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SPECTROPHOTOMETRIC STUDY OF THE IRON(I) - INDUCED
PERBROMATE-IODIDE REACTION. AUTOMATIC REACTION RATE
METHOD FOR THE ULTRAMICRODETERMINATION OF IRON

L.A. LAZAROU, E.P. DIAMANDIS & T.P. HADJIIOANNOU
Laboratory of Analytical Chemistry, University of Athens, Athens, Greece.

(Received December 5, 1978; Revised October 21, 1981).

Summary

A kinetic study of the iron(I) -induced perbromate-iodide reaction was carried out
spectrophotometrically. Reaction rate constants and activation energies are reported. An
automatic reaction rate method is described for the determination of 40-600 ng of iron
(1.8X1077-2.7X107°M) with relative errors and standard deviations of about 1%.

Key words: Perbromate, iodide, iron, kinetic data.

Introduction

Since the successful preparation of perbromates', only a limited amount of
work on perbromate chemistry has been published. The earliest studies indicated
perbromate to be quite sluggish in its reactions, though not as inert as perchlorate®.
This inertness of the perbromate ion stands in sharp contrast to its high
thermodynamic oxidizing power’, which is greater than that of any other
oxyhalogen that exists in aqueous solution.

The perbromate - iodide reaction is well known and it was used for the
detection*,® and the iodometric® and kinetic’ determination of perbromate. Iodide
reduces perbromate to bromate in alkaline or neutral solutions® according to the
reaction '

BrO, + 2H" + 31 — BrO, + I, + H,0 (1)

and to bromide in acidic solutions. The reaction proceeds very slowly in alkaline,
neutral or acidic solutions. However, when iron(Il) is added, it induces the
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oxidation of iodide. Also, iron(ITI) accelerates the perbromate-iodide reaction, but
only if iodide is present in sufficiently high concentrations so as to reduce iron(111)
to iron(Il) quickly.

In this paper the kinetics of the iron(II) induced perbromate-iodide reaction
are studied spectrophotometrically. Also, an automated reaction rate method for
the determination of iron is described. The time required for the reaction to
produce a fixed amount of triiodide is measured automatically and related directly
to the iron concentration. Iron in the 40-600 ng range (1.8X107-2.7X10™* M) was
determined with relative errors and relative standard deviations of about 1%.

Experimental
Apparatus

A modified Perkin-Elmer 139 single beam spectrophotometer was used®. The
signal from the photomultiplier output is fed to a logarithmic converter (Pacific
Instruments Model 1002), and the signal from the converter is driven to a chart
recorder.

The measurement and control system for the automatic determination of iron,
assembled from MP-modular units (McKee-Pedersen Instruments, Danville,
Calif.). consists of an operational amplifier (MP-1006 C) which was used to make
the source impedance negligible, improve the stability and multiply the signal by a
factor of ten. and a kinetic time switch (MP-1505) which consists of the following
units: A tabletop cabinet, powered (MP-1036 CP), two operational amplifiers (MP-
1006 C). a millivolt source (MP-1008 B), a timer-counter (MP-1029), and a plug-in-
program for measuring the time (At) it takes for the reaction to produce a fixed
amount of triiodide. This unit provides the necessary components and intercon-
nections to program the two MP-1006 C amplifiers as comparators. These
amplifiers provide switching signals which enable the timer-counter to start and
stop when the input signal reaches the appropriate potentials. The toggle switch on
the timer-counter should be moved to the “TIME” mode. A parallel connection to
the output of the logarithmic converter drives a small portion of the current to the
input of the operational amplifier, OA. and the signal is amplified by a factor of
ten. The OA output. Ei.. is driven to the input of the plug-in-program, the lower
and upper limits E; and Ej; of which are preset externally using the millivolt
source. When E;, reaches the predetermined value E; the timer is activated and the
time counting starts. When Ei, reaches the predetermined value Ey the timer is
inactivated and the time counting stops. Thus, a time interval is determined the
reciprocal of which is proportional to the iron concentration. Fig. 1 shows the
recording and measurement system. The measurement and control system was
adjusted to measure the time required for the recorder pen to cross preselected
positions in the chart, corresponding to 0.10 and 0.20 absorbance unit.
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Figure 1. Schematic diagram of the recarding and measurement system.

Reagents

All solutions were prepared in deionized distilled water from reagent-grade
materials, except whére otherwise stated.

Stock perbromate solution (0.100 M). Dissolve 1.83 g of potassium perbromate
in water and dilute to 100 ml.

Stock iodide solution (1.00 M). Dissolve 16.6 g of potassium iodide (Merck
Suprapur) in water and dilute to 100 ml.

Stock iron(1l) solution (0.1000 M). Dissolve 39.21 g of (NH,),Fe(SO,),.6H,0 in
50 ml of 2M sulfuric acid (Merck Suprapur) and dilute with water to 11. Standardize
with standard potassium permanganate solution. Prepare more dilute solutions by
dilution with 0.0125 M perchloric acid.

Stock iron(11l) solution (0.1000 M). Dissolve 40.40 g of Fe(NO;),.9H,0 in 50
ml of 2M sulfuric acid and dilute with water to 11. .

The stock iodide and iron(II) and (III) solutions should be kept in amber
bottles. The potassium iodide solution required for each kinetic run was prepared
by mixing appropriate amounts of potassium iodide and 1.00 M sodium
perchlorate (Merck Suprapur) so as to obtain an ionic strength of 0.125.

During measurements all solutions were thermostated at 25 * 0.1°C.

Procedure for kinetic studies

Use the hydrogen lamp and set the wavelength at 287.5 nm, where triiodide
has an absorption maximum?®. Into the thermostated quartz cuvette transfer 4.00 mi
of the iodide solution, 0.50 ml of 0.125 M perchloric acid solution, 0.50 ml of
potassium perbromate solution, and 50 pl of the iron(II) solution. Close the cuvette
immediately, start the recorder at once and record the change in absorbance for a
few minutes.

Procedure for determination of iron (40-600 ng)
Into the thermostated cuvette transfer 4.00 ml of the standard iron (10, 50, 100,

150 ppb in 0.0125 M HCIO,) or sample solution and 0.50 ml of 0.50 M potassium
iodide solution. Inject instantaneously 0.50 ml of 2.0X107 M potassium
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perbromate solution and close the cuvette at once. The measurement is completed
automatically and the number on the digital readout (time in tenths of a second) is
recorded. Press the reset button and empty the cuvette by suction.

Results and Discussion

Kinetics of the iron(Il) -induced perbromate-iodide reaction

The reaction was found to be independent of pH in the range 2-7. Using the
iritial reaction rate method!® it was found that the reaction rate can be expressed as

d] AL oy B0 T[]+ ke (BrO, 1 [FY] ()
dt dt

where k, and k, are the reaction rate constants for the uncatalysed and the
catalysed reactions, respectively. Given that the reaction I,41 = I, , K=720°,
-and that during the measurement period the iodide concentration remains
practically constant we have

L] 1 dfl; ] 3)
dt Ki(I ] dt

-1

We also have A = (e1;).b[I[,;] + (e.).b[L.], or since (e1;) = 4X10° M
em™ S>> (e12) = 95"
A = (3[_‘;_).b[13_] (4)

Differentiating equation (4) with respect to time and combining the resulting
equation with equations (2) and (3) gives

dA _ (&) b K({I ] [BrO, ]

i [ k, I7+k, [Fe*] ] (5)
dt I+ K]

Since during the measurement period all concentrations remain practically
constant, the absorbance should vary linearly with time. Therefore, under such
conditions, dA/dt in equation (5) can be replaced by the term AA/At. which is the
actual measured quantity.

Recorded curves for the perbromate- lodlde reaction in the presence of iron(II)
are shown in Fig. 2. As expected from equation (5), the curves are straight lines.



STUDY OF Fe (II) - INDUCED BrO, -I REACTION. DETERMINATION OF Fe

[erog)= 4x1075M

[Broz] = 2x1075M
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[Broz]= 5%1076M

f—— 60 sec——>{

Time —

Figure 2. Recorded curves of absorbance versus time for the iron(. lL)-inducgd perbromate-iodide reaction.
Initial concentrations: 1.80X10°° M iron(Il), 0.100 M I .[BrO, ] is shown on the curves.

The rate constants k; and k, were calculated tobe (1.6 + 0.1)X107° M 's™" and
(240 = 18) M' s (n=13), respectively. These values were calculated for the
following concentration ranges: [I ]= 107 -10"' M, [BrO, ]= 10" -5x10*M, and
[Fe'] = 1077 -5X10™° M.

Effect of temperature

The rates of the perbromate-iodide and the iron(IT)-induced perbromate-
iodide reactions increase with increasing temperature in the range 19-34°C. From
Arrhenius plots of Ink, or Ink, versus reciprocal of absolute temperature the
activation energies were calculated to be (13.7 = 0.3) kcal mol™ and (8.9 * 0.2)
kcal mol™ (n=4), respectively.

Effect of ionic strength

The rate of the uncatalysed perbromate-iodide reaction increases with
increasing ionic strength, whereas the rate of the catalysed reaction decreases with
increasing ionic strength indicating that the slow step in the uncatalysed reaction
involves ions of the same sign and that the slow step in the catalysed reaction
involves ions of the opposite sign'>. From plots of logk, or logk, versus pY?
(n=ionic strength), (k,) =0 and (k;) u=0 were calculated to be (1.2 = 0.1)x107™* M
s and (500 *+ 28) M"' s (n=4), respectively (p=0.1-1).

Iron(Il) acts as an inductor and not as a catalyst, because it was found
experimentally that at the end of the reaction the iron(Il) is oxidized to iron(III).
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Iron(I11) accelerates the perbromate-iodide reaction but not as strongly ad iron(II)
(under controlled conditions, high iodide concentration and low perbromate
concentration, iron(IIT) and iron(I1) behave identically). Iron(IIl) accelerates the
perbromate-iodide reaction because of iron(IT) produced in the iron(II1)-iodide
reaction.It was also found that fluoride does not affect the reaction rate. In
comparison to perbromaite, bromate reacts with iodide in the presence of iron(IT),
only when present in very high concentrations. Therefore, bromate, which is the
product of the perbromate-iodide reaction, does not affect the rate of the iron(II)-
induced perbromate-iodide reaction.

Automatic kinetic determination of iron

Equation (5) can be written as

Fep = . ARl K (6)
At k(- )bKAT 1[BrO, ] k,

If we keep constant the terms [I_], [Br04_] and AA, the curve [FezJ'] = f (1/At) must
be a straight line (working curve) from which iron can be determined. It-can be seen
from equation (6) that the smaller the iodide concentration the smaller the blank.
However, the iodide concentration must be sufficiently high so as to reduce
iron(IT1I) to iron(I1) quickly, so that total iron can be determined with the proposed
method. Straight line working curves (ng of iron vs. 1000/At) were determined by
least squares fit.

Analysis of aqueous iron(Il) and iron(III) solutions of known concentrations
gave the results shown in Table 1. The data indicate that iron in the range 40-600 ng
(1.8x1077 -2.7X10°° M) can be determined with relative errors of about 1%. The
relative standard deviation of the determination of 7.16X10”" M iron(II) solution
was 0.5% (n=6).

TABLE 1. Determination of iron in aqueous solutions

Iron(II), ng/4ml Error, Iron(IIl), ng/4ml Error,
Taken Found® % Taken Found" %
40,0 39,7 — 0,8 40,0 40,4 + 1,0
80,0 79,7 — 04 80,0 : 79,0 — 1,2
160 161 + 0,6 160 158 — 1,2
240 235 — 2,1 240 235 — 2,1
320 319 — 03 320 318 — 06
400 402 +0,5 400 402 +0,5
480 486 + 1,3 480 477 — 0,6
600 593 — 1,2 600 599 — 0,2
Mean 0.9 Mean 0,9

“ Single measurements. Calculated using equation:
ng iron = - 70.7 + 6.90 (1000/At).
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~ Interferences

To investigate the effect of various ions that might interfere in the
determination of iron, the measurement step was modified as follows: After the
addition of an iron standard (40 ppb), 100 pl of water or of the solution of the ion
being examined was injected into the cuvette. The following ions did not interfere
with the determination even when their concentrations were several thousand times
that of the iron: calcium, barium. strontium., magnesium, zinc, aluminum,
cobalt(Il). chromium(IIT). cadmium, manganese(II). nickel, chloride, bicarbonate,
sulfate, phosphate and bromide. Copper(IT) and lead caused a positive relative
error of about 5% when their concentrations were 40 and 190 times that of the iron
concentration, respectively.

Nepidnyn

Daouatopwtouetpixi peAétn tig vné tod o1ofpov(ll) npoayouévne dvtidpdoewe
omepPpouikdv — iwdiobywv. Avtéuatoc kivytiky puéfodog dnepuikponpocdiopiouod
o107pov

Emreleitar kivnTikny perétn tiig Omé 1ol owdripou(Il) mpoayopévng
avtidpdoemg VrepBpopkdv-iedodyny. TIpocdiopiloviar otabepai tayvINnTog
avTtdpaoceng Kol Evépyelol EVEPYOTOLT|CEWC.

ITeprypagetar adTORATOC KIVNTIKY QOOUATOPOTOUETPLKT) péBodog did tév
pikponpocdiopiopdv 1ot oidfipov, Boacilopévn Eni tfic Tpoaywyikic dpdoewc
00 o1drjpov(Il) éni tiig dvtidpdoemg dnepPpopikdv-indiovyov. “O drattodpe-
vog ypdvog did tév oynpoatiopdv pikpdg kabopiopivng moocdTnTog 16VTeV
Tpumdiov petpeital adtopdtog kai cvoyetiletatl an’ e0bsiag npdg triv ovyKEV-
tpooty 100 oidrfipov. “Eperetin 1 E&nidpacig tfic ovykevip®osmg TMV
avtdpaotnpiov, tfic Oeppokpaciog kai tfg lovikfig ioyvog &ni tfig TayvINnTOog
avTidpdoewg, d¢ kai 1 napeprodiotiky dphoic doedpwv iévtov. “H dkpifeia
T@vV dvardoeov did drordpato tepiéyovto 40-600 ng cidripov fto mepinmov 1%, 1
8¢ oyetikhy oMk dmdkhiolg MTOo pKpotépa Tob 1%.
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Summary

The reactions of Pd(IT) and Pt(IT) with purine nucleosides possessing an exocyclic C=0
group at the 6th position, (Ino, Guo, Xao and trino, trguo and trxao) were studied in
aqueous solutions. The complexes cis-Pd(trino),Cl., cis-Pd(trguo),Cl.. cis-Pd(trxao).Cl.. cis-
Pd(trino -H")., cis-Pd(trguo -H")., cis-Pd(trxao -H"), and ML (Nucl-H')Cl, where M is
Pd(ID), Pt(IN), L is Py or Cyd and Nucl is Ino, Guo or Xao were isolated and characterized by
elemental analyses, conductivity measurements, molecular weight determinations. ir. 'Hnmr
and e.s.r. spectra.

' The possiple structures of the complexes based on the above experimental data. are
suggested as N(7)0(6) monomeric chelate and/or N(7)0(6) dimeric or polymeric species. .

Key words: Complexes, platinum. palladium. inosine guanosine. xanthosine. triacetylinosine

triacetylguanosine, triacetylxanthosine, N(7) 0(6) chelates.

Introduction

Antitumour active complexes like cis-Pt{NH,),Cl, or related compounds, most
probably react in a covalent rather than intercalative manner with DNA'. The
preferred binding site in such reactions has been found to be primarily the N(7)
nitrogen atom of the guanine bases of DNA™™. However the interaction of only
N(7) of a guanine base with Pt(II) is not believed to Be the only attact caused to
DNA™™ by the platinum drugs®. The formation of inter or intra strand cross links®™
or of N(7)0(6) chelates'®,!' have been proposed as possible mechanism for the
antitumour action of ¢is-Pt(NH,),Cl,. The proposal for the formation of N(7)0(6)-
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‘chelates was mainly based on the fact. that the antitumour drug cis-Pt(NH,).Cl. is
able to form one. thereby altering interbase hydrogen bonding. while the inactive
trans-Pt(NH,).Cl. is not!'l.

On the other hand. the in vitro studies of the interactions of metals with
nucleosides are interesting. because they may provide models for the mechanism of
action of cis-Pt{NH,),Cl, itself reacting with DNA. Many such studies'>,"* have
clearly demonstrated the bonding sites and the properties of such reactions and
products. In our laboratory’,'*, we have prepared and studied a number of Pt(II)
and Pd(ITy complexes with nucleosides. On the basis of ir, "Hnmr spectra. chemical
reactions and analysis we prdvided evidence for the bonding sites and general
reactivity. including the possible formation of N(7)0(6) chelates.

In continuation of our studies on such interactions we now present new
complexes of PA(IT) and Pt(I1) with Inosine=Ino. Guanosine=Guo. Xanthosine=
Xao and their acetyl derivatives, triacetylinosine=trino. triacetylguanosine=trguo
and triacetylxanthosine=trxao. These bases were chosen because they possess an
exocyclic keto oxygen at the 6th position of the purineskeleton and therefore may
form N(7)0(6) chelates with metals.

Results and discussion

Based on the lower trans effect of Nucl than that of halogens®, ', we have been
able to prepare the complexes cis-Pd(trnucl).Cl., where trnuci=triacetylnucleosi-
des, according to the following reactions:

.CH.CN.H.O

K,PdCl, + 2t;r,5i:1_1_0 — ¢is-Pd(trino).Cl, + 2KCl (n
CH.,CN.H.O

K,PdCl, + 2trguo —— cis-Pd(trguo).Cl. + 2KCl (2)
- 0O.5N HCI

K.PdCl, + 2trxao —> . cis-Pd(trxao).Cl. + 2KCl (3)

The analytical results agree with the assigned formulae (TABLE I).

The keto oxygen of the 6th position is free in these complexes, as it is shown
from their ir spectra, since the vC=0 vibration of this group remains unshifted on
passing from the ligands to the complexes at about 1700 cm™'. (See Table IT). All
the complexes and the ligands show also a strong band at about 1750 cm™' in their ir
spectra, due to the carbonyl stretchings of the acetyl groups!®. The complexes also
show vPd-Cl vibrations in the region of ca. 330 cm™'. The ¢/s-Pd(trino),Cl, has two
bands at 331 and 344 cm™" the cis-Pd(trguo).Cl, at 330 and 335 cm™' and the cis-
Pd(trxao).Cl, at 330 and 337 cm™. in accordance with the assigned cis
configurations!é.

The cis configuration of the complexes is also confirmed by a Kurnakoff test'”.
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TABLE I: Analytical and physical data of the complexes

Complex
s +
e18-Pd( typino-H )2
eis-Pd( trguo-H')
g 2
. +
cis-Pd(trxac -H )2
¢is-Pd{tpino )2Cl2
ets-Pd( trgpo)2012
eis-Pd(terxao )2Cl2
+
PdPy(Ino-H")CL
+
PaPy(Guo-H" )Cl
.
PdPy(Xao-H" )Cl
+
PdCys(Guo-H")C1
+
PdCyd(Ino-H )Cl
; +
PdCyd(Xao-H )Cl
+
PtPy(Ino-H )C1
+
PtPy(Guo-H )C1
+
PtCyd(Ino-H" )C1l
+
PtIno(Ino-H )C1

Pd(Ino-H")(Guo-H")#s
eie-Pd(Ino-H') #%
trans—Pd(Ino—Hz)2**
cis—Ed(Guo-H+) f

trans-Pd(Guo-H' )#*

The values are referred to decomposition points.

LS

42,91
(43.01)

41.55
(41.61

41,22
(41.52)

39.87
(39.76)

38.05
(38.56)

38.15
(38.48)

36.59
(36.85)

35.54
(35.76)

35.65
(35.70)

33.82
(3u4.12)

34.34
(34,91)

33.99
(34.07)

30.82
(31.20)

30.61
(30.40)

30.25
(30.69)

31.07
(31.33)

3.98
(3.80)

4.13
(3.90)

3.40
(3.67)

3.72
(3.52)

3.81
(3.61)

3.34
(3.60)

3.55
(3.27)

3.37
(3.97)

3.08

(3.57)

4,02
(3.74)

3.80
(3.67)

3.89
(3.59)

3.00
(2.77)

3.07
(2.87)

3.51
(3.23)

3.33
(3.00)

MY

11.75
(11.91)

11.95
(11.53)

11.88
(11.48)

11.34
(11.02)

10.42
(10.68)

10.73
(10.686)

21.25
(21.79)

21.82
(21.14)

21.36
(21.11)

15.85
(15.94)

16.61
(16.31)

16.05
(15.92)

33.69
(33.81)

33.19
(32.96)

26.55
(26.30)

26.06
(25.54)

% Iel
The analytical results have been given 3c,17

Xmol(c.g.s)Xlo

125

137

80

79

803

375

20

134

597
266
264
379

250

M.W.

918
(893)

1750
(923)

©1922

(925)

378
(u88)

478
(503)

251
(504)

505
(668)
411
(653)

nm
(669)

306
(577)

309
(592)

376
(766)

The numbers in parentheses correspond to the calculated values.

205

210

230

200

195

185

23Q

250

230
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TABLE II: Characteristic ir bands of the complexes.

v C=0 v C=0 v C=0 v(C=C,C=N) v NH2 v Pd-C1
Compound acetyls 6th pos. 2nd pos. of the rings v NH
trino 1748 1706 - 1590, 1550 3133 -
trguo 1750 1706 - 1596, 1537 3452 -
1486
toxac 1750 1705 1705 1599, 1560 3160 -
eis-PAl grine ),C1, 1350 1710 - 1592, 1553 - 3y, 331
1520
¢i8-Pd( gpguo ),CL, 1746 1704 - 1590, 1539  3uu48 335, 330
1503
¢t8-Pd( trxao ) ,C1, 1745 1700 1700 1615, 1562 3140 337, 330
1498
eis-Pal gpino ~H'), 1749 1640 - 1529, 1486 - -
. N B
eis-Pd( tpgue -H'), 1748 1622 - 1524, 1494 - . -
e18-Pd( tpxao -H') 1740 1625 1690 1562, 1525 - -
2 .
1492
PaPy(Ino-H')C1 - 1630 - 1530, 1495 - 330
PdPy(Guo-H')c1 - - 1630 - 1600, 1533 3330
PdPy (Xao-H')C1 - 1625 1680 1572, 1520 - 330
_ PtPy(Ino-H')C1 - 1630 - 1610, 1535 - 330
1500
PtPy(Guo-H')C1 - 1630 - 1590, 1530 3330 330
PtIno-H')C1 - 1690,1630 - 1588, 1520 - 330
Ino - 1690 - 1584, 1510 3291 -
Guo - 1722 - 1620, 1530 3300 -
Xao - 1700 . 1700 1610, 1580 - -

At pH ca 9 the above cis complexes are easily deprotonized and the following
possible chelates precipitate:

H~ 9
) c:s-Pd(tnno)2C12 -—p———-—> cis-Pd(trino -H"),Cl, + 2HCI 4)

9 +
cis-Pd(trguo)ZClz —PH™ 9 | isPdrguo -H'),CL + 2HCI  (5)
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~

, 9
* cis-Pd(trxao),Cl, _p_._, cis-Pd(trxao -H"),Cl, + 2HCI (6)

The analytical results agree with the formulae (TABLE I). In the ir spectra of
these last complexes with v C=0 of the 6th position is shown at ca. 1630 cm™, while
the vC=0 of the acetyl groups are unhifted at about 1750 cm™.

The cis-Pd(trxao -H"), has one more band at ca. 1680 cm™' which is due to the
v-C=0 of the 2nd position of the base. These shifts strongly indicate once again the
existence of Pd-0(6) bonds? 4. Similarly?'4, the v Pd-Cl vibrations disappear in the
region of 300 cm™'. The '"Hnmr spectra of the initial complexes cis-Pd(trnucl),Cl,
(trnucl = trino, trguo) reveal the N(7) atoms as bonding sites with Pd(II), since the
adjacent H(8) protons shift upfield by ca.0.5 ppm?’,'“. (TABLE III).

This implies this -position N(7), as a bonding site also,

TABLE I1I: 'Hnmr chemical shifts of trino, trguo and their Pd(Il) complexes.

Compound l-l8 l-l2 NH2 ’ H 1 Solvent
- 13
trino 8.33 8.03 6.13 CDCl3
6.20
c‘l—s—Pd(trino )2C12 8.75 8.23 - 6.20 1IN DC1
trguo 7.83 - 6.43 5.93 DHSO‘d6
;g # - -
ets Pd(trguo )2Cl2 8.25 6.66 5.96 DMSO dﬁ
8.20

*

Doublet
i

Doublet showing the decomposition of eZs-Pd( i*c%u.o)QCl2 in DMSO-dg.

in the possible chelates cis-Pd(trnucl),Cl, together with the 0(6) position, revealed
from their ir spectra. ‘

We have also carried out reactions of the monobase complexes K[PtLCl,]'*
and the newly synthesized K[PdLCl,]'4, where L is pyridine or cytidine with Ino,
Guo and Xao in aqueous solutions in order to obtain similar 1:1 possible chelates.
The reactions taking place are as follows:

] pH~ 70-175
K[MPyCl;] + Nucl — — MPy(Nucl-H")Cl + KCI + HCl (7
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pH~ 7.0-75
K[MCydCl,] + Nucl ————— MCyd(Nucl-H")Cl + KCI + HCl  (8)

Where M is Pd(II) or Pt(IT) and Nucl is Ino, Guo or Xao.

Here again, the trans effect of the nucleosides, comparable to pyridine, provide
that the first attack of the metal to the N(7) of the nucleosides should be in the cis to
pyridine or cytidine positions?,'4. Chu et al'°,?® have reported the lowering of the
pK value of the N(1) imino proton of Ino and GMP in the presence of equimolar
amounts of the cis-Pt(NH,),Cl, by over 2 and 2.8 log units for the two bases
respectively, in aquéous solutions. Such a lowering in the pK value of Ino, after Pt-
N(7) coordination, to the value of neutral water (7), should facilitate the ionization
of the imino protons and the formation of the N(7)0(6) chelates and/or polymeric
compounds?,'4,'%,2%, Therefore. the pH of the reactions was kept at ca. 7-7.5 with
addition of 0.1 N KOH in order to facilitate the possible chelate formation by
removal of the imino N(1) proton, which follows the attack by the metal at the N(7)
site. The reactions with Pt(IT) were slow and comlete precipitation was obtained in
2-3 days at room temperature, while those with Pd(II) took place almost
immediately. The analytical results of the isolated complexes are included in
TABLE L '

The ir spectra of the complexes in the region of 1700 cm ', indicate once again
that all the complexes have their 0(6) keto oxygen involved in bonding with the
metals’' ‘. The band at ca. 1700 cm™' due to vC=0 of the free bases. Ino, Guo or
Xao shifts to about 1625 em™. }(See TABLE II). There is also a wéak band at ca.
330 cm™' assigned to v M-CI. The shift to lower frequencies of the vC=0 band upon
ionization of the N(1) imino proton in Ino, Guo, Xao and their acetyl derivatives,
indicates the loss of the double bond character of the C=0, in the structure®®,,

o)
N SN R=H. Inosine

, > .
RAN AN o.CHaOH NH., Guanos.lne
i OH., Xanthosine

HO OH

This is possibly more pronounced in the ionic sodium salt of guanosine (shift
to 1595 cm™')** and less whenever the metal-oxygen bonding is more covalent, as in
the case of Pt(IT) and Pd(II) for example (shift to 1625 cm™)%,'4. Certainly. the
double bond character of the C=0 is also lowered when the oxygen interacts
covalently with a metal without loss of the N(1) imino proton?'. Oxygen
involvement in bonding, following deprotonation of the imino proton, has also
been found in the crystal structure of cis-diamminoplatinum a-Pyridone blue?,
where both 0" and N atoms bridge two platinum atoms. Kistenmacher et al** have
also found an oxygen -Ag(I) interaction in the crystal structure of (Nitrato) (I-
methylcytosine) silver (I).

If the 0(6) is involved in bonding with the metals, the analytical results of the
above complexes can only be interpreted as follows: either we have monomeric
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N(7)0(6) chelates®,'*, or polymeric structures involving the sites N(7).0(6) or
N(7)0(6) and N(1) in a random sequence. like the ones already proposed"". The
existence of M-M bonds should also be considered in mixed valence states of the
metals?’,2%,

The molecular weight determinations of the complexes performed in DMF or
DMSO solutions are summarized in TABLE 1. The complex cis-Pd(trino -H"). is
clearly monomeric in DMF solutions. The complexes cis-Pd(trguo -H"), and cis-
Pd(trxao -H"), give experimental values almost double of the calculated ones in
DMSO solutions, as they are not soluble enough in DMF. A higher degree of
stacking which occurs for Guo and Xao (free bases)*,** could account for the
double of the calculated M.W values found for their complexes. The zero charged
complexes ML(Nucl-H")CI dissolve in DMSO by slight heating in the water bath.
The found values of the molecular weights are all less than the calculated ones
(TABLE 1), with the best fit for the complex PdPy(Guo-H")CI.

A partial displacement of the chlorine atoms by DMSO could account for the
lower values of the molecular weights found.

ML(Nucl-H")CI + DMSO — [ML(Nucl-H")DMSO]CI )

Although a definitive conclusion from the M.W. measurements can hardly be
drawn since the experimental values are very approximative, the above results may
indicate monomeric complexes rather than polymeric.

The 'Hnmr spectra of the complexes cis-Pd(trnucl -H"), showed broad bands,
which indicate the presence of paramagnetic species. Indeed, all the complexes with
0(6) involvement in bonding are slightly paramagnetic at room temperature and
give values of Xy varying from (+20 to + 800)X10™ c.g.s. after the diamagnetic
corrections (See TABLE II). The complexes also show distinct e.s.r. signals. In
FIG. 1. the e.s.r. spectrum of the complex PdCyd(Guo-H")CI is shown.

foequeacy 2537 GRZ hatd

R Gy (Goo-# ")/

FIG. 1: E.s.r. spectrum of the complex PdCyd (Guo-H')Cl in the solid state (powder).
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The existence of strong metal-metal bonds has to be excluded. since this would
imply characteristic colours of the complexes, depending on the distance of the
metals?®®. The complexes in this study do not have any characteristic color (green,
blue or purple) not they possess any characteristic electronic spectrum. There is not
distinct absorption maximum in the visible region, except the strong m—n*
transition at about 2650 A° of the ligands shifted to higher wavelenghts in the
complexes®. It should be noted that the paramagnetism of the complexes is kept in
solution. Complexes prepared under nitrogen show again the same small positive
Xwm values, thus excluding oxydation of the metals by atmospheric oxygen. The
magnetic properties of the complexes are not at present well understrood, but they
are under investigation.

Therefore, only suggestions concerning the structures of the complexes may be
made. Since a strong metal-metal interaction seems not to be present in the
complexes, the small values of Xy found, and the narrow esr signals observed, may
be due to some impurities or free radicals present.

The molecular weights are also in favor for the N(7)0(6) monomeric chelates,
although polymeric structures may also be considered, like:

HO OH HO OH HO OH
{oﬁ H?\; H %Of CH20H tO:CHQOH
/N]/N‘/\ ( T > f/ |
N~ \N/ \ N\/ N
\ /
/ \

\ /
0 /\

'\10;‘): N\ Lji ? 0 CHoOH

K_/ ,OH K_?HQOH K

HO OH

Experimental:

Materials: The nucleosides were purchased from Raylo Chemicals Ltd., and
used without further purification. Potassium tetrachloropalladite (II) and
potassium tetrachioplatinite (II) were from Fluka A.G. The triacetyl nucleosides
were prepared according to the method of Bredereck?'.

Methods: (a) The ir spectra were recorded in a Beckman 2050 model
spectrophotometer, in KBr pellets. The positions of the bands are given within
+2cm™ (b) The 'Hnmr spectra were recorded in a Varian T60 high resolution
spectrometer, in DMSO- d,, solutions, using TMS as internal reference. (¢) UV-Vis
spectra were taken with a Carry 17D model spectrophotometer in DMF of DMSO
solutions. (d) Magnetic moments were determined by the Gouy method with
diamagnetic corrections. (e¢) Electron spin resonance spectra were recorded by
using a Varian Y-4502 spectrometer with 100-Kc field modulation, operating at
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9500 Mc. (f) Conductivity measurements were performed using an E 365B
conductoscope, Metrohm Ltd, Herisau, Switzerland. (g) The melting points were
determined on a Fisher John’s apparatus and are uncorrected. (h) The ~
microanalyses were performed in the Laboratories of the National Hellenic
Research Foundation (N.H.R.F.) in Athens. (i) The molecular weight determina-
tions were performed in DMF or DMSO solutions, by the Alfered Bernhardt
Mikroanalytisches Laboratorium, West Germny. (ia) Pt and Pd were determined
by ignition of about 0.1 gr of the samples at 900 C for 30 min. and weighing the
residues as pure metals.

Preparation fo the complexes.

The complexes K[PdPyCl,], K[PdCydCl,] and K{PtPyCl,], K[PtCydCl,] were
prepared according to known methods!? ¥

The complexes cis-bis (triacetylinosinato) palladium(Il). cis-Pd(trino -H'), and
cis-bis (triacetyguanosinato) palladium (II). cis-Pd(trguo -H').

2mmol of each of the triacetyl nucleosides were dissolved or suspended in 50
ml of acetonitrile. 1 mmol of potassium tetrachlopalladite(IT) (0.326 gr) was
dissolved in 15ml of distilled water. The two solutions were mixed and stirred for
two hours at room temperature until complete dissolution. The pH of the solution
was adjusted to about 10, using 0.5N KOH and the precipitate formed, was washed
with acetonitrile, hot water, acetone and ether and dried at 60°C under vacuum.
Yield 75-80%.

The complexes cis-dichloro-bis (triacetylguanosine) palladium (1I), cis-Pd(trguo),

-Cl, and cis-dichloro-bis(triacetylinosine) palladium(Il), cis-Pd(trino),Cl,. B

Immol of each of the complexes Pd(trguo -H"), and Pd(trino -H"), were
suspended in 10 ml of 0.5N HCI and stirred for 15 minutes at room temperature.
Then, 15 ml of acetonitrile were added and the stirring was continued until
complete dissolution. The solution was then filtered from any undissolved
materials and the complexes were precipitated by the addition of excess
isopropanol:ether (1:2) (300 ml). It was then filtered, washed with small quantities
of isopropanol and ether and dried at 60°C under vacuum. Yield 80%.

The complex cis-dichloro-bis(triacetylxanthosine) palladium(II), cis-Pd(trxao),Cl..

2 mmol triacetylxanthosine (0.8180 gr) were dissolved in 50 ml of 0.5N HCI
and 1 mmol of potassium tetrachlopalladite (IT) (0.3266 gr) was dissolved in 20 ml
of 0.5N HCI. The two solutions were mixed and strirred for 2-3 hrs. at room
temperature. The precipitate formed was filtered and washed with small quantities
of acetone and ether and dried at 60°C under vacuum. Yield 80%.

The complex cis-(triacetylxanthosinato) palladium(Il), cis-Pd(trxao -H" ),.

1 mmol (0.9954 gr) of the complex cis-Pd(trxao).Cl, was dissolved in 50ml of
water and the pH of the solution was kept at about 10 for 5-6 hrs. The precipitate
formed in this way was filtered, washed with acetone and ether and dried at 110°C
under vacuum. Yield 80%. "

General method for the preparation of the Pd(Il) chelates, cis-PdL(Nucl-H')CI
where L is Py or Cyd and Nucl in Ino, Guo, or Xao.

1 mmol of each of the nucleosides were dissolved or suspended in 50 ml of
water and to that, 1 mmol of the complexes K[PdLCl,] were added in small
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portions, by continuous strirring. A yellow precipitate was formed almost
immediately and the pH of the solution decreased. The pH was kept constant at ca.
7-7.5, by adding 0.IN KOH and the stirring continued for 2-3 hours at room
temperature. It was then filtered, washed with small quantities of acetone and ether
and dried under vacuum in the presence of CaCl, and at 110°C under vacuum. The
yield was quantitative. .

General method for the preparation of Pt(Il) chelates, cis-PtL(Nucl-H")Cl, where L is
Py or Cyd and Nucl is Ino or Guo.

1 mmol of each of the nucleosides was dissolved or suspended in 50 ml of water
and to that, 1 mmol of the complexes K[PtLCl,] were added in small portions. In
the case of guanosine the mixture was heated at ca. 40-50°C for 30 to 60 minutes
until the solution became clear. It was then left at room temperature for 2-3 days by
continuous stirring and by adjusting the pH to ca. 7-7.5 with 0.5N KOH. During
this time the precipitates of the chelates were formed and were collected gradually
by filtrations.

The precipitates were washed with small quantities of acetone and ether and
dried in vacuum at room temperature and 110°C. Yields: 40-50%.

Acknowledgments,: (a) The microanalyses were performed by Dr. Mantzos
of the National Hellenic Research Foundation (N.H.R.F.) in Athens. (b) The
financial support of the N.H.R.F. is gratefully acknowledged.

Hepidnyn

«Xbunroxa Pi(Il) xai Pd(ll) pé ’Ivocivy, Tovavoaivny, ZavBooivn xai td
dretvliouéva napdywyd Tovg. .

MeretiOnkav oi davtidpdoerg tdv Pd(II) xai Pt(II) pé movpivikodg
vovkAeolitec (Ino, Guo, Xao xai trino, trguo, trxao), tod nepiéyovv E£wkvkAik
kapPovorikny Spudda C=0 otiv 6m Béon T0D movpivikod SakTvriov, o€ HAATIKA
Sraidpata. *Amopovednkxoav td coprhoka: cis-Pd(trino),Cl,, cis-Pd(trguo),Cl,,
cis-Pd(trxao),Cl,, cis-Pd(trino-H"),, cis-Pd(trguo-H"),, cis-Pd(trxao-H"), xai ML
(Nucl -H"CI, 8mov 16 M elvar PA(II) 1j Pt(II), 6 L elvar Py 7 Cyd xai 16 Nucl
glvar Ino, Guo 1 Xao xai yapaktnpiotnkav pé otoryelokés Gvarvoer,
HETPNOELS poplakfic dyoypdmras kai poprakdv Bapdv xai edopata ir, 'Hnmr
xai esr. Oi duvatéc Sopéc Y14 td ovurAoka adtd Tov tpoteivoviar facet TdvV Mo
ndve Telpapatikd®v dedopévov, elvat: Movopepti N(7)0(6) xniwkd xai/1f N(7)0(6)

Siuepti 1 moiuvpepfi ovumroxa.
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ITAPAXKEYH KAI XAPAKTHPIZTMOZX EXTHPIZOMENQN OEEIAIKQN
KATAAYTQN KOBAATIOY. YYHAHE ITEPIEKTIKOTHTAZX XE
KOBAATIO, ITANQ XE y-AAOYMINA TPOIIOIIOIHMENH ME
IONTA NATPIOY.

A. AYKOYPLIQTH KAI C. DEFOSSE
Havemiotiuio Iatpdv, *Epyactipo ®voixoynueias xai Kabolicé Havemoriuto Louvain (BéAyro).

(Received March 31, 1981).

Iepidnyn

Itv épyoaocio odthy peretibnke 1 &nidpaon tdv idviev vatpiov o©16
KataAvTikS ovotnpa Co;0,(12%)/y-Al,0,-Na. Bpénke, 611 oTovg 600°C atEnon
100 TEPLEXONEVOL 6TO Popéa vaTpiov mpokorel Ehappd PeATioon TTig Sraomopdg
1fi¢ &vepyod @dcewg otV EMEdvela ToD DTOGTPHONATOC.

Inpaviiky Pedtioon Tic Stacmopdc pé cdyypovn petdntocn tod Co™ ané
v Oktaedpiky otiv teTpaedpiky ocvupetpia, mpokdiece 1 Siéyepon Tiig
Beppokpaciag dné todg 600 ctovg 7000C.

Tt Beppoxpacia t@v 7000C edvnke, 611 abEénon Tob nepieydpevov vatpiov
npokaroboe abEnon tiic Swucnopdc 100 Co™ Evd cuyypéveg mapepnddite 16
oynpatiopd Co™ . [*Qc Co** oupPoriletar 16 Co™ oé teTpuedpikt ovp-
petpial.

Té v épunveia tdv naparndve napatnpriccwv mpotdoocetal Evag GnAdg
pnyoviopds kai oyoXidfovtar oi ouvéneieg TV mapondve Emdpacemv oTig
katalvTikég 1610tnTEG TOV Sertypdtov.

Key words: Catalysis/Cobalt-Catalysts/CobaIt-éurface spécies/y-AlLO, doped Na*

Eicayoyi

‘H otvbeon otepedv katalvtdv pé Eheyydpeveg idrdtnreg elvon Eva and ta
nAéov dboxola mpoPArjnara tiic Etepoyevolc katadvoewe. TS npdPinuo adrd
yivetar &EVtepo omijv mepintwon OV otnpdpevov SEESIKBY KaTaALTHY,
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EEatiag tob mepropiopévov apdpod tdv Omapydviewv gopiwv. "Etcl, td
tehevtaio ypovia Exer apyioer pd ocvotnuotiky mpoomdBeia EheyyOpevng
tpononofosmwc KAaGOIKBY Qopéwv, 6mwg 1 dhovpiva kai §) oidika (Si0,). “H
Tpomonoinon adth EmTuyydverar pé T péluvon Tod gopéa pé didpopa idvta' .
Oi neplrocbtepeg pehéteg, mod Eyouv yivel Eng Tdpa, Geopodv 16 cvoTnuw:
Co0,0,/7-Al,0;-Na. Aniadry otnpiidpevovg kataAbteg, mov mePiEyovy EVHOELS
1ol xoPaitiov d¢ vepys edomn kai y-Al,O; tpororoinuévn pé idvta varpiov dg'
popéa. O pelétec advtéc Gmookomoboov otf pvbuion tob €idovg xkai tfig
Sraomopiic TdV YNUIKBY Evdoewy, Tob cuvicTobv THv évepyd edon. Aniadn tdv
rapoydviov Ekeivov, mod kuping tpocdiopilovv Tiv kataivtiky dpactikdtnra.
‘H pOBuion adty émtuyydvoviav pé tiv katd BodAnon petaforn tdv
nopapéTpov Tfig tpononotioens dniadn i cvykevipd@oewg ToD TponOTOINTT
kabag xai tfic Oeppokpociag kdtw dnd v 6moio adtég «eiodystar» oToV
atpononointo gopéa. “H Epevva Exel Eng tdpa neplopiobel of katarivteg, mov
repléyovv xapniy ovykévipoon évepyod odocwg (2.8% Co,0,) xai nod elyav
OeppovOsl of Oeppokpacieg yapniétepeg and 6000C. Oi katordteg avtoi
cuvictobv mpddpopsg Emedveleg yid 1) odvbeon katarvt@dv ddpoyovoenetep-
yaoioag tod meTperaiov.

*Yrdpyovv dotéco mohrég mepintdoelg, Stov 1 ypnowonoinen otnpilo-
pevev katolvt@v koPfaitiov pé dynin ovykévipoon Evepyod @doswg xai
Ospuokpacio mupdoewg dynidtepn and 600°C elvor tereing dnapairmn.

Ttiv &pyacia adty pehetodpe 1 duvardtnta pvlpiceng Tod €idovg kai Tfig
Saomoplic TAV YNUIKBY Evdcenv ToY cuvicTolv THv &vepyd @don o pid celpd
Kotolutdv, Tob mepiéyovy 12% Co,0, xai mol Exouvv BeppavOel otodg 700°C. “H
pUBuIon adty Envgepeitar pé 11 pofbeia idvtov vatpiov, mod eicdyoviar ot v-
dhovpiva.

‘H gaopatookonia draydtov dvakidoewg (Diffuse Reflectance Spectroscopy:
D.R.S)) xai 1 Arextpoviky gacpatoskonia pé dktiveg X (X-ray Photoelectron
Spectroscopy: X.P.S.) ypnoiponotinkav yid 1év npocdiopiond tiig pdoeng kai
tfi¢ draomopdg tfic Evepyod @doswg, dviictolya.

Mewpopatixé pépog
‘H tponomnoinon tdv @opéwv

‘H ovvleorn tdv tpomomoinuévev gopéwv Eyve pé ) pédodo 1ol Enpod
gumotiopod (dry impregnation). Zvykekpipéve, mopackevdobnkov 0DOATIKG
Siaddpata NaNO, Siagdpov ocvykevipdosov. L’ adtd EpPantiobnke pd
6propévn mocdtnta y-dhovpivac (Ho Houdry, eidikri émodveia: 160m2/g, 6ykog
népov: 0,45cm3/g). ‘O Bykoc @V Srodvpdtev mob ypnoponoridnkav Hrav
ravTote i60¢ mpdg 16 cvvorikd 8yko TdV TOpwV Tiig y-dAovpivag. \

"Encita &né Erpaven 12 dpdv otodg 1000C, té Seiypato OeppdvOnkav
rapovaia GEpog oTovg 600°C, 16 12 dpeg.
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‘H nmapaockevy t@v KataAvtdv

‘H évoandéBeon tiijg Evepyol @doswg otolg Tpomomotnuévous @opeic Eyive
tnione pé ) péBodo 1ol Enpod fumoticpol. Xpnotpomoundnkav LIATIKG
dtoddpata Co(NO,),.6H,0 (Merk p.a.). Td deiypata EnpavOnkav otovg 100°C yid
12h kai xotény OepuavOnkav otodc 600 1 ototvc 700°C yi1d 12 1 6 h, dvtioctorya.
“Ora 14 Sdeiypota mepiéyovv koPfditio mov dvtiotolyel of 12%g Co,0,.

Ddouata Aaybtov 'Avakidoewg

‘H AMjym 16v gacpdtov D.R.S. &yive pé m Ponbeia Evéc pacpatopotopé-
tpov Beckman Acta IV, &podiacpévov pé &€aptnua D.R.S. o Bepuokpacic
nepifdrrovioc otniv meproyr] 800-400nm. Avo kuyerideg and quartz ypnoipo-
romdnkav o¢g Orodoyels.

@®douara *HAextpovikiic Paouatookonias "Axtivov X

"Eneita 4né kovioptonoinon kol ovunicon 1@v derypdrtov kotackevdcOnkav
«Stokia» Stapétpov 8mm kai mdyovg Imm. Of petpriosic Eywvav of Beppokpacia
Sdopatiov ypnoiponoidviag @acpato@etéuetpo X.P.S. (Vaccum Generators
ESCA 3). ‘H rneipopatiky diadikacia mod dxorovBricape £xer dvoapepbel of
nrponyovueveg Epyaciec?,?. “H Evtaon tfic ypapufig Cosp 32 o0 ) cupporifovpe
o¢ Conp petpiinke dvagopikd pé v Eviaon tiig SimAfic ypappufic Al 32, 12 TO0
1 cuvpPorilovpe ¢ Als,. Enpetdvovpe 16 Aéyo Coxp/Alz, 6C Revzp. ADTEG lvan
dvdloyog tfic droomopldc tob koPartiov otiv émiedvela To0 Qopén,’.

ZouPolicuéc t@v deryudrwv

Td deiypata mov mopackevdodnkav, cupporifovial o¢ £€fg. Na-X-Y-Co-Z-
W. “"Onov X=9%gNa, ¢vd 14 Y, Z xoi W tapiotdvouv dvtictorya 1 feppokpacia
feppdvoewng (Badbuoi Keroiov) npiv kai petd v Evanddeon tod koPadtiov xal
™ Sudpkero tfig tehevtaiag Beppdvoemg (dpeg).

*Arnoteléopata kai ov{ntnon

‘H ¢ixéva maprotdverl 16 odopata D.R.S. 1dv Na-X-600-Co-700-6 xai Na-X-
600-Co-600-12 pé X=0,9, 3,6 xai 5,7.

‘H Epunveia tdv paocpdtov adtdv otnpiletol oé dlayveoTtikd kpitrpla mov
Bpickovpe o1} Biprioypagia ™' Topueove pé adtd évag dpog otd = 750 xai
mé «dmoppéenon» o1é = 425nm dgeilovial oty mapovcsia Co’l of
dkTaedpikn cvppetpia. Tovendc drodnidvouy v mapovoia Co,0,. “And v
dAAn mhevpd 1 Epedvion pidc tpimAtig YOpe otd 600nm dmodeikviel THV
napovsia Co™™ of tetpaedpixn cvppetpia. “H Smapén tetpoedpikod koPaAtiov
anodidetar €ite 016 oynuatiopd Emrtatiakod omveriiov CoAlO,, €ite ot
diayvon oV iévtev Co™™ mpdc 16 Ecwtepikd Tiic v-AlLO; xai tv katdAnyn
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tetpasdepik®v mAgypoTikdv Oécewv. ‘H ocvupetoyn tiig dedtepng diepyaciog
elvar dpxetd onpavtiky of Oeppoxpacieg peyarvtepeg ané 600°C.

comtie muwome (abdmipereg povadeg)

1 | L 1]
500 . 600 700 800
ETROG  paTog / nm

Eixéva: Pdopata Siaybtov dvaxddoews t@v katalvtdv, nod napacievdabniay: (1) Na-X-600-Co-600-12,
(X:0.9. 3.6 xai 5,7), (2) Na-5,7-600-Co-700-6, (3) Na-3,6-600-Co-700-6, (4) Na-0,9-600-Co-700-6.

Ttév mivako Gvaypdeoviar oi Tipég Reozp Y14 T4 mepocoteEpR M6 Td
deiypata mod mapackevdodnkav. Of Tipéc avtég Snog dvaeépbnke, elval pétpa
tfic Swaomopic Tob Co™ oTrv Emedveia 10D @opéa.

TTIINAKASZ: Iepidapfdver tic tipéc RCos, yid td Sidpopa Seiypata, mod mapackevdobnray.

Asiypa RCoy
Na-0,9-600-Co-600-12 0,325
Na-3,6-600-Co-600-12 0,376
Na-5,7-600-Co-600-12 0,440
Na-0,9-600-Co-700- 6 0,819
‘Na-3,6-600-Co-700- 6 : —_—
Na-5,7-600-Co-700- 6 0,970

Té gdaopata D.R.S. Seiyvovv, 811 6° Sha 7d deiypata mod Beppdvbnkav
otovg 600°C, xai dveEdptnta and 1 ovykévipwon Tdv iéviev vorpiov oT6
eopéo, 1) Emkpatoboa edon elvar Emeavelokd kai doynua Sracmoppévo Co,0,.
*Axépa, TipEc Reop Seiyvovv, 8Tt aBénon tfic cvykeviphoemg t@v i6viov
vatpiov mpokakiei pid Ehappd Bertimon (adEnon) tfic dracmopdc tob Co;0,.

Aéyepon tfic Oeppoxpaciag Gné todg 600 otodg 7000C mpokarei dvo
ovyypoveg @owvopeva: ABEnon tfic dwacmopdc Tob Co™ kai oynuotiopsd
kofaitiov of teTpaedpikry ocvppetpia. Ty Beppoxpacio avty adénon tfig
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CUYKEVTPOGE®S TOD vatpiov, adfdvel 11 dlacmopd Evd Eumodiler 11 petdPacn
100 Co™ &mé v OKTaEdPIKT] OTHV TETPAESPIKT] CUUPETPIaL.

Ta eavdpeva mod mtapatnpodvtar ototg 600°C dvapévovrat, yiati ppickov-
Tal 6€ CLVUEOVIN HE TO YEVIKS UNYavICHO, ToV Eyovpe TpoTeivet Yid 1) dpdomn TdV
dikoriovz8. " Avtifeta, 16 @owvopeva, mod moapotnpriOnkav Eneita and Oép-
pavon ototg 7000C dév Gvopévovrorl kai mpénet vd oyoiiocBoiv.

“Onwg avapépope Topondve, abénon tig feppokpaciog and tobvg 600 cTovg
7000C mpoxakel d0o parvoueva Td dmoia oY NUOTIKG PTopodv vd tapactaboiv og
EETiC:
tmraicd omvéiio CoAlLO, peyding dracmopdc,

fi/xai kaide Sraomoappévo CoyO,.
Co,0,

mieypatiké Coo

‘H bdiepyacia (1) npb\KaKsI atfnon téc0 Tfig Sracmopdc, 6co xai tob
tetpaedpikod kopfaitiov. “H diepyacio (2) npokarel abEnon 1od teTpoedpikod
Co™ GALG perdver THv Emoavelokny Staomopd. Kai adtd yioti 1 Stéhvon tod
Co™" o16 mAéypa 10D Qopél peidvel T1f cvykévipoon tob émgavetakod Co™ .

‘O ocuvvdvaousg tdv 800 diepyaocidv pmopel ebkora vd Epumvevost
petdPoaon @V Co™" Gmé Tiiv TeTpasdpikn oV OxTaedpiky CULUpETpio, TOV
napatnpeitar pé tiv abénon tijg Beppoxpacioc. *Ano v EAAn TAevpd, M
napatnpodpevn abénon tig dracmopdc deiyvet, 61t 16 kabapd drotérecpa g
GvtayovioTikTic dpdoene tdv 800 kAddwv —bavagopikd pé 1 dtoomopd— eivor
feT1Ké.

"Ac gpunvedoovpe ToOpo 16 Qarvéueva, mod mpokorolv T4 i6vta vatpiov
otovg 7000C. Avtd EEnyobvtar dv deytobue, 6t i abénon T CLYKEVIPOOE®S
tdv {6vtov Na® npoxaiel mpoodevtikd adéavopevn mopepunddion thg Siepyaciag
(). Mpdypart, pid tétowa énidpacn 06 émépepe oyetiky peivon tod Co,™ pé
cOyxpovn abénon tfic Sracmopdc. “O unyavicpde pé tév d6moio td idvta Na’'
Eunodifovv 16 oympatiopd mheypatikod Co.  mpémer vd avalntnBei oty
AvTayovioTiKy §idyvon tdv iéviev Na' pé td iévia Co " yid v xatdAinym
TAEYHOTIK®DV TeTpaedpikdv Bfcewv Tfig y-dlovpivas. Eivar Aoyikd va Omobé-
covpe, 6Tt 1] mbavétnta va Katainebel pid TéTO10! teTpoedpikn) 6éon and Eva 16V
Na' adfdver pé ) cvykévipwor touc: avtd dikaitohoyei yioti 1 Extaocn T
napepnodiceng avédver pé 16 mepeydpuevo TocooTd vaTpiov.

Od mpénel v Tovicouvpe, 611 | ovykekpipévn Emidpacn mod mpokdriece 1
abEénomn tfic cuykevipdhoeme TV dvtmv Na' ot cuppetpio koi ot dtacmopd
10b Co™" dopeiretar 616 &1L 6 KkAGSoC (2) elvar Gpketd onpavtikécoTove 7000C.
*Avtifeta, o€ Beppokpaciec kdte® Gnd 600°C, kai yid deiypata mol mepieiyav
2.8% Co;0, 1M unf onuavtiky ovppetoytn 100 kAddouv (2) o1 ovvoAikn
gmoeavelaxmn diepyacia eiye 6dnyMoel o€ abEnon ¢ dracmopds, Evd cuyypPOVES
elye drevkordvel 11 petdfoocn Gnd v dxtaedpikn otV TETPAEdPLKT CUUMET piat.

Téhocg, B4 mpénetl vd onuetdoovpe, 8Tt kai 1d dbo porvdpeva, tod tpokaroty

¢ 3

76 i6vta vatpiov otolg kotarlteg pé LyMA cuvykévipoon xofairiov givat
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Grolbtog edvoikd Gné xatadvtikfic mhevpdc. Ipoyuatikd eival yvootsd, 8t
1600 W adénon tfig Swacmopic oo kai § adénon tob Emeaveiokod Co™
Bedtidvouv tig katarvtikée iS16TNTEC TAV STNPILSHEVOY GEEISIKBY KATAAVTEY
KoPaAtiov.

Abstract

Preparation and Characterization of high percentage Cobalt Oxide Catalysts
supported on y-Al.O, modified with the sodium ions.

The effects of sodium ions on the Co,0, (12%)/y-Al.O,-Na catalytic system
have been studied. It was found that an increase of sodium content causes a slight
improvement in the disperesion of Co™" species for the samples heated at 600°C.

A rise of calcination temperature from 600 to 700°C brought about a
considerable increase of the cobalt dispersion together with a transition of Co™’
from octahedral to tetrahedral coordination symmetry.

At 700°C, it was observed that an increase of sodium content provokes two
effects: An increase of the cobalt dispersion and an inhibition of the formation of
tetrahedral Co™" .

A mechanism to take into account the above observations has been proposed.

The practical consequences, from the point of view of catalysis. have been
mentioned.
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'"H-NMR -SPEKTROSKOPISCHE UNTERSUCHUNG DER
BINDUNGSVERHALTNISSE IM DIMETHYLBIS(CYCLOPENTADIE-
NYL)SILAN.

HARTMUT KOPF UND NIKOILAOS KLOURAS
Institut fiir Anorganische und Analvtische Chemie der Technischen Universitit Berlin, D-1000 Berlin 12,
Deutschland

(Received April 6. 1981)

Summary

The 'H-NMR spectrum of Me.SiCp. determined at various temperatures is reported
and discussed in terms of metallotropic and prototropic rearrangements.

Key words: Dimethylbis(cyclopentadienylsilan, synthesis. 'H-NMR spectral data. structure.

Einleitung

Von den Cyclopentadienylsilanen ist Me,SiCp die meist untersuchte Verbin-
dung. Das grosse Interesse fiir diese Substanz riihrt von ihren temperaturabhan—
gigen '"H-NMR-Spektren her. die zur Deutung der Si-Cp-Bindung herangezogen
werden'™. Me.SiCp. wurde als erstes Bis(cyclopentadienyl)silan 1953 von K.C.
Frisch nach dem Grignardverfahren hergestellt’,”:

Me.SiCl, + 2 CpMgBr — Me.SiCp, + 2 MgCIBr

Eine gilinstigere Methode (kurze Darstellungszeit und bessere Ausbeuten) zur
Synthese von Me,SiCp. stellt sich die Reaktion von Me.SiCl, mit CpLi oder CpNa
in Petrolether heraus’:

Me.SiCl, + 2 CpNa — Me.SiCp. + 2 NaCl

Von der in der Literatur’™ nur spirlich charakterisierten Verbindung
Me.SiCp- wurde erstmals ein 'H-NMR-Spektrum bei verschiedenen Temperaturen
vermessen. In der vorliegenden Arbeit werden die Bindungsverhiltnisse im
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Dimethylbis(cyclopentadienyl)silan mit Hilfe der 'H-NMR-Spektroskopie unter-
sucht.

Experimenteller Teil

Alle Arbeiten wurden unter strengem Ausschluss von Sauerstoff und
Feuchtigkeit durchgefiihrt. Die verwendeten Glasapparaturen wurden ausgeheizt
und mit nachgereinigtem Argon gespiilt. Die Entfernung von Sauerstoffspuren im
Argon erfolgte durch einen ca, 140°C heissen BTS-Katalysator. vorhandene
Feuchtigkeit wurde durch Calciumchlorid. Silicagel und Phosphorpentoxid
beseitigt. 'H-NMR-Spektren wurden an den Gerdten A60 und XL 100 der Firma
Varian aufgenommen; angegebene Werte sind auf den Standard SiMe, umgere-
chnet.

Verwendete Abkiirzungen:

R = organischer Rest. Me = CH,, Cp = C.Hx (cyclopentadienyl) M = Metall. E =
Element, THF = Tetrahydrofuran. PE = Petrolether, i.V. = im Vakuum.

Darstellung von Cyclopentadienyinatrium

Zu 24,4 g (101,7 mmob) NaH (+20% Paraffinél) in 450 ml PE und 50 ml THF
werden bei 20°C unter mechanischem Riihren 90 m! (109.5 mmol) durch Cracken
des Dimeren frisch hergestelltes CpH innerhalb | h zugetropft. Nach Zugabe von
ca. 20 ml CpH kommt die Reaktion unter Gasentwicklung und Selbsterwiirmung in
Gang und wird erfordenlichenfalls durch Kiihlung mit einem Wasserbad gemissigt.
Die-anfinglich graue NaH-Suspension wird durch Bildung von CpNa volumindser
und nimmt einen beigen Farbton an. Zur Vervollstindigung der Reaktion wird
mehrere Stunden weiter gerithrt und anschliessend mit einem 40°C heissen
Wasserbad nochmals zum Sieden erwiirmt. Nach Absetzenlassen des Niederschlags
wird die Hauptmenge der liberstehenden Lésung abgehebert. Der Riickstand wird
auf die gleiche Weise zweimal mit je 200 m! PE gewascheri und im Olvakuum von
Losungsmittelresten befreit. Dabei wird gegen Ende gelinde erwirmt und der
Kolben geschiittelt, bis sich die Krusten von der Wand abgeldst haben und CpNa
als feines. leichtbewegliches Pulver vorliegt. das im Schienkkolben im Dunkeln
aufbewahrt wird. Ausbeute: 86 g (96%) bezogen auf das NaH.

Darstellung von Dimethylbis(cyclopentadienyl)silan

24 ml (200 mmol) Me.SiCl. werden bei 20°C unter mechanischem Riihren zu
35.2 g (400 mmol) CpNa in 400 m! PE in einem Guss zugegeben. Die Mischung

kommt durch Selbsterwdrmung zum Sieden.
Man ldsst ohne dussere Warmezufuhr ca. 45 min unter Riickfluss kochen und

noch 2 h bei 20 C weiterrithren. Nach Absetzenlassen des entstandenen
Niederschlags wird dieser in einer Umkehrfritte abgetrennt. mit 200 ml PE
gewaschen und das gelbe. klare Filtrat i.V. auf ca. 60 ml eingeengt. Man destillicrt
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das schwach rote Konzentrat iiber eine Mikrodestille und erhilt bei 60-70°C/10
Torr 23 g (61% Ausbeute) Me,SiCp. als wasserklare Flussigkeit.

Diskussion der Ergebnisse

Me,SiCp, stellt eine hochsiedende Fliissigkeit von eigenartigem, angenehmen
Geruch dar, die nach kurzem Stehen an der Luft braun und 6lig wird. Unter
Schutzgas und bei tiefer Temperatur ist sie fiir ein paar Tage stabil. Das Vorliegen
von Me,SiCp, wird durch Siedepunktsvergleich mit Literaturangaben®,", negativen
Cl-Test sowie durch das 'H-NMR-Spektrum gesichert.

Rein ionisch gebundene Cp-Ringe zeigen wegen der magnetischen Gleichwer-
tigkeit der fiinf Protonen im Ds;-symmetrischen C;Hs-Anion ein einziges
Protonenresonanzsignal (z.B. CpNa in THF t=4.1 ppm). Ebenso fallen beim n-
komplexgebundenen Cp-Ring auch bei Koordination an ein Zentralatom mit
unsymmetrischer Umgebung wegen der freien Drehbarkeit um die M-C.Hs-
Bindungsachse die Signale der fiinf Protonen immer zusammen (z. B. Cp,TiCl, in
CDCl; 1=3.45 ppm). Streng o-gebundene Cp-Ringe ohne Bindungsfluktuation
weisen hingegen in der Struktur (I) (Abb. 1) das komplexe Signalmuster eines
AA BB’ X-Problems auf, das aus den Signalgruppen AA’BB" und X im
Intensitatsverhiltnis 4:1 besteht, so dass diese in den Organoelementcyclopenta-
dienylen erwartete Bindungsweise NMR-spektroskopisch erkannt werden kann.

Die Verhiltnisse werden allerdings in Wirklichkeit dadurch kompliziert, dass
das Element E am Cp-Ring nicht nur wie in (I) in 5-Stellung, sondern auch in
weiteren tautomeren Formen (IT) und (ITI) in 1- bzw. 2-Stellung gebunden sein
kann',®° Die Signalgruppen ABC und X, der hier erwarteten ABCX,-Systeme
haben hier die relative Intensitit 3:2.

H
4B H C
H X H
T iz?{ “‘ﬁ_}<
-_—
H2 1 E
A H X 1
A B X
. E

(I) (I1) (I11)
Abb. L. Tautomeriemaéglichkeiten bei C.H.-Systemen.

Fiir das Me.SiCp, sind sogar maximal 6 Tautomere (IV)- (IX) denkbar:

><§

><§2
(V) - >© H (VI) M
p

R
p _Z

Abb. 2. Denkbare Tautomere bei Orgammlementblx(cyclopt’nmdmnylen).

-~
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Als Intensitatsverhiltnis der Signdle von gesittigten und ungesittigten
Protonen erwartet man fiir (IV) 2:8. fiir (V) und (VD) 3:7 und fiir (VII), (VIII) und
(IX) 4:6. .

Zuweilen wird jedoch auch fiir o-gebundene Cp-Ringe bei 20°C ein
Koaleszenzphinomen und bei erhéhter Temperatur ein einziges scharfes Signal fiir
samtliche Ringprotonen beobachtet'™°. Dieses Phinomen, das nur beim Tauto-
meren (1) auftritt, wird durch eine 1.2-Verschiebung von E am Cp-Ring nach Abb.
3 erklirt (Valenztautomerie, Metallotropie), deren Geschwindigkeit mit der
Témperatur starker zunimmt als die Umlagerung der Tautomeren (D)-~(IIT)
ineinander (Prototropie).

=T Sa

(X) (XI) (XTIT)
Abb. 3. Schematische Darstellung der Valenziautomerie (Silikotropic) bei C.HE-Systemen.

~ Abb. 4 bringt das 'H-NMR-Spektrum von Me,SiCp, bei 20°C (ohne
Losungsmittel, 60 MHz), das verglichen mit dem entsprechenden von Me,SiCp!
grundsitzlich die gleichen Signale zeigt. Auffallend ist das Mehrliniensignal der
Methylgruppen auch im frisch destillierten Produkt, was auf die unterschiedliche.
chemischen Verschiebungen der Methylgruppen in den verschiedenen Tautomeren
(IV)-(IX) zuriickzufiihren ist. Theoretisch wiirde man, entsprechend dem Vorliegen
von sechs denkbaren Prototropen Formen, sechs Linien fiir die Methylgruppen
erwarten, die im Falle eines 1:1 Mengenverhiltnisses gleicher Intensitit sein
miissten. In Wirklichkeit treten zwei fast gleich intensive Signale (a und b) auf und
4 kleinere rechts und links der Hauptsignale. Dies bedeutet, dass im Gleichgewicht
(Abb. 2) zwei Tautomere bevorzugt gebildet werden. Eine Zuordnung dieser Linien
zu den einzelnen Isomeren ist, aus den gleichen Griinden wie beim CH,Cp,?,
schwierig wenn nicht unméglich. Jedoch kann man in Analogie zu Me,SiCp!
annehmen, dass der intensivste Methyl-Peak (a) (Abb. 4) dem Tautomeren (IV)

o

b
d 1
" " e
W ey .

. . S . . . . . ppm (T)
3 4 5 6 7 8 9 10

Abb. 4. 'H-NMR-Spekirum von Me.SiCp..




Me,SiCp, 'H-NMR - SPEKTROSKOPISCHE UNTERSUCHUNG 35

gehoért, wihrend fiir das zweitgrosste Methylsignal (b) das Isomere (V) am
wahrscheinlichsten ist.

Bei Temperaturerh6hung treten dhnliche Phdnomene auf wie im Falle des
Me;SiCp' (Abb. 5). Ein Teil des Signalmusters e und das breite Signal d verschieben
sich zu ihrem Schwerpunkt hin und bilden dort bei 110°C das Signal e+d. Mit
zunehmender Koaleszenz des temperaturabhingigen Teils des Signals e kommt '
dadurch ein kleineres, temperaturstabiles Signal f; mit ausgeprigter Feinstruktur
zum Vorschein (ab 70°C). Es ist also anzunehmen, dass das-den ungeséttigten CH-
Gruppen der in 5-Stellung substituierten metallotropen Ringe in den Tautomeren
(TV) (hauptsichlich), (V) und (VI) zugeordnete - Multiplett e das entsprechende
Signal f, der 1- bzw. 2-substituierten Ringe in den Tautomeren (V)-(IX) iiberdeckt.
Das triplettartige Signal f, das bei diesen Messungen fast unveriindert bleibt, ist
auch den olefinischen CH-Protonen der 1-bzw. 2-substituierten Ringe in (V)-(IX)
zuzuordnen. Das Signal c bleibt, wie zu erwarten, grundsitzlich unverindert
(lediglich seine Struktur wird etwas feiner). Bei den Methylsignalen verindert sich
die Intensitit, so dass bei 110°C die Signale b,, b....... fast gleich gross wie a werden,
was fiir eine Verschiebung im Gleichgewicht (Abb. 2) nach rechts spricht.

‘ |{ 110°¢
e+d
£
i m\
~
| 70°¢
50°¢
ha
25°%¢

Abb. 5. 'H—NMR-Spekrren von Me.SiCp, bei verschiedenen Temperaturen.

Zusammenfassend kann man feststellen, dass auch fiir das Dimethylbis(cyclo-
pentadienyl)silan sowohl Silicotropie, als auch Prototropie gleichzeitig stattfinden.
Die Silicotropie fiihrt durch die Wanderung der Si-C-Bindung zu Molekiilen (X)-
(XII), die untereinander identisch sind; sie zeigt sich durch das reversibel
temperaturabhingige 'H-NMR-Spektrum an. Die Prototropie (Abb. 1) verlauft
nicht rasch genug, um reversibel temperaturabhingige NMR-Ergebnisse zu



36 HARTMUT KOPF und NIKOLAOS KLOURAS

verursachen. Folglich werden die einzelnen Resonanzsignale von Me,SiCp, wie in
Tab. 1 zugeordnet.

TABELLE 1. Zuordnung der 'H-NMR-Signale von Me,SiCp..

Peak Tippm) Zuordnung Tautomere (s. Abb. 2)
a 10,01 Me,Si (1v)

b 9.68 » V)

b,. b..... 9.47.9.75 » (VIH(IX)

c 7.10 gesittigte CH I-bzw. 2-C;H(V)-(1X)
d 6.65 » 5-C.H< (IV) und (V). (V)
e 353 ungesittig. CH » » » »
f, 3.53 »

f 3.17 » I-bzw. 2-C.H; (V)-(1X)
Tepitnyn

tH-NMR ®acuatockomixi Epevva 1@v oyéoewy deopod atd Siuebvlodi(kvkio-
nevradievolo)oiddvio.

27 oot 1tiv &pyacic Epevvdvrar pé T Ponibeia gacpdrov mvpnvikot
payvnTikod cuvtoviopod, Angbéviav of diapopetiké Beppokpadsieg oi oyéosig
10D deopob Si-Cp otiiv Eveon Me,SiCp,. I'd tiv Epunveia 1dv pacpdtov adtdv
npoteivovial dVo pnyavicuoi: .

o) N perarrotpornio (gik. 3), f| dnoia AdY® tfig cvveyolbc petabécewng Tob
deopot Si-C 6dnvyel of tavtéonua pépia xoi B) 1 tpototpornia (gik. 1), §j énoia
rapBdver yopo tavtdypova pé 11 petarrotponia GARE pé wikpdtepn Amé adty
Toyitnta pé drotéhecpa va prj mapéyel katd tpédno dvtioTpentd edopota 'H-
NMR ¢éEaptdpeva ané 1) Beppokpacio §nwg i petaArotponia.
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COMPOUNDS OF COMPLEX HALO AND PSEUDOHALO ACIDS OF
THE GROUP IIB METALS, PART IV VIBRATIONAL SPECTRA OF
SOME PYRIDINETRIHALOGENO-,TRI-IODO- AND
TETRAIDOMETALLATE ANIONS

S.P. PERLEPES, T.F. ZAFIROPOULOS, M.E. KANELLAKI. J.K. KOUINIS AND A.G. GALINOS
Department of Inorganic Chemistry, University of Patras (Greece).

(Received May 28, 1981):

Summary

The Far-IR spectra (350-50 cm™') of some complexes of the types [Py.H] [ZnX;Py].
[Py.H] [CdI;Py]. [An.H].[CdI,], [Qu,H] [Hgl,] (X = Cl, Br, I. Py = pyridine, An = aniline,
Qu = quinoline) have been recorded in the solid state at room temperature. Structure-spectra
correlations have been found for the complexes. The spectra of the pyridine complexes show

~that pyridinetrihalogenometallate (II) anions possess Civ symmetry.

An associated anionic structure is present in HHgI;.2Qu, while in the tetraiodocadmate
(1) the cadmium atom is tetrahedrally coordinated to the iodine. The relationship of the
numbers of v(MX) and v(ML) vibrations and their frequencies to the stereochemistries of the
complex anions is outlined. The spectroscopic resuits of the pyridine compounds.
particularly in the 3p region are compatible with, and lend support to. outer spheres
comprising (N-H---N)" groups.

Key words: Far-IR Spectra, Pyridinetrihalogenozincate (I1), Pyrldmem iodocadmate (II), Tetraio-
docadmate (I1), Tri-iodomercurate (17).

Abbreviations

X = Cl, Br, I L= neutral ligand
Py = pyridine R= Me, Et or Bu"
An = aniline

Qu = Quinoline

B = pyridine, aniline, quinoline etc
M= metal atom of Group IIB



38 S.P. PERIL.ERES. T.F. ZAFIROPOULOS. M.E. KANEI LAKL LU, KOUINIS and A.G. GATINOS

Introduction

During the last few years our department’s interest was centered on the
compounds of the simple and mixed haloacids of the Group IIB metals with Lewis
organic bases [1-9] (a representative selection of references is given).

Preparative work. vibrational spectroscopy. electronic spectroscopy. powder
methods and conductometric measurements have established the existence of these
complexes. With the aid of these techniques. we have shown that. in the solid state.
the compounds of the simple complex haloacids of the metal ions of the Group 1I1B
have inner spheres of the forms [MX,]. [MX,B]".[MX,]*" and [MX B.]"". where X
= halogen and B = pyridine, aniline. quinoline etc. As-outer spheres appear the
cations of the types BH' or (BHBY.

However, several problems still remain_and there are some aspects in our
previous work which are not wholly satisfactory:

a) Because of difficulties in obtaining samples suitable for single-crystal X-rav
diffraction. definite structural data on these systems are not common.

b) The completely filled d-sublevel precludes deduction of coordination
geometry by study of visible spectra or magnetic properties.

c¢) So far we have accepted the view that the aforementioned complex anions
are monomers. Polymeric structures, however. cannot be ruled out. since anionic
complexes of Cd(I1)-and Hg(II), having in addition to others. halogens as ligands.
show a notable and much varied structural behavior [10-16]."

d) Apart from relatively minor (but in some respects still quite worrying)
variations in wavenumbers observed for corresponding bands by different authors,
there are some instances of great discrepancy. viz the v(CdN) assignments [8.9.17-
217. C
¢) There appears to be a dependence of v(MN) on coordination geometry [ 19].
which requires substantiation.

f) The data on the [Hgl,]" complexes cast doubt on some of the v(Hgl)
assignments {1]. There are evidences for monomeric or iodine-bridged associated
anions depending on the cation {14).

g) Nearly all our previous IR studies were restricted to the spectral range
above 250 cm™'. whereas diagnostic information is to be found in the 250-100 cm™'
region.

In order to help clarify some of these points. particularly c.d and f. we have
undertaken a detailed Far-IR investigation of the complexes HZnX,.3Py.
HCdI,.3Py. H.Cdl,.4An and HHgl,.2Qu, which may be regarded as the “model
systems’” for the [MX,]. [MX,B] and [MX,]*" series. Low-frequency vibrational
spectroscopy is the most amenable- technique for determining their skeletal
structures.

The majority of L-M-X complexes give rise to three types of characteristic
vibrations, namely, the internal modes of the ligand. metal-ligand and metal-
halogen vibrations. The degree of interaction of these modes will vary from
compound to compound. but separation into these groups is a reasonable
generalization. In the majority of these complexes, the metal-halogen vibration
gives rise to the most intense features of the spectrum. The number of M-X peaks
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and their position in the spectrum will be dependent on a variety of factors, such as
oxidation state, coordination number and mass of the central metal, stoichiometry,
terminal or bridging bonding and stereochemistry [22-24]; with chargedcomplex
species, there may also be a dependence of v(MX) on the counterion [22]. The
v(MN) modes in many inorganic systems may not involve pure stretching motions,
because of the possibility of coupling stretching vibrations with bending vibrations,
and also with other stretching modes of the same symmetry. Metal-halogen
bending modes occur below 200 cm™ in the main (often below 100 cm Y and are
thus less likely to be of value to the inorganic chemist than stretching modes, partly
because of the difficulty in distinguishing them from lattice vibrations.

In this paper we also include a spectroscopic study of the [Py,H]" group, since
compounds with (N-H---N)* bonding have attracted the attention of investigators
recently [25].

Experimental

All the Zn(II) and Cd(IT) complexes studied in the present work have been
described previously and were prepared similarly [4, 8]. The preparation of the new
compound HHgl;.2Qu (brown crystalline solid, decomposition range 65-75° C,
yield 70%) was analogous to that of the corresponding pyridine [5] and aniline [1]
complexes.

Analysis (%) for HHgI,.2Qu

Calcd H" 0.12 Hg 23.86 T 45.29 Qu 30.73,

Found H' 0.13 Hg 24.15 1 45.01 Qu 29.97.

For ca. 107 M solutions at 25° C:

An (C;H,OH) = 42 and Aw (CH;NO,) = 97 S cm? mol ™.

Far-IR spectra were recorded as Nujol mulls supported between polyethylene
sheets in Perkin Elmer-Hitachi FIS-3 and Polytec FIR 30 spectrophotometers, at
room temperature. The instruments and procedures for the other physicochemical
measurements have been described in detail [7, 8]. :

Results, Assignments and Discussion

The study of the analytical data, stability tests, IR spectra (4000-250 cm™"), UV
spectra, X-ray powder spectra and conductometric data [4, 8] brings forth strong
indications that, in the solid state, the complexes in question may be represented by
the formulae [Py,H]" [ZnX,Py]. [Py,H]' [CdL,Py]. [An,H],”" [CdI]" and
[Qu,H]" [HgLJ. :

Pyridinetrihalogenozincate(Il), pyridinetri-iodocadmate(Il) and tetraiodocadmate(Il)
ions

Two general classes of monomeric tetrahedral Zn(I1) and Cd(II) compounds
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are known. The first class includes the truly tetrahedral ones, [MX,]>". where all
four ligands are the same. The second general class embraces those which may be
called pseudotetrahedral. The latter have four ligands at about or, perhaps by
chance, exactly at the apices of a tetrahedron surrounding the M(11) ion. but two or
more different kinds of ligands are present. Of the three cases involvning 2 kinds of
ligands which are in prineipal possible. viz., [LMX,]".[L.MX,] and [L.MX]". where
L is a neutral ligand and X an anion, only the second has previously well been
realized.

Pseudotetrahedral complexes A [ZnX,L] have been prepared and studied by
Far-IR spectroscopy [26. 27] where L is pyridine, a-picoline. tripheny! phosphine
and A tetraethylammonium. N-alkylpyridinium, but have not previously been
reported for cadmium.

The vibrational representation of an [MX,L] anion [28]is ', = 3A, + 3E and
these ions should give rise to six IR-active skeletal vibrations [26]. Assuming that
the ligand acts as a point mass. the three A, modes are designated as v.(MX:).
vi(ML) and the symmetric deformation. while the three E modes are vy(MX,).
duMX,) [XMX scissors] and w4 [wagging of L perpendicular to the MX, axis] (s =
symmetric. d = degenerate). The C. axis of pyridine cannot. however. be reconciled
with the C, axis of the MX, group and. therefore. deviations from the predicted
spectra are to be expected [26]. In addition, since all the complexes were examined
in the solid state. interaction may give rise to additional splittings.

The Far-IR spectra of salts of composition [Py.H] [MX;Py] as solids are
reported in Table I. Features at < 350 cm™' are listed, since it was clear that
fundamentals of pyridine occurred above this wavenumber. Assignments have been
made by noting: (i) the positions of internal modes of pyridine, (i) bands
principally dependent on the halogen, (iii) the variation in band position with
changing metal in the [MI;PyT ions, and (iv) the reports of references 11, 15, 19,
20, 24, 26, 27 and 29. The most characteristic feature of the Far-IR spectra of Zn(II)
complexes is the appearance of two high-wavenumber bands which are at lower
wavenumbers for the bromide and iodide than for the corresponding chloride by
amounts given by v(bromide) / v (chloride) = 0.76 and v(iodide) / v (chloride)
= 0.65. These ratios are comparable to those found [23, 30] for other tetrahedral
complexes of Zn(11) and imply that the origin of the bands is in vibrations involving
stretching motion of the halide groups. For the Zn(IT) complexes the metal-halogen
stretching frequencies are observed to occur about 25 cm™' lower than those of the
corresponding diligand complex ZnX,.2PY[23. 29, 31, 32] and are in turn about 30
cm™' higher than the metal-halide asymmetric stretch [30. 33. 34] in the complex
halide ion [ZnX,]* (Table TIT). The v(ZnX) and v(Cdl) modes are also much higher
than would be expected for M-X-M bridging frequencies [ 15, 26]. It is clear that the
positions of metal-halide stretching frequencies distinguish between a complex
[Py.-H] [MX,Py] and an equimolar mixture of MX,.2Py and [Py.-HT], [MX,]. The
v(ZnN) bands are not significantly shifted when chlorine is replaced by bromine in
the complexes, so in these cases there is little coupling with the v(ZnX) modes.
Three bands. at 213, 199 and 192 cm™', are observed in the expected region of
v(ZnN) in the spectrum of [ZnCl;Py]", instead of the predicted singlet; we suggest



Table I. Far-IR? assignments (350-50 cm_1) for pyridinetrihélogenometallate salts.

Assignment I:Pyzﬁ:l I:ZnX3Py:| _ ~ _
(Py,H] [caIspy]
a4 E - X =cCl X = Br X =1
vg (MX3) 306 s 230 s 199 s 165 m
Vg (MX5) 285 s 219 m 185%sbr 157 m
v () 213 m, 199 m,192 m 196 m,177 w  194%m,174 m 143 m, 108 n
sym.def. 151 m 114 m 86 m 75 m
64 (MX5) 126 m, 117 sh 98 s, 91 w 78 s 66 w
w4 93 w, 82 w b 53 w 55 s
Other bands 101 sh, 59 m 120 w,57 w 60 wbr 187 m, 97 m, 88 m

SNOI XHIdWO0D 40 SHIALS IvyL)ads

3pata obtained at room temperature. bNot observed owing to ghost peak. cMay be Zn-N.

\
May be Zn-I. s = strong, m = medium, w = weak, br = broad, sh = shoulder.

v
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Table III. Comparison of v{(MX) IR assignments (cm'—1) for C, .,

C and Ty complexes of Zn(II) and CA{II).
3v d
Compiex Structure vmx) @ Reference Limit of -1
- . study [cm '}
ZnCl,+ 2Py Tetrahedral® 329, 296 23 200
327, 295° 29] 50
[t,N] [ncl,Ry] Pseudotetrahedral® 310,292,283 26] 40
I:PyZH] (znC1,Py] Pseudotetrahedral® 306, 285 e 50
[t,N],[nc1,] Tetrahedrar® 277 (4] 70
271 @3] 190
281,273 (30] 200
| ZnBr,-2Py Tetrahedral? 254, 220" 23] 200
260, 254 [32] 50
Et N [2nBr.Py] Pseudotetrahedral®  236,226,213" 26 40
4 3 a
(Py,H] [(2nBr;Py] Pseudotetrahedral 230, 219 e 50
Et N ZnBr Tetrahedralf 207 34 70
M2 .
' ‘ 207,20, B30] 200
ZnI,-2Py Tetrahedral? 220" 23] 200
. 210 [32] 50
[ey-#] [ZnI,py] Pseudotetrahedral® . 204,190" EXA 40
[Py,H] (nIPy] Pseudotetrahedral®  199,185" e 50
[n—Pr4N:|' 2 |:ZnI4] Tetrahedral® 165 34] 70
cdr, - 2Py Tetrahedral? 146,137 21] 20
cdI,-22n - Tetrahedral® 155, 140 21] 20
[Py,H] [CaI,Py] Pseudotetrahedral® 165,157 e 50
Bt ,N] ., [CaT Tetrahedral? 145 11 40
421t
141 [s] 50
|:An2H:] 2 [CdI4] Tetrahedra1? 149,135 e 50

8a11 values refer to data obtained at room temperature. bThe structures

of these complexes have been detei'miﬁed by X-ray studies: Zné12'2Py [40:]
and CAI,-2An 21]. “assignments have been made by multiple isotopic la-
belling. dStructure deduced from Far-IR spectral analysis. Cpresent

work. fA considerable number of salts of tetrahedral tetrahalogenozincates
has been examined by X-rays; see |:34:] and references cited there_in.J
Istructure deduced from v(MX) positions. hMay be v(MN). py:pr = N-n-propyl-

pyridinium.
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that this is due to Fermi resonance between 2w, and/or 284 (ZnCl,). It is recognised
that these assignments place v (CdN) as low as 108 cm”! but. as Goldstein and
Hughes [20] pointed out, this is fully compatible with the relatively high values for
v(Cdl). For [Znl,Py]” the v(Znl) come close to the vw(ZnN) modes and the
interpretation of the region around 190 cm™' is not clear. It is interesting that the
highest v(MN) frequency in a [MX;Py] ion is always lower than the highest v(MN)
frequency in a corresponding MX,.2Py (C:) complex [20. 21. 23, 26, 31. 32]. This
has been observed previously in other species, for example O.SF. and FSO, . where
S-F frequencies show a similar relationship [26]. Up to three other bands are found
in the spectra. which do not correlate readily through the series. These bands are
likely to comprise 3(NMX) and 3(MX) modes. although those at lower
wavenumbers may involve lattice modes.

In all the [MX,Py]” complexes examined the Far-IR spectra clearly support
formulation as Cs pseudotetrahedral anions: these species are intermediate in type
between MX..2Py complexes and [MX,]* ions. On the ‘basis that local C;.
symmetry is operative for the [MX,Py] species. the anions are assumed to be
sufficiently separated by the large [Py,H]" ions that intermolecular coupling of
vibrational motions can be ignored.

IR and Raman spectra of solid ditetra-alkylammonium tetraiodocadmates
[R;N].[CdL,] (R = Me, Et or Bu") have been interpreted on the basis of tetrahedral
[CdI,]* ions [11]. Goggin and his co-workers [15] observed that in some of the
solid-state spectra of [CdX,]” there is evidence of splitting of degenerate vibrations
and environmentally induced IR activity of the symmetric breathing mode.

The low-frequency tetraiodocadmate spectrum showed similarity with the
spectra of similar compounds in the solid state [I11, 15] and the observed
frequencies have therefore been assigned on the same basis, namely that the
tetrahedral [CdI,]” ion (point - group Tu) is present (Table II). The normal
vibrations may be represented by I'(Ty) = A, + E + 2T., with the A, E and T,
symmetry species being Raman-active. while only the T, modes (one stretching and"
one bending) are IR-active. )

The absorption present at 203 cm™' requires some additional discussion. An
internal mode of aniline is expected in the spectral region under study, namely. a
substituent-sensitive mode of the aromatic ring [19]. found in the Raman spectrum
of the free ligand at 233 cm™' [35]. Whereas this band has been assigned [29] at 205
and 225 cm™ in the spectrum of ZnCl..2An, described as y (ring). it is not apparent
in the spectra of M(NCS),.2An species (M = Co, Ni; Cu, Zn) [36]. nor (at least
above 200 cm™') in the spectra of other halide complexes [21, 37-39]. The band at
203 cm™' is clearly too high in wavenumber to be w(CdI). We tentatively assign this
band to an aniline mode. The alternative of assigning the same feature to a
combination band cannot be ruled out. It might have been expected that the T,
vibration would be split in the crystal from either or both of two possible sources.

First. any deviations from perfectly tetrahedral symmétry remove the triple
degeneracy: and secondly, the next nearest (and other) neighbour interactions in
the crystal which. together with the primary coordination sphere, decide the site
symm:try of the ion will again cause removal of the degeneracy in all but very
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special crystallographic cases. The medium band at 52 cm™' may be assigned to the
v»(E) bending frequency. activated by site symmetry. or alternatively to a lattice
mode. If the 52 cm™ band were the v, frequency. we should expect [34] to observe
also the v\(A)) stretching vibration. as well as a splitting of the two vibrations of T.
species; the second is observed.
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The tri-iodomercurate(l!) ion

The characteristic coordination numbers and stereochemical arrangements of
the divalent mercury ion are two-coordinate linear and four-coordinate tetrahedral.
In addition to these. octahedral and five-coordination are also known. Coordina-
tion number three is rather rare for mercury (II); it is known in some systems. but
the species are anionic.

The [Hgl.]” ion has been known for a long time [42-48]. In the only tri-
iodomercurate(Il) whose crystal structure has been determined. [SMe,] [Hgl:].
approximately trigonal planar anions are loosely linked by long iodine contacts to
give a trigonal - bipyramidal environment for each mercury atom [49]. Hooper and
James studied the vibrational spectra of crystalline tri-iodomercurate(II) salts and
reported bridging modes v(Hgl), [10]. Goldstein and Barr [14] carried out a
systematic study of the Far-IR and Raman spectra, in the solid state. of the salts of
the type A[Hgl;] (A = SMe,, Me N, Et,N, n-Bu,N). They proved that the weak
iodine bridging, found in the crystal structure of [SMe,] [Hgl.] can be disregarded
in qualitative interpretation of the vibrational data: they interpreted the spectrum
of [Me;N][Hgl.] in terms of monomeric anionic structure. while the spcctra of the
remaining two were indicative of strongly iodine-bridged anions. In a previous
paper [I]. we have carried out a Far-IR study of the pyridine and aniline
compounds of the acid HHgl.. in the solid state. We are extending this study to thc
quinoline compound. with the purpose of verifying whether in this complex exist
monomeric anionic units [Hgl,]" or iodine-bridged associated anions.

There are two possible monomeric structures for the [Hgl,]” ion. This ion can

“be described in terms of the Cs. (pyramidal) or Dy (planar) point groups. The
selection rules for a planar XY, species of Dy, point group symmetry are A, +
A, + 2E’ [50]. The symmetrical stretching mode (A, ") is Raman-active but IR-
inactive; the XY, out-of-plane deformation mode A," " is Raman-forbidden but IR-
active. The two E” modes, vium(XY)and 8 (YXY). are Raman- and IR-active. The
selection rules for a pyramidal XY, species of Ci, point group symmetry are 2A, +
2E [50]. The four fundamentals are each allowed both in the Raman and IR.

All the observed bands in the region 200-20 cm™' are given in Table IV. The
appearance of v(Hgl), bands convinces us that the spectrum seems incompatible
with a planar or pyramidal [Hgl,]™ skeleton. but it can be exnlained on the basis of
iodine-bridged anions, while the complex still contain terminal Hg-I bonds. The
band centered on 91 cm™ is very broad and may well be a result in part of some
type of bridging stretch. The bands at 101 and 91 cm™'. assigned as v(Hgl),. are
clearly of complex origin, but their wavenumbers warrant such description rather
than as translatory lattice modes [14]. The considerable complexity of the Far-IR
spectrum may well indicate that the bridging interactions are largely ionic in nature
[10]. Tt is probable that the spectrum can be assigned on the basis of a Cs, unit in
which the bridging interaction appears to be important. The spectrum of the
present salt shows four bands in the region appropriate to Hgl stretching (the high-
frequency bands may be reasonably [1. 10, 14] assigned to asymmetric and
symmetric terminal stretching vibrations). The same applies to the corresponding
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aniline complex [1]. This number of stretching vibrations is, of course. much
greater than that to be expected for a [Hgl;] ion of any shape, butis in accordance
with predictions for a Do dimeric anion [Hg,I)*" which, based on tetrahedral
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geometry around the metal should show four IR-active (B, + Bau + 2B1,) stretching
modes [15]. On this basis the bands at 151, 130, 101 and 91 cm™' in the Far-IR
spectrum of [Qu.H] [Hgl,] are attributed to the B.,. Bs., Bi. (bridge) and Bas,
(bridge) respectively. The possibility of our [(Hgl,):]"" systems being mixtures can
be ruled out on the grounds that they do not systematically show bands at the same
wavenumbers as the other vibrations of [Hgl,]*” [10, 51] and Hgl,.2L [52. 53]. The
Far-IR study of [Qu.H] [Hgl.]. just described, ascertains the conclusion that the
trihalogenomercurate (I1) salts with large cations acquire associated structures [ 14].

The [PyHPy]" ion

Compounds with (N-H---N)" bonding have attracted the attention of inorganic
chemists comparatively recently. Following the work of Wood and co-workers
[54]. in which various salts with (BHB)' cations were considered. where B is a
heterocyclic amine, the number of analogous reports is rising continuously. The
range of appearance of the (N-H-—-N)" vibrations for these substances has been
examined spectroscopically as a function of the anion and solvent, the nature of the
amine and the temperature (see [25] and literature cited therein).

Most of the investigations were carried out in solutions and only recently have
there been reports [S5, 56] of the isolation of such compounds in the solid phase.
Usually, all the compounds studied are substances [BHB]X, where X  is an acidic
residue. However, investigations of compounds with amine complexes including a
metal have been published [25, 57, 58]. One of us [4] had proposed, many years
ago, the existence of cations [PyHPy]" in the outer sphere of complex compounds
and this view was established by a series of subsequent publications [5, 7, 8,17, 18].
The NH stretching vibrations were of the greatest interest for finding the nature of
the hydrogen bonding in B-H—B systems.Published views on the width of v(NH)
and its structure are not unanimous. The symmetric cations [BHB]*, where B is
pyridine or a substituted pyridine, show a doublet for v NHN) at ca. 2000 and 2500
cm™', which is thought to arise from a double minimum-low-barrier potential well
[54]. A remarkable view for this problem is that the reason for the band being a
doublet in hydrogen-bridged complexes could be the Fermi resonance of the NH
stretch with the overtones or with the intramolecular vibrations of the amines [59].

Our results are summarized as follows:

a) In the spectra of the pyridine complexes appears a broad, of medium
intensity band, at ca. 2800 cm™', which we attribute to vi(NHN); the doublet
structure was not observed.

The shoulders and weak side bands, which vary from complex to complex, can be
accounted for as interactions with internal mode combinations. The singlet nature
of v{(NHN) here perhaps indicates a single minimum.

b) The spectra do include weak bands of the NH vibrations in the region 3220-
3100 cm™', characteristic of PyH". The presence of NH peaks of very low intensity
above 3100 cm™' suggests that there are some non-associated PyH" groups in these
complex salts. In the recently determined crystal structure of the complex [HPy],
[Fe.Cl1,01.Py [57]. there is just one short intermolecular contact, viz. N....N 2.747
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/Ci, which represents a strong hydrogen bond between PyH" and Py; this complex
shows an NH stretching vibration as a moderately strong. slightly broad band at
3235 cm™. It is, therefore, surprising that the v(NH) in the above complex is so little
affected by hydrogen bonding to the pyridine nitrogen. particularly since the
structural data suggest a strong interaction.

c) In our systems there is a broad band of medium intensity at 525 cm™'. which -
is due to the [PyHPy]" group [25].

d) We did not observe a well defined Far-IR band at ca. 135 cm '. Wood and
co-workers [54] reported that this inter-molecular mode vs is characteristic of
[PyHPy]" groups; the vo band in [PyHPy]" X systems decreases only slightly in
frequency on deuteriation, exhibits no doublet structure and the frequency and
profile are independent of counter-ion.

Final Conclusions

This work has highlighted some of the problems which arise when seeking to
make Far-IR spectral assignments for compounds of simple complex haloacids of
the Group IIB metal ions and has illustrated the types.of considerations which need
to be made in solving such problems. It is apparent that the Far-IR spectra of the
[ZnX Pyl and [CdI,Py] ions support their monomeric existence in the solid state
as the discrete Ci, pseudotetrahedral species indicated by their formulae. The
spectrum of [CdI,]”" can be satisfactorily understood in terms of a tetrahedral
structure. For [Hgl,] . treatment based on D-, dimeric structure leads to acceptable
assignments; it is emphasized that to distinguish between a dimeric and a polymeric
geometry, very careful analysis of the spectra is needed and we believe that the
availability of Raman data is important. For the above structural types. more
bands are found than are predicted for the simple models normally adopted. It is
clearly desirable to obtain solution spectra-in order to be certain that lattice
vibrations and other solid state effects are not responsible for any of the absorption
bands or for their shapes and frequencies; unfortunately, the compounds have a
negligible solubility in solvents appropriate for IR spectra. If the structures of the
complexes were exactly known it might be possible to account for this increased
complexity of the spectra in terms of factor-group splitting but in the absence of
any structural information this possibility cannot be further discussed. Our
investigations also show that the formation and release in the solid phase of
compounds containing complex [Py.H]" groupings is not limited to simple salts of
pyridine, but includes cation-anion complexes of metals. However, from the above
study it is concluded that the location of the proton in [B-H]" systems is still open to
question.
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Hepidnyn

"Evdoeic 1@v Zvunidxwv ‘Aloyovo- kai Yevdoaloyovo- *O&éwv t@v MetdiAwv
t7ic "Ouddoc IIB, Mépoc IV ®douata Aovioewg uepicdv IMupidvotpiaioyovo-, Tpi-
iwdo kai Tetparwdo Metailoavidvrov.

TErMjodncav 1d pdopata 1@v cvunidkev t@v tinov [Py.H] [ZnX,Py]. [PyH]

[CdI;Py]. [An,H], [CdI,], [Qu.H] [Hgl,] (X = Cl, Br, I, Py = nup1divn, An =
avirivn, Qu = kwokivn), sic Tiv dne OnépuBpov meproxriv (350-50 cm™'), &v
.o1eped katootdoel kol €l THv Bgpuokpaciav dopatiov. Tvoyeticpol doutic-
odopatog Exouvv Edpormbei 816 16 &v Abyw ovumhoka. Td o¢dopeto T@V
TPIVIKGYV cuunidkov deikviovv, &1t 16 mupidivotpraroyovo-petariikd (II)
aviévta Eyovv Ci. ovppetpiav.

Mia ovvelevypévn dvioviikr douri deictator gig v Evoowv HHgl,.2Qu,
Evd 16 Gvidv [CdI,1" Exer tetpaedpikriv Sopdv. “H oyéoic 16V apbudv tdv
dovijogwv v(MX) kai v(ML) koi 1@v cuyvoTriTev adTdv npog T6c oTepeoynueiag
TV cupunAdkov avidviov meplypdgetol, &v cuvtopia.

Té eacpatookomkd drnoteAéopato TdV TUPBWVIKBY Evhoewy, eidikdg &ig
™v meproxv 3, Evappovifovror pé v Srnapéiv EEwteprkdv coarpdv E€ Hpddov
(N-H---N)".
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NONIDEAL FLOW AND ITS APPLICATION TO FLOTATION

K.A. MATIS
Laboratory of General and Inorganic Chemical Technology. University of Thessaloniki
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Summary

The efficiency of a flotation unit is expected to be a function of the residence time
distribution. so an investigation of the hydrodynamics was undertaken. The stimulus-
response technique was used in this experimentation. The tracer input signal was an
electrolyte and had the form of a step function. Assuming that the flow regime was
composed of various flow types. a theoretical mixed model was applied. and the
experimental data were fitted accordingly.

Key words: Plug. backmix flow. by-pass. deadwater. tracer. model. operation. flotation.

Introduction

When a fluid flows through a vessel in plug flow or backmix flow then
predictions of performance of the vessel, as a reactor, can be found in a
straightforward manner. However, when flow deviates from either of these two
ideal patterns, performance predictions cannot be made simply. In the latter case
one approach is to represent the real vessel by a flow model, determine the
parameters of this model and then, predict the performance of the real vessel from
" the model. .

The stimulus-response technique has been used for exploring the flow
characteristics of vessels. providing sufficient information for performance
predictions when linear processes (such as first order reactions) are taking place.
The stimulus is a tracer input into the fluid entering the vessel, whereas the response
is a time record of the tracer leaving the vessel. Any material that can be detected
and which does not disturb the flow pattern in the vessel can be used as tracer. and
also. any type of input signal may be used. Although ysually. only two stimuli are
considered. thé perfect step and the perfect pulse input! since they are simplest to
treat.
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The dispersion model has been éxtensively applied. and is well reviewed by
Wert and Fan (1). However, it is not suitable in our case. Besides that. the tanks - in
- series model is the other one - parameter model widely used. In this the actual
reactor is simulated by n ideal stirred tanks in series. The total volume of the tanks
is the same as the volume of the actual reactor. Thus for a given flow rate the total
mean residence time is also the same. The mean residence time per tank is T /n.

The objective is to find the value of n, for which the response curve of the
model would best fit the response curvé for the actual reactor. To do this the
relation between (C/C.i)p and n should be developed. Buffham and Gibilaro (2)
have shown how the model can be used with non integer (but positive) values of n.

The efficiency of many processes and operations is largely a function of the
hydrodynamic characteristics of the system in which they operate. The measure-
ment and analysis of the detention time distribution of a fluid and of the flow
regime in a system is usually of great importance, in evaluating the systems
performance. The hydrodynamics theory has been applied in sedimentation basin
design (3). (4). and also to froth flotation machines (5).

Degner (6) in his studies of dispersed-air flotation distinguished four hydraulic
regions. Only a portion of the flotation vessel volume was said to be utilised in the
actual gas flotation process. This is represented by the volume contained within one
of the four regions, in which the effective density and size of the contaminating
species is modified via attachment to a gas bubble. to achieve rapid gravity
separation from the remaining liquid. It is evident that Stokes law consideration for
this region is only one of several hydrodynamic design factors, which influence the
flotation design.

If the average size of the bubble is reduced signigicantly. in general. the
required total ingested air flow will be accordingly reduced. because of the more
favourable surface: volume ratio of the smaller size bubble. However. the
production of ultra-fine gas bubbles in the mixing zone. is not the dominant
dispersed-air flotation cell design requirement. Rather, a balance between total air
flow, mixing region shear turbulence, surface and flotation zone quiescence, liquid
droplet reemulsification (if applied), and gas bubble size is sought for the final
design.

Experimental Part

The present study was conducted after extensive experiments on the
application of electrolytic flotation in effluent treatment (7). (8). So, the
fundamental variables of the process, such as current density. retention time,
effluent concentration, percentage removal, etc., had been established in advance.

The flotation tank was'I'mtall and had an internal diameter of 146 mm. A pair
of horizontal stainless-steel electrodes was flanged on. while a weir was constructed
and fitted at the top, for the froth layer to be passed over it.A copper tube, with 12.7
mm internal diameter, closed at the end and with small openings on the top side
only, was diametrically entering into the tank, 0.17 m from the edge; there was also
a bottom drain (with the same diameter) in the centre of the base under the
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electrodes cell. These two were used respectively as inlet and/or outlet, according
with the mode of operation. Near the inlet and outlet of the tank were sampling
points. '

The current density during the tests in continuous flow was at 100 A/m? and
the voltage dropped from 40 V initially to 4 V at the end of the process, due to the
acid. The flow rate was kept steady at 5 mm?*/ms, while the vessel volume was
-16.7X10°* mm®. Both countercurrent and coccurrent operations were studied; the
two modes of continuous flow are represented in Figure 1.

T3 T

i i

(B) t40DE
MODE
(®) CO CURRENT
COUNTERCWRRENT

Fig. 1. Modes of continuous flow operation.

The hydrogen produced by electrolysis was found to be 173 mm?/s for the
current density of 100 A/m?2, with the oxygen volume half that of hydrogen.
Assuming - and this assumption has been certified - that the bubbles have a
spherical shape with a diameter of approximately 0.05 mm, the number of bubbles
evolved was around 4XI10%/s, at the above current intensity. The bubbles
measurements in electrolytic flotation was the subject of another group of
expcrlmcnts (7c)

At first a dye was selected as tracer and tried; however, observations at that
stage were made only by flow visualization, as it was realized that the tracer (Congo
red) was affected by electrolysis, having its optical density changed with time,
which prevented the analysis. Then, a sulphuric solution was used in a unit step
input. In this case, acidimetry was the method of analysis.

The effluent was an oil-water sludge sample, taken from a refinery’s
interceptor; this was treated successfully by electrolytic flotation, while it was only
mixed by dispersed-air flotation, as the bubbles were insufficiently fine.
Preparatory tests showed that when the sample was allowed to come to rest in a
beaker, three layers were apparent: a bottom layer of solids, an oily layer at the
surface and a stable one in the middle containing a mixture of oil, suspended solids
and an aqueous solution. This middle layer was the problem for treatment. A
representative batch test (at 100 A/m? and 15 V) gave after 1.8 ks a BOD; removal
of the order of 96%, as the final was around 15 ppm.



54 K. A. MATIS

Results and Discussion

The tanks-in-series model was applied at first to this study. This is represented
as Figure 2. The equation was given by Smith (9) as:

Fo=1-¢™ [|4+mo+_1  mop+..+ L oy ]
2! (n-D!
Where the symbols are described in the nomenclature.
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Fig. 2. Studying the flow regime by the tanks-in-series model.

The model was splved for the small values of n, which are shown in the figure
together with the experimental results. From the comparison a conclusion can be
drawn, which certifies a previous guess, that the process is nearer to a continuous
stirred tank reactor than to a tubular one. This is why the dispersion model has not
been tried. .

When one-parameter models are unable to account satisfactorily for
deviations from the ideals, or cannot give enough information, then more
complicated models are attempted (10). These usually consider the real reactor to
consist of different regions (plug, dispersed plug, backmix, deadwater) intercon-
nected in different ways (bypass, recycle, or crossflow). A number of multipara-
meter models (called mixed models) were described by Levenspiel (11), in order to
represent the flow of fluids through vessels.

Generally, the number of parameters used in a model is an indication of its
flexibility in fitting a wide variety of situations and in addition, suggests to some
extent the complexity of the accompanying mathematics. The parameters of the
model should have physical meaning and be predicted by independent methods.

The mixed model that was applied on the experimental results is shown in
Figure 3 (after Reference 11), with its corresponding characteristic response curves.
The data were drawn in a semi-logarithmic paper shown in Figure 4, as an I-curve
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1-F

I=

Fig. 3. Multiparameter flow model (after Levenspiel).

against 8. The problem is to find the relative volumes of the various regions, and
the various types of flow, such that the response curves of the model closely match-
the response curves for the real vessel.

The existence of deadwater regions can be found by the area under the I-curve.
A cut-off point should be selected, and as a reasonable one, the point 6 = 2 was
proposed (11b). When the area of the age distribution function was measured, it
was found a V4 of 1% for countercurrent flow, and 13% for cocurrent flow.
Although this gives a preliminary idea for the two modes of operation, it was
believed that there was an inaccuracy, perhaps in the selection of the cut-off point,
in view of the results that will be given in the following.

The magnitude of short-circuiting can be estimated from the rapid initial drop
in the I-curve. It is believed that by-pass flow, in our case, is nil, i.e. v, =0 and v =
v,. This is apparent from the graph. Further, rough analysis of the flotation tank
showed that approxiamtely 8% of the volume lay under the electrodes, and around
17% was between the entering pipe and the top (Fig. 1).
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Fig. 4. Internal age distribution function of effluent.

The equation of the line in Figure 4, according to the model (Fig. 3, I-curve). if
rearranged becomes:

In (1-Fe) = - o+ _P

1
(1-p)(1-d) l-p
where the factor (1-d) stands for the effective volume included in 0 (see also the
nomenclature). The solution gave that the plug flow fraction of the effective part p
=12.3% andd = 0 for countercurrent flow, and for cocurrent p=12.5% andd =
6.7% (where d is the dead space fraction of the tank volume). In fact, the value of d
in the countercurrent operation was negative, but this has no physical meaning and
was attributted rather to an experimental error, although the experiments were
repeated. .

Dollfus and Burgaud (12) discussed the mode of operation in an electrolytic
flotation plant. Elsewhere (13), the counterflow circulation of the tiquid was found
to give a high efficiency “filtration” effect. :

From previous experiments (7), (8), it was found that for a paint system, which
actually was a solid/liquid separation, cocurrent operation was preferable, while
countercurrent operation was better for oily effluents (liquid/liquid separation).
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Concluding Remarks

It-can be concluded from our experience that disadvantage of the cocurrent
mode is that the floating solids could be carried out in the exit. which would
decrease the removal. Advantage of the process, however, is that the feed comes
first in contact with the electrodes; the importance of the electrochemical effect is
noted. ‘

On the other hand, disadvantage of the countercurrent flow, at least for the
present flotation tank design, is that, for a solid/liquid application, suspended solid
particles can pass to the outlet while settling. In contrast, particulate matter and
bubbles have a better possibility of contact between them, and this is one of the
advantages of this operation, together with a quiescent exit. So, the mode followed
should be a matter of optimization of the specific application.

Concluding it can be said that an investigation of hydrodynamics was
undertaken, as the efficiency is expected to be a function of the residence time
distribution.. The stimulus-response technique was used in this experimentation.
The tracer input signal was an electrolyte and had the form of a step function.
Assuming that the flow regime was composed of various flow types, a theoretical
multiparameter model was applied, and the -experimental data were fitted
accordingly. The advantages of the different modes of operation have been also
discussed. It was found that the plug flow region during electroflotation was about
the same for both the modes of operation, while the difference, as might be
expected, was in the mixed and deadwater regions; there was more backmix flow in
the countercurrent flow, and in the cocurrent operation deadwater region
appeared.

Nomenclature (Units in SI).

C-curve dimensionless output to a pulse input -
C, concentration at t = 0 mol.m™
C, concentration at t = t »
d dead space fraction of tank volume -
(1-d) effective fraction of tank volume -
E-curve exit age distribution function 5!
F-curve output corresponding to 0 to | step input

(measured as C./C.) -
I-curve internal age distribution function (I = [-F) : -
n number of ideal stirred tanks in series : -
p plug flow fraction of the effective part -
(1-p) perfect mixing fraction of the effective part -
t time s
t mean residence time s
v volumetric flow rate of incoming fluid ms™
v, flow rate of fluid passing through the vessel »
\'A flow rate of fluid by-passing the vessel »
\ volume of the flotation tank m?
Vs volume of backmix flow fraction »

\Z volume of dead space fraction »
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'S volume of plug flow fraction _
0 dimensionless time unit (6 = t/t )
6c mean of C-curve
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Summary

The adsorption of Vinylchloride monomer (VCM) onto selected plasticized polyvinyl-
chloride (PVC) resins. has been studied using Gas Chromatography.

Thermodynamic parameters such as partial molar enthalpy of mixing. partial molar
entropy of mixing. partial molar free energy and partial molar excess free energy of mixing
were derived from retention data.

The concentration dependent specific retention volume of vinylchloride as wéll as the
negative values determined for the above thermodynamic parameters support the “active
site” hypothesis.

It is shown that the high binding energy of “‘active sites” for VCM is the limiting factor.
providing an “essentially zero™ migration of the monomer into a food cantacting phase
when its residue in the polymeric matrix is finite but very low (< 1 ppm).

Key words: Adsorption. Vinyl chloride. Polyvinyl-chloride. Migration.

Introduction

Polyvinylchloride (PVC) is being used both in flexible forms (films) and rigid
forms (bottles) in food packaging applications. Its use has raised serious questions.
in recent vears concerning the possibility of migration of the monomer (VCM) from
the polvmer into a contacting food phase!,?** 7. Preliminary experiments®’.* on
rats have shown carcinogenicity of vinyl chloride via inhalation.

The toxicity of vinvichloride via inhalation in humans has also been reported
to the National Institute of Occupational Safety and Health of the U.S.°.

Finally the migration of vinylchloride from rigid PVC forms into alchohol. n-
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pentane and distilled water has been reported in the literature'.

Potential migration of VCM into a food contacting phase is controlled by the
following two factors: '
1. The concentration of VCM in the polymer. as a residue of the polymerization

process. ’
2. The chemical affinity of the monomer with the specific food phase in contact
with the polymer.

The concentration of residual monomer in the polymer can be related to the
nature of the polymer (film. rigid plastic) as well as to polymer composition (%
plasticizer. type of stabilizer etc).

The migration of a low molecular weight compound from a polymer to a
contacting phase can be considered at equilibrium as a function of polymer-
migrant interaction. Thus the equilibrium distribution of the migrant will be
determined by the thermodynamics of the interaction while the rate of attaining
equilibrium will be measured by diffusion.

Previous studies'!,'? on the subject of VCM migration. in-which unplasticized
PVC resin was used. showed a.non-linear relation-ship between concentration of
VCM in the polymer and the activity coefficient of the PVC/VCM interaction in
favor of the polymer.

These studies resulted in the development of the “‘active site” hypothesis.
which states that certain regions (active sites) within the polymer network seem to
show a higher affinity for monomer molecules. than others do.

In this paper the thermodynamic parameters of the PVC/VCM interaction are
studied. namely free energy. entropy and enthalpy of sorption using gas
chromatography, with the purpose to obtain valuable information on the nature of
the above interaction as well as to test the “‘active site” hypothesis.

Theory
Inverse phase chromatography

Inverse phase gas chromatography (IPGC) has been successfully used in recent
years. for both sorption isotherms and the determination of thermodynamic
parameters. as a means of interaction evaluation of different polymer/probe
molecule systems.

In IPGC. the polymer powder is the stationary phase of the GC column and
the probe molecule (monomer) is injected as a gas into the column. The monomer
partitions between the stationary and mobile phase (carrier gas) and it is possible
from chromatographic data to calculate the major thermodynamic parameters of
such interaction.

Calculation of Thermodynamic parameters from gas Chromatographic Data

The Clasius-Clapeyron expression of V'g!'* is given by equation (1)
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d(nVog) _ AH
dT RT?

M

where V°g = specific retention volume, or the apparent retention volume (Vz)
corrected for all oprerational variables, dependent only on the thermodynamic
variables of the system.
AH;: partial molar heat of solution of vapor in the column stat. phase.
The specific retention volume, Vg, is defined by equation (2)

IV (t - 1) x 273 2)

W, T.

Vog =

Where: J= compressibility factor, which accounts for the pressure drop along the

column

V= flow rate of carrier gas (ml/sec)

t~= time from solute injection to elution (sec)

t= retention time of unsorbed indicator (air)

W,= weight of st. phase (gr). )

The partial molar enthalpy and entropy are related to the column capacity

coefficient (k) by equation (3).

ink=Inf +(3H_)_ (28 3)

RT R

Where: AH= partial molar enthalpy of the solute when transferring from the st.
phase to the mobile phase.
(Apparently AH=— AH) 4)
AS= partial molar entropy of the solute when transferring from the st.
phase to the mobile phase.
= ratio of vol. of st. phase to the mobile phase
k= column capacity coefficient = Vg
Vo
Vo= dead vol. of the column associated with 1gr of st. phase.

The partial molar entropy of solution of vapor solﬁte in the column stationary
phase is AS, = — AS.(5) Equations (3). (4). (5) provide:

AS=R(Ink-Inf) + _AH: (6)

T

Equations (1) and (6) provide the AH, and AS,; values necessary to calculate the
change in Gibb’s free energy (AG,) of the solute/solvent interation by use of
equation (7) :
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AG.=AH. — TAS, (7)

A negative sign for AG.. will indicate that the interaction takes place
spontaneously. while the sign of AHs will indicate whether there are attractive of
repulsive forces between the solute and solvent molecules. The sign of AS. will show
whether of not the solute/solvent interaction leads to a more ordered system
(binding of monomer on specific sites).

If we define an “‘excess” free energy of mixing (AG..) for a real solution in
comparison with an ideal solution then:

AG.. = AGs -AG; (8)

Where: AG.= partial molar free energy of mixing of solute/solvent in real solution
AGi= partial molar free energy of mixing of solute/solvent in ideal
~solution
Equation (8) can be written in terms of the activity coefficient (y) of the
interaction:

AG.= RTIny (9)

Values for y greater than 1 are indicative of repulsive forces between solute and
solvent (positive deviation from Raoult’s Law).

Values for y lower than | are indicative of attractive forces between solute and
solvent. e
Equations (1), (6). (7). (8) and (9) were used to calculate the thermodynamic
parameters of the PVC/VCM interaction.

Experimental Procedures

Three different columns were used in all IPGC experiments. Each column was
packed with -one of the following three PVC powdered resins: TYPE I. DRY
BLEND 6200 and DRY BLEND 7200 containing 15%. 25% and 33% plasticizer
respectively. All resins were supplied by Borden Chem. Co.. N. Andover Mass,
U.S.A. The PVC resins were sieved, so that particle sizes between 100-150 Mesh
were used for column preparation. The aluminum columns of 6” X 1/4°" O.D.
were weighed before and after the packing procedure to determine the amount of
powdered resin used in each column.

A series of gas VCM in nitrogen standard samples were prepared by direct
injection of known volumes of high purity (99.99%) VCM into 60ml serum vials
(Wheaton vials. Fisher Sci. Co.) which were previously flushed with pure nitrogen.

All retention data were obtained on a Hewlett Packard 5750 Gas
Chromatograph equipped with a dual flame ionization detector. Nitrogen was used
as the carrier gas and the flow rate was measured using a soap bubble flow meter.

The pressure drop along the column was measured with a mercury manometer
at the injection port (P,ua = latm). The detector was calibrated prior to all
experiments with a 10% SE-30 column coated on ABS 90/100 Mesh.

The temperatures selected. for the different columns used, were the following:
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a) TYPE T RESIN 30°C. 40°C. 55°C
b) DRY BLEND 6200 RESIN 30°C. 40"C. 55"C

¢) DRY BLEND 7200

30°C. 40°C. 55°C

Operating conditions of the G.C. were the following:

T«Iul = 200"(‘

Tlm =

Carrier gas: N,, 60ml/min

All three columns were insulated from the detector by a 3" column packed

TABLE 1. Specific rentention volume (V%) as a function of concentration of VCM injected. into
column TYPE I at temperatures: a) 30°C b) 40°C c¢) 55"C.

a) 30°C

V' (ml/g)

2.6
2.3
2.1
2.0
1.9
1.9

_b) 40°C

Vg (ml/g)

2.3
2.1
1.9
1.8
1.8
1.8

¢) 55°C

Vig (ml/g) .

2.0
1.9
1.8
1.7
1.7
1.7

(VCM )« (pph W/W)

6.0
12.0
25.0
48.5
74.0
120.0

(VCM)ne (ppb W/W)

6.0
12.0
25.0
48.5
74.0
120.0

(VCM)ive (ppb W/ W)

6.0
12.0
25.0
48.5
74.0
120.0
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with glasswool, which was connected between the column and the detector inlet.
Retention times were determined to 0.1 sec. The retention time of air was
taken to be that of an undsorbed component,

Results
Retention Dara
Values for the specific retention volume (V) in mi/g as a function of VCM

concentration in PVC % (W/W) injected at three different temperatures in each of
the three columns, are shown in Tables [-III and Figures 1-3.

TABLE II. Specific rentention volume (V'g) as a function of concentration of VCM injected. into
column DRY BLEND 6200 at temperatures: a) 30°C b) 40'C ¢) 55"C.

a) 30°C

Vig (ml/g) (VCM)ine (ppb W/W)
6.0 60

5.7 12.0

5.3 _ 25.0

5.0 50.0

4.8 75.0

4.8 120.0

b) 40°C

Ve (ml/g) (VCM) (ppb W/ W)
5.0 ~ 6.0

4.8 12.0

4.6 25.0

4.5 _ 150.0

4.4 75.0

4.4 120.0

c) 55°C

Vo (ml/g) (VCM)n ¢ (ppb W/W)
3.9 6.0

38 12.0

3.7 25.0

3.6 50.0

3.6 75.0

3.6 120.0
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TABLE II1. Specific rentention volume (V°g) as a function of concentration of VCM injected. into
column DRY BLEND 7200 at temperatures: a) 30°C b) 40°C c¢) S5°C.

a) 30'C

Vig (ml/g) ' (VCM)ie (ppb W/W)
10.0 7.0

9.5 13.0

9.3 27.0

9.0 55.0

8.8 82.0

8.8 130.0

b) 40°C

Vg (ml/g) (VCM)pve (ppb W/W)
8.0 7.0

7.7 13.0

7.5 27.0

7.4 55.0

7.4 82.0

7.4 130.0

c) 55°C

Vg (ml/g) (VCMhme (ppb W/W)
6.1 ' 7.0

6.0 13.0

59 27.0

5.8 55.0

5.8 82.0

5.8 130.0

Family regression analysis of this data provided the general formula
Y=a+blnx to fit the plots for all PVC columns used.

In Figures 1-3 the intersept a in each plot was taken as the specific retention
volume at infinite dilution (V% ©9). These values are shown in Table TV.

The effect of temperature on the specific retention volume (V°g) at a) infinite
dilution b) lowest VCM concentration ¢) highest VCM concentration in shown in
Tables V-VII and Figures 4-6.

Thermodynamic Parameters

Values for partial molar enthalpy (AH,) partial, molar entropy (AS.) and
partial molar free energy (AG,) corresponding to the dissolution of VCM in the



66 M.G. KONTOMINAS and E. VOUDOURIS
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‘Figure 1. Specific rentention voluine (V'g) as a function of concentration of VCM injected, into colunin
TYPE I at temperatures: a) 30°C b) 40°C c¢) 55°C.
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Figure 2." Specific rentention volume (V°g) as a function of concentration of VCM injected, into column
DRY BLEND 6200 at temperatures: a) 30°C b) 40°C ¢) 55°C. ’
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Figure 3. Specific rentention volume (V°g) as a function of concentration of VC M injected. into column
DRY BLEND 7200 at temperatures: a) 30°C b) 40°C c) 55°C.
!
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TABLE 1V. Specific rentention volume at infinite dilution (V'g =) for resins TYPE 1. DRY BLEND
6200 AND DRY BLEND 7200 at temperatures: a) 30°C b) 40°C c¢) 55°C.

a)resin TYPE 1

Vige (mi/g) T("C)
2.95 30
2.60 40
2.20 55

byresin “DRY BLEND™ 6200

Vigoe (ml/g) T("C)

6.60 T 30
5.30 ) 40
4.10 55

ciresin “DRY BLEND™ 7200

Voge (ml/g) T("C)
10.6 .30
8.50 40

6.25 55

TABLE V. In Vg as a function of reciprical temperature at a) infinite dilution b) 6ppbc) 120 ppb for
column with resin TYPE 1. ’

a) infinite dilution

In Vg 1/T (K™
1.081 330 X 1077
0.955 319 X 1077
0.788 3.05 X 1077
b) 6ppb

In Vig . I/T (K™Y
0.955 3.30 X 107
0.833 319 X 107
0.693 3.05 X 1077
¢} 120ppb

In V' 1/T (K™
0.642 - 330 X 107
0.587 : 3.19 X 107

0.531 “3.05 X 1077
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TABLE VI. In V% as a function of  reciprocal temperature at a) infinite dilution b) 6ppb-c} 120 ppb
for column with resin DRY BLEND 6200.

a) infinite dilution

In Vog /T (K™Y
1.887 . 3.30 X 107° o
1.668 3.19 X 107
1.411 _ 3.05 X 107
lx
b) 6ppb
In Vg I/T (K"
1.792 3.30 X 107°
1.609 3.19 X 107
1.361 3.05 X 107
¢) 120ppb
In Vg 1/T (K™
1.569 3.30 X 107
1.482 3.19 X 107
1.281 3.05 X 107

TABLE VII In V%% as a function of reciprocal temperature at a) infinite dilution b) 7ppb ¢) 130 ppb
for column with resin DRY BLEND 7200.

a) infinite dilution

In Vg 1/T (K™
2.361 3.30 X 107
2.140 3.19 X 107
1.832 3.05 X 107
b) Tppb

In Vog /T (K™
2.302 3.30 X 107
2.079 3.19 X 107
1.808 3.05 X 107
c) 130ppb

In Vg 1/T (K"
2.174 3.30 X 107
2.001 : . 3.19 X 107

1.758 3.05 X 107
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PVC columns (solvent/solute interaction), are shown in Table VIII. Changes in
excess molar free energy (AGy) and activity coefficient values, cprresp’onding to the
dissolusion of VCM in the PVC columns are shown in Table IX.

Discussion

Results shown in Tables I-ITT and Figures 1-3 indicate that for all three of the
PVC resins used, the specific retention volume is concentration dependent al all
temperatures below Tg=8I° C increasing exponentially at very low VCM
concentrations.

This means that the lower the residual amount of VCM is in the resin, the
better it is bound by the polymer. These results suppott the “active site’” hypothesis
which states that certain irregularities or ‘“‘active sites’ exist with in the polymer
network that tend to thermodynamically bind the monomer, thus reduéing.its
possibility for migration in to food.

For a given resin-and concentration of VCM the specific retention volume
increases with the decrease of temperature. Thus ambient temperature favors the
retention of the monomer by the polymer.

Another very interesting point is that the amount of plaetlc1zer seems to
influence the specific retention volume significantly. The higher the degree of
plasticization of the resin, the longer the VCM is retended, or the better VCM is
bound with in the polymer matrix. This is in accordance with previous results'!'.

1) |nf|m+z Julnf‘-on
D6 p
A 120 P"h

nvg u

305 310 35 320 325 330
: 1/ X107 (K™

Figure 4. In Vg as a function o[ mmpl ocal lemporamre at a) infinite dilution b) ﬁppb €) 120 ppb for
resin TYPE l

The relation of the specific retention volume at infinite dilution, at 6ppb and

120 ppb with temperature (Tables IV-VII Figures 4—7) is of the Arrhenluq type and :

the slope of each curve (——I_-I ) shows the eontnbutlon of enthalpy change on the—
‘R . :

change of Glbb’s free energy (AG) for the PVC/VCM mteractton
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T a5 30 35 320 35 30
g %107 K™

Figure 5. In V°g as a function of reciprocal temperature at a) infinite dilution b) 6ppb c) 120 ppb for

tnVg

resin DRY BLEND 6200.

O Infinte dikkion
23 9 7 peb
A 130 ppb

366 30 3B 30 3B 30
1 X107 (K

Figure 6. In Vg as a function of reciprocal temperature at a) infinite dilution b) 7ppb c) 130 ppb for

resin DRY BLEND 7200.

TABLE VIII. Change in partial molar enthalpy (AHg) partial. molar Entropy (AS,). and partial free
energy (AGy) for dissolution of VCM in the three PVC resins at 30°C.

PVC RESIN AHKcal/mol) ASy(cal/mol) AG, (Kcal/mol)
TYPE 1 -2.08 -4.81 -0.624
DRY BLEND 6200 342 -7.81 -1.05
DRY BLEND 7200 23.92 -8.19 -1.44

Values of thermodynamic parameters shown in Tables VIII and IX are

indicative of the exothermic character of the VCM/PVC interaction (AH < 0)and
the binding of the monomer on specific sites with in the polymer network

(AG: < 0).
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Results shown in Tables I-IIT and Figures 1-3 indicate that for all three of the
PVC resins used, the specific retention volume is concentration dependent at all
temperatures below Tg=81° C increasing exponentally at very low VCM
concentrations.

TABLE IX. Change in excess molar free energy (AG,,) and activity coefficient for dissolution of VCM
in the three PVC resins at 30°C.

PVC RESIN AG\.\»(Kcal/molA) Y(activity coeff)
TYPE 1 4.7 3.97 X 107
DRY BLEND 6200 -5.14 1.96 X 107
DRY BLEND 7200 -5.52 1.04 X 107

which is indicative of strong attractive forces between VCM, PVC molecules.
The major significance of these results is that the VCM binding energy on to
PVC, exhibits a non-liner inverse relation with VCM concentration. Thus at low
concentrations ( < lppm) of residual VCM in the packaging material, the high
thermodynamic free energy required for desorption is the limiting .factor which
provides an “essentially zero™ migration of VCM to a contacting food phase.
Results are in general accordance with previous work conducted with snmllar
systems using classical partition's,

+

Iepiinyn

IIpoopdpnon tob uovouepoic Brvoloyiwpidiov dndé niaotikomomuévec pnrives
nolvfivvioyiwpidiov: Medérn t@dv Gepuodvvauicdv mapauétpov pé ujv "Aépia
Xpouatoypagia.

3 adt) v E&pyoocia, pereninke 1 mpoopdpnon Tod povopepodg
Biwloyrwpidiov (VCM) ot oeipd ané mhactikomoinuéveg pnriveg moAvPi-
voroyrwptdiov (PVC). “H perétn Eywve pé v "Aépro Xpopatoypagia.
Q¢eppoduvapiké mapduetpor Snog | EvBadnia, 1) Evrpomia xai 1) £ievOepn
¢vépyela mpoopogricewg dmoroyiotnkav pé Bdomn td ypopatoypagikd PEYEON
100 ypévov xai Sykov xatakpdinong. ‘H EEdprion tod eidikod Syxov
KOTAKPATNONG oD povopepoic &né 11 ovykévipeon xabdg xoi oi &pvnrikéc
Tipéc mov Bpédnkav yid 1ic napandve Beppodvvapikég tapapitpovg, otnpitovv
v Onéleon tdv Evepydv xévipov (active site hypothesis).

*Yrootmpiletar dg % dynin dvépyera déopevong tdv «Evepydv Kévipov»
- yd 6 povopepéc Bivvroxropidio elval 6 neploploTikég Tapdyev nov TapEyet
«00010oTIKG pndevikn» petavdotevon Tod povopepodg @né 16 mhaotikd
cvokevaociag o168 TpéQHo, Stav 1) GuYKEVIpeGTH Tov oté televtaio elvar
nenepaopévy GAAG modd yopnin (< lppm).
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Summary

- The synthesis of some symmetrically N,N’-substituted diaminoglyoximes, their
stereochemical study by 'H-NMR spectroscopy and their oxidation ard dehydration to the
corresponding furoxans and furazans respectively, as well as the deoxygenation of some of
the prepared furoxans to furazans are reported. \

Key words: Diaminoglyoximes, diaminofuroxans, diaminofurazans, stereochemical study.

Introduction

Symmetrically substituted diaminoglyoximes are known since 1893 when
Holleman' described the preparation of bis-anilino-glyoxime from furoxan and .
aniline. Several compounds of this type are known today prepared fr_orh'
dichloroglyoxime? or its diacetate®,* or dicyano-di-N-oxide’,* and ammonia or
primary and secondary mono-amines. On the other hand reactions of dicyano—di-
N-oxide with 1,2-diamines resulted in a similar way to the formation of 2,3-bis-
hydroxyiminopiperazine and_ 2,3-bis-hydroxyimino-1,2,3,4-tetrahydroquinoxali-
nes’,®. Although the diamino-glyoximes prepared from primary amines can existin
several tautomeric forms, it has been suggested that they adopt the dioximino-
structure®,®. Like other o-dioximes!® some diamino-glyoximes have be-:: converted
to the corresponding diamino-furazans?,? while somie of ‘those, fu«¥ substituted,
were oxidized with potassium ferricyanide to the corresponding furoxans®. There
are indications that the amphi- forms of the dioximes underge these reactions most
readily and it may be that other dioximes which yield furazans and furoxans do so
by a preliminary rearrangement?,'?, ‘



Table I. Diamino-glyoximes 4(d,e,f), Furoxans 6(a-f) and Furazans 7(a,d,f).

‘Compound Yield [%] m.p. [OC] Recrystal. Molecular Calculated/Found IR
(Method) (Lit. m.p.) solvent Formula %C %H N v Ecm'lj
4d 46 (A) 119-121 Methanol 528H26N402 I 74.64 5.82 12.44 3200, 3040, 1643, 1615,
. 80 (B) g (450.5) 74,99 5,87 11.98 1595, 1000, 977, 9382
de 15 (A) 168-170 Chloroform/ (:16H30N402 61.90 9.74 18.05 3300, 1645, 1610, 990,
Petr. Ether (310.4) 61.85 9.76 18.00 960°
Af 48 (A) 181-182 Chloroform/ CyoH18Ma04 46.50 7.02 21.69 3260, 1645, 1615, 985,
54 (8) (181-183)4 Petr.. Ether (258.3) 46.54 7.08 21.71 9602 .
6a’ 55 121-123 Ether C16M16M402 64.85 5.44 18.91 1604, 1588, 1550, 1493,
(296.3) 64.82 5.46 18.40 1452, 1418, 1372
6b 48 93-94 Ether/Petr. C18M2qNa02 66.65 6.22 17.27 1604, 1589, 1548, 1495,
Ether (324.4) 66.48 6.27 17.09 1486, 1444,1380b
6c 64 56-58 Pet¥. Ether C20H24N402 68.16 6.86 15.90 1608, 1590, 15475 1493,
(352.4) 68.35 7.00 16.01 1483, 1450, 1379
6d 60 112-114 Chloroform/ Coghogly0y 74.98 5.39 12.49 1603, 1588, 1547, 1537,
‘ Petr. Ether (448.5) 74.98 5.44 12.55 1495, 1484, 1452, 1440, 1380
be 75 0il  cecmmmcmane C16HagNa0, 62.30 9.15 18.17 1630, 1582, 1548, 14825
) (308.4) ¢ 62.32 9.08 17.99 1450, 1416, 1360, 1347
6f 85 141-142 Ether/Petr. CyM16M404 46.87 6.29 21.87 1608, 1591, 1547, 1537,
(1413)4 Ether (256.3) 47.04- 6.37 22.07 1479, 1452, 1372
7a 14 (A) 137-139 Chloroform/ Cy6H16M40 68.55 5.75 19.99 1602, 1590, 1568, 1540,
70 (B) Petr. Ether (280.3) 68.36 5.90 19.80 1500, 1455, 1404, 1380
d 42 (A) 99-100 Petr. Ether Coghoghg0 77.75 5.59 12.96 1600, 1589, 1568, 1528,
85 (B) (432.5) 77.70 5.5 12.73 1496, 1455, 1370
f 18 (A) 151-153 Chloroform/ C10M16M403 49.99 6.71 23.32 15.75, 1545, 1530, 1510,
58 (B) Petr, Ether (240.3) 49.52 6.61 23.30 1451, 1380°

a:in Nujol b:in Chloroform

vL
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Table II. TH-NMR spectra of compounds 4(a-f), 6(a-f), 7(a,c,d,f),

Compound B[bpnﬂ

42 2.50 (s, 6H, N-CH,), 6.65-7.58 (m, 10H, CcHg)%; 11.43 (s, 2H, N-oH)®.

4 0.90 (t, 6H, CHy, J=7 Hz), 2.70 (q, 4H, CH, , J=7 Hz), 6.50-7.40 (m, 10H, CgHg)®;
11.27 (s, 2H, N-OH)P.

4¢  0.90 (t, EHZjC_H3, 9°THZ), 2.30 (s, CoHy-CHa), 2.73° (g, ~CHy-CHy, J°77Hz),
6.40-7.33% (m, arom.)®; 0.88 (t, 6H, CHy-CHy, J=7 Hz), 2.25 (s, 6H,-CcHs~CH,)
2.77 (q, 8H, -CH,~CH3, J=7 Hz), 6.33-7.30 (m, 8H, arom.), 11.20 (s, 2H, N-0H)P.

4 4.17 (s, 8H, CgH-CHy-), 6.37-7.50 (m, 20H, arom.), 11.28 (s, 2H, N-0H)®.

fe  1.17-2.00 {-m, 22H), 2.70 (s, 6H, N-CHy)%; 8.87 (s, 2H, N-0H)®.

4 2.92-3.42 (m, 8H, -CH,~N-CH,-), 3.50-3.97 (m, BH, -CH,-0-CHp-)%; 10.22 (s, 2H,N-0H)P.

6a  2.77 (s, 3H, cn3d), 3.32 (s, 3H, CH,®), 6.15-7.30(m, 10H, arom.)f.

6b  1.10 (t, 3H, -CHZ-_Cﬂ3d, J=7 Hz), 1.18 (t, 3H, -CHy-CH.®, J=7 Hz), 3.17 (a, 2H,
-QﬁZ-CH3d, J=7 Hz), 3.75 (q, 2H, -CHy-CH.%, J=7 Hz), 6.18-7.30 (m, 10H, arom:),

6c 1.08 (t,d3H, -CH2—C_H3d, J=7 Hz), 1.17 (t, 3H, -CHy-CH®, =7 Hz), 2.02 (s, 3H,
CHy-Ciy‘) 2.20 (s, SH, Cghy-Chy%), 3.13 (, 2H, ~CHy=CHy®, 3=7 Hz), 3.73 (q, 2Hee
-CHy-CH3™, J=7 Hz), 6.00-7.18 (m, 8H, arom.)“.

6d  4.23 (s, 2H, 06H5—C_H2-d), 4.85 (s, 2H,dc6H5-%-e), 6.18-7.22 gm, 20H, arom.)?.
6e  0.80-2.17 (m, 22H), 2.77 (s, 3H, N-CH,%), 2.85 (s, 3H, N-CH,%)°.
- 6f  3.12-3.55 (m, 8H, -CH,-N-CH,-), 3.62-3.95 (m, 8H, -CH,-0-CH,-)%.
Za 3.2 (s, 6H, N-CHy), 6.28-7.50 (m, 10H, arom.)?.
Zc 117 (t, 6H, CHy-CHg, J=17r Hz), 2.15 (s, 6H, -CcH,~CHi), 3.63 (. 4, -CH,-CH;),
6.03-7.17 (m, 8H, arom.) .
d 472 (s, 8H, CgHg-CH,-), 6.25-7.42 (m, 20H, arom.)?.
7f  3.17-3.48 (m, BH, -CHy-N-CHy-), 3.68-4.02 (m, 8H, -CH,~0-CHy=)?.

a:in gDC13; b: in DMSO-dG; ¢: obscure signal because of the Tow solubility .of compound;
d: 3-N-substituent; e: 4-N-substituent; ' f: in CC14.

In connection with our recent work on oxidation of some 23-bis-
hydroxyimino-1.2.3 4-tetrahydroquinoxalines with phenyliodine ditrifluoroacetate -
(5) to furoxano-[3.4-b]lquinoxalines and their subsequent deoxygenation to the
corresponding furazano-[3.4-b]quinoxalines!' we present. in this paper the
preparation of diamino-glyoximes 4(a-f). their oxidation with 5 to the correspon-
ding furoxans 6(a-f) and further the preparation of furazans 7(a.c.d.f) (Scheme 1),
as well as a spectroscopic study of all these compounds. -
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Table 111. lH-NMR spectra of Diamino-glyoximes RR*N-C(=NOH)C(=NOH)-NRR", 4(f-1) and
Furoxans RR*N-E—C-NRR", 6(F=1), reported by Walstra et art.

g7 0
Compound R ~ R” S[ppm]
4f  -CHy-CH,-0-CHy-CHy  3.21-3.57 (m, 8H, -aCHZ-O—CHZ-), 3.73-3.95 (m, 8H, -CH,-N-CHp-),
- 4.68 (s, 2H, =N-OH)". _ b
4g  CHy CHy 2.89 (s, 12H, CH), 5.80 (br.s, 2H, =N-OH) .’
4 CHHg CHy 1.20 (t, 12H, CHy),.3.22 (g, 8H, .CH,).. 7.66 (s, 2H, =N-0H)P.

4 CH(CH3), CH(CH;), 1.24 (d, 12H, CH), 1.36 (d, 12H, CHy), 3.45-3.91 (m, 4H,
v CH), 4.68 (s, 2H, =N-0H)C.
4o '-'(CHZ)E;- 1.60 [s, 12H, '-(CH2)3-’_'[, 3.19 (m, 8H, -CH,-N-CH,-), 4.70
' { " (s, 2H, =N-OH)C.
& . H T CH 1.15 {t, 6H, CH3),'3.17 (q, 4H, CHZ), 4.82 (br., 4H, N-H

and =N-0H)C.
41 H Cey 6.77-7.17 (m, 10H, Cchg), 7.45 (br.,2H, =N-OH), 9.45 (br.,
“2H, N-H)d,

. . b
6f fCHZ-Cl-'IZ-O-CHZ-CHZI 3.21-3.57 (m, 8H, ~CHy-0-CHy=), 3.72-3. % (in, 8H, -CHy-N-CH,-)".
63 CHy CHy 2.82 (s, 6H, CHy), 2.97 {s,-6H, CHg)®.
6h  CoHe CHs 0.97-1.34 [in; (two triplets), 12H, CH3] 3. 02 3.69 En, (two

b
quartets), 8H, CHZ] .
61 . CH(CHy), 'CH(CH3)2 1.13 (d, I2H, cna), 1.32 (d 12H, CHa), 3 50-3.94 (m, 2H, CH),
' s 4:15-4.60 {m, 2H, cu) '
61 - (CH)g- 1.63 [br.s ‘12H (cn2 3] 3.09- 3. 44 (m, 8, ~CH, M-CH2 )P,

a: in pzo; ¥ _,"{1"3901‘3;,.?5.1’,’! cD300; d: in _(»CD3~)2C0;‘:' e: __in ce14.

Results aml Disc,ussion. :

The reactions studled and the compounds prepared are depicted.in Scheme 1,
while thelr analytical and spectral data are gwen in ';Tableq I, 1. IV. Compounds
4(a-f)-were prepared by the.reaction-of the approprl \te amme with dlcyano ~di-N-
oxide (2) (Method A) or with drchloroglyoxrme %)) (Method B) Products from both"
methods were identical to each other and the known 4(a c}“ 4> to those reported
in the literature. : " : :
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- + + - ’ ’ -
R NH—R® O0—N=C—C=N—0 (2) R\N_C_C_N<R
°or =G5 (3 R/Ho'rﬁ NoH ©
NOH NOH H
1(a-f) 4(a-f)

—C—C— —C—C —N~
R~ 1 1 ™R R/N ﬁ ﬁ NSRr
HON NOH - N N
\ /‘\%3
o)
4 @-f) 6(a-f)
R~ R~ P(OC,H,) -
NaOH \N—C——C—N< 27573
R 1 10 R
N
o)
7(@,c,df)
1. 4,6, 7 a: ReCHy. R'=CeHg: b R=CoHg, R'=CoHgs ci R=C,Hg, R'=3-CHy-CoHy;

(f=8

R=CHg-CH,, R'=CcHgs e R=CHa,

R-R' =—CH2—CH2—O-CH2~CH2-

R‘=cyc10—C6H11;

|—b

Scheme 1

*  Compounds 4(a-f) showed in their 'H-NMR spectra in DMSO only one sharp
singlet peak for both their hydroxyl protons (=N-OH) at 6=8.87-11.43 ppm (Table
IT). This observation is.very informative on the stereochemistry of compounds in
question, which generally may exist in anti- (8a), syn- (8b) or amphi - configuration
(8c).

‘ ¢ : R" R R
R R R{ . AN ~N—C —C—N"
/N_F"ﬁ—N‘iR rPNTH CNg rPMHTIR
HO-N N-OH N-OH HO-N N-OH N-OH
8a 8b 8¢

Scheme 2

Kleinspehn et al.'? found that most oximes exhibit in their 'H-NMR spectra in
DMSO a hydroxyl proton resonance signal whose chemical shift value is essentially
concentration independed and thus characteristic of the particular syn- or anti-
isomer. Similarly Tanaka et al.!* reported that the anti- and syn- forms of benzil-
and furil-dioxime give one sharp signal for both their hydroxyl protons in different
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fields, while the non-symmetric amphi- forms give two singlets. These signals were
not affected by mixing of isomers. Recently, Gozlan et al.'* and Dignam et al.'”
prepared the (E)- and (Z)- isomers of some benzamidoximes and found that the
hydroxyl proton of (Z)- isomers resonates in the 'H-NMR spectra (DMSO) at a
lower field than that of the corresponding (E)- isomers, Significant and normal
differences were also observed for the other protons in each pair of all (E)-, (Z)-
isomers. In addition to these data, it was also reported that in some
benzamidoximes an equilibrium between the conformers 9a - 9b is established, as it
was indicated in their '"H-NMR spectra, where absorptions for the protons of both
conformers were observed'?,'’,

R? H »
>N—H \N—Rz
R'—C _— R— C/
Mo AN
N N—0_
H H
Qa 9b

It is obvious from these data that the 'TH-NMR spectroscopy is very useful for
the configurational and conformational study of amidoximes and generally of
oximes, since the chemical shifts of their protons and especially of hydroxyl protons
in DMSO are greatly affected by the enviromental differences between the
structural isomers. In contrast to the reported extensive studies on simple
amidoximes, diamino-glyoximes have not been studied systematically up today.
Walstra et al. studied the 'H-NMR spectra of two isomeric bis- diisopropylamino-
glyoxime diacetates at different temperatures (-20° to +65° C). They found that one
of the isomers showed in all temperatures a multiplet, a singlet and a doublet signal
for (CH,).CH, -OCOCH, and CH(CH,), protons respectively, while the other
isomer gave for these protons at -20° to +20° C a multiplet, a broad singlet and a
multiplet respectively, but the last multiplet collapsed at +65° C into a broad
‘unseparated doublet. The authors considered that in the case of the isomer with the
temperature depended 'H-NMR spectrum the rotation about the central C-C bond
is less sterically hindered and suggested for this isomer the anti-configuration and
for the other one the amphi-configuration, with the N-substituents in trans
conformation. Treatment of both isomeric diacetates with dimethylamine resulted
to the same dioxime 4i (Table IIT) for which the authors proposed the amphi-
configuration. They also prepared the diamino-glyoximes 4(f-1) and proposed for
all of them the amphi-structure. Oxidation of 4(f-j) with potassium ferricyanide
gave the corresponding furoxans 6(f-j). The reported 'H-NMR spectra of
compounds 4(f-1), 6(f-j) are given in Table III.

It is obvious from the data of Table III that, with exception of compound 4i,
both R, both R’ and both N-OH groups of all diamino-glyoximes 4 are



DIAMINO GLYOXIMES. FUROXANS AND FURAZANS. 79

Table IV. Mass spectra of compounds 4(d.e,f), 6(a-f) and 7(a,d,f).

Compound m/e (relative intensity %)

4 as0(Mt 2); 434(8); 433(24); 432(10); 414(2); 402(1); 341(13); 208(27); 183(26);
182(17); 181(22); 180(23); 106(15); 105(12); 91(100); 77(40).
4e 310(M) 16); 294(20); 293(100); 292(3);- 278(4)5 262(8); 211(12); 180(18); 155(6);
151(15); 138(6); 124(6); 113(12); 112(47); 83(35); 74(20); 70(38).
4f 258(My 36); 202(18); 241(100); 226(3); 211(16); 210(19); 171(6); 156(18); 153(15);
141(13); 129(12); 125(52); 112(16); 111(16); 87(31); 86(72); 69(25); 57(58);
56(46); 55(33); 42(55); 40(45).
6a 206(M' 13); 280(2): 279(2); 266(10); 236(63); 221(15); 160(34); 132(68); 118(20);
117(10); 107(80); 106(100); 91(32); 77(73); 30(19).
6b 324(M% 12); 308(3); 294(19); 264(100); 235(30); 174(15); 159(10); 146(26); 132(17);
131(14); 121(22); 120(15); 119(13); 118(41); 106(52); 104(50); 91(17); 77(81);30(13).
6c 325(M) 1); 336(2); 322(2); 292(4); 272(7); 188(26); 173(11); 168(17); 167(13);
160(26); 154(24); 153(18); 141(17); 135(47); 134(15); 132(30); 120(100); 104(25);
91(44); 30(52).
6d 448(M 9); 432(3); 431(3); 418(18); 388(64); 297(38); 236(26); 208(26); 194(23);
183(29); 182(21); 181(47); 180(45); 159(41); 144(39); 119(35); 91(100); 77(51);
30(12).
[ 308(M",5); 292(3); 278(12); 262(2); 250(60); 248(98); 235(70); 166(97); 139(18);
138(15); 128(86); 124(30); 113(45); 112(15); 84(100); 83(77); 70(73);42(97);30(97).
6f 256(M 2); 240(2); 226(3); 196(100); 140(10); 138(8)3 114(9); 113(9); 112(41);
110(10); 98(4); 87(12); 86(12); 85(9); 57(29); 56(25); 55(50); 54(40); 42(97)530(28).
7a.  280(M", 51); 250(24); 149(24); 132(22); 118(51); 106(12); 91(40); 77(100); 51(40);
41(40).
7d 432(M", 13); 402(0.5); 341(25); 224(1); 208(7); 207(4); 194(3); 182(5); 181(8);
180(7); 91(100); 77(31);- 65(34); 51(19).
7f 260(M", 100); 211(7); 210(47); 209(21); 183(5); 166(7); 125(7); 124(8); 113(10);
105(7); 98(8); 86(22); 69(14); 56(28); 54(34); 45(42); 42(24); 41(23).

magnetically equivalent giving in the 'H-NMR spectra one absorption for the same
protons. This is a strong evidence for a symmetric structure of compounds in
question and is in disagreement with the suggested amphi-form for these
compounds. since the corresponding furoxans 6(f-j) with the non-symmetric
structure exhibited different chemical shifts for 3-N-, and 4-N-substituents.
Compound 4i, like the corresponding furoxan 6i,gave two doublets for the methyl
protons of the isopropylamino-substituents, in agreement with the proposed non-
symmetric amphi-form, even though this differentiation in chemical shifts was not
so clear for the methine (as in furoxan 6i) and hydroxyl protons.

Although the diamino-glyoximes can also exist in a conformation with the N-
substituents in trans-position, it is apparent that a structural correlation between
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the stereochemical forms of a symmetrically substituted dioxime and the
corresponding furoxan and furazan can be considered, concerning the spatial
arrangements of N-substituents and the -C=N-O groups. The amphi-form can be
related to the furoxan-structure and the syn-form to the furazan-structure, while
the symmetric anti-form of a dioxime can be related to the moiety of the
corresponding furoxan bearing the N—=0 bond. The other moiety of the furoxan
is very similar to the corresponding symmetric furazan. Table III reveals a
significant similarity between the 'H-NMR spectra of the amphi-dioxime 4i and the
furoxan 6i.

Then we prepared the furoxans 6(a-f) and the furazans 7(a.c.d.f) (Scheme 1)
and compared their 'H-NMR spectra with those of the diamino-glyoximes 4(a-f)
(Table II) as well as with those of compounds in Table III. We also studied the
spectra of compounds 4(k.l) and of several other similar diamino-glyoximes
previously prepared by us®. As it has been pointed above, the 'H-NMR spectra in
DMSO-d, of all studied diamino-glyoximes exhibited one absorption for both
hydroxy! protons (N-OH), and generally revealed a symmetric molecular structure.
The same symmetry, as it was expected, was also observed in the spectra of
furazans. while the '"H-NMR spectra of all furoxans gave the expected two
absorptions for each pair of non-symmetric N-substituents, R, R". Table II showes
that, in agreement with the '"H-NMR spectra of many other substituted furoxans'®,
the protons of 3-N-alkyl substituents of the studied furoxans resonate at a higher
field than the same protons of their 4-N-alkyl stbstituents and very close to that of
both same N-alkyl substituents of the corresponding diamino-glyoximes. On the
other hand. the protons of 4-N-alkyl substituents of these furoxans resonate at
about the same field with that of N-substituents of the corresponding furazans and
lower than that of both N-alkyl substituents of the corresponding diamino-
glyoximes. On the base of these observations we consider that the 'TH-NMR spectra
of all diamino-glyoximes 4(a-1) are in favour of the symmetric anti-configuration 8a
(Scheme 2). with exception of bis-diisopropylamino-glyoxime 4i, where the
reported '"H-NMR spectrum agrees sufficiently with the proposed amphi-structure.

The suggested anti-configuration for compounds 4 is also in agreement with
the proposal that the reaction of primary and secondary amine nucleophiles with
nitrile-N-oxides in aqueous solution leads to the (Z)-isomers in which the
nucleophile and the -OH group are adjacent'*. The anti-configuration has also been
suggested for some symmetric derivatives of oxalo-bis-thiohydroximic acid.
prepared by reaction of dicyano-di-N-oxide with thiols!. The recorded mass
spectra of new compounds 4(e.f.d) (Table IV) showed generally a similar
fragmentation patern to that reported for compounds 4(a-c) and other diamino-
glvoximes®. giving [M-O]" [M-OH]" [M-NO.H.]". [M-(RNHR")]". [RR'N-C=
NOH]. [RR'N-C = NT'. [RNHR]. [R-N-R"]" as characteristic fragment ions.

Treatment of compounds 4(a-f) with one equivalent of phenyliodine
ditrifluoroacetate (5) at room temperature, gave the corresponding furoxans 6(a-f)
in good to moderate yields (88-48%) (Scheme 1. Table 1). The reactions were
completed in less than 5 min, as it was monitored by TLC and the produced
furoxans were generally separated from the reaction mixture by column
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chromatography. The structure of compounds 6(a-f) was confirmed by their
spectral data ("H-NMR, IR, MS) and microanalyses. Compounds 6(a-f) exhibited
in the IR spectra the characteristic?® bands in the region 1630-1300 cm™ for C=N,
O-N—> O and N-O bonds (Table I). The mass spectra of these compounds gave the
expected molecular ion (M") and most of the fragments reported for the
fragmentation of other furoxan derivatives?!,?2, as it is shown in Scheme 3. Besides
these fragments the recorded mass spectra of compounds 6(a-f) gave also several
other abudant ions which can be easily explained considering the participation of
the alkyl and aryl groups in the fragmentation reactions as well as the expected
eliminations of amine and nitrile fragments.

Then we tried to deoxygenate compounds 6(a-f) to the corresponding furazans
by heating them with triethyl phosphite (Scheme 1). Although many furazans have
been prepared in this way in excellent yields'®, our efforts resulted in the
preparation of furazans 7(d.f) only, while traces of furazans 7(a.c) were isolated and
identified from the other reactions. Generally small amounts of furoxans 6(a,b.c.e)
were available and used in these reactions. It is possible that the deoxygenation
procedure depends on the nature of the substituents, since in contrast to some 3-
methyl-4-alkoxy (or alkylthio, or their sulfones)-furoxans which were deoxyge-
nated to the corresponding furazans in higher than 90% yield, 3-methyl-4-
pyrrolidino-furoxan gave the corresponding furazan in only 45% yield. Furazans
7(a.d.f) were also prepared by direct dehydration of diamino-glyoximes 4(a.d.f)
(Scheme 1) and were identical to those prepared by deoxygenation of the furoxans.
The structure of compounds 7(a.c.d.f) was also confirmed by their spectral data
and microanalyses. The observed general fragmentation pathway in the mass
spectra of furazans 7(a,d.f) is in good agreement with that proposed for furazan 7c’,
giving [M-NOT’, [RR'N-C = NT', [RR’'NCT", [R-N-R‘]" as characteristic frag-
ments.

Experimental Part

M.p.s’ are given without correction and were determined with a Kofler hot-
stage apparatus. 'H-NMR spectra were obtained in different solvents with a Varian
A-60A spectrometer with tetramethylsilane as internal standard. IR spectra were
recorded on a Perkin-Elmer 297 spectrophotometer. The mass spectra were
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obtained with a Hitachi Perkin-Elmer RMU-6L mass spectrometer; The ionization
energy was maintained at 70 eV.-

General Procedure for the preparation of diamino-glyoximes 4(a-f).

Method A. To a cold solution of the appropriate amine (0.02 mol) and
dichloroglyoxime (0.01 mol) in chloroform (130 ml) a 2N solution of sodium
carbonate (30 ml) was added dropwise under stirring. The organic layer was
separated, dried with anhydrous sodium sulfate, concentrated in a rotary
evaporator under reduced pressure to 50 ml and then was allowed to stand for' 12 h
at -15° C. Part of compounds 4d and 4f was precipitated and isolated while the rest
of them as well as the other prepared dioximes 4 were separated from their reaction
mixture by column chromatography on silica, eluting with chloroform.

Method B. Dichloroglyoxime (0.005 mol) and the appropriate amine (0.02 mol)
were dissolved in tetrahydrofuran (10 ml) and the resulting solution was refluxed
for 3 h. The precipitated amine hydrochloride (if any) was removed from the cooled
reac/tion mixture, the solvent was evaporated under reduced pressure and the
residue was dissolved in chloroform. The rest amine hydrochloride was extracted
from the solution with water and the organic layer was boiled with Norite. After the
Norite had been removed by filtration, petroleum ether was added to the filtrate
until no more product precipitated and the mixture was allowed to stand at-15° C.
The collected crude products were then recrystallized from the solvents given in
Table I.

General Procedure for the preparation of furoxans 6(a-f).

To a magnetically stirred suspension of a diamino-glyoxime 4(a-f) (I mmol)in
dichloromethane (20 ml) a solution of phenyliodine ditrifluoroacetate (5, I mmol)
in dichloromethane (20 ml) was added at 20" C. After 5 min all dioxime was
dissolved and consumed. as monitored by TLC. The reaction mixture was treated
with sodium bicarbonate solution, the organic layer was dried with anhydrous
sodium sulfate and concentrated under reduced pressure in a rotary evaporator to a
small volume. Furoxan 6f was precipitated quantitatively and isolated. Furoxans
6(a-e) were separated from the concentrated reaction mixture by column
chromatography on silica eluting with chloroform and were further purified by
recrystallisation (Table I).

General Procedure for the Preparation of Furazans 7.

Method A. Deoxygenation of furoxans 6(a-f) with triethyl phosphite:

A solution of furoxan 6(a-f) (0.5 mmol) in triethyl phosphite (5 ml, excess) was
heated under reflux for 1 h and then was concentrated under reduced pressure in a
rotary evaporator up to dry. The residue was dissolved in chloroform, washed with
water and. the organic layer dried with anhydrous sodium sulfate and concentrated
to a small volume. Furazan 7f was precipitated and isolated from the concentrated
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mixture. The other concentrated reaction mixtures were separated by preparative
TLC on silica with chloroform. Furazan 7d was isolated in low yield. Furazans
7(a.c) were isolated in traces and identified by '"H-NMR and mass spectroscopy.
The expected furazans 7(b.e) were not detected in their reaction mixtures.

Method B. Dehydration of diamino-glyoximes 4(a.d.f).

Diamino-glyoxime 4(a.d.f) (1 mmol) was added to a solution of sodium
hydroxide (40 mg, 1 mmol) in ethylene glycol (3.5 ml) and the resulting mixtures
was heated at 140° C for 5 h. The solution was cooled to 25" C and poured into ice-
water (10 ml) and was allowed to stand for 12 h. The precipitated furazan was
collected by filtration and crystallized (Table I). The prepared furazans 7(a.d.f)
were identical to those prepared by method A.

Mepidnyn

2iovOeon kai Merétn pepiedv Zvppetpik@v Aiduvo-vnokateotnpévawy TAvo-
Eudv, Dovpolaviwv kai Povpalaviwy.

*And dvtidpdoelg dsutepoTay@®yv Guivdv pé dixuavo-8ig-N-6€eidio (2) 1 pué
Svyrwpoyruotiun (3) mapackevdobnkav oi dwapivo-yiuolipeg 4(a-f) (Zyfipa 1)
- kol peretriBnke § Sopn touvg. Oi Evdoeig 4(a-f) Edwoav katd tiv d&eidwor] Toug
pé drprpbopooketobu-twdofeviorio (5) of karéc dmnoddoeig td dvrticTorya
povpotavia 6(a-f) and ¢ dnoia katd v ENidpacn pwceop®ddn Tplatbvrectépa
TapackevdoTnKay ¢ povpaldvia 7(a,c,d,f). Td eovpaldvia 7(a,d,f) tapockevd-
othkav éniong and v dpuddtomomn 1@V dviictoiymv dtapvo-yAvo&udv 4(a,d,f)
pé émidpaon vépoteidiov Tob vatpiov. Meketrinkav ta pdaopate IR, MS kai 'H-
NMR Slov 1dv Evooeonv. *And T cLGTNUOTIKY] KOOI CUYKPLTIKY HEAETT TOV
easpatov 'H-NMR 1dv Evdoeov 4(a-f), 6(a-f'), 7(a,c,d,f) kaboc kai tdv EvHoewv
4(f-1) xai 6(f-)) mov dvagépovror ot PLBrioypaeia (TTivakag IIT) mpoxvntel 61t
oé avtiBeon pué v mpotewvépevn oty PLBrioypagia duei-dopri yid v Evoon 4f
kol yud drrec dvéroysc Srapivo-yAvoiueg, ol Evaoeig 4(a-f) Eppaviloviar
ovppetpikéc kai wpoteivetar yi' adtég N avri-doury 8a (Zyfipa 2).
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