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PARAMAGNETIC CENTERS IN X-RAY IRRADIATED
ZnSO,(NH,),SO,-6H,0 SINGLE CRYSTALS

C. BATAS and S. KARAVELAS
University of Ioannina, Physics Laboratory
(Received February 11, 1975)

Summary

Analysis of the electron spin resonance spectra of X-ray irradiated single crystals of

- ZNSO4(NH,),SO, - 6H,O shows that paramagnetic centers of F type are formed around the

radical NH;... Isotropic hyperfine splittings are found equal to 64.26 MHz for the nitrogen
and 68.48 MHz for the hydrogen.

Introduction

It is well known that X-ray irradiation produces paramagnetic defects in
single crystals. It has been shown' that in crystals of NH,ClO, paramagnetic defects
are produced which can be identified as the radical NH,... In this paper the analysis
of the paramagnetic defects produced by the X-ray irradiation of
ZnSO,(NH,),SO, - 6H,0 single crystals is presented.

Experimental

Single crystals were grown from aqueous solution® of ZnSO,-7H,O and
(NH,),SO,. The saturated aqueous solution which had originally a temperature of
40°C was cooled gradually to the room temperature at the rate of 0.5°C
degrees/hour. The crystals were irradiated for 3 hours at room temperature with a
copper target X-ray tube operating at 34 KV and 18 mA. Crystals were 5 cm from
the window of the tube.

Tutton salt ZnSO,(NH,), -6H,0 is monoclinic containing four nitrogen
atoms and four sulphur atoms in the unit cell. Every Zn atom is surrounded by six
aqueous molecules. Cell dimensions are a, = 9.223 A°, b, = 12.50A°, ¢
6.237A° and the angle B = 106°52'. The space group is Cs, (P,,.).>*

The E.S.R. spectra were taken with an X band spectrometer in a TE
cylindrical cavity and 100 KHz field modulation.

Results

E S.R. spectra were taken at room temperature from the planes of the axes
a,b,c.” There are two types of spectra which are 200 gauss and 2,500 gauss wide
about the center field 3,371 gauss.

The 200 gauss wide spectrum from.the ac* plane (c* = csinf}) consists of a
strong line, Q, at 3,371 gauss which is isotropic in the rotation of the field and twelve
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anisotropic lines in four groups of three lines. The relative intensity of the groupsis
1:3:3:1. The center of gravity of the lines is isotropic in the rotation of the field and
coincides with the Q line. Fig. 2a and 2b shows the angular variation of the
hyperfine splittings when the magnetic field lies in the ac* plane.
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FIG. 1. E.P.R. Spectrum of irradiated ZnSO'(NH,),SO, -6H,O Single crystal.

The 200 gauss wide spectra of the ab and ¢*b planes consist of a group of six
anisotropic lines and of one isotropic line, Q, in 3,371 +0.5 gauss. The variation'of
the hyperfine splittings is shown in Fig. 3 and 4 when the magnetic field lies in the ab

and c*b planes respectively.
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FIG. 2 a. Angular variation of the hyperfine splitting AN of the NH, + defect when magnetic field lies on
the ac™ plane.
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The 2,500 gauss wide spectra taken on the three planes ac*, ab, ¢*b consist of
many weak lines strongly anisotropic. The measurement of the crystal conductivity
with a R, C Boonton 74C bridge at room temperature showed that it remained
constant after irradiation. The crystal conductivity was found 10® Q' cmi’ at 8 KHz
and 10"° Q7 at 200 KHz.
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FIG. 2b. Angular variation of the hyperfine splitting AH of the NH; .. defect when magnetic field lies on
the ac™ plane. ’
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FIG. 3. Angular variation of the hyperfine splitting AN of the NH, , defect when magnetic field lies on the
ab plane. '

Analysis

Analysis of the 200 gauss wide spectra showed that their center of gravity ison
the Q line which coincides with the line of D.P.P.H. This means that the Q line and
the lines of the group have the same isotropic g factor equal to 2.0033.

‘The small value of the crystal conductivity in combination to the isotropic g
factor leads to the conclusion that the paramagnetic centers are of F type. -
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The spectrum of Fig. 1 can be decomposed into an equally spaced triplet of
quarters. Each quarter has relative intensities of 1:3:3:1 asillustrated in Fig. 5. This
spectrum arises if the unpaired electron in the defect interacts with one nucleus of
spin 1 (as nitrogen) and three equivalent nuclei of spin 1/2 (as hydrogen).

In Table I the components of the hyperfine splitting tensors their normalized
eigenvectors and their direction are given.

It AXis I b AXIS ) | et AXIS
! i 1
A ] o experimental !
; ~— calculated :
0 26 r- H ~72.86
7] ' \
2 1 1
g . : {2
] B . . ! =
(_D ° . o ° : e ° ° i Z
Zoap e FETETT—e o 0l e e et 8 [0 % jeQ
E ° o i o ° ° 3 z
3 ! ° o : =
& o3f o ° | v
] ! 7]
i !
20} ! 16165
Il 1 o
1 1 1 - i 1. i 1 1 1 et i i3 LN i — 1 4>
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180
ANGLE

FIG. 4. Angular variation of the hyperfine splitting AN of the NH,, defect when magnetic field lies on
the bc* plane.

From the crystal structure analysis it was found that: a) in the crystal cell there
are two directions along which pairs of atoms of sulphur and nitrogen lie in their
closest distance and b) these directions intersect c axis at an angle of 33°84” and they
are vertical to the b axis.

TABLE 1
Figenvalues of Normalized Direction ' Components of
the A’ tensor eigenvectors I'he AN tensor

Gauss (MHz)
(Aj)XX 990.651 0.689-0.0009 0.725 46°.450 90°.051 43°.531 (AN)xx31.474 (88.204)
(A%)yy 178.654 -0.724-0.006 0.689  136°.470 90°.344 46°.450 (AN)¥v13.366 (37.457)
(A*)zz 575.046 -0.004 0.999 0.005 90°.230 2°. 562 89°.713 (AN)zz23.980 (67.203)

Eigenvalues of
A’ tensor

Normalized
eigenvectors

Direction

Components of
the AH tensor
Gauss (MHz)

(A%)xx 662.189
(A%yy 556.726
(A%zz 575.298

0.654-0.002 0.756
-0.748-0.145 0.648

.-0.072 0.994 0.08

49°.156 90°.114 40°.887
138°.417 98°.337 49°.609
94°.128 6°.278 85°.411

(AH)xx25.733 (72.116)
(AH)Y¥23.595 (66.124)
(AH)Zz23.985 (67.172)

It is obvious that this direction is strongly related to the direction of the weakest
component of the hyperfine splitting tensors.
Thus it was concluded that the paramagnetic defect is the radical NH;..
Isotropic hyperfine splitting constant for the radical. NH;. was calculated.
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FIG. 5. Synthesis of the NH,, spectrum from a triplet of quarters.

an = 64.26 £0.4 MHz for the nitrogen and

an = 68.48 £0.4 MHz for the hydrogen.

It is probable’ that the 2,500 gauss wide group of lines comes from the **S of
the radical SO, due to the fact that in the spectrum there are groups of four lines
whichican be produced by the interaction of a single electron with a nucleus of spin
3/2. '

ITepiAnyig .

Hoagauayvnrxd xévioa gis xovordirovs ZnSO,(NH,), -6H,O dxtivoforndév-
tag 6 xtivov X

‘H &vélvoirg poopdtov cuvtovionot HAExTQovIxiic oTteogopuiis Angdév-
Tov &% novoruotddwv ZnSO(NH,),SO, 6H,O dxtivofokndéviav d° dxti-
vav X dewnvier v dnuovgyiov mogauoyvnx®dv xéveowv tumov F méoiE Tiig
ollng NH,.. Avoxgivopev dvo gdopata etoouvs 200 gauss (loyveov) xai 2500
gauss (dodevéc). To medtov pdona dmwoteheiton £x mag Aiav toxveds icotedmov
EVTOUATIC YoauUTic %ol BDOEXA. AVICOTQOTWY YOOIV, EvE TO devTEQOV Pdona
dmoteheiton dmd aAndmoav dodevdv yoouudv.

‘O moagbywv g Tiic #evrouriis loxveds @acuotixiis yoouufis @g %ai 6
TOQAYWV g TG RS OUAdOs TAV PacuaTiedv yoouudv evpédnoay icdrgomol
%ol Exovieg Ty tony meplmou pg v Tunv 10T Tadyovtog g ToU fAextooviov.
‘O mEocdLoELbNOG TV TavvoT®dv vmephémtov VgRis, Thg Béocwg %ol ToU
TEOCOVATOMONOT 0UTdV, &v cuvdvaoud ug TV poeenv Tdv Aapfavopéveov
poopdrov (TAfdog yoouudv xol oxetx) Eviaclts ovtdv), 6dnyoldv eig 1o
ovpmégacpa 8t o TaapoyvnTird xévipa ovvdéovtor pg Thv oltov NH,., év@d
1| €DQUTEQO. HUAC TV PACUOTIXGV YOOUUEDV TEodoyEToL TLdavOV &md TO »*S Tiig
0iCng "SO,.
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ISOLATION AND PARTIAL CHARACTERIZATION OF MILK
GANGLIOSIDES.*

VASSILIOS M. KAPOULAS, CONSTANTINOS A. DEMOPOULOS
and DIMITRIS S. GALANOS.
Department of Food Chemistry, National University of Athens, Athens, Greece.

(Received July 5, 1975)

Summary

Milk and Collostrum were shown to contain gangliosides in the form of
proeteolipid- type complexes. Collostrum gangliosides were isolated in preparative scale and
fractionated via DEAE- ce]lulose and silicic acid column chromatography and purified by
dialysis.

The structural units of the 1solated ganglioside fractions were identified by
chromatography and by specific spectrophotometric assays, after acid hydrolysis. Their
molecular rations were found similar to the monosialo-gangliosides of brain.

Key words: Gangliosides, milk, collostrum, proteolipids, red-protein, mucolipids, sialic acid.

Abbreviations: NANA: N-acetyl-Neuraminic acid TLC: Thin layer Chromatography.

Introduction

Gangliosides, the main species of mucolipids, are normal constituents of a
variety of animal tissues such as brain,' neural membranes, eye lens,? blood serum,
kidneys, adrenals and intestines.>

The hydrophobic part of the gangliosides’ molecule is a ceramidyl group
(N-acetyl-sphingosine), combined to a hydrophilic oligosaccharide chain
characterized by the presence of sialic acid and N-acetyl-hexosamine. In most cases,
gangliosides occur in free form but there is also some experimental ‘evidence
indicating their occurence in complex forms with proteins.*>5"#

Described in this paper is a study on the isolation and partial characterization
of milk gangliosides. During this study it was revealed that the gangliosides of milk
exist mainly in the form of proteolipid-type complexes in which, as described
elsewhere,’ the protein residue is a fraction of the so-called “red protein” of milk.'°

Experimental Procedures

Analytical Methods

Hexosamine and sialic acid were determined according to Svennerholm.
Hexose was determined as previously described.”® Nitrogen was assayed by
nesslerization," using a modified Nessler reagent.”

11,12

* This work was taken in part from the doctoral dissertation of C.A. Demopoulos, School of Natural
Sciences (Chemistry Section), University of Athens, Athens, Greece.
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Sphingosine and fatty acids were identified by T.L.C. onsilica gel G, after acid
hydrolysis of the lipid samples in 6N HCI (1 hr reflux) and repeated extraction with
chloroform. The plates were developed in chloroform-methanol-water, 100:42:6
(v/v/v) and the spots were visualized by exposure to iodine vapors or by spraying
with ninhydrin for sphingosine.

Preparative thin-layer chromatographic isolation of gangliosides’ fractions
was carried out on silica gel G plates 1,0 mm thick. The plates were developed in
n-propanol-water, 7:3 (v/v). Localization of bands (after development) was
effected by observing the characteristic colors of red-protein fractions under U.V.
light. After scrapping out ‘the major part of the absorbent, the position of
gangliosides’ bands were assured by spraying a thin lane left on the plate with
resorcinol spray reagent.'?

Recovery of gangliosides from the corresponding sections of the absorbent
was effected by mixing with an equal quantity of Celite 545, transferring the
mixture to a small chromatographic column (id. 0,9 mm) and eluting with 25 ml
chloroform-methanol, 1:2 (v/v).

Isolation of Gangliosides from Whole-milk Powder

Cow’s whole-milk powder (300 g) was triturated with 900 ml acetone and
kept for 30 min under continuous stirring at room temperature. The acetone extract
was separated by decantation after centrifugation at 6000 rpm for 10 min, taken to
dryness in vacuo, and re-dissolved in 50 ml of choroform-methanol, 2:1 (v/v).

The dry defatted residue of acetone extraction was treated with 2 liters of
chloroform-methanol, 1:2 (v/v) at 40° C for 60 min. under continuous stirring.
Chloroform was then added to a final chloroform-to-methanol ratio of 2:1 (v/v)
and after thorough mixing, the soluble fraction was separated by decantation after
centrifugation, as above. The residue was re-extracted with- 900 ml of
chloroform-methanol, 1:2 (v/v). The combined choloform-methanol extracts were
taken to dryness in vacuo and re-dissolved in 20 ml of chloroform-methanol, 2:1
(v/v).

) Gangliosides were isolated from the final chloroform-methanol solutions of
all the extraction steps described above by washing them with 0,2 volumes of 0,9%
NaCl and a second washing with theoretical upper-phase (chloroform-methanol
1-0,9% NaCl, 3:48:47),.according to Folch et al.’®" The remaing chloroform layers
(after washing) were found free of NANA, indicating absence of gangliosides and,
therefore, their quantitative recovery in the saline washings.

The aqueous-methanolic extracts were taken to drgfness in vacuo,redissolved
in 10 ml of chioroform-methanol 2:1 (v/v) and dialyzed '° overnight against running
water through a seamless cellulose tubing. The dialyzed residues were taken to
dryness in vacuo and redissolved in a small volume: of chloroform-methanol.
Gangliosides were identified by T.L.C. and assayed by sialic acid determination.

Isolation of Gangliosides from Collostrum

Goat collostrum (660 g), taken within 2 hours after the delivery of the animal,
was extracted successively (at room temperature) with methanol (600 ml) and
acetone (600 ml) in order to remove water and fat. The residue was then extracted
with methanol and chloroform by the method described by Kanfer' for lyophilised
brain tissue with the omission of the barium salt precipitation and with some minor
modifications, as depicted in the flow diagram of Fig. 1. As shown in the diagram
(Fig. 1), during flash evaporation of the dialyzed ganglioside fraction (precipitate),
i(t was colored red and kept the color after dissolution in chloroform-methanol, 2:1

v/v).
Neuraminic acid assay on all fractions so obtained indicated that gangliosides
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were quantitatively recovered in the final “precipitate” (Fig. 1). The yleld was 6 mg
of ganglioside per 100 g of collostrum.

660 GR COLLOSTRUM

Extraction with methanol and acetone
I’

]
COMBINED EXTRACTS RESIDUE
Condensation, addition of 5 volumes Extraction with methanol at 40°¢C under
of chloroform-methanol, 2:1 ( V/V) continuous stirring. Cooling, addition of

2 volumes of chloroform, stirring.

WATER PHASE CHLOROFORM PHASE EXTRACT RESIDUE

- Washing with 0.2 volumes 0,9% NaCl
i i
WATER PHASE CHLOROFORM PHASE

Evaporation to dryness, re-dissolution in a
small amount of chloroform - methanol 2:1 (V/V);

addition of water to final volume 200 ml.,
keeping in refrigerator.

|

/
PRECIPITATE
SOLUBLE FRACTION { GANGLIOSIDE FRACTION)

Dialysis against running- water, flash-evapora-
tion to dryness, re-dissolution in 50 ml| of
chloroform - methanol, 7:3 (V/V).

|

RED FRACTION
GANGLIOSIDES PLUS RED PROTEIN

" FIG. 1. Flow diagram of the isolation of gangliosides from Collostrum.

Fractionation by DEAE-cellulose acetate column chromatography

DEAE-cellulose was washed in a Biichner funnel (covered with some sheets
of filter paper) by passage of 3 bed volumes each of 1N HCl, water and INKOH in
three cycles, according to Rouser et al.”’ It was then dried by passage of methanol
followed by vacuum dessication over dry KOH overnight.

The dried DEAE-cellulose was then converted to the acetate form by
grinding (mortar and pestle) with glacial acetic acid to a homogeneous mass and
kept overnight covered with glacial acetic acid.

Packing of the columns was effected by transferring the above slurry in small
portions to the column through which were passed 3 bed volumes of glacial acetic
acid, 6 volumes of methanol (to elute excess of acetic acid), 3 bed volumes of
chloroform-methanol, 1:1 (v/v) and finally 3 bed volumes of chloroform.
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Monitoring of the columns was effected by passing the eluate through an
autographic U.V. - photometer (Uvicord, LKB) connected with a fraction
collector. The samples were applied to the columns dissolved in a small volume of
chloroform-methanol, 7:3 (v/v) and elution was continued, according to the
scheme devised by Rouser et aF for fractionating brain gangliosidesi.e., by passage
of 7 bed volumes of chloroform-methanol, 7:3 (fraction A); 5 bed volumes of
methanol (fraction B); 3 bed volumes of glacial acetic acid (fraction C); and 1 bed
volume of methanol-water, 2:1 (fraction D).

Results and Discussion

Preliminary isolation of gangliosides from whole - milk powder, by
appropriate modifications of Folch’s procedure as described in the experimental
part, proved definitely their presence in milk, according to previous indications.!
They were identified by sialic acid and hexosamine assays and by T.L.C. However
these preliminary experiments showed that the ganglioside content of milk is very
low, i.e. of the order of 1-2 mg per 100 g of milk powder. -

A better source of milk gangliosides was therefore highly desirable in order to
facilitate further structural studies. As such, collostrum was expected to give a much
better yield, on the basis of literature date® reporting an almost 10-fold
concentration of sialic acid. Indeed, working with fresh goat collostrum, our
prediction was proven real.

Following Kanfer’s procedure'® modified as described in the experimental
part (see also flow diagram, Fig. 1), a better yield of gangliosides was obtained.
However, even after crystallization and dialysis, the ganglioside fraction of
collostrum ‘was obtained in admixture with high amounts of protein, and flash
evaporation of the dialysis product gave a red residue, which kept its reddish cotour
after dissolving it in chloroform-methanol. As dlready mentioned, strong evidence
reported elsewhere® suggested that the protein material of the resulting “red
fraction” (Fig. 1) is identical with the protein of milk, described by Groves.!°

The presence of gangliosides in the red fraction isolated from collostrum as
mentioned above, was proven by T.L.C. -identification of sphingosine and fatty
acids after vigorous acid hydrolysis, whereas fatty acids, cerebrosides,
sphingomyelin or other phospholipids were not identified prior to the vigorous acid
hydrolysis or after mild saponification.

DEAE-cellulose column chromatographic fractionation was then carried out
for the purpose of separating gangliosides from protein for further structural
studies. The fractionation scheme was similar to the one devised by Rouser et aF’
for the fractionation of brain gangliosides based on elution with organic solvents. In
addition, the column was monitored by passing the eluates through a Uvicord
photometer (LKB) designed for protein fractionation. Fractions of 10 ml were
collected using a fraction collector. One protein fraction was obtained with each of
the 4 eluting solvents applied, named as fractions A, B, C and D.

According to literature data® and to our preliminary tests of this column
chromatographic method (using a brain gangliosides preparation), gangliosides
-were expected in fraction C. In contrast, fractions B, C and D were found sialic-acid
free. '
All the sialic acid content of the red fraction applied to the column was eluted
in fraction A, together with a small portion of red protein, while the major portion
of the red protein, non-bound to sialic acid, was eluted in fraction D.

By sialic acid determination on each of the fractions eluted from the column,
it was found that the sialic-acid content of each tube was proportional to the density
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of the protein content of the tube. In addition T.L.C, separation of each tube’s
contents showed that the intensity of the ganglioside bands was proportional to the
sialic acid-content of the respective tube.

As shown in Fig. 2, two ganglioside fractions were identified by T.L.C. of
fraction A: band I which contained most of red protein and band II with a much
lower mobility. Bands I and II were scraped-off the plates in preparative T.L.C.
experiments and were found to contain both sphingosine and fatty acids, liberated
only after vigorous acid hydrolysis. Also, both of them were found to contain
hexose, hexosamine and sialic acid in the same molar ratios, namely 3:1:1.

SR (= P a4

s Gg

— Gy

(. | — G4
A (= BRAIN SIALIC

GANGL!IO- ACID
SIDES -

FIG. 2. T.L.C. of fraction A, fraction C, brain gangliosides and sialic acid. Solvent: n-propanol-water 7:3
(v/v). Spray: resorcinol reagent. ’

Finally, attempts to purify the gangliosides of fraction A by silicic acid
chromatography showed that this tratment causes extensive degradation of the
sialic acid of milk gangliosides, since in the fractions eluted from the silicic acid
column, the number of resorcinol positive spots, after T.L.C., was increased to 5
with simultaneous low recovery of total sialic acid appied to the column.
These last results are comparable to those of Huang®* in his study of butter
milk gangliosides after silicic acid column fractionation. Huang’s ganglioside
mixture eluted from the column was separated by T.L.C. into five components of
which the fastest and slowest moving spots (20% and 50% of total) were identified
as monosialo - and disialo-hematosides respectively. In contrast, we found
positively hexosamine and hexose in the molar ratio of 1:3 in both corresponding
spots (after silicic acid column fractionation), together with a much lower NANA
concentration. Keeping in mind the well-known ability of certain gangliosides with
respect of losses of sialic acid during silicic acid fractionation®*?¢ and the different
source of ganglioside and methodology used by Huang, our present data indicate
pisitively the following:
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1. Gangliosides occur in collostrum and whole-milk in the form of
proteolipids, i.e. strong complexes with a specific fraction of red protein.

2. Ganglioside-protein complexes of this type show different thin-layer
chromatographic mobilities compared to those of the corresponding free
ganglioside.

3. The main species of milk gangliosides is monosialo-ganglioside, although
evidence from Huang’s experiments 2* suggests that disialo-fractions are also
present in the proteolipid complexes.
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TlepiAnyng

Anouovwcng »xa uegmog HOQOXTNQLOUOG TV yayyiLLoCcmw 10U YdAoTOC

Aneéetx&n Ul nagovota yayyMo?;mw &lg 1O ydha, ol O.TIZOLOL a:rr:ap.ovmfm-
oov téoovV £x ya)»omrog 6oov
TEWTOYGAOKRTOS, PE TNV YeTov natoAANAmg Teomomowdeiong mpdg Totto fmiag
uedédov (Zy. 1).

‘H moobtg tdv dmwovtdviov elg 1O mowtdyora yayyholitdv eopédn
6mg/100g.

ALsmom)ﬂn 6t ol yayyhottwt TOU ya)»om-cog dmovtolv QuoLnds evrog
o0tod Vo uogcpnv ovp.n:koxwv HETO TQWTEIVAV, TMV dmoiwv 1) otadepdng elvar
avdloyog éuelvng THV TEWTEOALTOELODV.

To dmopovwdty xhdoua T@v yoyyholitdv &x 100 mewtoydhantog Ume-
PAdn elg xadooiondv dud domidicews »ail xhaouorhoeng eig otihag DEAE
— nuttapivng xai tuottixod dEéwg. Eig ta not attov tov 16mov dmropovardév-
Ta whdonata yoyyAMoLitdv, xatdmiv 10poricems dutedelydn xQWUOTOYQAPIR®DG
%Ol XOWUATOPETOLU®DG (SLd YOQAHTNOLOTLRDY PUOTOUETOLHRDY nedddwv Toadio-
olouot) 1) mogovaio opuyyosivng, Autoodv dEéwv, yahoxtdlng, YAuxrding,
é’go?;auiw]g %ol vsvgap.wmoﬁ 6Eé0¢. "Exn 1dv Mgpdéviov dvoluTindv oToUElmY
ngoxvm:sm ot al p.OQI.OmaL dvohoylow EEGTNG: EEoCapivng: vevoopvinot dEéog
gtvar Spotor pe éxelvog T@v povootaho-yoyyholitdv ol &yrepdiov.
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) BAZXIAEIOZ I1. HATTIATEQPITOY

°Eoyaotnpiov ‘Ogyavixijc Xnueiag tijs IToAvteyvixijc ZyoAijs 100 "Agiorotereiov Havemotnuiov
BOceooalovixng.
CEM@dm miv 7 “Touviov 1975)

IlepiAnyng

Snomde Tic mogovong foyaociag elvar ) pekéty @V @oaopdtov MAIng T@V
1-%v0vo-2-viTowdo-evidoeny #al sidudtegov 1) dveldpeoig vémv dedopévary, meog émBe-
Baiwow Tig GMniemidodosme THE nuavo- Aol VITQWdO-opddog VO OXNUATIOUOV
StegonvrMx®dv doxtudimv. TIgdg Tovtolg peketd@vion T pdopote. KAtng ueeurdv véwv
Evdhosmv Sudt Tog HToiag T paonaTooromind dedopéva ovviyyopolv dme Thg mueatoht-
®fic dopfic adtdv, fing elvan dmwotéheopo ioopegeldoeng TV dvriotoixwv 1-xvavo-2-
VITQWOO-EVIDOEMV.

Suvopfieerc: NMR. = nuclear magnetic resonance, IR. = infrared, i = Eviaolg, pA = puxgo -
ampere, E = 14015, MeOH = pedovéln, M™ = pogtoxdv idv, GKE = xenogeopévov fihextgddiov
nahopfhavog, M = ouynévigualg elg mol/lit, m/e = pata/pogtiov lovixoD Feadoparos.

’Anotedéopara - Tu(ioorg

‘Qc 110 elvon yvwotov! i pehém 1év gaopdtwv UV-Vis, IR kol NMR 100
mooibvrog IIB, tig &midpdoews xvaviovyov xahiov &mi 1-yhweo-2-vitewdo-

o-
H _N=o H_Nn=0 | _H N

KCN . \

—_—> laou’q ;.//N
H Cl b C =N. 4 b C

xurho-gEaviov, d&v dvtamoxgivetan €l 1O xuovo-wTewdo-mapdywyovtod Timov
ITA. ’Emiong xatd mv mohagoyoopuiiv pedétnv thg &v Adyw évdoewg Ogv
EMdn xOpa &vaywyhis Gg ouvépn dud Ty Evaowy I (Awdygoupo. 1).

‘H uehéty 100 pdoparog Ratns tiis év Adyw évioemg EmPeforot v
HmagEwy mugatolxod daxtuhiov, dg Eugpaiveton éx ToU TEéTOV SLoOmEoENS
TaU™G.

Ottwg &% 100 pogroxot idviog M (Sxijua A), dempovpévou tg mEoi-
Gvroc moMxiic mupalolxdic ovvtdEemg (IT), elvaw duvatdv v oxnuotiodi] T
deopndv Tavtopseds IV, 10 dmotov év ouvexelq uetatoémeron gig T oV V, &x
1ol 6molov edrdhwg hauPdvel xhoov dmbomactg N, 070 - oynuatiopdv  tob
mowtevovrog idvrog VI (m/e 110), 6 oymuatiopog 1ol émolov udvov dud g
6800 Tavmg eivaw duvatdov va duxonoroyndi).
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-09 -1,3 -17 =21
EGolt Vs GK@ ->

AIATP. 1. IHolagoyoapixs xaumiin évidosws-rdoews T@v owudtwy IT [B} (----) xai I (—) &ig
usdovohxdv Sidhvua. Géguv Hhextoordtng 0,1 M LiCl
+

H A Ixijpa A
Pe—— I
! H
o K Weio n
vi A wvi

& O
o N _— N
N N

i)

-NO -53 %\ “CH=C=N* . o
M/fo 55 ¢=——M/e 85 ¢—— CH—No —*CHy~CH=C=Nt

m/e 53

wvil
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A PN

Toiov VI 80 dmmoforils &v ouvexeld tijg o6uddog CO petaroéme-
ton gig TV xamovidy gifav  Tol wuxhogEeviov VIIL,  #Hug megartéom bmd
dLévorELy ToT xuxhoeEevinod Sdoxturiov Sraomdtan,? g SetnvieTan eig 1O oyfjua.
B. \ - :
Snuerwtéov &t Sud 16 1oV VI givar dvvatal 800 deopnds TaUTONEQETS
noppal v timwv VI xai VI [AlEx 10U poguomot iévrog HI (Syijua 4) 0mo
dmdomaoty &vog pogiov HCN oynuotiCetar to idv m/e 111, éx tot dmoiov &
droonGoewg Thg OuGdog NO moondmter »ai mwéhv 1y raziovixdy ifo Tob
. nuxhoeEeviov. *Avordymg 81 Gmhiic dmmoomdoews Tiig 6uddog NO oynuotifeTon
0 {ov m/e 108.

TO pograxdv ov eivar duvatdv dud SravoiEewg 10T mrealolxob daxtuli-
0V VO UETATQEOM €lg TO GVOLXTIS OUVTAEEWNS HVAVO-VITRWOO-TAQAYWYOV, TO
670t0oV TTEQaLTEQM Ll SLavoiEemg ToT ®urAoeEavinot SdaxTuhiov® uetoTémneTon
eig ™V xatovixny eiCov VIIL "EE adtiig xoromv Lo dragpdomv draomdoewy
gtvar duvatdv v mEoxvpouy Td tovta m/e 85 xal m/e 55 xoddg xol 1o tov m/e
53.

TIpémer v toviodi] &t & oynuatiopndg toT iévrog VII a4 fiddvaro v
EENYNOT) nohdTeQov, Edv yéveto denti) 1) dvouxt) oUvToELg TOD KVOVO-VITEWOO-
mogoydyov. Asdouévou Bume 8t & Tiig ouvTdEeng TalTng 8V elvarduvotdy va.

Zxfjpa B

o

CHy
CH3  cng
(/‘ ——, m e 67
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émato?»oynﬁ'n owcocswmg N, 81 tovto YewgoTuev t'hv &vouxtv oOvTaELY mg
uh) &g vrtdyovoay dhha dg oxnuatiopgvnv xardmv dud dravoiEewg 10U
m)gaCo)»mov daxtuliov.
Ev oupmepdopatt dvagigopev, 61t & tedmog dioomdoemg g Umo
£Eétaowv Evioewg Eviog TOT QuouaToYQGEOU NOLmY e00Io®ETOL &V CUNPOVIQ e
v TEOTELVOREVNV duoliniv stugalolxiiy ovvtoEuv.

To énéusvov uekemdtv odua fto O mEOIOV Emdodosmg m;omoﬁxov
xahiov émi to¥ 1-yAwpo-2-vitgwdo-1,2- Stcpockao -ovdaviov. Ao 10 odua
T0UT0 6 PoELOKOS TOTOG CisH1,N,O dgv OW'COLJ'EO%QWE‘EO(L gig 10 owap,svoplsvov
m)owowvcgméo sagdywyov tov timov XI[Al Totto mooénvypev &x Tig pehétng'
T@v gaopdtov UV-Vis, IR xai NMR.

¢
H—C H_ ¢
Il NOCI KCN
O™ = o=
f )
IX X
H H H H
P , I
Ll »
C ~0—N
\NT{/C
Xl a Xl 8

Emong ROTA TV no)\ocgoygoccpmnv uerétnv Tot odpotog dtv EMpin «Bua
Avaywyic (ng oUVERY Sud 'mv gvoorv X (Atdyooppa 2)

To cpacua uatng g evoooswg XI[B] EMCPOWI,CSL gig ysvmag yooupds tov
avTov rgo:tov 6ta(maoaoog ué o ngoowacpegﬁsv @bopo i Evdosmg I1[B] dg
dewnvieton eig 10 oxfjue I

Ay s & 10T pogroo ibvtog M (XII) hopfdver xdeav dmdomaoctg N,
Vo oxynuotiopdv 1ol Pacixiic onpaociag tdvrog M-28 ué m/e 208 XV. ‘O
CYNUOTLOUOS TOU iévtog ToUTOU gEnyetton, povov 2av Yewefonuey wv xvavo-
VITOWOO-EVIGLY VITO TNV uogcpfnv 700 duohnoD JtUQOLCO)\.L’K,O'U daxtvhiov XII. ‘H
drdonaolg 100 N, 6ex6usﬁa St yivetow Amod 'mv Jwga‘(;o)»ovnv-S X1V, iug
oxnuoriCeton éx Tob pogronod iévtog XTI, 4o TOV oxNUOTIOUOV TOD XETORVXRAO-
ngonqvmov npoidvtog XV. ‘H ém:(’)o:n:(xmg oty 10U N, émpeforodton éx Thg
nagovctag uetaotadoic %oqumg m* eig 183,4 povddag uaCng (m =208%/236
= 183,3). Awi 6Laonaosmg toU i6vrog XV 0o uewﬁeow 70U €vOg cpawv)wov
elvan Suvardv vo: oymuotodi] T idv XVI us m/e 105 dg xol 10 XVII ue m/e 103.
To lov 100 Peviotdiov O dmoforiig Tot CO oxnuanCSL 70 L0V T0U cpawv)wov
m/e 77, 7| didonaoig 8¢ atty mpPefarottar dud thig petaoctodots xogupiic m*
eig 56,5 povadog nding (m*= 77*/105 = 56,4). '

"Ex Tiig natovirdis oitng M-28 (XV) 8¢ dmoomdoemg 89 povddwv nding
meoxUmTeL 1) notovik) gito XVIIL pe m/e 118. :
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pedavolindv didAvua. Péowv fkextoordtns 0,1 M LiClL Co

Ixfipa T
¢—H<:—H|c—o ®— CH— CH—®
/AN

A N\)‘;//

Xii Xis

T+
—CH-~—~CH—® |°

D e

N\NW/

XV

* -0 / \‘

CoHs Oo=c—oM 105
meT Xvi t

+ "o

tow
l:«:écn ———— HC=HC—® %103 my e
Xy XL

r%wz



94 B. TIATTATEQPTIOY

‘O 1edmog 00T0g SLAOTAoEWS SIHOLOLOYEL TOG TTEQLOCOTEQOS &% TGV
gupavifopévav xoQuedv &ig T @dopna uding xai evploxeton &v ovppwvig ué
8ho. Td mooovapeodivial mEEaROTIXG %Ol QAoPOTOoROTIXY dedopéva, TA
dmoia cuvnyopotv B Tiic mopadoyiic g mueatoMxfis ovvtdEews  XI (B.

HINAE [: ®doua 1dins wod oduaeros II(B)

138 (23), 111 (27), 110 (15), 109 (50), 108 (7,7), 106 (62),
94 (73), 85 (46), 82 (88), 81 (58), 80 (78), 77 (89),
70 (88), 67 (46), 66 (58), 55 (48), 54 (36), 53 (100),
52 (96), 39 (96).

Ol &grBuol med TdY magevdéoewy dviToomredoVY THdS RAENS/PogTiov TV tovitndv Foavoud-
tov, aof pol 88 &vidg TdV mopeviEcemv TAG OXETHAS EVIAOELS OVTGV.

> . -~

MINAE 1. ddopa pdlng ot oduarog XI[B)

236 (75), 235 (17), 208 (20,1), 165 (18,1), 119 (18,5), 118 (20,8),
105 (100 ), 103 (6), 102 (1,31), 90 (19,2), 89 (49,4), 77 (70,19).
m* 183,3 (236 —>208), 56,4 (105—>77).

Of &orduol med TV mageviioewv dviimgocuredouy Tuuds néins/pogtiov v iovuudv Soavoud-
TV, ol Ttnol O &viog mogeviioewy Tag oxeTIXdS Evidoelg abTdv.
m* = Meroaotodils xoQuepH).

Edyaoiotd depouds tovg Kadnynrds ». N> AleEdvdoou xai A. Twovvoxou-
ddxnv dud v edyeviryv diddeoty 1@V Soydvev %ol TV TEOCHIKAY TwV
ovpPoiiv eig Ty éxmdvnowv Thig magovong Egyacias. '

*Entiong, Fewe® dmoyeéwoiv pov vi edyaototiow tov ovvddehgpov Empe-
ATy tot "Egyaotmiov "Ogyavixiic Xnusiog to0 Tavemomuiov Osooolovi-
%ng %#. E. Mixpoudotogav dud v onuovtixnv Bondeldy tov.

Abstract

The mass spectra of 1-cyano-2-nitroso-cycloexane and 1-cyano-2-nitroso-
1,2-diphenyl-ethane has been recorded and interpreted to elucidate their
structures. They all showed abundant molecular ions.

In addition to other spectroscopic data the results provide more evidence for
the interaction of cyano and nitroso-groups indicating as more possible a polar
pyrasolic structure for these compounds.




SHORT PAPER 95

BifAroypadia

1 Papageorgiou, B.P., “A study of the structure of 1-cyano-2-nitroso compounds”, Chimika Chronika,
New Series, 3, 47 (1974). :

2 Budzikiewicz, H., Djerassi, C. and Williams, D., Mass Spectrometry of Organic Compounds, p. 26,
Holden - Day, San Francisco, (1967).

3ibid. p. 107, 116.



SHORT PAPER 97

OXIDATION VON CYCLOHEXEN MIT PALLADIUM (I) CHLORID
LOSUNGEN

SPYRIDON PARASKEWAS und AEKATERINI SERFA
Laboratorium fiir Organische Chemie der Universitit Athen
(Erhalten am 26 Juni, 1975)

Zusammenfassung

Bei der Oxidation von Cyclohexen in wissrigen Pd (IT) - und Cu (IT) - Losungen
entsteht Cyclohexanon und Cyclohexanol.

Der Prozess besteht aus der -folgenden Stuffen:
1) Bildung wihrend der Reaktion eines (Pd) - Cyclohexen - Komplexes. 2) Hydrolyse des
Komplexes und Entstehung von Cyclohexanon und Cyclohexanol. 3) Wiederoxidation von
Pd(0) zu Pd (II) mit Cu (II) - Salzen. 4) Oxidation des entstehenden Cu (I) - Salzes mit
Sauerstoff. Auf Grund dieser theoretischen und experimentellen Daten ist eine Reihe von
optimalen Versuche ausgefiihrt. In der vorliegender Arbeit werden solche Versuche
beschrieben.

Einleitung

Cyclohexanon und Cyclohexanol haben in neuerer Zeit als Zwischen-
produkte zunehmend an Bedeutung gewonnen. Cyclohexanol wird als
Losungsmittel vielseitig angewandt, auserdem ist es eine Basisprodukt zur
Herstellung von Adipinsdure, Cyclohexanon (fiir Perlon) und Estern (Weich-
machern).

Cyclohexanon ist ein wichtiges Zwischenprodukt fiir e-Caprolactam den
Ausgangsmaterial fiir Perlon (Polyamide). Seine Methylderivate werden ofters als
Losungsmittel verwandt. Ferner dient Cyclohexanol, in Mischung mit leichten
Kohlenwasserstoffen, zum Entparaffinieren von Schmierdlen. In der Textilindus-
trie wird es dhnlich wie Cyclohexanon den Mercerisierlaugen zugesetzt.

Oxidation von Cyclohexen mit Palladiumchlorid

Hafner und Jira ' beobachteten, dass bei der Oxidation von Cyclohexen mit
PdCl, als Katalysator, Cyclohexanon neben geringen Mengen von Cyclohexanol
entsteht, dessen Bildung durch Hydrolyse von Cyclohexen in stark Saurer Losung
zu erkliiren ist. Neuere Untersuchungen? ergaben dass die Cyclohexanolbildung auf
Kosten von Cyclohexanon ansteigen kann, wenn man die Reaktionsbedingungen
varriert.> Uber die Oxidation von Olefinen mit Hilfe von Palladiumchloridverbin-
dungen ist vor einiger Jahren berichtet.*

Die Umsetung von Cyclohexen mit Palladiumchlorid verlduft in
stochiometrischer Reaktion gemdss (Gl.1). Dabei wird metallisches Palladium
ausgeschieden.
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‘Um dies erneut verwendet zu konnen,-muss das Palladiummetall wieder zum
Chlorid oxidiert werden, was am besten durch Kupfer (IT) chlorid geschieht (G1.2).
Das dabei entfallende Kupfer -(I) chlorid,. wird durch Sauerstoff oder Luft
wiederoxidiert (GL 3) :sodass letzlich die Oxidation des Cyclohexens zu
Cyclohexanon und. Cyclohexanol als katalytlsche Reaktion mit - Sauerstoff
verlduft.>57

o
1) O + PdCL, + H,0 _____>O¢+ Pd + HC
2) Pd+2CuCl, — -~ PACL + 2CuCl

3) 2CuCl + %0, +2HCl —— > 2Cu(Cl, + H,O

PACL, CuCl, o
4) + 150, (j oder O’ OH

\

Die Reaktion fiihrt iiber einen Palladium - Cyclohexen - Komplex der als
zweikernige Verbindung ist.®

Die Untersuchungen der Reaktion des Cyclohexens mit Palladiumchlorid in
wissriget Losung unter Zusatz verschiedener Agenzien und Bedingungen, haben
zu einem Verstindnis der Vorgénge gefiihrt, die sich am Komplex abspielen. Die
Komplexbildung und Komplexhydrolyse bei der Reaktion, laufen im wassriger
Systern meist nebeneinander ab. Sie ist eine Gleichgewichtsreaktion, Das in
wissriger Losung etwa als [PdCL,(OH)H,O]H vorliegendes Palladiumchlorid
absorbiert Olefine z. B. nach.: '

5) [PACL(OH)H,O] + Olefin ~—————> [PACL,(OH)Olefin] +H,O

Wird die Reaktion in Gegenwart von Komplexbildner ausgefiihrt, die eine
grossere Affinitdt zum Palladium als Hydroxyl oder Wasser haben, so treten diese
an deren Stelle und erschweren den Austausch mit dem Olefin (z. B. CI),” d.h. sie
verschieben das Komplexbildungsgleichgewicht in Richtung der Dissoziation z.B.

6) [PdCL] + Olefin ~ _ b ——— [PdCl, - Olefin] — CI

Der weiterer-Schritt der Gesamtreaktion ist die Komplexhydrolyse zur
Carbonylverbindung:

7) [PdCl; - Olefin] + H,O — > Carbonyl + Pd + 3CI' + 2H"

Der Verlauf der Olefinoxidation bei verschiedenen Temperaturen
ermoglicht qualitative Ausagen dariiber welche die Geschwindigkeit der
Gesamtreaktion bestimmen. Bei tieferer Temperaturen Cyclohexen wird sehr
rasch absorbiert, bis die Gleichgewichtskonzentration an Qlefinkomplex gemiiss
Gl.6 erreicht ist. (Abb. 1).

Erhoht man die Temperatur, so verschiebt sich das Bildungsgleichgewicht
nach links (G1.6), d.h. die Gleichgewichtskonzentration an Cyclohexenkomplex ‘
und damit auch die Cyclohexenaufnahme wird erniedrigt.
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mol Olefin
_mol PdCl, 10 20°C
- 40°C
05
60°C
66 min

ABB. 1. Cyclohexen - Aufnahme in 0,1 m PdCl, - Losung

Mechanismus der Reaktion -

Wie schon erwéhnt ist," die Entstehung von Cyclohexanol bei der Oxidation
des Cyclohexens bei hoheren Siurekonzentrationen ist gering, und als eine
Hydrolyse des Olefins' verantwortlich wird. Trotzdem, unter bestimmten
Bedingungen die Ausbeuten an Cyclohexanol sind hdher als an Cyclohexanon,
sodass die Ausbildung an Cyclohexanol, als Produkt einer katalytischen Reaktion
zu erkléren ist.

Die Ausbildung von Cyclohexanol auf Kosten des Cyclohexdnons, ist auf eine
Acidolyse des hydratisierten wi-Komplexes von CsH,,-PdCl, zu verdanken, welche
unter besonderen Bedingungen, Ihre Reaktionsgeschwindigkeit sehr grésser als die
Zersetzungsgeschwindigkeit zu Carbonylverbindung ist. Als Nebenprodukte sind
Essigester, halogeniertes Cyclohexanol, chlorierte Produkte des Cyclohexens
sowie das Epoxyd des Cyclohexens zu bekommen. Das letzte ist 6fters in grosseren
Ausbeuten zu entstehen.

Der Ablauf der Reaktion besteht darin, dass das m-Elektronenpaar des
Cyclohexens ganz an das Pd iibergeht, wenn gleichzeitig ein Hydridion von C-2 in
die entstehende Oktett-Liicke am C-1 {iberspringen kann.

12 1
8) 2PdCL* + 2 @ —_— 2[C13Pd< “H:’ ]" + 2C1—
: 2CH

der nichste Schritt ist die Entstehung eines Hydroxykomplexes
H

. S o ' C,_C,-OH
> - -
9) 2[C13Pd < élHj ] + 4H,0 5 [aanQ] + 2H;0*
2

welcher in sauren Medium zu dem entsprechenden Alkohol reagiert
"H H
¢, _G-OH

10) [C13Pd<_> ]2_ + HX ____ o CLPdX* + O* OH

X = CI, C10,~, CH,COO—~
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Je mach der Reaknonsbedmgungen lauft eine parallele Reaktlon zu dem
entsprechenden Keton:*

/H 7 | + /H
11) s PACL> + 20
CLPd-CA-CH - :
| f N

120 > +HO0 . o (=0 +HO"

Diese Hypothese iiber den Mechanismus der Komplexhydrolyse und
derparallelitit der Reaktion hat eine schone Stiitze. Erstens: Ausgehend aus
Cyclobexanol Bzw. aus Cyclohexanon und unter der selben Bedingungen, fanden
wir keinen Cyclohexanon Bzw. Cyclohexanol entsprechend. Zweitens: durch
direkter Hydrolyse des Cyclohexen. PdCl, — Komplexes, erhielten wir grosseren
Mengen an Cyclohexanol auf Kosten des Cyclohexanons.

" Diskussion der Ergebnisse

Die Versuche wurden nach einem faktoriellen Versuchsplan ausgefiihrt,
wobei die Variablen (pH, Siureart, Konzentrationen an PdCl, und CuCl,
Temperatur) einzeln oder gleichzeitig nach einem bestimmten Schema geéndert
werden. Die Auswertung der Messergebnisse erfolgte mit Hilfe einer
Varianzanalyse.!! Nach unserem Versuchsplan wurden mit 4 Faktoren auf je 2
Ebenen das Molekiilverhéltnis Cyclohexanol / Cyclohexanon und die Ausbeute an
Cyclohexanol als Zielgrossen behandelt.

Von allem durchgefiihrten Versuche wurde bewiesen, dass das Verhéltnis
Cyclohexanol / Cyclohexanon nicht aus der Temperaturédnderung beeinflusst wird.
Wie aus der Abb. 2 zu ersehen ist, der beste Temperaturbereich fiir die
Durchfithrung  der Reaktion liegt zwischen 40°-50°. Eine FErhéhung der
Temperatur hat als Ziel, eine Erh6hung der Cyclohexanolausbeute.

[Cyclohexanol] :
————————"+ [mol]- 10?
20 [Cyclohexanon]

10

30 40 50 60 70 T

ABB. 2. Anderung des Verhéltnisses Cyclohexanol / Cyclohexanon durch Anderung der Temperatur.T)
PdCi,=0,5m CuCl,=Im HCl=0,1m II) PdCl,=0,5m CuCl,=1m HCI=0,5m



SHORT PAPER 101

Im Bezug der Einfluss von CuCl, - Konzentrationen auf dem Verhéltnis
Cyclohexanol / Cyclohexanon, haben wir iiberaschend gute Ergebnisse gehabt.
(Abb. 3)

[umol]

507 - ———————¢ 10° Cyclohexanon
‘ [lit kat][h]

40 ¢+

30 +

20

0 r

0 02 04 06 [CuCl}im mol / lit

ABB. 3. Einfluss von CuCl, - Konzentrationen bei 0,1m PdCl,, 0,1m HCI, T=30°C

Wie aus der Abb 3 zu sehen ist, mit zunehmender CuCl, - Konzentration, die
Ausbeute an Cyclohexanon fillt ab. Der Einfluss von HCIO, - und HCI -
Konzentrationen geben ebenfalls gute Ergebnisse im Bezung der Ausbeute an
Cyclohexanol. Das beste Verhiltnis Cyclohexanol / Cyclohexanon erhalten wir
durch variieren der CH;COOH - Konzentration. Bei.eine durchgefiihrte Reihe von
erginzenden Versuche, mit Konstante PdCl, - und Sdurekonzentrationen zwischen
0,1-0,75m, ist eine Zunahme des Verhiltnisses Cyclohexanol / Cyclohexanon mit

gleichzeitiger Zunahme der Cyclohexanolausbeute zu beobachten Abb. 4

<>-0H

« 10? mol. .

<=0
50}

40t
30r
201

10r

0 02 04 06 08 [CuCL)immol/lit

ABB 4. Einf]uss bei gednderten CuCl, - Konzentrationen und 0,1m PdCl,, 0,1m HCI, T=40°C
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Auserdem eine Reihe von Versuchen welche ohne Pd(l, - und vartierten
CuCl, - Konzentrationen zwischen 0.1-0,25m durchgefiihrt wurden, geben auch
gute Ergebnisse.

Davon ist zu ersehen das der CuCl, eine Hauptrolle spielt und wirkt auch
katalytisch ein.

Um einen besseren Auskunft iiber die Einwirkung von Saureart und PdCl, -
konzentration zu haben, sind Versuche mit HCI,  HCIO, und CH;COOH
durchgefiihrt worden. Eme Erh6hung seiner Konzentrationen sowie Versuche mit
gleichzeitiger Anderung der CuCl, - und HCl-konzentration zwischen 0,1 - 0,8m
hat befriedigende Ressultate gezeigt.

Fiir Versuche mit HCIO,, eine Erh6éhung der Sdurekonzentration und zwar
bei gleichzeitiger Erhéhung der CuCl, - Konzentration hat positive Ergebnisse
gezeigt. ‘ ‘

Merkwiirdig ist, dass bei der Erh6hung von CH;COOH - Konzentration, ist
eine Abnahme des Verhiltnisses Cyclohexanol / Cyclohexanon zu beobachten.

Davon ist zu verstehen, dass die Sdureeinwirkung fiir den HCl und HCIO,
Fall einen positiven und fiir CH;COOH einen negativen Einfluss hat.

Eine Erhohung der PdCl, - Konzentration mit HCl als Sdureart zeigt negative
Ergebnisse, wihrend, eine gleichzeitige Erh6hung von PdCl, - Konzentration und
Temperatur einen positiven Ergebnisse als Ziel hat.

Eine Erhéhung der PdCl, - Konzentration mit HClO, als Siureart, zeigt
positive Ergebnisse im gegensatz zu der gleichzeitiger Erh6hung von HCIO, - und
PdCl, - Konzentration, welche negative Ergebnisse zeigt. Das selbe gilt fiir eine
gleichzeitige Erhohung von Cudl, - und PdCl, - Konzentration. .

Experimenteler Teil

Alle Versuche wurden bei normalen Druck durchgefiihrt, in einem von uns
hergestellten Gefdss, mit Vibrator, Riickflusskiihler und Tropftnchter fiir das
Zutropfen des Cyclohexens. Die Proben von 100 cm’ der wissrigen
Katalysatorlosung, enthielten wechselnde Konzentrationen an PdCl,, Cu(l,,
E551gsaure HCI oder HCIO,. Es wurden FLUKA - Substanzen der Reinheit

“purissimum” verwendet. PdCl, 99% ig. In der Reaktionslésung wurden 10ml
Cyclohexen mit 3NI/h Sauerstoff umgesetzt. Die Versuchsdauer betrug 2 h. Nach
Beendigung eines jeden Versuches wurden die Reaktionsprodukte mit Ather
Extrahiert und gaschromatographisch bestimmt.

Abstract

Oxidation of cyclohexene by the salts of palladium (II)

Cyclohexene is oxidized to cyclohexanone and cyclohexanol in the presence
of aqueous solution of the salts of copper (II) and palladium (ITI). The process
consists of the following stages:

"~ 1) Formation of a complex of cyclohexene whith the palladium salt. 2)
Conversion of the complex and hydrolysis with the separation of cyclohexanone
and cyclohexanol. 3) Oxidation of the palladium (0), formed in the previous stage,
* by the copper (1) salt. 4) Oxidation of the copper (I) its salt formed in stage 3 with
oxygen to give the corresponding copper (II) salt.

.. On the basis of theoretical and experimental data a series of optimum
parameters are proposed, to accelerate the catalytic process. Some experiments are
“described and are found to be most suitable for the process.
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IepiAnqpig

‘Oeidwoig 107 nunAoeSeviov vmd drdrwv marradiov (IT)

Koza v éEeidwotv tol xuxhoeEeviov, magovola 0éatixdv dtolvudtmy
dratwv Pd (IT) ol Cu(Il), oympotiletor xuxhoeEavovn xai xuxhosEavory. “H
uédodog atitn xweel uéow t@v drorovdwv Paduidwv:

1) Exynuatiopos xotd Ty dviidoaoty £vog cupmhéxnov Pd-wurhoeEeviov.

2) Metatoomt) T0U OUUTAGXOU %ol DSEOAVOLE aBTOD TTEOS OXNUOTLOUOV
®URAOEEAVOIN G ol wurAOeEQAVHVYG.

3) *O&etdworg tot Pd(0) meog PA(II) magovoig Cu(Il) - dhdtwv.

4) *O&eldworg ot oxnuatitouévov Cu(l) pg dEvydvov medg EmovaoyNUaTIoOUOV
T@v &vriotolywv Cu(Il) - GhdTwy.

Bdoel tdv FewpnTindv nol TelQapotindv dedopévav meoTelveTol nia oelpd x

YOQOUTNQLOTLN®DY TOQAUETQWY, OlTIVES TeQLypdpovtal €l THv magovoav

é¢ovaotav.
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