f a c i l e  e l iminat ion o f  the imine hydrogen as cat ion 
+- 

enhancing thus the nuc?eophi l i .c i tv o f  2 o r  3 o r  4 upon PPh2 whereas 2.HC1 

o r  3.HC1 o r  4.HC1 become i n e r t  t o  fu r the r  react ion w i t h  5. This af fords 

an evidence tha t  the react ion s i t e  o f  the aroylhydrazines w i t h  5 has been 

protonated o r  i t  i s  a f fected by the protonated s i t e  and becomes p o s i t i -  

ve l  y charged or .  a t  least ,  less electrophl l i c .  

i i . The major react ion products o f  2 w i t h  6 o r  W; t h  7 were respect- 

i v e l y  9 o r  10 and an unstable o i l y  mixture some IR assi~nments of which. 

i n  nu jo l  mul l .  could be a t t r i b u t e d  t o  phosphorus compounds. I n  the case 

o f  equimolecular i n i t i a l  quan t i t i es  the d i f f e r e n t  ;-ir.?ds i n  9 or  10 could 

not be considered as a d i s t i n c t i o n  due t o  the d i f f e r e n t  nucleoohi1ic re- 

a c t i v i t y  between 6 o r  7 but,  i n  par t ,  could be a t t r i b u t e d  :P the ~ r e r i c  

e f f e c t  which i s  stronger i n  7. This po int  i s  enhanced by the apnesrence 
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o f  the white muddling a t  the react ion o f  2 and 6 which might be a t t r i b u -  

ted t o  the formation o f  a re la t i ve1  y s tab le adduct o f  6 w i t h  2. Thus the 

react ion seems t o  be af fected by the d i f f e r e n t  induct ive e f f e c t  between 

Bu and Ph and besides by a s t e r i c  e f f e c t  which a f f e c t s  the r e a c t i v i t y  o f  

mainly the PPh3 on the react ion s i t e  o f  2. Nevertheless i t  i s  wel l  esta- 

b l ished the f a c t  tha t  phosphines have a strong tendency t o  donate the 3s2 

electrons i n  these nucleophi l ic  reactions, owing t o  the r e l a t i v e l y  low 

ion iza t ion  potent ia lz7.  The react ion, however, under the experimental 

condit ions i s  not k i n e t i c a l l y  contro l led.  Besides, deoxygenation o f  2 o r  

3 o r  4 i s  expected t o  give t e r t i a r y  phosphinoxides the f i r s t  stage o f  the 

react ion usual l y involved carbonyl addi t i ~ n ' ~ , ' ~ .  

Reaction Mechanism 

i. The react ion o f  2 (a lso 3 o r  4) w i t h  5 i t  i s  bel ieved t o  occur 

i n  two main steps: f i r s t  the l a b i l e  and more a c i d i c  imine hydrogen o f  2 

i s  el iminated by the ch lor ine atom o f  5 and then the carbonyl oxygen 

attacks the phosphorus atom which formal ly pos i t ive1 y charged, i s  high1 y 

e lec t roph i l  i c  (scheme 1 ) 

Scheme 1 

The produced HC1 i s  binded by another molecule o f  2. Oxidation o f  terva- 

len t  phos~horus t o  pentavalent proceeeds possibly on e l iminat ion o f  the 

carbonyl oxygen3'.". Any attempt t o  i s o l a t e  aroyl hydrazine der ivat ives 

containing P-N bonds o r  ce r ta in  aroyl hydrazi ne reduct ion products was 

unsuccesful . 
ii. The react ion o f  6 o r  7 w i t h  2 proceeds by a mechanism which 

probably involves attack on the imine N o r  the carbonyl 0 inc lud ing the 

formation o f  an adduct. Thus on t rea t ing  6 w i t h  2, attack may occur pre- 

fe ren t ia l  l v  a t  imine N whereas the bu lk ie r  7 i s  possibly d i r e c t l y  l inked 

t o  the carbonvl 0 .  The possible adduct formation could be re la ted t o  the 
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i n i t i a l  l y appeared white muddling a t  the addi t ion o f  6 on 2 and shows a 

trend o f  s t a b i l i z a t i o n  o f  the quaternary phosphoniurn containing adduct 

(scheme 2) .  

Scheme ( 2 )  

The react ion o f  2 (a lso 3 o r  4) w i t h  5 i s  probably an ox idat ive 

act ion o f  the aroylhydrazines opon the terva lent  phosphorus as a conse- 

quence o f  the nuc leophi l ic  attack o f  the carbonyl oxygen atom on the 

p o s ~ t i v e l y  charged phosphorus s i t e .  The react ion o f  2 w i t h  6 o r  7 pro- 

ceeds possibly v i a  the nuc leophi l ic  attack o f  the terva lent  phosphorus 

i n i t i a l l y  a t  the imine N o r  the carbonyl 0 resu l t i ng  f i n a l l y  i n  the 

convertion o f  the s t a r t i n g  phosphines t o  the corresponding phosphino- 

xides. I n  s p i t e  o f  the adequately reported reduct ive character o f  the 

aroyl hydrazines on1 y ox idat ion products o f  the terva lent  phosphorus o f  

the s t a r t i n g  phosphines were obtained whi le  among the react ion products, 

under the present experimental condit ions, i t  was not able t o  obta in 

der ivat ives containing the P-N-N lingage. 

UUVTE~OUV l~gands Ta onoia va nept6xouv TO P o q  "paha~o" 6 6 q  KaL TO iptvt~o N q 
TO K C I ~ P O V U A ~ K ~  0 OS "CJKhQf30" 6 o q .  r l a  TO 0 ~ 0 ~ 0  UUTO ~ E ~ E T U T ~ L :  

I. H av~i6pauq q q  P&v<ouhou6pa<iv~q C G H ~ - C ( O ) N H N H ~ ,  2, Kat TOV m- 
CH30, 3, Kat p-Cl, 4, napayciIywv auwq PE ~ h w p o 6 t ~ a t v u h o c p o ~ i v ~  PPhzCI, 5, ae 

cqpouq 6 t a h u ~ ~ q  C6Hg r j  CHClg fi THF tj CH3CN U& 0-4 OC Kat oe a~yoocpatpa N2 fi 

He. Ta npotov~a ~ q q  av~i6paoqq eivat 2.HCI q 3.HCI f l  4.HCI KaL eniuqq 6tq1atvuAo- 
cpwacptvt~o 050 Ph2P(O)OH, 8, &v61 napap&vet &va eAat06eq unohetppa TO onoio 
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K ~ T U  TqV avahuuq p& TLC &6&1<& TQV unaptq 5 TO 0n0i0 ~ E V  E X E ~  avT16pd~El KaL 

rouha~lorov 6uo a ~ o p q  ~ u p t o v  o u o ~ a ~ t ~ h v .  'EYLVE npoona8cta va anopovo8oliv Ta 

U U ~ T ~ T L K U  a u ~ a  pc CC KaL anopovh8qnav TO 8 Kat snioqq 2 q 3  ri 4 ~vci ,  anbpave 

&va 15h6&q unohetppa 6ptpciaq ooyfiq pq rauronotq8dv. 
i i .  H av~i6paoq ~ q q  2 p& ~ptpou~uhocpwocpivq PBu3, 6, q rptcpatvuhocpoocpivq 

PPh3, 7, U& cqpo C6H6 p& K ~ ~ E T O  quKTqpa U& arpoocpatpa N2. Ta npo'iov~a Tqq 

avr i6paoqq &ival TO TO ~ p l ~ 0 ~ ~ ~ h 0 c p ~ ~ c p l ~ 0 ~ & i 6 ~ 0  Bu3P=O, 9 ,  q TO 

~p~cpatvuhocpwocptvo~~i6to Ph3P=O, 10, &nioqq 2 nou ~ E V  aVT&6pa0& KaL E V ~  

K ~ T ~ ~ V O K ~ U T ~ V O X ~ O U V  ~ h a t h 6 ~ q  unohe~ppa TO 0n0i0 pE TLC & ~ E L ~ E  TqV napouoia 

6uo r o u h a ~ l o ~ o v  K U ~ ~ W V  npo~iovrwv. ME q v  ~cpappoyrj rqq CC ~hficp8qoav 9 r j  10, 

~ n i o q q  2 KaL 8va ~ a o ~ a v o ~ p o u v  1 < ~ b 6 ~ q  npotov. O p ~ o p b v ~ q  ~atvieq TOU cpaopa~oq IR 

TOU npo tov~oq  a u ~ o u  pnopouv va ano608o~jv o ~ q v  napouoia ouvappoopbvou 

cpoocpopou q o ~ q v  opa6a P=N-C-0. 

Kara  qv av~ i6paoq  q q  2 (cnioqq 3 q 4) PE TO 5 a p x t ~ a  n to~eue ra i  O T ~  

a n o o n a ~ a t ,  o q  nto oc~vo,  TO tptvt~o H pc TO a ~ o p o  Cl TOU 5 TO 6& K ~ ~ ~ O V U ~ ~ K O  0 
npoopahh~ l  TO toxuphq qhe~~povtocptho +PPh2 (scheme 1). H ocai6woq TOU 

~ p t a 6 s v o u q  cpwacphpou o e  n e v ~ a o 6 e v q  y i v ~ ~ a ~  nt6avbq p& anoonaoq  

K ~ ~ ~ O V U ~ ~ K O U  0 .  H npoona8eta anopovooqq ~ v h o e w v  nou va neptCxouv 6 ~ 0 ~ 0  P- 

N q npo'iov~wv avayoyoq q q  apouhou6pa<ivqq, ,6&v 66068 ~ I I O T & ~ & U ~ ~ .  

K a ~ a   qv ~ n i 6 p a o q  ~ q q  6 q T ~ S  7 ~ n i  q q  2, q npoopohq yiverat E ~ T E  UTO 

L ~ L V L K O  N p& nL6avo O~qpaTlUp~ &VO$ adduct (scheme 2),  E ~ T E  LIT0 K ~ ~ ~ O V U ~ L K O  0. H 

6 ~ ~ U T E U E T ~ ~  o ~ t  npoopahhet a p x t ~ a  TO tpt~lK6 N &vh Q o ~ K u ~ & U T & ~ ~  KaL A L Y ~ T E ~ O  
6pa~TtKq 7 npooPaAha pahiov an '  &~6&iaq  TO K ~ ~ ~ O V U ~ ~ K O  0 .  0 U X ~ ~ ~ T L U ~ O ~  TOU 

adduct pnopei va o u o ~ & ~ t u 8 & i  p& To a p x t ~ a  & p c p a ~ t < ~ p & ~ ~  ~ E U K O  6ohwpa K ~ T U  Tqv 

npoo6f i~q ~ q q  6 b q  2 auro 6& nt8avbq 6~ixvet  pla raoq yta o~a8eponoiqoq TOU 

neptCxov~oq TO r ~ ~ a p ~ o r a y b q  cpwocphvto adduct. 

Kara T ~ V  ~ n i 6 p a a q  ~ o v  cpoocptvhv 5 q 6 q 7 oe apouhou6pa<iveq happavet 

xbpa Y E V L K ~  o ~ & i 6 o o q  TOU P(tII) U& P(V) napa  qv & u p u r a ~ a  y v o o ~ ~ i  oupneptcpopa 

TWV apouAou6pa<~v~v o q  a v a y o y l ~ b v  cvboeov &vh p & ~ a < u  rwv npoi'ov~ov ~ q q  

av~ ibpaoqq ,  uno T ~ S  napouoeq nEtpapa~ t~&q U U V ~ ~ ~ K E ~ ,  ~ E V  ~ a ~ & o q  6uvaro va 

hqcp9ouv E V ~ U E L S  nou va ~ E ~ L & X O U V  T ~ V  opa6a P-N-N. 
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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 
IM-0 + . ,  IM-OHIC and ions, whereas for semicarbazones to 
the (I-NCNHI 1. and l r ~ y L * .  No ortho-effect was observed for 
semicarbazones and sulphonylhydrazones. 

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

INTRODUCTION 

Recently we reported1 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- 

t r r ~ . ; t l r q  mechanism2 stimulated us to study the mass spectra of 1 and 

c - f  +;P re1 ate$ systems 2 and 3. 
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RESULTS AND DISCUSSION 

The results are discussed in terms of three main divisions repre- 

senting the three classes of the molecules examined : (i) ethoxycar- 

bony1 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 main fragmentantion pathways of each class are 

delineated in Schemes 1, 2 and 3, respectively. 

(i) Ethoxycarbonyl hydrazones 1 .  Each showed a prominent peak cor- 

responding to the molecular ion with relative intensity 62-loo%, in 

contrast to the weak molecular ions previously reported for some 

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, resprc- 

tively. A similar pattern has been observed in the aroylhyd~azones of 

acetophenone and benzaldehydea as well as in the rarbonyl hydrazon~s 

of o-hydroxyaryl ketones.5 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 c and d. 

Further decomposition of a and d is according to the data reported in 

the literature for 1,2-benzoisoxazole and indazole.6 

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 obs-sved in the mass spectra of 

phenyl- and 2,4-dinitrophenyl-hydrazone derivatives.7 but not in those 

of aroyl hydrazones of o-hydroxyl arylketones, where the IN-OHI+ 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 f, 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 f. 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 Subsequently, 

loss of a molecule of diazomethane or carbon dioxide from. either f of 

g gives rise to the ions i and h, respecti;~elp. 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 C02 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 t-he molecular ion to give the ion k at m / z  119. It is 

proposed that an isomerization to the quinonoid ion j takes plare 

prior to decomposition. In the mass spectra of aroyl hydrazones of 

n-h@mxy arylk~tones fragment k has not been observed.5 
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FIG. 1. Mass spectrum o f  ethoxycarbonyl hydrazone of Z-hydroxy- 
acetophenone (la) 

TABLE I. Fragment Ions in  t h e  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) 
lb 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) ' 

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

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

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

a Numbers in parentheses indicate percentage relative abundaces 

Abundance ef the most intense isotopic peak. 
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SCHEME 1. Pmposed 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 main fragmentation pathways 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 ortno-effect was observed; and therefore. no 

peak at m,/z 176 derived from the molecular ion by loss of a OH radi- 

cal. No 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, 
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A keto-enol isomerization is proposed prior the fragmentation, similar 

to the carbonyl hydrazones of hydroxy arylketones.5 

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

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 sernicarbazones.10 No ion corresponding to the precursor 

carbonyl compound -was observed, contrary to the aliphatic 

sernicarbazones.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, h and c at m/z 157, 133 and 147 

respectively. However, no elimination of OH or 0 radicals from the 

molecular ion was observed. In addition, no elimination nf N p  as wpll 

as CH3CN from c was observed, in contrast with the previously reported 
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extrusion of these fragments in the spectrum of phenylsulphonyl 

hydrazone of acetophenone.11 

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- 

bony1 hydrazones. 

SCHEME 3. Proposed pathways for the fragmentation of phenylsulphonyl 
hydrazone of 2-hydroxyacetophenone (34 

EXPERIMENTAL 

Hydrazones 1 and 2 were prepared according to published 

methods.l,l2.13 Most of them are known compounds with the exception 

of lb, 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 (0.01 mol) was added. 

T ~ P  mixture was stirred at room temperature 24 hs. The solid 

precipitated was filtered and dried. Hydrazones 3 gave satisfactory 

eleme~ltal analysis without further purification. Their nmr data are 

shown in Table 2. 
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TABLE 11. Preparation and NMR Data of the Novel Hydrazones 1-3 

Comp. M.P. Yield IH NMR 

( l i t .  m . p . )  C%) BDMSO/THS 

[.Cl 

Law- and high-resolution mass spectra were recorder of Finniyan 

MAT 4500 and AEI MS-30 spectrometers, respectively. with a 70 eV 

ionization energy and source temperatures in the ranqe 150-300'C. A i l  

samples were introduced into the ion source through a direct insertion 

probe. 
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The application of molecular shielding constants is interpre- 
ted by calculatiry the absorption maxima in the spectrum of 
iodine. 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. 

Calculation of abso~ption maxima in the spectrum of iodine, 
by the use of molecular shielding constants. 

The principle of shiglding 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 or' BOHA 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 suople- 
merited with additional values for electrons forming the covalent 
bond or coordinative bonds in hybridized orbitals respectively. 
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A solut ion of I;, appeared a s  an example appropriate f o r  t'ne 
presentation of  the  app l icab i l i ty  and u t i l i t y  of the  prece- 
ding principles. 

The f i r s t  diagram is. showing the absorption maxima viz. 
transmission minima i n  the spectrum of iodine. Li terature 
data  a r e  completely accordant with the measured values i n  
the spectrum, occurring a t  the  following wave lengths: 

Figure 1. 

711e soectrun~ registered i n  a saturated water solution of i,. 

I ie necejs l ty  of a w d i f l e d  d a s s i f x i l t i o r ~  of e l s w n t s  is , ; a ~ n ~ n ,  
emphssis by calcuLations involving shielding constants u : u c , ~  i r d  
requesting a parallelism between the  reguiar sequence of qudncm 
numbers and the sequence of f l l l i n c  the o r b i t a l s  with e lec t rur i~ .  
It i s  often observed In  trie l i t e racure  the c o n d ~ t l o n  essen t la l  
for tne s c i e n t l f l c  progress i.e. t o  correcr. or  modli] ce r ta ln  
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2 
theories or classifications (p. 11 151, f.i. for the clear unders- 
tanding of the bond in the triiodide I i~n,~the iodine must not 
be classified as a halogen element wita a 5s 5p5 configuration. 
By the sequence of orbitals accordant with the theory of SLATER 
Is, 2sp, 35p, 3d, hp, 4d, 4f, Ssp, 5d, 5f, 5g, the element iodine 
is classified as an f-orbital element, and based upon such a confi- 
guration its spectm- can be calculated. 

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

The scheme of electron 

The maxima 
BOHR : 

Figure 2. 

transition in the I2 molecule. 

absorption were calculated by the frequency rule of 

The effective nuclear charge and the corrected quantum number 
n* were determined after SLATER: 
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The second formula was devised for the application upon molecules: 

Such a formula contains the unchanged principal quantum numbers and 
the effective nuclear charge of the a t ~ m  into which the electron is 
promoted. The formula is valid for interatomic transitions of elec- 
trons in a molecule and is accordant a so with the FRANCK-CONDON 3 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 Ca12. 

1 . I n t e r a t o m i c  t r a n s i t i o n  i n  a 

c o v a l e n t l y  b o n d e d  i o d i n e  a t o m  

4s2 Qp6 4d10 4f7 -7 4s2 4p6 4d1•‹ 4f6 5s' 

The effective nuclear charge (Z-s) was calculated by deminishing 
the atomic number with the shielding coefficient 2 : 

The coefficients [(z-s)/n* l in the frequency rule of BOHR have 
been calculated with corrected quanturr~ numbers n* after SLATER in 
accordance with equacion a) : 
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By inser t ing i n  the  frequency r u l e  of BOHR: 

h. v = 13,6 0,40 = 5,48 eV 

1 = 2,25 * I O - ~  m-' = 225 nm (measured 225 nm) 

Figure 3. 

The spectrum registered i n  a water solution of Ca12 

2 . I n t e r a t o m i c  e l e c t r o n i c  

t r a n s i t i o n  i n  t h e  X2 m o l e c u l e  

From figure 2. it is discernable t h a t  the composition of the  surface 
layer corresponds t o  7 electrons i n  t h e  4 f 1  o r b i t a l  of the l e f t  atom, 
above which the electron from the r igh t  atom is promoted. Accordingly: 

( z-s 

3,75 
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A N A  M E D Y E D  

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

2 = 288 nm (measured 287 m) 

3 . I n t e r a t o m i c  t r a n s i t i o n  i n  t h e  

h i g h e r  l e v e l  

It 

After the transfer of the electron from the 4f orbital,,into the 
5s' 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 wwent. 

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

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

= 1,097 lo7 . 21,16 

= 350 nm (measured 
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MODIFICATION O F  CLASSIFICATION O F  T H E  ELEMENTS 

4 . I n t e r a t o m i c  e l e c t r o n i c  t r a n s i t i o n  

The absorption at 465 nm is effected by a transitkon of electrons 
from the 4f' orbital of the left atom into the 5s orbital of the 
neighboring atom in the iodine molecule. In the m e n t  of the,, 
electron transition, there are 26 electrons underneath the 5s 
orbital, participating in the shielding of the nuclear charge: 

11 (Z-S 1 
5s 53 - 2 - 8 - 25 * 0,85 - 0,8 = 2i95 

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

7. = 465 nm (measured 465 nm) 

The exact correspondence of the calculated and measured wavelengths 
of the absorption maxima in the spectrum of iodine is convincingly 
indicating the necessity of classifying I as an innpr 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 i'ran the 
5th energy level of the left atom into the 6th layer on the 
right: 
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The estimation of the nuclear charge was done by including as 
shielding electrons 24 electrons below and in addition an 
electron obtained by the covalent bond: 

1 = 513 nm (measured 512 m) 

The spectroscopically measured value in the solution of iodine in 
CHC1, is remarkable consistent with the theory. 

Figure 4. 

ltle spectrum repistered in a solution of 1% in CHCl 
3 
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The scheme show 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-orbi~al insertion is in accord with all experimentally - 
established properties of such element. 

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 nonbondiw electrons are 
paired, which means that the rule20f HUND is not valid for large 
atoms. Such founding is in EAILAR (p. 1558) explained by stereo- 
chemical ar,wents. 

The spectra of iodine have been studied extensively 4,5 y 6  r 9  
but the conventional sp-orbital MO diagram is in discord urth 
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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ti ~ v a p u o v t j  r w v  u o p ~ a ~ 9 v  o r a e ~ p h v  n p o 6 o n ~ u q ~  E P ~ ~ V E ~ E T ~ L  P E  

unoAov~o1.16 r w v  ~ E V L ~ T W V  a n o p p 6 m q o q ~  o r o  m&oua r o u  ~ w 6 l o u . H  

apxq  r q c  n p o & o n ~ o q c  r o u  n u p q v ~ ~ o 6  m o p r i o u  a n a ~ r e l  p l a  Kavo-  

V L K ~  a ~ o h o u e l a  r p o x t a ~ h v ,  f i r o ~  r w v  ~ A E K ~ ~ O V ~ W V  o 8 d v o u ~  r o u  

~ w b e o u  E L C  T O  f - r p o x ~ a ~ 6 ,  6 n o u  so  ~ 9 6 ~ 0  v i v ~ r a ~  L v a  E O W T E -  

P L K ~  ~ ~ O L X E ~ O  ~ ~ r h n r w a q c . K a r ' a u r 6 v  r o v  r p 6 n o  n p o i ~ u o s  n A t j p q ~  

o u p q w v i a  u ~ r a c 6  u ~ r p t j o e w v  KaL T L I . I ~ V  nou  U ~ O ~ O V ~ O ~ ~ K ~ V  VLa r q  

u&~u;lin a n o ~ ~ h c p q o q c .  
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INTRODUCTION 

To investigate the phase diagram of BE,NOH/H~A~G~/H~O~ 

by the Schreinemakers' method we needed a sensistive method 

to determine the tetrabutylammonium cation in the presence 

of As(1II). Existing methods for the deterinination of this 
1 n 

cation use potentiometric titr~tions,~-* liquid chromatogra- 

phy with indirect photometric detection5 but the majority of 

the methods are based on ion pair formation with Sromophenol 

blue or bromothy~ilol blue, anthracene-2-sulf onate ,' bis (ma- 
leonitriledithiolato) nickelate ( TI ) ,' ie { SCN):-, and methyl 

7 7 

organge9 followed by extraction and photometricL' I-' or fluo- 

rimetric6 determination. 

Sodium tetraphenylborate is a precipitation reagent for 

large cations, including tetrabutylammonium. We found that 

this reagent is also suitable for the nephelometric determi- 

nation of the tetrahtylairfionium cation. 

EXPERIMENTAL 

A P ~ ~ V L ~ L ~ L L A  . A Hach model 2100 A '"-f'a'--'-- CULUIuIILIC3C~L and a WTW micro- 

processor pHmeter model pH 35 were used. 

Reagebztj . All reagents were of analytical-reagent grade. Ts- 
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trabutylanmonium hydrogen sulfate was prepared by neutrali- 

zing aqueous tetrabutylarfionium hydroxide with sulfuric acid 

and recrystallizing twice from acetone, m.p. 171-2•‹C (lite- , A 

ratureLu m.p. 172.5"~). Triply distilled water, pE 5.7 f 0.5, 
. -- - w a a  used for the preparation of all solutions. 
-,--A 1 ~~iibLLtyLa~m~iuiijii hyili~irg~ii n&iite. A 75. 0 pcil solution was pre- 

pared by dissolving 0.0255 g of the compound in 1L of water 

in a volumetric flask. 

So~iijii &.i3iiiijhfiiyLbir;&e. A 4.38 EFT aijueous solution was used. 

SL&$,VLLC a d d  . 5M and 5 m;: aqcieous solutions were prepared from 

concentrated sulfuric acid. 

SirdLiiiii hyili~irxide nirLi~t&n . 13 M arid 10mM aqueo'cis solutions -*re 
used. 

Aqueoi~ll A& aoQw%m. 7.5 m~ and 0.75 m2.T aqueous solutions 

were used for interference studies. 

Phirccddf~e . A typical procedure is as follows: To a 50 id co- 

nical flask 19.70 ml water is added followed by 2.00 ml te- 

trabutylammonium hydrogen sulfate solution and swirled for 

mixing. Sodium tetraphenylborate solution (3.30 rL) 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- 
. .- ~ b e d  for 30 min (unless the effect of time on the turbidi- 

ty was studied) till the measurement. 
mL - 
ILK pH adjustment or the addition of solution for inter- 

ference studies was always done before the addition of so- 

dium tetrapheny-lborate solution. 
m she final mlume, 25.0 ml, of the sample was transfered 

to the instrument's cell for measurement. All samples were - 
kept at rooin teiiiperature (23 + 1"~). Ouplicate saiilples were 
always run except for the calibration curve for which they 
..--- 
WCLG run in quintuple. 

S i & L k d  i i n d y ~ u .  The analytical characteristics of the 

method were evaluated according to Niller and Xiller .I1 
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RESULTS AND DISCUSSION 

The ~on~er&~LZ.iion 08 i h e  tm iirrirbirung i o r z  arid t h e  a tabLUty  06 t h e  

nunpek~ ion  wLtk Lime. At three concentrations of Bu4Xt (3,9 and 
- 

15 w.1) the effects of BPh4 concentration (from 59 up to 1170 

U.1) and time (from 10 min after mixing up to 120 min) were 

studied. The results are shown in Figure I. At 3 pM Bu4~+ 

the suspensions give more consistent readings (NTU, Nephe- 
r 

I - 10 rnin 

20 - 

A 
0 

0 100 200 300 LOO 
[NoBPhLl, ppm 

FIG. 7 .  E & ~ i t  06 t h e  ~ ~ e a g e r i i  (:v'aBPk4) concek&~iLiion and Lime obi t h e  

magi dud^ arld ntab.i!%ty 06 t h e  tiiirbi&y. i 8uqNtlS0, j i A 3, B 9, 

altd C 15 iiF7. m 10, o 23, a 30, 0 60, and A 120 i ~ i n  

lometric Turbidity Unit) both with respect to excess of 

BP~; and to time. Increasing the concentration of B~,N+ cau- 

ses a slight decrease of the readings at higher BPhl con- 

centrations, but they are fairly stable with time. At I 5  yM 

Bu4Ni the readings are not stable with respect to both vari- 

ables. We therefore have chosen a final concentration of 

NaBPh4 2C3 p.p.m. i585 .@I) for all our measurements and 30 

min waiting time after mixing. 

E a e i t  oh p E .  The effect of pH on the turbidity was studied 

at constant NaBPh4 concentration (585 @PI) and three differ- 

ent Bu4NHS04 concentrations. R25~lt3 are shown in Figure 

2. Sulfuric acid and sodium hydroxide were used for pH ad- 
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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 

CsBPh4 is independent on pH changes. 12 

+ Iriiu&u~snie. It is well kimwn that Bu4N and ~ T h i  give in- 

soluble salts in water with large anions, e.g. - 10 I3 and 
+ + large cations, e.g. R', N H ~ ,  2bf, Cs , Cu(Ij, iig(I), Ag , 

TI( I) 12r13 respectively. F;e therefore studied the effect 

of soine anions and cations, which are likely to be encoun- 

L C L C ~  in practice, on the turbidity of Bu NB?h4. Because 4 
methanolic solutions of tetrabutylammiium hydroxide are 

comercialLy available, we also studied the effect of me- 
&I- - ~llanol on the turbidity. The results are shown in Table I. 
m ~ -  rllc: IIILCLLering :-&--= species of Table I interfere negatively com- 

...--..;l paLcu to controls. The negative interference may not total- 

ly 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 produced 

under these conditions. ?-lethano1 interferes by so1ubi:izing 

the tetraSutylamrnonium tetrapheq-lborate salt. 

TABLE I. Effect of different species on the turbidity of te- 

trabutylamrnoniam hydrogen sulfate (3 iiblj in the presence of 

sodim tetraphenylborate (585 pM). The interfering coinpounds 

affect the turbidity negatively. 

interference 

Species mole B~,N+ per mole species 

:i:00 1:10 1:: 

Ions 

HSO;  

c1- 

~ r -  
- 
I 

H,PO- 
L 4 

H3As0 * 3. 

H3AsOAe 

Na+ 

K +  

x.; 

Solvent** 

Yes 

Yes 

7,- 
LCS 

No 

No 

Yes 

No 

0.1% v/v 

No 

Mo 

Yes 

No 

No 

No 

7,- - 
LCD 

No 

0,0:$ ~ / y j  

No 

* pH adjusted at 5.0 
**  -;-, .. VULUKI~ of solvent in water 
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rT7 LfiBLE x 11. Turbidity of tetrabutylammonium hydrogen sulfate 

standards, at sodium -tetraphenylbo-rate comefitration of 

585 pb?. The equation for the calibration graph is 

y = 6.4l.1Cl6x - 1.24 and its correlation coefficient is 

r = 0.3389 

Sample Final concentration N W  Standard 

of Bu4NHSG4, WM deviation 

A n d y L i i d  & a .  Table 11 shows the NTU readings 

of standard sohtions of Bu NHSG4 pH 5.7-6.3 in the pre- 4 
sence of constant concentration (585 gbl) of NaBTh, and 

'i 

the equation of the calibration graph obtained. Linearity 

covers the range 3-13.5 WM, h t  data (not included) show 

that the linear part covers the range 0.3-30 pM Bu NHSG4. 4 
At higher concentrations the line curves to the x axis. 

From the calibration graph the precision and accuracy 

of the method were evaluated: the coefficient of variation 

is 4.2% for the entire range (3-13.5 gb: Bu4NHSG4), and the 

percentage error is -3.3% at 3 gM, -4.3 at 6 and +1.8 at 3 

and 12 WM Bu4NHSG,. The limit of detection from the graph 11 

and from blanks (three times the standard deviation of the 

mean of 5 blanks) was 1 pblwhen working in the range 3-13.5pM. 

Appfiiabd%y oh t h e  ,ii&iod. The method has been applied to the 

determination of the B ~ ~ N +  in the system B ~ ~ N O H / H ~ A ~ O ~ / H ~ G  

by the Schreinemakers' wet residue method. The calibration 
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+ 
graph obtained at pH 9 in the range 5-24 pM 3u4N had 

r = 0.9987, and it was the same in the presence of arsenite. 
Eight replicates of titrated aqueous tetrabutylammonium hy- 

droxide of 10.3 f 0.2 pM gave by the turbidimetric method 

2 f SD 10.2 i 0.1 pM. The results obtained showed that cla- 

thrate hydrates of the type Bu4NOH. (21.1 t 1.5) H20 and 

Bu4NOH- (8.5 i 1.5) H20 were formed.' 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 BU~N' by  hi 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. 

EEPI AHYH 



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

rnL ~lle .financial support by the General Secretariat of Research 

and Technology, Ministry of Industry, Energy and Technology 

is gratefully ackmwledged. 

REFERENCES 

1. Tsivgoulis, G.M., and Ioannou, P.V., Chiinika Chronika, 

New Series,1991, 20, 59. 
2. Siggia, S., and Hanna, J.G., "Quantitative Organic Ana- 

lysis via Functional Groups", 4th Edition, Wiley-Inter- 

science, N.York, 1979, pp 688-693. 

3. Bermudez, G., Blanco, H.L., and Vargas, N., Rev.Colomb. 

jjuim., 1982, 11, 33; Chem.ASst,, 1983, 8, 142895t. 
4. Gur'er, I.A., and Drofa, M.I., Zh.Anal.Khim., 1983, 38, 

1659; Che~.nb=t.,1984, l-00, 16974q. 

5. Larson, J.R., and Pfeiffer, C.D., Anal.Chem,, 1983, E, 
393. 

G .  Westerlund, D., and Borg, K.D,, Acta Pharm.Suecica,l370, 

7, 267; Chem-Abst,, 1970, n, 699132. 
7 .  Sadanobu, I., and Sasaki, M., Kitami Kogpo Daiqaku Kendyn 

Hokoku, 1981, G, 221; Chem-Ahst,, 1981, s, 1081579. 
8. Bendez, J.H., Perez, C.G., Sanz, M.Z.C., and Xelchor, A.B., 

Qiim. Anal. (Barcelona), 1984, 3, 129; Chem.Abst., 1985, 
m, 31798r. 

9. Simon, M.B., Cbzar, A. De E., and Diez, L.M.P 

1990, G, 337. 
q I"e ,7 Brgndstrgm, A*, $ 9 "  r ~ ~ p a r a ~ l ~ e  ---- -'.-- Ion Pair Extract 

karsocieteten, Stockholm, 1976, p.141. 

ion", Apote- 

3 7 Ir. Miller, J.C., and Miller, J.N., "Statistics for Analyti- 

cal Chemistry", Ellis Horwood, Chicherster, U.K., 1984, 
CL-" 'lop. 4. 

q 7  ~ ~ . S a h o o ,  P., Parida, F.C., Sivasubramaniaii, K., and Mukunda 

Rao, S.R., Analyst, 1990, m, 1129. 



NEPHELOMETRIC DETERMINATION OF B U ~ @  

13. Kolthoff, I.M., Sandell, E.B., Meehan, E.;., and Bruck- 

enstein, S., "Qdantitative Chenical Analysis", 4th Edi- 

tion, Mackillan, London, 1363, p.276.  



CHIMIKA CHRONIKA, NEW SERIES 

CONTENTS 

Mechanist ic s tudy o f  t h e  r a t e  o f  conversion o f  1-amino-3-imino-heptafluorocy- 
clohexene w i t h  weak organ ic  ac ids  by dynamic NMR ............................................................. b y  A. VaZavanidis. 3 

Po lymer iza t ion  o f  Ph-CZ C-Ph u s i n g  MClx/A1C13 (M=Nb,Ta,Mo,W and x=5,6) as cata- 
l y s t  ................................................. b y  M. G. Siskos, G. Kyriakakou.. 13 

React ion o f  PPh2Cl, PBu3 o r  PPh3 w i t h  aroy lhydraz ines ............................................................. b y  ~.A.Haristos..  23 

E lec t ron  impact mass spect ra  of, some ethoxycarbonyl hydrazones, semicarbazones, 
and s u l  phony1 hydrazones o f  o- hydraxyary l  ketones ................................................................. b y  A.KotaZi.. 35 

M o d i f i c a t i o n  of  t h e  c l a s s i f i c a t i o n  o f  t he  elements. I I I .Mo lecu la r  s h i e l d i n g  con- 
s tan ts  o f  nuc lear  charge .................................................................. b y  Ana Medved 45 

Shor t  Paper 

Nephelometric determinat ion  o f  t he  tetrabutylammonium c a t i o n  ........................... b y  G.M. TsivgouZis, D.S.AnagnostopouZos, P. V. Ioannou. 55 

January - March 1993 Volume 22 No 1 



Macedonia 
For 4,000 years* steeped in the history of Greece 

Aristotle, the tutor of Alexander the Thessaloniki, the heart of Macedonia, is E 

~ r e a t , , d &  born in Stagira in ~acedon ia  modern city with 1,000,000 inhabitants; 
in 384BC. Together with Plato, he is . It is strategically located at the crdssroads 
regarded as one of the greatest of Europe with Asia. Having spread the 
philosophers the world has known. Word at Philippi, the Apostle Paul 
Aristotle was.a true academic, concerned continued his teachings in Thessaloniki. 
with Physics, ~ i t ronomy,  Rhetoric, Its important monuments from antiquity and 
Literature, ~olitical Science and History. byzantium up to the present, provide 
His teachings lajd the foundation for testimony to the role that'the ?ity has played 
modern scientific thought. as the second capital of Heilenism. , 

Alexande'f was born In 356 BC In Pejja, 

Macedonla,est&llshed by hls father 

Phihp 11, as the cepre of Hellenism 
Nurt~ired o? thethoughts of hls tutor, 

Aristotle, he rbse to fame as a br~lllant 

mllltary leader He lnflupced the course 

of h~story, rightfully earning 111s title as 
Alexander the Great In a35 BC he became 

Commander In Chlef of all the Greeks 

By the time of h k  death m 323 BC he had 

created an enormo<us empire, stretchmg 
from the shores of the Adr~at~c  to India, and 

from the Caucasus~ountams to Egypt He 

spread the Greek spmt far and wlde among 

nations whb worshpped hlm as a god 

T h ~ s  16pointed star of Vergma was 

uncovered durmg the archaeological 
excavations at Vergma This symbol of the 

Greek Macedoman Dynasty decorated the 

golden tomb of Phllip 11 ma he Star of 

Ver,gna, extracted from the sod of 

Macedonia, has smce become the symbol 
of Hellenism 

4WO years-*Post-M-vcensean ceramic rellcs tourld in?~ssiros and.Mycenaean 
s!vor& foundin Grevena dare back 4.WOyears. evidence o f  illacedonia3 role at 
the vanes ofGreek history. Even in myrholrigy ~ac&on,.myrhic;llf~under o f  rhe 

5th cenrury BCDemokriros. father o[Aromic Theorj.Buedand wocked in A \ dm.  


