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Coordination Compounds of Co(ll) and Ni(l)
Part |. Magnetic and Spectral Properties of Complexes Wlth
Pyridine Dicarboxylic Acid

AUG. ANAGNOSTOPOULOS
Chemistry Department, University of Patras, Patrae, Greece

(Received 10-7-71)

Complexes of Co(ll) and Ni(ll) with pyridine-2, 5-dicarboxylic acid have been
isolated. Infrared and electronic spectral data have been taken and discussed in
connection with their molecular structure. The magnstic susceptibility of these
complexes has been measured at room temperature, although in the Ni(ll) iso-
cinchomeronate trihydrate the magnetic susceptibility has been measured over
the temperature range 300-80°K. This complex obeys Curie or Curie-Weiss Law.

Introduction

In the present work the electronic and molecular structures of some complexes of
isocinchomeronic acid (pyridine-2,5-dicarboxylic acid) with Co(ll) and Ni(ll) are studied.
This work is relevant to our previous ones'2 on complexes of Co(ll), Ni(ll) and lantha-
nides with various pyridine carboxylic acids. Similar work has been reported on Ag(li)
and Cu(ll).34:5 An X-ray single crystal analysis® has been carried out on nickel(ll) bis
(pyridine-2-carboxylic acid) tetrahydrate. This analysis shows that the nickel atom has
an octahedral arrangement consisting of two nitrogen atoms, two chelating oxygens and
two agueous oxygens, the related atoms of the two picolinic acid molecules being mutu-
ally trans.

Another three-dimensional X-ray analysis? of Co(il) nlcotlnate tetrahydrate (nicotinic
-acid = pyridine-3-carboxylic acid) shows that the carboxylate groups are not coordinated
to the central atom. This structure is best described as a nonclassical zwitterion, the
charges formally residing on the cobalt and the oxygen atoms of each nicotinate moiety.

Lanthanide ions form complexes?® with pyridine monocarboxylic- and dicarboxylic
acids. These complexes are stable, when the ligand behaves as a chelating agent.

Silver(ll) dipicolinate tetrahydrate has been isolated.®> The monohydrate of this com-
plex has been characterised by a single crystal X-ray analysis.8,?

Analogous complexes of vanadium(lV) with dipicolinic acid have also been isolated.1®

Experimental
The acid and the nitric saits of cobalt and nickel were commercially available (B.D.H. or Koch-
Light). ‘ )

Analyses. — Cobalt was determined spectrophotometrically and nickel gravimetrically through di-
methylglyoxime complex formation. Carbon, hydrogen and nitrogen analyses were conducted in
the microanalytical laboratpry of the Reading University.

Physical Measurements. — Diffuse reflectance Spectra were measured on Unicam SP500 and 700
spectrophotometer. Magnetic susceptibility measurements were made on a Newport Instrument
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Gouy balance system. (Tetrathiocyanatocobalt) mercury was used as calibrant, and dlamagnetlc
corrections were estimated from Pascal’s constants.

Preparation of Complexes. — Co(ll) Bis (pyridine-2, 5-dicarboxylic acid) tetrahydrate and Ni(ll) Bis
(pyridine-2, 5-dicarboxylic acid) trihydrate.

The reaction mixture of M:Acid was 1:2.5. The reactants were mixed from hot solutions, the
pH being around 3. The acid was neutralised before use with sodium hydroxide sclution and then
1t was acidified with HNOz until pH about 3. The mixtures were allowed to reach room temperature
and then they were cooled to 0°C. The precipitates were filtered, washed with water and then
with alcohol and ether, and dried in vacuo over calcium chloride for 8h, The colour of the cobalt
complex was orange-pink and of the corresponding nickel pale blue. Found for cobalt complex:
C, 36.30; H, 3.50; N, 5.97; Co, 12.88%. Calc. for Cyi4H1sCoN2O4,: C, 36.30; H, 3.49; N. 6.05: Co.
12.72% . Found for nickel complex: C, 38.17; H, 3.27; N, 6.32; Ni, 12.92%. Calc. for C14H14NiN2011:
C,37.90; H,3.17; N, 6.30; Ni, 13.19%. -

The hydrates were heated under vacuo (ca. 10-2 mmHg) at 100°C for 7 hrs. The isolated
complex of cobalt was violet and the nickel one green. Found for cobait complex: C, 41.29; H, 2.40;
N, 6.9; Co, 14.50%. Calc. for C14H;oCoN;Og: C, 41.09; H, 2.46: N, 6.85; Co, 14.4% . Found for nickel
complex: C, 38.91; H, 2.87; N, 6.48; Ni, 13.58%. Calc. for C14H12NiN2O4o: C, 39.38; H, 2.83; N, 6.56;
Ni, 13.756%.

When the dehydrated complexes were left under atmospheric conditions for one day they again
absorbed water and the colours changed for cobalt to pale violet and for nickel to pale green.
Found for cobalt complex: C. 37.90; H, 3.20; N, 6.31; Co, 13.30%. Calc. for C14H14CoN,011: C, 37.76;
H, 3.17; N, 6.29; Co, 13.24%. Found for nickel complex: C, 38.86; H, 2.85; N, 6.44; Ni, 13.54%.
Calc. for Cy4H43Ni N201o.5: C, 38.57; H, 3.01; N, 6.43; Ni, 13.47%.

Results and Discussion

The isolated complexes are quite easy to prepare, bearing in mind to keep the volume
of water as small as possible. Unfortunately, the insolubility of these complexes in suit-
able polar and non-polar solvents prevents the investigation of their conductivity, mo-
lecular weight and spectral properties in solution.

Table | shows the main peaks of the infrared spectra of these complexes. These
spectra confirm the presence of free carboxylic acid groups, since the carbonyl stretching
frequency of about 1700cm~1 of the free acid!? is still present after the complex formation.
On the other hand the presence of an asymetric stretching frequency at a lower region
(ca. 1650 cm™1) is strong evidence for a metal-carboxylic oxygen covalent bond. The
other maxima of table | are assigned to v(C=C) or v(C=N) of the pyridine ring. The
“dehydrates’” do not show the characteristic frequency of v(O-H) which is shown as a
broad weak band at ca. 2700-2500cm~1 in the free acid, although this band is also not
clear in the corresponding hydrates. However, these hydrated complexes have lattices
which are stabilized by different degrees of hydrogen-bonding between —COO~, —COOH
and H,O. Consequently, modification of the v(C-O) vibrations can arise from such strong
bonds.

Magnetic and Spectral Studies. — The magnetic data of the isolated complexes are sum-
marised in table Ill. From these values we deduce that the cobalt and nickel atoms are
surrounded by a pseudo-octahedral field, although the values for cobalt complexes are
somewhat lower than they should be in the case of an octahedral environment. The same
comment should be made for the nickel complexes. In the case of trihydrated complex
we have also investigated the temperature range magnetic properties. The complete
temperature range data are given in table IV. This complex obeys the Curie or Curie-
Weiss Law and has a 6 value = + 9. With this value of 6 we can certainly accept that
the presence of antiferromagnetic exchange in this system is not significant.

The electronic spectral properties of the cobalt complexes (table 1) are similar to
those of Co [3-pyr(CO,)]z. 4H,0, the structure of which has been previously established?
as a typical pseudo-octahedral arrangement. Because of that it is reasonable to conclude
that octahedral coordination around the cobalt atom prevails in the complexes of the
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TABLE |

l.r. spectra (1800-1500cm-*) of Co(ll). and Ni(ll) compiexes with
isocinchomeronic acid in Nujol mulls

Compound Absorption maxima (cm‘—1)a

Isocinchomeronic 1690s; 1625w; 1600m; 1575m; 1560w,sh; 1535w; -
acid (2,5 ) .

*
Co(ll) isocinchome-  1685s; 1650vs; 1610vs; 1585vs; 1560s; 1540m: 1535w.
ronate tetrahydrate

' *
Ni(ll) isocinchome-  1720s; °~ 1705s; 1690vs; 1670br; 1610vs; 1580s; 1560m.
ronate trihydrate 1535m.

. - " ,
Co(ll) isocinchome- 1685m; 1675s; 1655vs; 1610vs; 1588vs; 1560s;  1540m.
ronate monohydrate 1535w.

*
Ni(lf) isocinchome-  1745m; 1680m; 1615br; 1575m; 1560w; 1540w.
ronate dihydrate

. * . .
Co(ll) isocinchome- 1685s; 1650s; 1610s; 1585s; 1560m; 1540m; 1535w.
ronate trihydrate ’

*
Ni(ll) isocinchome-  1720s; 1705s; 1690vs; 1670br; 1610vs; 1580s; 1560m.
ronate 2.5 hydrate 1535m.

a Bands marked * are assigned to vasym (COO)..
s strong, m medium, ms medium strong, w weak, br broad, sh shoulder

present work. Likewise, the nickel complexes have similar electronic spectral properties
and these are characteristic'2:'3 of an approximate octahedral arrangement around the
metal ion. In the case of the isolated dehydrates we have to accept that gross structural
changes occurred with the cobalt compound and the —COO~ groups participate in the
first coordination sphere with the resulting formation-of polymeric species. However,
the electronic absorption spectra are similar to those for a pseudo-octahedral stereo-
chemistry.

The octahedral arrangement which would be proposed for the isolated complexes
is shown in figure 1. The remaining water molecules. per formula unit are hydrogen-
bonded within the lattice.
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TABLE 1

Diffuse reflectance spectra of Co(ll) and Ni(ll) complexes with isocinchome‘ronic acid®

Compound Absorption maxima (kK)

Co(ll) isocinchome- 45.2s, br; 37.0s, br; 30.6s, br; 19.9sh; 8.3s, br.
ronate tetrahydrate

Ni(ll) isocinchome-  44.9s; 37.8s; 31.8s; 29.05sh; - 16.4s; 15.4s;

© 9.6s.
ronate trihydrate
Co(ll) isocinchome- 37.0s; 35.3s, sh; 31.3br; 18.3br; 8.5br.
ronate monohydrate
Ni(ll) isocinchome- 44.7s; 37.2s; 31.4s; 29.2sh;  16.9s; 15.1s; 9.4s.
ronate dihydrate
Co(ll) isocinchome- - 45.5s; 37.9s; 29.3vs, br;20.3s, br; 9.0s.
ronate trihydrate
Ni(ll) isocinchome- 44 9s; 37.8s; 31.8s; 27.05sh; 17.1s; . 15.4s; 9.6s.

ronate 2.5 hydrate

a) MgO used as reference, b) 1kK = 1000cm-1

TABLE 111

Summary of magnetic data at room temperature and the Weiss constant
of some of the complexes studied

Compound : H gt T (°K) e
Co(ll) isocinchomeronate 4.61

tetrahydrate

Ni(l1) isocinchomeronate 3.20 © 2935 +9
trihydrate ’

Co(il) isocinchomeronate 451

monohydrate

Ni(ll) isocinchomeronate 3.28

dihydrate

Co(ll) isocinchomeronate 4.60

trihydrate

Ni(ll) isocinchomeronate 3.22

2.5 hydrate
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TABLE IV

Magnetic properties of Ni(ll) isocinchomeronate trihydrate

X'm
T (°K) X 106 c.g.s.U. Heft (B.M.)
303.2 ' . 4235 - 3.22
297.2 4385 3.24
287.2 4419 3.20
275.2 4603 3.196
263.2 4821 3.199
233.2 5420 3.193
203.2 6162 3.178
173.2 ‘ 7169 3.165
143.2 8578 3.148
113.2 10674 3.122
79.2 » 13465 2.933
o
HO A ’
Ny N w0
C -
HZO |
~ 4
Mo
o Ny
O=¢”
c\ [\T‘ OH2
/
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Fig. 1. The proposed structure of the isolated complexes.
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MEPIAHWIZ

.

‘Eveoeig ouvtdeng Tob Co(ll) kai Ni(ll). Mépog 1. Mayvnrikai kai Paopartookomikai i616-
TNTEG TOV TUPTAOKWV pet SikapBovikol 6§€og Tijg TuptSivng. )

Eiq thv mapoioav épyaciav dnepovibnoav ai cUumAokor £vioesig Tol koBaATiou (1) kai
vikeAiou () petd Tol mepldepeiakol UMOKATAOTATOU TUPLSivo-2,5-51kapBogulikol o6&gog tig
0daTika StaAduata. ‘H dvaloyia petafl peTAAAOU-UMOKATAOTATOU ATO 1:2, evid O AplBUOG T@OV
popiwv Tol idatog émoikiMev avardywg Twv ouvenkv. OlTw, kata . Thv BEpuavoly Tav Evudatw-
HEVWY OUPMAGKWY EV@OEWY £ig Toug 100°C anepakpuven pépog told Gdatog, 1O Oroiov &rave-
KTON &v HEPEL KaTa TV Mapapoviyv aut®y £ig ATHoodalptkag ouvenkag.
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Al oUumAokol adtal €vioeiq mapadkeudfovial eUKOAwG eig KaAfyv dandédoolv, €9’ doov xpn-
OlyorotodvTat Hikpol ykot Udatog. Al évmoeig altai eival adldAuTtol eig MOAIKA Kal WF) TTOALKA
SIAAUTIKA PECa, TPAyHa TO Omolov EUMOdifet THV TEPAITEPW BLEPEUVNOLY TAG AYWYIHOTNTOG TWV.
TOV NMPOCdLOoPIoHOV ToU Hoplakol 8Apoug Kal Tag Gpacpatikag iStoTNTag Twv £v dlaAluaTt.

’EK METPCEWV TOV UneplBpwyv dacpdtwyv eUpéhn, 6TL Undpxel éheuBépa kapBoEuAopag €ig
Tag dnopovweicag Evwoelg, Mpaypa 1o onolov AanoteAel ioxupdv £vdel§ly 6T £k TV dUo kapBo-
EuAopddwy Tol Hopiou ToU TUPdIvo-2,5-5ikapBoEuiikol O0E£og povov N pia eival ouvdedepévn
META TOU MeTAAAOU.

EK TOV PETPNHOEWY TAG HAYVNTIKAG EMUSEKTIKOTNTOG EdAvn, 6TL MAAAOV TIPOKELTAL TEPL £V~
oewv, 1) KATAOKEUT) TV Onoiwv otnpifeTtal £iq OKTAedpikMv douny Akoun 8¢ Kai £ig v nepintwaoty
100 Co[2,5— pyr(CO2)2]2. H20, 6mnou muoteletal 81L, mapd v &mipepopévny AAhaynv &vavtl Tihg
TETPAEVUSATWHEVNS HOPdAG, N Evwolg altn éudavifel pia YPeuSo-oKTAsdPLknY SOUHV HE CUHME-
ToxNV Teplocotépwy — COO- Suddwyv. Ta avwtépw Umootnpifovtal EmmnpooBeéTwg kal und Tdv
NAEKTPOVIAKDYV ¢dacpdtwy, EvBa éudavifovial XapaktnploTikai aroppodnoelg TG OKTaedplkig
doung.

Eig 10 oxfiua (1) mpoteivetal /| douR TOV AVWTEPW: Evoewy. Tuxdv EmMPocBeTog MoooTNG
(datoq ouvdéetat EvTog ToU KPUGTAAAOU Bld BETU@Y UdpoySvou.
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L’hydrolyse alcaline du phénobarbital

CH. T. PLESSAS
Laboratoire du métabolisme des médicaments, Université de Geneve
Directeur Prof. B. Glasson

(Received 20-9-71)

Une solution 6% de phénobarbital-2-14C a été chauffée a 80°C pendant 24 h.
Le résidu a été dissous dans le CHCI;. La phase aqueuse a été extraite aussi au
CHCIl3. Une chromatographie sur papier dans le systéme alcool-n-amylique saturé
par un tampon borate a pH 10 a demontré la présence du bicarbonate de sodium,
de l'urée et de I’éthyl-phényl-acétyl-urée. Dans le cas du phénobarbital-5-'4C nous
avons signalé la présence du bicarbonate, de I’éthyl-phényi-acétyl-urée et de I'a-
cide éthyl-phényl acétique. L’hydrolyse a été compléte. Une simple dissolution du
phénobarbital-5-14C dans 0,45N NaOH suivie d’une chromatographie a demontré
la présence du bicarbonate, du phénobarbital, de I'acide éthyl-phényl-acétique
et de I'éthyl-phényl-acétyl-urée. Le degrée de décomposition était de I'ordre de
4% apres 3 minutes et de 5,5% au bout d’une heure.

A solution of Phenobarbitone-2-YC sodium is heated for 24 hours at 80°C.
The residue is taken up in CHCI3 and the aqueous phase extracted by CHCl;. Paper
chromatography of the two phases in n-amyl alcohol saturated by a borate buffer
of pH 10 system showed the presence of bicarbonate, urea and ethyl-phenyl-acetyl-
urea. Under the same conditions phenobarbitone-5-14C yielded bicarbonate, ethyi-
phenyl-acetyl-urea and ethyl-phenyl-acetic acid.- The hydrolysis of the two kinds
of phenobarbitone was considered to be a complete one. Simple dissolution of
phenobarbitone-5-4C in a 0.45N NaOH, followed by paper chromatography in iso-
amyl alcohol/ammonia/ethylene glycol system (V/V/V 85/15/5) yielded bicarbo-
nate, phenobarbitone, ethyl-phenyl-acetic acid and ethyl-phenyl-acetyl-urea. The
rate of hydrolysis was found to be 4% in 3 minutes time and 5.5% in the first hour.

Introduction

On sait que I’hydrolyse alcaline du pﬁénobarbital provoque I'ouverture du cycle bar-
biturique (Kapadia et al.5 1959, Benakis et al.2 1963). Les produits de cette hydrolyse sont:
I’éthyl-phényl-acétyl-urée, 'acide éthyl-phényl-acétique et 'urée.

(0] H
[ NH,
C:Hs C —N CaHs H | '
P e
CGHS (l:l - N CsHs C"—‘N
O H 0 H
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CzHs /H H2N
- >C_ + >c=0
CsHs COOH TRY

Dans ce- travail nous étudions les conditions expérimentales de cette hydrolyse et
nous discutons ses conséquences sur la détermination du phénobarbital dans des pro-
duits biologiques. .

Matériel — Méthodes — Techniques

Nous avons utilisé du phénobarbital marqué soit en position 2 soit en position 5 du cycle bar-
biturique. Le phénobarbital-2-14C avait une activité spécifique de P'ordre de.15,2 mCi/mM et une
pureté radiochimique, contrdlée par chromatographie sur papier, de 'ordre de 99,5%.

En ce qui concerne le phénobarbital-5-14C [I’activité spécifique était de I'ordre de 17,57
uCi/mM et une chromatographie sur papier n'a démontré que 'existence du phénobarbital. .

La phényil-éthyl-acétyl-urée est obtenue (M.P. Gold)* par condensation du chlorure de I'acide
éthyl-phényl-acétique avec I'urée en présence d’antipyrine.

L'acide éthyl-phényl-acétique est synthétisé a partir du benzonitrile (P. Gold* 1958) par trans-
formation en ethyl-benzonitrile. Ce dernier, par saponification, donne I’'acide.

L’urée-14C employée avait une activité spécifique de 6,86 mCi/mM.

Pour 'hydrolyse compléte du phénobarbital nous avons suivi les conditions expérimentales
décrites par Kapadia. Une solution 6% de phénobarbital sodique a été placée dans une ampoule
et chauffée a 80°C pendant 24 heures au moins au bain d’huile. Apres cela 'ampoule a été cassée
et le résidu déposé a été dissous dans le chloroforme. Ensuite la phase aqueuse a été extraite au
chloroforme. Ainsi nous avons deux phases, une phase chloroformique et une phase aqueuse. La
chromatographie a été faite sur papier Watman No. 1 dans les systémes: alcool n-amylique saturé
par un tampon borate & pH 10 et alcool isoamylique, ammoniaque et éthylene glycol (85/15/5 V/V/V).

La radioactivité sur chromatogramme a été mesurée par un compteur sans fenétre a courant
gazeux (Benakis 1962') et chaque secteur évalué quantitativement par mesure directe en scintil-
lation liquide (Beckman LS 200B) avec le mélange scintillant ESLA: naphtaléne 80g, PPO 4g, POPOP
50 mg dans un litre de xylene, dioxane et éthano! (V/V/V 5/5/3). Le rendement est de {’'ordre de 87%.

Des spectres ultra-violets de différents produits étudiés ont été réalisés au moyen du spectro-
photomeétre Beckman DB dans les conditions suivantes: a) phénobarbital, dans une solution 0,45N
NaOH, concentration 25 pg/ml, b) acide éthyl-phényl-acétique dans une solution 0,45N NaOH,
concentration 0,5 pg/ml.

Résultats
A. Hydrolyse compléte

L’hydrolyse alcaline du phénobarbital suivie d’une chromatographie sur papier de
deux phases dans le systéme alcool amylique saturé par un tampon borate a pH 10
nous a donné, aprées enregistrement des chromatogrammes, les résultats suivants:

a) Phénobarbital-2-14C, phase aqueuse: un pic sur spot qui correspond au bicarbo-
nate de sodium, un pic a la place de I’'urée et un pic a la place de I'éthyl-phényl-acétyl-
urée. : o

b) Phénobarbital-2-14C, phase chloroformique: un pic qui correspond a i'urée et le
pic de I’éthyl-phényl-acétyl-urée.

c) Phénobarbital-5-14C, phase aqueuse: un pic sur spot qui correspond au bicarbo-
nate de sodium et le pic de I’acide éthyl-phényl-acétique. )

d) Phénobarbital-5-14C, phase chloroformique: ie pic de I'éthyl-phényl-acétyl-urée
et le pic de I'acide éthyl-phényl-acétique.

Dans aucun cas nous n’avons observé de pic qui corresponde au produit inchangé;
I’hydrolyse est donc compléte dans ces conditions d’expérience.
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B. Hydrolyse en fonction du temps.

Dans ce cas-la nous avons employé du phénobarbital-5-14C, car 'son hydrolyse donne
de l'acide éthyl-phényl-acétique marqué, produit interférant dans le dosage du phéno-
barbital, comme nous aurons I'occasion d’y revenir.

Pour cela une certaine quantité de phénobarbital a été dissoute dans 0,45N NaOH.
‘Apres 3, 15, 30, 60 minutes nous avons neutralisé la solution. Ensuite nous avons pro-
‘cédé a une chromatographie sur papier dans le systéme alcool isoamylique, ammoniaque,
éthyléne glycol. Dans ce systeme les Rf du phénobarbital, de I'acide éthyl-phényl-acétique
et de I’éthyl-phényi-acétyl-urée sont 0,38, 0,43, et 0,95 respectivement. Au contraire le
bicarbonate de sodium reste sur spot.

L’enregistrement de la radioactivité des chromatogrammes a démontré la présence,
dans les quatres cas, du bicarbonate de sodium, du phénobarbital, de I’éthyi-phényl-
acétyl-urée et de I'acide éthyl-phényl-acétique. Chacun des secteurs radioactifs des chro-
matogrammes a été découpé et mis dans 20mi de la solution scintillante ESLA, pour me-
surer quantitativement la radioactivité; les résultats, exprimés en %, sont exposés dans
le tableau suivant.

TABLEAU |

Pourcentage de produits d’hydrolyse en fonction du temps

Temps .
" min. 3 15 30 60 -

Bicarbonate de sodium 0,2% ©0,2% 0,2% 0,5%
Phénobarbital 96,2% 96,0% 95,5%. 94,6%
Acide éthyi-phényl-acétique 2,8% 2,4% 2,3% 1,8%
Ethyl-phényl-acétyl-urée A 0,8% 1,4% 2,0% 3,1%

La figure 1 donne I'enregistrement de la radioactivité du chromatogramme de 60
minutes; nous y remarquons 'existence de quatres pics distincts.

N J@JK. B

60mn

Fig. 1: Radiochromatogramme des produits d’hydrolyse aprés 60 minutes. A) Phénobarbital. B) Acide
éthyl-phényl-acétique. C) Ethyl-phényl-acétyl-urée. D) Bicarbonate de sodium.



C. interférence de I'acide éthyl-phényl-acétique dans le dosage du phénobarbital.

L’enregistrement des spectres UV du phénobarbital et de I'acide éthyl-phényl-acé-
tique (fig. 2) dans une solution de 0,45N NaOH a démontré I'existence d’un maximum

DO.

30 ° 300 280 260 240
mu

Fig. 2: Spectres UV du phénobarbital (1) et de I'acide éthyl-phényl-acétique (2).
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a 254 nm (acide) et a 258 nm (phénobarbital). La fig. 3 donne les courbes d’étalonnage
de ces deux produits & 260 nm et 258 nm (cas de I’acide). Cette longueur d’onde de 260 nm
est choisie par tous les chercheurs pour le dosage du phénobarbital par spectrophoto-
métrie (Broughton 19593). L’acide éthyl-phényl-acétique peut intervenir lors du dosage
du barbiturique a 260 nm. Nous constatons toutefois que la pente de la courbe d’étaion-
nage du phénobarbital est considérablement plus élevée que celle de I'acide éthyl-
phényl-acétique.

D.O.

. Phénobarbital . Acide émylrphényl;
0.7+ Az 260nm acétique

~ad A=258nm
08 A=260nm

0.5

04+

100 200 300 400 500 pg/mi

Fig. 3: Courbe d’étalonnage aux UV du phénobarbital et de I'acide éthyl-phényl-acétique.

\

Discussion

L’hydrolyse compléte de phénobarbital a été déja étudiée par Kapadia.5 Au contraire,
Broughton et al.3 ont constaté une dégradation de 32% quand on chauffe au bain-marie
une solution alcaline de phénobarbital pendant 15 min. Le pourcentage de cette dégra-
dation sert a I'identification des barbituriques étant donné que leurs spectres UV sont -
identiques, chose qui ne permet que le dosage global des barbituriques dans un mélange
inconnu. .

Les deux chercheurs précités ont travaillé avec du phénobarbital non marqué et ils
ont employé des méthodes classiques dont la sensibilité est inférieure a celle de la mesure
de la radioactivité. L’étude d’'une hydrolyse sous conditions modérées est alors difficile-
ment réalisable, comme p.ex. la simple dissolution du produit dans 0,45N NaOH.

Dans nos expériences nous avons utilisé du phénobarbital marqué et nous avons pu
dépasser ainsi les difficultés'mentionnées. Nous avons alors constaté qu’une dissolution
du phénobarbital provoque une décomposition déja aprés trois min.

En ce qui concerne les produits de dégradation nos résulitats s’accordent avec ceux
des autres. Dans le cas du phénobarbital-5-14 C nous n’avons pas signalé ’existence de
I'urée et cela a cause de la position du marquage (position 5 du cycle). Au contraire, en
travaillant avec du phénobarbital-2-14C nous avons trouvé ce produit de I’hydrolyse.

Comme nous l'avons déja signalé, le dosage spectrophotométrique du phénobarbital
ainsi que des autres barbituriques se fait a 260 nm dans une solution de 0,45N NaOH.
Au cours de cette détermination le phénobarbital subit une décomposition de I'ordre de
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4% déja aprés trois minutes. En tenant compte de la pente de la courbe d’étalonnage et
de Finterférence de I'acide éthyl-phényl-acétique provenant de cette décomposition dans
le dosage du phénobarbital nous constatons qu’une légére décomposition de phénobar-
bital provoque une diminution notable de la densité optique & 260 nm. L’acide éthyl-
phényl-acétique provoque une augmentation de la densité optique beaucoup plus faible
que la diminution provoquée par I’hydrolyse du phénobarbital. Ainsi nous avons une
source d’erreurs qui, dans certains cas, peut devenir importante comme p.ex. le cas
des liaisons protéiniques des barbituriques et ia détermination du phénobarbital dans
des milieux biologiques.

MEPIAHWIZ
’Akahikn 08pOAvoIg THG PportvoBopBLTaing.

Atdhupa To0 peTd vatpiou dAatog TAG ¢atvoBapBiTaAng-2-14C BepuaiveTar &mi 24 Gpag £ig
ToUg 80°C. To otepedv UndAsiupa dgAlstat eic CHCI; kal 1) 03dTIKY ¢aoIg EkxuAiZeTal dpoiwg
o814 CHCIl3. Xpwuatoypadia xdaptou T@v SU0 ¢pAcswv £ig TO oUOTNHA K-AMUAIKR AAKOOAN Kope-
oBeioa d1a pubpioTikol SlaAiuatog Boptkol 0EEog, KCI kai NaOH pH 10, £dei&e Thv mapouoiav
dittavbpakikol vatpiou, olpiag, aiBuA-palvuA-akeTuA-oupiag. Yo Tag autag ouvenkag f USpo-
Auclg THG ¢atvoBapBITdAng-5-14C Edwoev (g TPOIGVTA SITTAVOPAKIKOV VATPLoV, ‘alBuA-patvuA-
akeTuA-oupiav, albui-palvur-oEtkov GEU. ‘H USPOAUCIG RTO MA\PNG. “ATNAR S1AAUCIS THS datvoBap-
-BITAANG-5-14C eig 0,45N NaOH kai petd xpwpatoypadiav £ig 1o oUoTnua iCOauuAikl AAKOOAN-
appwvia-aibuhevoyAukéAn (V/V 85/15/5) £deilEe Thv mapouciav diTtavBpaxkikod vatpiou, ¢awvo-
B8apBLTAANG, aibuA-dalvui-o§ikol 0E€og kai aiBuA-patvuAr-akeTuA-oupiag. ‘O 8aBuog UBPOAUCEWS
ATO 4% HETA 3 AETTA Kal 5,5% €ig TO TEA0G THG MPWTING OPAg.
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A Study of the Luminol-Fluorescence Decay
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The fluorescence decay of Luminol and of 3-aminophthalic acid, studied with
the aid of a nanosecond-pulse spectral source are reported as functions of pH.
The decay. times thus obtained are in the order of 7 and 5.5. nanoseconds at the
pH of maximum emission. The spectral shifts of Luminol absorption and fluo-
rescence as a function of pH are also reported. The results of the fluorescence
decay measurements are verified by comparison with the results obtained by .a
new technique employing ultra-fast detection means. The. possibility of energy
transfer in the Luminol light reaction from the excited 3-aminophthalic anion pro-
duced, back to unreacted Luminol is also discussed.

Introduction

Measurement of the lifetime of the lowest electronically excited state is a very im-
portant factor in the study of luminescence processes. De- eXC|tatlon followed by light
emission usually obeys the function:

| = loe™ T )

where | is the luminescence intensity at time t, Io the luminescence intensity at t=0
(end of excitation) and t the luminescence decay time defined as the time required for
the luminescence intensity to fall to the lp/e level. When luminescence is the sole path
of de-excitation the decay is exponential and the lifetime T equals the “natural lifetime”
To giving rise to a quantum yield (Q) equal to 1 according to the equation:

T = 1Q (2

In the event, however, of radiationless transitions leading to luminescence quenching
as for example in the case of collisional quenching, the lifetime measured is smaller
than the “natural lifetime’ giving rise to quantum yields lower than 1 as is usually the
case. Measurement, therefore, of luminescence lifetimes can give information regarding
quantum yields, radiationless transitions and especially of energy transfer between un-
like species.:23 As fluorescence decay times of organic molecules.usually lie in the
region of a few nanoseconds (1 nsec. = 1079 sec.), rather complicated instrumentation
is necessary for the study of this phenomenon and means such as fluorescence depolar-
ization, phase fluorimetry? and Kerr celis,? flash lamps,5¢.7 electron beams? etc., have
been employed in such studies.

In studying chemiluminescence, it is a well accepted fact that the chemilumines-
_cence emission spectrum of a light-reaction is identical with the photoluminescence
(fluorescence or phosphorescence depending on the multiplicity of the excited state in-
volved) spectrum of the emitting species under similar conditions.s.’0 [t follows, there-
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fore, that study of the chemiluminescence of a system must be accompanied by a study
of the fluorescence of the chemiluminescent compound and of the light-reaction products.

Luminol (5 amino-2,3-dihydro-1,4-phthalazinedione) (1) until recently the most highly
chemiluminescent compound known has been extensively studied!'~1® but due to the
complexity of the problem arising from the low quantum yields involved, the reaction
mechanism remains obscure and even the identification of 3- ammophthalate anion as
the emitting species is being questioned.

NH;F ('c') NH, g NH, 2
N A NH
] ) 1]
O o)
I I il

The study of the Luminol fluorescence decay as well as of 3-aminophthalic acid
was therefore undertaken and is described in the present work with the hope that a little
more light might be shed on the chemiluminescent reaction and on the quenching pro-
cesses involved.

Results and Discussion

Fluorescence decay was studied in the present work by two methods, both employ-
ing a nanosecond-flash source. Our results obtained by the first method, a modification
of the one reported by Chen et al,? were verified by.a second method proposed by our-
selves and described in the next section. Both methods were tested with compounds
of known fluorescence decay prior to their employment in the study of the Luminol and
3-aminophthalic acid fluorescence with good and consistent results. (The error in both
methods is not greater than 10%. Although deviations were never greater than 0.3 ns.,
the decay times reported here are the mean values of three measurements.)

With an observed maximum radiative lifetime of 7 nanoseconds for Luminol and 5.5
nanoseconds for 3-aminophthalic acid and taking into account the maximum fluores-
cence quantum yields reported2¢ for these two compounds as 0.55 and 0.08 at the same
pH values, the natural (mean radiative) lifetimes could be calculated from equation (2)
as 12 and 70 nanoseconds respectively. The rate of fluorescence can be calculated from
the relationship:

Kr = — (3)

Substituting the values 12 and 70 nanoseconds for 1o one arrives to KF(Lum,nol)
8.3X 107 sec™ and KF(Amlnophthallc acig) = 1.4X 107 sec™".

The pH dependence of the observed decay times is shown in Fig. 1 for Luminol and
3-aminophthalic acid. The curves are roughly similar to those published earlier on the
pH dependence of the fluorescence intensity.14:20 The neutral Luminol molecule (1) ex-
hibits, as expected, the longest lifetimes the dependence of which on the pH in the
region 3 to 9 is much less pronounced than the dependence of fluorescence intensity
on pH in the same region. It should also be noted that maximum decay time is found
at pH 6 while maximum fluorescence intensity is reportéd by a number of authors at
a pH of about 4.8.14.20.21.22 }t should be pointed out, however, that the curve of Fig. 1
reported here, represents-a truer image of the Luminol fluorescence as being less de-
pendent on absorption and emission spectral characteristics. Another important aspect
of the curve of Fig.1 is the peak at pH 0.75. This implies the fact that protonated Luminol
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(I1y is an entirely different fluorescent species. This is in agreement with Fig. 2 which
shows the emission-maximum shift as a function of pH. A dramatic change is also ob-
served at this low pH region. Something similar is observed in the case of the absorption
maxima. Until a pH of 1.5 is reached, there is only one absorption maximum about 290
nm. It is at this pH value that the second absorption maximum in the region of 340 nm
appears which increases in intensity on ascending the pH scale. The decay of 3-aminoph-
thalic acid on the other hand is almost independent of pH in the region 4 to 11, indicating
that if the Luminol chemiluminescence maximum quantum yield appears at a pH of

8
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0 2 4 6 8 10 12 14
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F‘ig. 1. Fluorescence decay of Luminol (—e—) and of 3-amin’ophthailic acid (—wu—)
as a function of pH. ’

about 11 this must be due to some aspect of the Luminol oxidation reaction mechanism
and not to the emission characteristics of the excited species. ‘

The Luminol as well as the 3-aminophthalic acid fluorescent decay was found to
be .independent of concentration in the range 5X 1072 —-10-5 M. This in itself indicates
a complete absence of concentration quenching. As chemiluminescence quantum yields
have also been shown20 to be independent of concentration and as the decay of the
fluorescent pulse in our experiments could be easily superimposed on the exponential
decay produced by the computer3 the assumption that 3-animophthalate is the emit-
ting species (irrespectively of emission wavelength)!® in the Luminol light reaction is
further supported. Indeed, all evidence points towards absence of energy transfer from
3-aminophthalate back to unreacted Luminof.

445
440
435
430

. Amax {(nm.)

425

420

Fig. 2. Fluorescence-maximum shift as a function of pH.
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Experimental
(i) Measurement of fluorescence decay. Method employing decay-time computer.

A T.R.W. model 31A Nanosecond Spectral Source was employed for exciting our samples, in
combination with a deuterium quartz lamp generating a near-continuum in the spectral region 200-
350 nm. Short pulses of light were thus obtained with a risetime and a falitime of 1.6nsec., a duration
of approximately 4nsec., and a repetition rate of 2 kc. The light pulses were passed through a
quartz relay lens assembly, an iris and a monochromator employing a Balzers’ R-UV 255 nm. inter-
ference filter and were focussed on the sample contained in a quartz cell. The fluorescence pulses
thus generated were passed at right angles through a Jena GG 400 Cut-filter cutting all light below
400 nm., then through a second relay lens assembly and were focussed on the photocathode of an
R.C.A. 931A photomultiplier tube. This was connected to a Tektronix 555 dual beam oscilloscope
with 1A1 units displaying the fluorescence pulse shape and feeding data to a T.R.W. 32A decay
time computer. To obtain the excitation pulse shape, the sample cylindrical cuvette was removed
from the sample compartment and was replaced by a similar cuvette covered with metallic silver
forming a first surface mirror. The cut-filter was also removed as the light pulse displayed was in
the U.V. region. With the oscilloscope set at “Upper beam — Channel A” (50 Ohm termination)
and a time base 20 nsec./cm., and with the aid of the iris, a pulse height of 2.2 cm. was produced
on the oscilloscope screen; a computer simulated light-pulse was then superimposed on the ex-
citation pulse (Lower-beam, Channel B, time-base 200nsec./cm.), the computer keeping the puise

|
P.S. L. RL.A | S

- RLA

.0

D.T.C. |- — O.

l
C.

Fig. 3. Block diagram of the apparatus employed in the measurement of decay times with Decay
Time Computer. P.S., Power Supply; L., Lamp; R.LAA.,, Relay Lens Assembly; I., Iris; S.,
Sample; F., Filter; M., Monochromator; P., Photomultiplier; O., Oscilloscope; C., Camera;.
D.T.C., Decay Time Computer; T., Trigger.
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Photograph 3. Excitation and fluorescence pulses. Time base 5nsec. per division.
Luminol 0.0001 M., pH 9.5. Cajculated decay time 5nsec.
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height and shape in its memory. Photograph 1 shows the excitation pulse with the simulated com-
puter pulse superimposed. The sample cuvette and the cut-filter were then inserted and with the
oscilloscope set at “Upper beam-Channel A" the fluorescence pulse was displayed. The computer-
simulated light pulse was then guided to “Lower beam-Channel A” of the oscilloscope and was
modified in shape and height to match the fluorescence pulse: the decay time was then obtained
directly from the computer. Photograph 2 shows the computer simulated pulse superimposed on
the fluorescence decay pulse.
The block diagram of the experimental assembly is shown in Fig. 3.

(ii) Measurement of fluorescence decay. Method without decay time computer.

The mirror-cuvette was placed in front of the deuterium quartz lamp and was illuminated with
light pulses (Amax 252 nm., isolated with the aid of a Balzers R-UV 252 nm. interference filter) at
a repetition rate of 1Kc. The reflected light pulses were viewed with a Philips 56AVP photomuitiplier
(S11-type photocathode) operating at 2150 Volts, the circuitry of the photomultiplier’s base being
equipped with a suitable divider giving anode pulse risetimes as low as 2nsec. The photomultiplier
was connected to a Tektronix 519 high speed oscilloscope (time-base 5nsec./cm) equipped with
a polaroid camera with the aid of which the exciting light pulse shape displayed on the screen
was photographed. The mirror cuvette was then replaced by the sample cuvette and a suitable
combination of filters was inserted between the sample cuvette and the photomultiplier tube allow-
ing passage of light with Amax 430 nm. and the fluorescence pulse shape was also photographed.
By suitable enlarging of the photographs and by measuring the fluorescence decay starting from a
point on the decay curve at which the excitation pulse was virtually ended; the fluorescence life-
time could be measured with good accuracy. The excitation and fluorescence pulses are shown
in Photograph 3.

The block diagram of the experimental assembly is shown in Fig. 4.

P.S L.

._',-I==
l-@

O.

Fig. 4. Block diagram of the apparatus employed in the measurement of decay times, without decay
time computer. P.S., Power Supply; L., Lamp; F., Filter; S., Sample; P., Photomultiplier; O.,
Oscilloscope; C., Camera; T., Trigger.
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(iii) Decay times as a function of pH.

The solutions employed were aqueous alkaline 10-*M Luminol solutions in which the pH was
varied by the addition of small amounts of hydrochloric acid. The pH was measured just prior to
the measurement of the decay time; this technique was also employed with 3-aminophthalic acid
and the results are shown in Fig. 1.

(iv) Decay times as a function of concentration.

These were measured empl\bying aqueous Luminol solutions (pH 5) in the concentration range
5x10-*—107°M. None of the above-described techniques could be employed at lower concen-
trations due to the low fluorescence intensities involved.

A (v) Absorption and emission as a function of pH.

This was measured with the aid of a Cary 14 spectrophotometer and the position of the maxima
for the various pH values was tabulated. [t should be noted that a.peak at 340 nm. appears at pH
1.5 and keeps increasing in intensity on ascending the pH scale.

The fluorescence maxima were obtained employing a Perkin-EImer 203. Fluorescence Spectro-
photometer and are uncorrected (excitation Amax 365 nm.). The emission maximum shift as a func-
tion of pH is shown in Fig. 2.
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NEPIAHWIZ

Merétn thg dmoobécewg ¢Bopiopold Thg Aouptvding.

Ot xpovol drnocBéoewe (1/€) tol GpOoPIoHOT TAG AOUHIVOANG Kai Tod 3-AptvodBailkold 6E€og
gueAetribnoav Pg THV BorBelav Gaopatikiiq MNYAG MAAU®DY TRG TAEEWG vAvOdEUTEPOAENTOU WG
ouvaptioelg tol pH. Ol péyiotol xpdvoi anooBéoewq eival 7 kal 5.5 vavodeutepoAenta AvTl-
oToixwg. MapaAAnAwg neptypddovial al HeTaTonioelg Twv HEYIOTwY Anoppodrocws Kal EKMouniiq
ouvapthoel Tol pH. Ta drnoteAéopata TV HETPNOEWYV TV XPOvwy AnooBioswq &naAndelovTal
314 ouykpioewg P& dnoteAdopata AndOévta d1d véag, eig v ava xelpag épyaciav MPOTEVOUEVNG
Kal meplypapopévng Hedodou, eig thv ornoiav xpnotporiolodvral Urep-Tax€a HeEoa AviXveUOEWG
Ao EUYOUEVNG THG XPNOILONOoEWG UMIOAOYLOTOU. Zudnteltat émiong n duvatdtng petadopdq
gvepyeiag Kata THY XNUIwTauyf Avtispacty TAG AOULIVEANG, Amd TO MPOKTITTOV SIEYNYEPUEVOVY
AautvodBaAikov aviov eig pr) avtidpdoavta pépta AoUpIVOANG.
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The cupric L-threonine complexes having a high ligand to metal ratio, show
a positive circular dichroism band at 300 nm. Cupric complexes of L-alanine,
L-valine and L-serine do not show a corresponding band by increasing the con-
centration of the ionic form of L-amino acid in aqueous solutions. This band is
probably due to a n (s, p) — 0”x,-y, charge transfer transition from the ligand to
the metal ion.

Introduction

Two predominant Cotton effects were observed in the visible Circular Dichroism
spectrum of most bis (L-amino acido) Cu (ll} chelates. One is located in the region 720-
710 nm, which always exhibits a positive sign and another in the region 620-590 nm.

The latter Cotton effect has in the majority of cases a negative sign and is more in-
tense than the former.!,2

In the 3d® cupric system under Dan symmetry the following sequence has been ac-
cepted for the d orbitals:3

dxz_yZ B B1g

dy2 A1g

dxy, B2g
dxz . dyz Eg

In this system there are three.one electron transitions with the following order of
increasing energy:

A1g < B1g < Bpg < B1g <Eg <—B1g

As the symmetry is reduced either to C h or to C, splitting of the Eg < B1g transition
occurs.

The transition A < B1g is magnetic dipole forbidden but both Byg <-B1g and
Eg < B1g are magnetic dipole allowed under the D4, point group.

The bis (L-amino acido) Cu (li} chelates belong to the C, point group. The discussion
of the spectroscopic properties of bis (L-amino acido) Cu (Il) chelates using arguments
based on the Din symmetry, which is parent for the Co, is a rigorous approximation. In
this respect we can assign to the 720-710 nm C.D. band the A1g <« B1g transition charac-
ter and the 620-590 nm band the Bag « B1g.

There are several cases where a third C.D. band has been observed in the region
570 to 460 nm which is probably due to the degenerate Eq < B1g4 transition.?
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This transition exhibits either a positive or a negative sign. A positive sign of this
band can be correlated with an apical chelation to the Cu (I1).2

The ultraviolet spectrum of the cupric complexes of amino acids consists of two C.D.
bands. One is located in the longer wave length region from 260 nm to 240 nm and an-
other in the shorter wave length from 225 nm to 215 nm.

The 260 to 240 nm band has an intense absorption accompamed by a negative sign
and is due to a charge transfer transition from the ligand to the cupric ion. The 225 to
215 nm band has in the majority of cases a positive sign and originates from-a nm — m*
transition of the Ilgand 4

The n — n* C.D. band of the carbonylic transition of the amino acid ligand of the
cupric complexes which ought to be found at the vicinity of 220 to 240 nm with a negative
sign, in accordance with the octant rule, is not observed. This C.D. band probably is
lost in the region of the negative charge transfer C.D. band at 240-260 nm.

Results’

The present paper reports the effects caused upon increasing the ligand concen-
tration in respect to Cu (Il), of some bis (L-amino acido) Cu (II) chelates on the visible
and the near ultraviolet C.D. bands. The complexes of L-alanine, L-valine, L-serine and
L-threonine were examined. All ligands were in.the anionized form.

Addition of up to 24 times as much anionic amino acid ligand as Cu (II) gave no
significant change in the visible and near ultraviolet absorption or C.D. spectra com-
pared to the 2:1 cupric complexes of L-alanine and L-valine (table 1).

TABLE |

Circular Dichroism and Absorption in the Visible and
Near Ultraviolet of Some Complexes of Amino Acids with Cu (I1)

moles of aa
L-Amino Acid —— C.D. Absorption
~gr.atom Cu'(Il) A max. [nm], Ag pax. Amax. [nm], & oy
Alanine 2 622,—-0.09 577,-0.08sh 619,57
» 3 610,—0.10 618,58
» 24 610, —0.09 ' 628,59
Valine 2 592, -0.35 622,57
» 3 582, -0.41 617,60
» 24 594, -0.38 622,59
Serine ' 2 627,-0.19 624,51
» 3 610, —0.25 625,51
» 24 580, —0.22 629,57
Threonine 2 595, —-0.26 614,53
» 3 592, -0.30 305,+0.25 (+0.08)*" 621,55 305,50
» 4 586, —0.38 300,+0.38 (+0.09) 621,55
» 12 578,—-0.31 300,+0.70 (+0.06) - 616,54
“» 16 578,—0.35 300,+0.85 (+0.05) 616,60
» 18 576,—0.35 300,+0.93 (+0.04) 616,58
» ' 24 578,—0.33 300,+1.03 (+0.04) 616,60
» 30 .570,-0.30 300,+1.08 (+0.04) 613,52
sh = shoulder, * no peak or shoulder, & was read from the absorption curve, ** values of

Ae max in parenthesis are based on ligand concentration.
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In the cases of L-serine and L-threonine a slight shift to shorter wave length of the
visible C.D. band is observed by increasing the ratio of moles of amino acid per gr. atom
~of Cu (ll). This shift probably indicates more nitrogen environment around the cupric ion.

Only. in the case of L-threonine complex a dramatic change in the near ultraviolet
C.D. spectrum is observed, where on increasing the ligand to metal ratio above two from
three up to thirty a positive C.D. band appears at 305-300 nm as shown in figure 1.

The intensity of the C.D. band increases accordmg to the diagram in flgure 2 with
increasing ratio of ligand to the metal ion.

+0.51

At

—0.5]

-1.0

—1.5

—20}

—257

—3.0 o 1 1 1 1 L L L ) .
250 300 350 400 450 500 . 550 600 650 700

Alnm] —s

Fig. 1: Circular Dichroism in the visible and near Ultraviolet of the (a) bis (L-threonato) Cu (Il} and
(b) tris (L-threonato) Cu (Ii) complexes. .

+1:0 '}

Aemay
+0.5

5 10 15 20 25 30

. (r) - -
Fig. 2: Variation of the Agmax of the 300 nm C.D.band with the ratio (r) of the moles of aa. per
gr. atom Cu (li). ’
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The, absorption spectrum at room temperature of the aqueous solutions of high
ligand to metal ratio complexes of L-threonine with Cu (i) does not show a corresponding
band or shoulder at 300 nm. A value ¢ = 50 was read from the absorption spectrum of
[Cu (L-threo)s]'~ complex at 305 nm. The value of € increases considerably from 315 nm
until the maximum value € ca.12 X 103 is reached at 255 nm; this absorption band can be
correlated to the charge transfer transition at 260 nm of the bis (amino acido) Cu (II)
complexes.

Discussion

When ligands are approaching the cupric ion in the bis (L-amino acido) Cu (i) com-
plex along the z molecular axis the resuiting high coordination number complexes may
well be represented by the structure indicated in figure 2, in which water molecules are
replaced from the apical positions.

+z

—x ,
~ : ] Ty
SN © NH:CHRCOO .~
- |
~ rd

— N <
RH/C N |~ co

L2 N

-0 NH,— CHR

N
H,CHRCOO ~

N
1
|
|
|
|
z

Fig. 3: Schematic representatlon of the hlgh coordination number complexes of the amino acids
with-Cu (lI).

Graddon and Munday® have demonstrated that high coordination number complexes
of amino acids with Cu (II), of the same structure as in figure 2, cannot be formed in
solution when the ligand is possessing strongly non-polar and large R groups. In the
case of L-valine and L-alanine the high coordination number compiexes are not formed
because these amino acids possess strongly non-polar R radicals. L-serine and L-threo-
nine can predominately give high coordination number complexes owing to their polar
alcoholate groups.

In the high coordination number amino acid cupric complexes the dxZ and dy; or-
bitals of the cupric ion are shifted to the higher energies. Consequently the transition
from dx2.y2 to either dx; or dy; orbitals already split under the C, symmetry is forced to be
displaced towards higher energies. |f the 300 nm C.D. band was a ligand field band caused
by a Eg < B1g4 transition which usually occurs at the region from 570 to 460 nm, a shift of
160 nm is very unreasonable.

Table | shows that the Agmax increases with the ligand to metal ratlo if Aemax
is calculated based on the Cu (I1) concentration. On the contrary if Aemax is calculated
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based on the ligand concentration Agnax reaches a maximum value when the ligand
to metal ratio becomes four and then decreases slightly. This result indicates that the
300 nm C.D. band is rather a ligand transition. ) :

Another possibility for the band is to be a n — m* transition of the carbony! group of
the ligand. L-threonine in acid, neutral and alkaline solutions does not show a C.D.
band at the neighborhood of 300 nm. The n — m* transition of the L-threonine carbonyl
is located at 208-223 nm.¢ Considerable shifts of the n — nt* transition C.D. bands of the
amino acids after complexation with Cu(il) and Ni(ll) have not been observed.* Therefore
the above assignment is ruled out.

A charge transfer nature of the 300 nm C.D. band seems more likely. The reason
why this C.D. band is observable only in the case of L-threonine complexes can be
ascribed to the two asymmetric carbon atoms of L-threonine causing a stronger pertur-
bation to the chromophoric center. L-serine possesses only one asymmetric carbon atom
exhibiting weaker perturbations. Charge transfer bands of the cupric-amino acid ‘system
are due to the transitions n(s, p) — 6™ x2-y2. A large number of such transitions could be
optically active and we tentatively propose that the 300 nm C.D. band is one of them.

_ The investigation of the 300 nm C.D. band may be uséful for the in vitro identification
of the mixed complex L-histidine-Cu-L-threonine. This complex is stable when either of
its components is in high ratio in respect to Cu(ll). L-histidine-Cu-L-threonine was iden-
tified in the human serum.?

Experimental

Amino acids were obtained from Cyclo Chem. Co. chromatographically pure. Copper (i) chloride
and carbonate free sodium hydroxide aqueous solutions were standardized by the usual procedures.
Weighed amounts of ligands were mixed with appropriate volume of the copper (!} chloride solution.
The resulting solutions were adjusted by calculated equivalent amounts of sodium hydroxide so-
lution to convert all amino acid ligand in the anionized form.

_ The absorption spectra were measured on a Cary 14 spectrophotometer and C.D. spectra on
a Durrum-dasco ORD/UV5 recording spectropolarimeter with a C.D. attachment. All experiments
were performed at 22-24°

The optical density of the solutions used forC.D.measurements was varied from 1 to 1.5. Dis-
tilled water was used as rzierence material in the ceils for obtaining the C.D. spectra. Calibrations
of the intensity scale of the C.D. instrument were performed using as reference materiai d-10-camphor
sulfonic acid in concentration 1Tmg/m! in water solution and 1 cm cell. Ae was measured as a dif-
ference in molar absorptivity between the left and right circularly polarized light based on cupric
ion concentration. The extinction coefficient (¢) was also calculated based on Cu(ll) concentration.

The experimental part of the present work was carried out at the Chemistry Depart-
ment of the University of Virginia.

MEPIAHWIX

Mepi piég Touviag otpogikol Sixpwicpol eig 300 nm, wopatnpoupévng eig 680(111(&'8‘1&-
Apota cupTrASkeY Upmhol &pi1Buob poprokic évtaéewg g L-Bpeovivyg pera Cu (IN).

“Otav gig ta udatika diaAupata Tou cuprAdkou Big (L-8peovikold) Cu (I1) al§nby ¥ cuykev-
TPWOG TG AVIoVIKAG MopdRg THG L-Bpeovivng eig Tpomov hote 6 Adyog TV moles TR L-Bpeovivng
WG TPdG Ta gr. atoms tol Cu () va eivar 3 Ewg 30, mapatnpeital BTk Tavia oTpodtkod Bt-
xpwicpol €ig ta 305-300 nm un mapatnpoupévy eiq & cuunAokov Tol Big (L-Bpeovikold) Cu (li).
‘EENTAcONoav opoiwg té@ avtiotolxa olunAoka ThHg L-Aavivng, L-8aAivng kai L-cepivng. Eig oudev
£E auT@dv nmapetnpnén avdioyog Tatvia, 3’ alEfoewg TNG CUYKEVIPWOEWG TRHG AVIOVIKNG Hopdfig
ToU L-auivogéog év UdaTik® StaAupartt. Meavg 1y tawvia eiq té 305-300 nm va odeideTal eig piav
EK TV OTTIKDG EVEPYDV N (S, p) — 0" Xo-Yo NAEKTPOVIAKDV HPETAMTWOEWYV €K peTAPOPAg ¢opTiou
€k TAG AvIoVvIKAg L-Opgovivng mpog o kattov Cu (11).
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Uber einige Grenzflachenreaktionen zur Bildung
von polymeren Catenaverbindungen
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Aus dem Physikalisch-Chemischen Laboratorium der National Research Foundation
Athen, Griechenland. 48, Basileos Konstantinou Ave.

(Received 10-1-72)

Mit Hilfe einiger orientierender Grenzflachenreaktionen ist es méglich zwei
ringférmige Molekiile hoher Gliederzahl in der Form von polymeren Catenaverbin-
dungen miteinander zu verketten. Die Bildung von ringférmigen Polymeren wird
in Gegenwart eines Polyoxacyclans bzw. eines Cyclosiloxans mit circa 60 Gliedern,
an den Grenzflachen von H,O, Hg und von Wasserschichten, die an NaCl adsorbiert
sind, vorgenommen. Die spektroskopische Untersuchung der Reaktionprodukte
liefert Beweise fiir die Bildung der polymeren Catenaverbindungen.

It is possible by the aid of the orienting action of interfaces to link two high-
membered ringmolecules to form chains of polymeric catena compounds. The for-
mation of ringpolymers in the presence of polyoxacyclane or cyclosiloxan with 60
members at the surface of H,O, Hg and water layers adsorbed on NaCl leads to the
linked ring -molecules. The spectroscopic- investigation of the reaction products
proves the formation of polymeric catena compounds.

In der vorliegenden Publikation soll iber die Ergebnisse einer iiber mehrere Jahre
sich erstreckenden Untersuchung berichtet werden, welche die Synthese von polymeren
Catenaverbindungen durch Kondensations-bzw. Polymerisationsreaktionen an Grenz-
flachen zum Gegenstand hat.

Catenane sind Verbindungen, welche mindestens aus zwei Ringmolekiilen A und B
bestehen die miteinander verkettet sind ohne durch eine chemische Bindung verbunden
zu sein (Abb. 1).

A B

Abb. 1.

Niedermolekulare Catenaverbindungen, bis zu drei Ringmolekiilen sind durch E. Wasser-
man® 210,11 sowie von A. Littringhaus G. Schill und Mitarbeiter2 durch gezielte Synthese
dargestellt worden. )
‘Vor mehreren Jahren hat der eine von uns (G.K.) im chemischen Kolloquium der
Universitat Freiburg i.Br. den Vorschiag gemacht polymere Catenaverbindungen d.h.
Verbindungen bei welchen eine grosse Zahl zweier Ringssysteme A und B zu einer langen
* Kette zusammengefiigt sind (Abb. 2) dadurch zu synthetisieren, dass man an einer Grenz-
flaiche eine Kondensations — bzw. Polymerisationsreaktion die zu Ringmolekiilen fiihren
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kann in Gegenwart einer Ringverbindung mit grosser Giiederzahl vornimmt. Die orientie-
rende Wirkung der Grenzflache auf polare Molekiile sollte dazu verwendet werden um
_eine Einfddelung langgestreckter Molekiile durch grosse ringférmige Moleklile zu erleich-
tern und zu erreichen.

A -B A B A B A B

Abb. 2.

Schon die ersten Versuche, die im Physikalisch-Chemischen Institut'der Universitat
Freiburg i.Br. ausgefiihrt und welche durch die Deutsche Forschungsgemeinschaft unter-
stitzt wurden (1965-1967), brachten deutliche Hinweise auf die Verwirklichung einer sol-
chen Einfadelung von linearen Polymeren durch ringférmige Molekiile, die zur Bildung
< von Polycatenanen fithrte. Die Versuche wurden im Physikalisch-Chemischen Labora-
torium der National Research Foundation in Athen fortgesetzt und die ersten Ergebnisse
sind in zwei Publikationen3.4) mitgeteilt worden.

Im Laufe der Jahre wurde eine sehr grosse Zahl von Versuchen ausgefiihrt, wobei

drei verschiedene Arbeitsweisen, mit dem gemeinsamen Merkmal von Kondensations-
reaktionen an Grenzflachen, angewandt wurden. Wir wollen im Folgenden vier typische
Versuche beschreiben.
Versuch 1. Ein rechteckiger Trog aus Plexiglas von 1,5 cm Tiefe und 2700 cm? Flache
wird mit reinem, destilliertem Wasser derart gefiillt, dass die Wasseroberflache etwas iber
den Rand des Gefasses ragt. Sie wird von den geringen Spuren von Verunreinigungen
durch “Fegen” mit Barrieren aus feingeschliiffenen Plexiglasstdben befreit. Auf dieser
Wasserflache wird durch Verdampfen einer dtherischen Ldsung der berechneten Menge
von Hexadecan-1-16-dicarbonsdure (Thapsiasdure) und der Ringverbindung “Crown-60"
im Molverhaltnisse 1:1, durch Spreiten ein monomolekularer Film gebildet. Die “‘Crown
60’’ -Ringverbindung ist ein 60-gliedrieger Ring des Dibenzopolyathoxacyclans (Abb. 3).

0-(CH, ~CH,~0 ),

0-(CHy,~CH,-0 ),

Abb. 3 @

welcher nach dem Verfahren von Pedersen’ aus Brenzkatechin und Dichloropolyoxyéathy-
len hergestellt wurde. Das fir die Herstellung der letzten Verbindung benutzte Poly-
oxyathylenglycol hat ein mittleres Molekulargewicht von 400, so dass das resultierende
Dibenzopolyathoxacyclan eine Mischung von Ringpolymeren mit variierendem n ist,
dessen Mittelwert einem “Crown 60 d.h. einem 60-gliedrigen Ring der obigen Konsti-
tutionsformel entspricht.

Der Ather, wie alle verwendeten Lésungsmittel sind einer sorgfalltigen Reinigung
unterworfen worden. Sie missen fettfrei sein und dijrfe_r_1 keinen Rickstand hinteriassen.
Dieser Reinheitsgrad wird so gepriift, dass ein ml des Athers auf der Wasseroberflache
der Langmuir-Waage zur Verdampfung gebracht wird und durch Zusammenriicken der
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Barrieren der entstehende Oberflachenseitendruck gemessen wird. Das Ldsungsmittel
darf bei einer Kompression von 700 auf 38 cm2 nicht mehr als 20 Dyn/ém Oberiflachen-
seitendruck zeigen. '

Auf die Wasseroberflache wird, bei variierender Kompression, eine atherische L6sung
des 1,12-Diaminododecans aufgebracht. Nach Verdampfen des Athers wird der aus einer
Mischung von Thapsiaséure, “Crown 60 und Diaminododecan bestehende Oberflachen-
film mit Hilfe eines feinen Luftstrahies aus einer Glaskapillare, durch die entstehende
Wellenbewegung, durchgeriihrt, bis die Salzbildung beendet ist.

Der langsam sich bildende Oberflachenfilm, der an sich nicht sichtbar ist wird
mehrmals durch Verschiebubg der Barrieren komprimiert bzw. dilatiert. Nach Verlauf

WAVELENGTH (N 1

2.5 2 35 4 5 5 7 8 9 M 12 13KISKE 18 20 25
T T T T T T L L e RO

L [ - P { L1 ' 1 L 1 ' 1 L 1 L | | L 1 L 2
4000 3600 2200 2800 2400 2000 1800 1500 1400 1200 1000 800 500 400

-
WAYENUMBER IN CM

Abb. 4. IR-Spektren: (A) Reaktionsprodukt von Thapsiaséure und 1-12 Diaminododecan in Gegen-
wart von "“Crown 60”. (B) “Crown 60" und (C) Salz aus Thapsiasdure und 1-12-Diamino-
dodegcan. ’
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von ca. 10-20 Min. wird der gebildete Oberflachenfilm durch Zusammenriicken der Bar-
‘rieren bis auf 1 cm Abstand zusammengepresst, und daraufhin das nunmehr sichtbare
Oberflachenprodukt mit einem Porzellanspatel zusammengefegt und gesammelt. Die
nach dieser Arbeitsweise erhaltenen Mengen von 30-40 einzelnen Versuchen wurden
vereinigt (20-35 mg) und nach dem Trocknen im Mikro-Soxhlet mit CCl, erschdpfend extra-
hiert. Der Riickstand wurde IR-spektroskopisch mit den Ausgangsverbindungen vergli-
chen.

Aus Abb. 4 ist zu ersehen, dass das erhaltene Spektrum (A) sowohl Banden des
Diammoniumdodecans der Thapsiasédure (C) als auch Banden der Ringverbindung Crown-
60 (B) enthalt. Man beobachtet aber dariiberhinaus, wie auch aus der Zusammenstellung
der Tabelle 1 hervorgeht, dass die Lage der Crown-60 Banden und des Thapsates ge-
geniiber der Verbindungen in reinem Zustand schwach verschoben sind, und zwar um
5-50 cm™1 in beiden Richtungen.

Im Falle einer grosseren Bandenanhaufung ist es oft schwierig zu beurteilen, ob eine
verschobene Bande der héher-oder der niedriger liegenden Frequenz angehdrt. Wo die
Form der Bande kein Hinweis dafiir liefert entscheiden wir uns fiir die wellenzahimassig
am nachsten liegende Bande.

Wir betrachten die Tatsache der Verschiebung der Banden, welche den Vershciebun-
gen der Einschlussverbindungen gleichen, als eine Indikation fiir die Einfadelung des
gebildeten polymeren Ammoniumthapsates durch die Crown-60 Verbindung.

Der Bildungsmechanismus der polymeren Catenane nach der vorgeschiagenen Ober-
flachenmethode ist mutmasslich der folgende: Durch Spreitung der Dicarbonsdure auf
der Wasseroberflache bildet sich ein monomolekularer Film bei weichem die Dicarbon-
sauremolekiile die in Abb. 5a angegebene Orientierung zur Wasseroberflache aufweisen.

TABELLE |
Verschiebungen gegeniiber der
Lage der IR-Banden reinen Substanz in cm™1
Reakt. Produkt Crown-60 Amm. Thapsat Crown-60 Amm. Thapsat

475 — 486 —_ -9
535 — 550 — —15
670 — 655 ) — +15
— — 690 — —_
718 . 754 725 - —36 -7
792 — 800 — -8
879 851 881 +28 -2
— 936 — —_— —

— 955 — —_ - .
1040 1060 1035 ~20 + 5
1117 1132 1118 -15 ' -1
1165 1220 1188 ' — -23
— 1260 — — —

1440 — 1440 — 0,0
1460 ] 1460 1468 0,0 - 8
1550 1510 — +40 —
1563 — — — —
1580 1600 1591 -20 -11
1620 —_— — — —
1650 . — - 1647 — + 3
2860 : 2880 2855 —-20 + 5
2935 : 2920 2920 - - +15 +15

3420 ~ 3470 3420 —50 0,0
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Die hydrophilen COOH-Gruppen tauchen ins Wasser ein, wahrend die hydrophoben CHz-

Gruppen zur Luft hinausragen. Der Abstand der Carboxylgruppen kann durch die Kom-

pression bzw. Dilatation des Filmes mit Hilfe der beweglichen Oberflachenbarrieren be-
liebig variiert werden. Der hochgliedrige Ring “Crown-60", welcher als kapillaraktive

Verbindung sich ebenfalls an der Oberflache anhuft, verteilt sich zwischen den Dicarbon-

sauremolekiilen (Abb. 5b). Die grosse Flexibilitdt dieses Ringes wird durch die Abhingig-

keit des Spreitungsdruckes sines Oberflachenfilmes von der ihm zur Verfliigung stehenden

Flache demonstriert. Die ni-F Kurve zeigt mehrere Stufen deren Auftreten und Bedeutung

bei Hochpolymeren bereits in einer fritheren Arbeit diskutiert worden ist. €8

(CHZ)‘X (CHz)X /
\ TN

(CH,)x
» N\

I
|

|
|

{l
\1

[

|
|

Abb.5

Bei einer solchen Einstellung der beiden Molekilarten zueinander besteht, rein statis-

tisch, eine gewisse Wahrscheinlichkeit fiir eine Einfadelung der Dicarbonsaure, welche
einen halben noch offenen Ring formiert, durch den grossen Ring. Eine der vielen Mdg-
lichkeiten ist in Abb. 5b fiir den eindimensionalen Fall dargestellt worden. Diese gegen-
seitige Orientierung kann im folgenden Schritt durch die Zugabe des 1,12-Diamino-
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dodecans, fixiert werden, indem es zu einer Ammoniumsalzbildung kommt, unter Ring-
schliessung an den Carboxylgruppen. Hierbeit entstehen die polymeren Catenane. Das
Reaktionsprodukt wird zusammengefegt und gesammelt.

Eine der wahrscheinlichen Formeln fiir das obengennante Catenan wird in Abb. 6
wiedergegeben.

— (CHz)\o (CH/) CHo~
\ CHz C 2/— CsH4 O —— 2o
Ha CI—N
N \ /NH{' e
0 N_H“ (C2Ha0) g
? (CaHa0)g (CoHaOlg ,
\
ocC CO de
4 \
N CHe 0 Ce Hi CH, -
\CH P 6 M4 2 CHZ__(CHZ)'MJ
2 1 =CHz
(CH21o

Abb. 6

Der beschriebene Bildungsmechanismus kann sich auch bei den folgenden Versu-
chen Il bis IV einstellen, bei welchen die Reaktionen entweder sich an einer sich standig
erneuernden Hg-Oberfldche oder an einer Wasserschicht die an NaCl adhériert ist und
die sich ebenfalls immer wieder erneuert, abspielen.

Versuch Il. In diesem Versuch haben wir durch einen experimentellen Kunstgriff die
grosse Zahl (30-40) der einzelnen Spreltungen und Fegungen an dem Langmuirschen
Trog vom Oberflachenversuch | zu einem einzigen vereinigt. Zu diesem Zwecke wurde
eine H,O-Oberflache von 1300 cm? in einem kleinen Raum dadurch geschaffen, dass 2 g
NaCl der spezifischen Oberflaiche 650 cm2/g in einem Exsiccator einer Wasserdampfat-
mosphére ausgesetzt wurden bis 73 mg Wasser aufgenommen worden sind. Aus obigen
Daten errechnet sich, dass eine Wasserschicht von der Dicke von 2500 A sich auf der
NaCl-Oberfliche bildet. In 15 ml einer Mischung von Ather und Chloroform wurden 143
mg Thapsiasdure und 325 mg “Crown-60" geldst. Sie wurden in einem Rundkolben zu
der obigen Menge des behandelten NaCl hinzugegeben und unter Evakuierung kraftig
geschiittelt. Die beiden Substanzen spreiten sich beim vollkommenen Entfernen des
Losungsmittels auf der am NaCl adhéarierenden Wasserschicht. Zu diesem Adsorbat
wurden dann 105 mg. Trimethylhexamethylendiisocyanat (Abb. 7) geidst in

CHjs CHs;

OC=N—CHg—C—CHZ“CH—CHZ—CHz“N:CO
|
CHs
Abb.7

CHCI;, hinzugegeben und die Mischung bei 50° unter zeitweiligem Evakuieren kraftig
geschittelt. Nach Beendigung der Anlagerungsreaktion wurde, zur Aufarbeitung, das
Reaktionprodukt-NaCl-adsorbat mit Wasser behandelt und das nach Auflésen des NaCl
zuriickbleibende Ol solange mit Wasser ausgewaschen bis das Waschwasser keine NaCl-
Reaktion mehr zeigte. Das Ol wurde alsdann mit CHCI; und daraufhin mit heissem CCl,
behandeit, sodass insgesamt 4 einzelne Lésungsfraktionen gewonnen wurden. Das IR-
Spektrum der nach dem Verdampfen des CCl, zuriickbleibenden 6ligen Produkte wurde
zwischen NaCl-Plattchen aufgenommen.

Es muss sogleich hervorgehoben werden, dass die IR-Spekiren sowohl dieser Frak-
tionen als auch des unldslichen Riickstandes aneinander gleich sind. Sie bestehen aus
den Banden der Ringverbindung ““Crown-60" und den Banden des Polyamidoanhydrites
mit nur kleinen Lageverschiebungen (Abb. 8) die in Tabelle || zusammengestellt sind.
Das Intensitatsverhaltnis der Banden des “Crown 60" zu den Anhydritbanden variiert
bei den einzelnen Ldsungsfraktionen zwischen 1,05 und 1,60.
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Abb. 8. IR-Spektren: (A) Reaktionsprodukt von Thapsiasdure und Trimethylhexamethylendiisocyanat
in Gegenwart von “Crown 60". (B) “Crown 60”. (C) Polyamidoanhydrit aus Thapsiasaure
und Trimethylhexvamethylendiisocyanat.

Die Molekulargewichte der einzelnen Ldsungsfraktionen wurden nach der kryosko-
pischen Methode mit CgHg als Lésungsmittel bestimmt und zwischen 1780 und 4980 gefun-
den. Wenn man das Verhdltniss der Bandenintensitat des “Crown 60” zu den des An- -
hydrites der einzelnen Fraktionen gegen. das Molekulargewicht derselben auftragt, so
erhalt man die in” Abb. 9 dargestellte Kurve. Es ist mdglich durch Extrapolation auf den
Quotienten Null das Molekulargewicht des Anhydrites, aus welchem die Catena-Ver-
- bindung aufgebaut ist, zu bestimmen. Man findet den Wert 1494, welcher sehr nahe
neben dem Molekulargewicht eines trimeren Amidoanhydrites von 1488, liegt.

Mit steigendem Molekulargewicht wird die Loslichkeit in den zur Kryoskopie benutz-
ten Losungsmitteln immer kleiner und damit parallel fallt-die Genauigkeit der Bestimmung.
Der prozentual grosste Anteil der gebildeten Reaktionsprodukte entzieht sich, wegen
Schwerldslichkeit, der osmotischen Molekulargewichtsbestimmung. Das IR-Spektrum
dieser Produkte besteht jedoch, wie bereits auseinandergesetzt, aus den Banden des
Polyamidoanhydrites und der “Crown 60" Verbindung.

Wir haben die Lésungsfraktionen einer absteigenden papierchromatischen Reinigung
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unterworfen. Wir benutzten Whatman Filterpapier No. 1 und als Elutionsmitte! eine wasser-
gesattigte Mischung.von CHCI; und Benzol 1:1..Wir beobachteten die Formierung eines
einheitlichen Wanderfleckes mit Ry = 0,84 der im UV-Licht weisslich fluoreszierte. Durch
Vereinigung von 6 solchen Papierchromatogrammen, Extraktion der gewanderten Flecke
mit CCl; im Soxhlet, und Verdampfung des CCl;, wurde eine &lige Substanz erhalten,
deren IR-Spektrum die “Crown 60" Banden in starker und die Polyamidoanhydridbanden
in schwacherer Intensitat enthielt. Wenn man bedenkt; dass das reine “Crown 60" unter
genau den gleichen papiechromatographischen Bedingungen ein Ry = 0 zeigt d.h.
Uberhaupt nicht wandert, so muss man aus dem Ergebnis der papierchromatographi-
schen Versuche schliessen, dass die Wanderflecke die beiden Ringbestandteile, Poly-
amidoanhydrid und “Crown-60", in gegenseitiger Verkettung miteinander enthalten,
Eine der wahrscheinlichen Arten der Verkettung zur Bildung des erwahnten Catenanes
wird in Abb. 10 wiedergegeben.

TABELLE Il
Verschiebungen gegeniiber der
Lage der IR-Banden in cm™1 reinen Substanzin cm™1
) Poly- . Poly-
Reakt. Produkt " Crown-60 amidoanhydrit Crown-60 amidoanhydrit
674 670 — + 4 —
726 ’ 750 ’ 726 —24 0,0
— ‘ 850 — . —

945 , 950 — -5 —
1050-65 1060 — — —
1135 1125 1145 : +10 -10
1218 1221 — -3 —_
1255 — 1256 . — -1
1263 1260 — + 3 —
1372. 1355 1370 +17 + 2
1472 1458 1440 +14 +32

— — 1468 — —
1565 1596 1558 -3 + 7
1650 —_ 1650 — 0,0
1722 — _— — —
2870 2880 2865 —10 + 5
2940 2935 2940 - + 5 0,0
3100 — 3090 — +10
3280 — — — —
3320 — 3300 — +20
3360 — — — —_—

— 3520 — — —

Versuch Il In diesem Versuch wird die Bildung éines Polyurethanes in Gegenwart des

Ringmolekills “Crown-60" auf einer Quecksilberoberlache vorgenommen. Eine konzen-
trierte Lésung von 1, 14-Tetradecandiol HO-(CHaz)14-OH und der “Crown-60" Ringverbin-
dung wurden in einem dickwandigen Rundkolben mit circa 20 g Queksilber kraftig ge-
schuttelt. Das Quecksilber verteilt sich ausserordentlich fein unter Bildung sehr kleiner
Tropfen. Aus deren Grosse und der Menge des benutzten Quecksilbers errechnet sich
die Gesamtoberflache des Hg zu. 3000 bis 4000 cm2. Zu dieser Mischung wurde das
flussige Trimethylhexamethylendiisocyanat im Molverhiltnis 2:1 zum verwendeten Diol
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hinzugegeben und die Mischung bei 80° stark geschiittelt. Es findet eine Anlagerung des
Diols an das Isocyanat statt, welche sowohl zu linearen (1) als auch zu cyclischen Poly-
urethanen (11) fuhren kann (Abb. 11). .
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0.8

0.6

JAnhydrii

J Crovw_

0.4

0.2

1000 2000 3000 4000 5000 6000
Molekulargewichte —

Abb. 9. Abh#ngigkeit des Molekulargewichtes eines polymeren Catenanes von der Menge des einge-
fadelten “Crown 60”.
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Abb. 10

Letztere Reaktion wird, wegen der orientierten Adsorption des polaren Diols, vorzugs-
_ weise an der Grenzfliche der Hg Tropfen stattfinden. Da nun die Bildung.der cyclischen
Urethane in Gegenwart des Grossringes “Crown-60" erfolgt, besteht, wie bei der Bes-
prechung des Reaktionsmechanismus dargelegt wurde, eine gewisse Wahrscheinlich-
keit fiir eine Einfadlung der entstehenden Polymere durch die vorgebildeten “Crown-60"
Ringe, was zur Bildung von verketteten Ringen fiihrt. Eine der wahrscheinlichen Formen
der Verkettung wird in Abb. 12 wiedergegeben. Nach 4-stiindigem Schiitteln kommt es
zur Bildung eines festen Produktes, welches mit sehr feinen-Hg-Tropfen durchsetzt ist
Zur Aufarbeitung wurde zunichst das Hg nach Mbglichkeit mechanisch entfernt.
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Durch Erhitzen auf 250° im Hochvaccuum wurde eine bessere wenn auch nicht vollstéan-
dige Entfernung des Hg erreicht. Das Produkt wurde dann unter gleichzeitigem Zentri-
fungieren mit CCl, behandelt. Es ergaben sich zwei Anteile, ein in CCl, 18slicher und ein
unléslicher. Vom unléslichen Produkt wurde nach der KBr-Methode das IR-Spektrum auf-
genommen. Es zeigt (Abb. 13) sowoh! die Banden des Polyurethans als auch die Banden

- O(CHéMO—('%—NH-(CI-b)aNH—(‘%—O

0] 0
HO(CHy), OH + OC=N-(CH}sN=CO
o /(CHg)m\o
OC/ ' \CO
' /
HN\ ?NH
Abb. 11 CHas

der “Crown-60"" Verbindung. Die genaue Ablesung der Bandenlage ergibt auch hier, dass
die Wellenzahlen gegeniiber der reinen Bestandteile, Polyurethan und *“Crown-60",
sowohi nach héheren als auch nach tieferen Frequenzen schwach verschoben sind. In
Tabelle lil sind diese Verschiebungen zusammengestellt. Sie reichen von+50 cm™1 bis
—15cm™1.

CH3 CHs
C —CH —
-~ 2 CHa ~ € —cH
CHe CHa CH2 CHs 2N
/. CeHa O ——
HN\ /(cHsz \HN\
/
0C  (CzH40)g (C2H40)g - NH oc (C2Ha0)q
a ! \
0 0 0
S / 0 CgHa <
CHz_ 0 CHa
(CH2)2 —~ CH2 ™ (CHap~CHe ™
Abb. 12

N

Versuch IV. In diesem Versuch sind die Bedingungen des Hg-Versuchs i1l angewarat
worden. Als Reaktionsteilnehmer wurden jedoch Hexadecan-1-16-dicarbonséure (Thap-
siasdure) und Trimethylhexamethylendiisocyanat gewéhit, die wir an der Hg-Grenzflache
in Gegenwart eines hochgliedrigen Cyclosiloxanringes der Konstitutionsformel (Abb. 14).
miteinander reagieren liessen. Das Cyclosiloxan wurde nach der Vorschrift von W. Pad-
note and D.F. Wilcock? durch ‘Hydrolyse des Dimethyldichlorosilans und nachheriger
cyclischer Polymerisation mit Schwefelsdure hergestelit. Sowohl das IR als auch das
NMR-Spektrum der Praparate zeigen die Abwesenheit von OH-Gruppen und bestehen
nur aus den |R-Banden eines Cyclosiloxans (vergleiche Irscot, Infrared Structural Cor-
relation Tables and Data Cards Table 9). Das NMR-Spektrum besteht aus einem einzigen
Protonen-Peak der CHz-Gruppe.
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TABELLE i

Lage der IR-Banden incm™! Verschiebungen gegeniiber der
reinen Substanz in cm™?
Reakt. Produkt Crown-60 Polyurethan Crown-60 Polyurethan
— 610 : — — —
670 670 670 0,0 0,0
752 755 725 -3 +27
785 — 782 — + 3
850 850 —_— 0,0 —_
- 935 — — —
950 955 — -5 —
— ' — 1005 — —
1055 1060 1047 - -5 + 8
—_ —_ ' 1103 — —_
— 1120 N — —
1125 1131 1145 - 6 -20
—_ 1220 — — —
1260 1260 1265 0,0 -5
-— 1305 . — — —
1355 1357 1370 -2 -15
1385 — 1385 — 0,0
1462 1460 1470 + 2 - 8
1510 1510 — 0,0 —
1545 — 1545 ) — 0,0
— 1598 —_ —
1655 — —_ — —
1722 — 1695 — +27
2865 2880 2855 -15 +10
2935 2920 2925 +15 +10
2970 — 2980 —_ -10
3390 — 3340 — +50
— 3460 — : —_ : —

Man beobachtet, dass das IR-Spektrum des Cyclopolysiloxans nachdem es mit
Wasserspuren geséttigt worden ist, im Bereich zwischen 1300 cm~' und 1800 cm~1 die
Feinstruktur der Wasserbanden zeigt. (Abb. 15). Diese verschwinden nicht durch gewdhn-
liches Trocknen des Siloxans im Exsiccator sondern erst durch Erhitzen im Hochvakuum
auf 200°. Wir glauben, dass es sich hier um im Inneren des Cyclopolysiloxanringes fest
eingeschlossene Wassermolekiile handelt, welche auch andere Wirkungen auf die Schwin-
gungen des Ringmolekiils ausiiben. So stellt man fest, dass die Intensitét der Cyclopolisi-
loxanbande bei 700 cm~1 gegeniiber der des wasserfreien Praparates stark abgenommen
hat. Will man nach Kriegsmann'2 die Bande 700 cm~' der symmetrischen Si-O-Si-Schwin-
gung zuschreiben, so erscheint plausibel, dass durch den Einbau von Fremdmolekilien
in den Siloxanring diese Atmungsschwingungen des Ringes eine Behinderung der Schwin-
gungsamplitude und somit eine Intensitdtsabnahme erféhrt.

Ahnliche Effekte beobachtet man auch bei der Einfadelung des Siloxanringes durch
andere Ringsysteme wie bei der Besprechung der IR-Spektren der entsprechenden Ca-
tenane geschildert wird.

Flir die Catena-Synthese wurden Cyclosiloxanpolymerisate des mittleren Molekular-
gewichtes 2350 benutzt. Sie entsprechen einem 63-gliedrigen Polysiloxanring. Das nach
der Arbeitsweise.des Versuchs Il erhaltene Reaktionsprodukt wurde mit Benzol griind-
lich ausgekocht und der ungeldste Riickstand zur Trennung von eingeschlossenem Hg,
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Abb. 13. IR-Spektren: (A) Reaktionsprodukt aus 1-14 Tetradecandiol und Trimqthylhexémethy‘lehdi-
isocyanat in Gegenwart von “Crown 60”. (B) “Crown 60" (C) Polyuerethan aus Tetradecan-
diol und Trimethylhexamethylendiisocyanat.

-

in Tetramethylharnstoff gelost. Nach Entfernung des Losungsmittels wurde das IR-Spek-
trum nach der KBr Methode aufgenommen. Wie aus Abb. 16 zu entnehmen ist besteht
das IR-Spektrum des Reaktionsprodukies A aus der Summe der Banden des reinen
Siloxanringes B und der Banden des Polyamidoanhydrites C. Man beobachtet (Tabelle
1V) neben kieinen Lageverschiebungen Anderungen im Intensitatsverhaltniss der Banden.
Ahnlich wie beim Einbau von Wassermolekiilen findet, auch hier, bei der Einfidelung
des Siloxanringes durch einen anderen Ring, eine Intensﬂatsabnahme der symmetrischen
v Si-O bei 700 cm™" statt.

Eine der wahrscheiniichen Arten der zu erwartenden Verkettung wird in Abb 17
wnadergegeben

Das NMR-Spektrum wurde in Hexamethylphosphoramid mit Cyclohexan als Bezugs-
substanz ermittelt. Es. wurde ein starker Siloxanpeak beobachtet, welcher jedoch ge-
geniiber dem reinen Cyclopolysiloxan um 210 Hz nach kleinerem H, verschoben ist.
Die Verschiebung rihrt nicht von der Gegenwart des Hexamethylphosphoramides her,
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wie ein Blindversuch bestétigt. Auch eine Zugabe von reinem Polysiloxan zum RSéhrchen
mit der Catenaverbindung in Hexamethylphosphoramid liess den Peak des zugesetzten
reinen Siloxans 210 Hz rechts von dem der Catena erscheinen.

| CH3
CH3 ! \CH3’
0 —
CHa ‘\Si /i S |
/ 1 N
| 0
0 B I\ c
L | LA
CHs _ ! | Si
i | Y/ AN
N Pt
CHgs 0 i _ O;
— Si l
|~
ri CHs; CH{
! | n
L ]
Abb. 14
TABELLE {V
v Verschiebungen gegeniber der
Lage der IR-Banden incm™? reinen Substanz in cm™?
» Poly- Poly-
Reakt. produkt Siloxan amidoanhydrit Siloxan amidoanhydrit
725 705 725 +20 0,0
- 805 805 — 0 —
875 870 — . + 5 —
1025 1025 —_ 0 —
1102 1110 — - 8 —
1268 . 1268 1255 0 —
1372 — ~ 1370 — + 2
1415 1415 — 0,0 —
1440 — 1440 0,0 0,0
1473 — 1468 — + 5
1562 — 1558 —_ + 4
1645 , — 1655 — - —10
1705 — —_ —_ —
2859 —_ 2865 — - 6
. 2930 2910 2940 +20 -10
2970 2970 ’ — 0,0 0,0
3097 — 3096 — +10
3340 . — - - 3300 — +40
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Abb. 15. 'IR-Spektrum von: (A) wasserfreiem Polysiloxan
(B) wassergesattigtem Polysiloxan
(C) wasser zwischen: Antimonsulfidplattchen.
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Abb. 16. IR-Spektren: (A) Reaktionsprodukt von Thapsiasaure und Trimethylhexamethylendiiso-
cyanat in Gegenwart von Polycyclosiloxan. (B) Polycyclosiloxan. (C) Polyamidoanhydrit aus

Thapsiasédure und Trimethylhexamethylendiisocyanat.’
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Diskusion der Ergebnisse.

Das Ziel der vorliegenden Untersuchung ist zunachst zu beweisen, dass nach den
vorgeschlagenen Grenzflachenreaktionen eine Verkettung zweier Ringmolekiile ohne
chemische Bindung zwischen ihnen stattgefunden hat. Hierbei lassen wir zunachst die
Frage offen in welcher Weise diese Verkeitung (eventuelle Bildung von Rotaxanen) vor-
liegt. Aus der beschriebenen Versuchsreihe lasst sich mit Sicherheit der Schluss ziehen,
dass bei den angeflihrten Grenzflachenpolykondensationen in Gegenwart eines grossen
Ringmolekiils eine Einfadelung desselben unter Bildung von verketteten Ringen statt-
findet. Als Beweise flir die Bildung von Polycatenanen nach den beschriebenen Arbeits-
weisen kdnnen folgende Tatsachen angesehen werden: :

1) Die IR-Spektren der erhaltenen Produkte bestehen aus der Summe der Spektren
der einzelenen Komponenten. Dieses beweist, dass keine chemische Reaktion zwischen
den beiden Ringkomponenten stattgefunden hat. i

2) Das Intensitatsverhalinis der Banden der zwei verketteten Ringmolekiile bleibt
bei jedem Produkt, trotz Behandlung desselben mit den verschiedenartigsten Ldsungs-
mitteln (ausser den Ublichen, mit Tetramethylharnstoff, Dimethylformamid, Hexamethyl-
phosphoramid u.s.w.) unverandert, obwohl die eine der reinen Komponenten in diesen
Ldsungsmitteln 16slich sind.

Das Intensitatsverhaltnis der Banden der Komponenten erfahrt bei der Blldung der
Catenane eine mehr oder minder grosse Veranderung, welche in manchen Fallen so gross
sein kann, dass eine Bande fast die Intensitat Null aufweist d.h. verschwindet. Anderer-
seits erscheinen in den Catenanen neue IR Banden, welche in den konstitujerenden
Ringen nicht vorkommen.

3) Eine papierchromatische Reinigung vermag die erhaltenen Produkte nicht in die
beiden Ringkomponenten zu trennen. Die unter 2 und 3 angefiihrten Tatsachen beweisen
dass keine Molekiilverbindung im {iblichen Sinne zwischen den Ring-Komponenten vor-
liegt.

4) Es bestehen Lageverschiebungen der {R-Banden der Ringe (4-50 cm~1) aus wel-
chen die Catena konstituiert sind, gegenliber der Bandenlage der reinen Ringsubstanzen.
Diese Verschiebungen entsprechen der Gréssenordnung nach van der Waals’ schen
Kraften, erfolgen in beiden Richtungen und glelchen denen bei Einschlussverbindungen
beobachteten.

5) Produkte verschiedenen Moiekulargewichtes weisen daselbe IR-Spektrum auf, mit
Verschiedenheiten allein im Verhélinis der Bandenintensitdt der Ringkomponenten aus
welchen sie konstituiert sind.

Wir mochten der Deutschen Forschungsgemeinschaft auch an dieser Stelle fir die -
Sachbeihilfe danken, welche sie uns in den Jahren 1965-1967 gewahrt hat. Die friiheren
" Versuche bildeten die erste Grundlage flir diese Untersuchung.

Der Firma VEBA CHEMIE AG mdchten wir bestens danken fiir die kostenlose Uber-
-lassung von Isocyanat Praparaten (isophorondiisocyanat und Trimethylhexamethylendi-
isocyanat).

MEPINHWIZ
3 (vBec1C TOAUREPGHY KOTEVOVicy Th Bondeia pETETIPAVEIOKAY TIVAY GvTISpdoEwy.

A1d TAg mapouaong melpapatikig épyaciag dewkvietal, 81t eival duvatov va ouvdéon TIg duo
dakTuAloug pé peyalov aptBuoV HEA®VY KATA TPOTIOV KPIKWTOV - Kadevoeld®g - dveu XNuIKoT deapod
peta&l aut@®v, XPnolHomot®dy TV TpocavaToAloTikiy dpdcty pegemipavel®yv. ‘H alvBeolg aln
grutuyxaveral, étav eig Udatiknv €mpavelav i eig émgpdveiav Udpapylpou 1 eig émeavelakag
GTolBadag Udatog npoopodnuévag &mi NaCl AdBn xwpav 1 .cUvOeoi§ £vOG dakTuAiou A Tapoucia
£voc deuTépou, pokaTeakeuackévou dakTuAiou B, Awd Tig diepeuviioews TV IR- kai NMR- ¢pacua-
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Twv TOV TpoidvTwyv TG dvtidpdoewg kabiotatat mpddnlov, 6Tt ol dUo daktUAtot A kai B eivai
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Beckmann Rearrangement of Testosterone Oximes
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The preparation of oximes of testosterone acetate (I1), (lil) and their acetate
derivatives are described. The resolution of syn- and anti-isomers was effected
by column chromatography and their structure was determined by spectral data.
Boron fluoride and thionyl chloride have been used for the rearrangement.

The increased interest in azasteroids is due to the interesting pharmacological pro-
perties of steroid alkaloids. Convenient methods for the introduction of nitrogen into the
steroid molecule are the Beckmann and Schmidt rearrangements. Beckmann rearrange-
ment of a, B-unsaturated ketoximes “may give lactams A or B depending on the stereo-
chemistry of the starting oxime.

HN ) o= .
B

o A
Figure |

The product of that rearrangement is usually derived from the syn-isomer while the
anti-isomer does not undergo the rearrangement.

Testosterone-17-acetate was converted to the two 3-ketoximes (ii, 111} by heating with
excess hydroxylamine hydrochloride in a mixture of pyridine-ethanol.

OCOCH3 QCOCH3 OCOCH3
05 fo 05\/@
o’
I RaH I R=H
IIa R=COCH3 MaR=COCH3

Figure Il

The resolution of syn-and anti-isomers was effected by column chromatography on
silica gel eluting with a mixture of benzene-ethylacetate. The assignment of syn-and anti-
configurations was made from the chemical shifts of the olefinic proton.t:2 The NMR
spectrum of syn-testosterone oxime showed a downfield shift, relative to the anti- of
40Hz for the vinyl proton and 2.5 Hz for the 19-CHj; protons.

The anti-isomer showed stronger ultraviolet absorption.
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‘Infrared spectra showed for syn-ketoxime 3500 (OH), 1725, 1260 cm~?! (C=0) and
for anti 3275 (OH), 1750, 1240 cm™! (C=0).

Attempts were made to isomeriseé syn- to anti- and anti- to syn- by ultraviolet irradi-
ation (low pressure mercury lamp) or by heating in dioxane. In both cases each isomer .
was converted into an equilibrium mixture. The oximes (l1) and (lll) were acetylated with
an excess of pyridine-acetic anhydride at room temperature to produce the acetate deri-
vatives (lla) and (llla). .

When boron fluoride was used as catalyst for the Beckmann rearrangement of ke-
toxime acetates of D-ring it was found that lactam (A) and exocyclic unsaturated nitrile3
(B) were formed. '

NOCOCH3
1}

Neq 2O g N
. +
\‘\ \ A \»-\_ B
‘ Figure lii

In the present investigation it was found that boron fluoride converted the mixture of
oxime acetates (lla) (llla) to the lactam (IV) in low yield and to the ketoximes (i) and
(1), which have been separated by column chromatography.

OCOCH3
—* H * Q * H?’Q
g Y
o° OH
c,\‘\ac- v
Figure IV

The boron fluoride catalyst has been used for Beckmann rearrangement of aromatic
ketoximes.* It has been postulated that BF; first attacks the nitrogen of the oxime (im-
monium complex) A, which then rearranges to the oxonium complex (B) and yields im-
monium cation for the rearrangement.

R—-C —R R~-C~R R=-C-R -C -
i ! —_ e N 1 — % @l or R % R1
N-0-C ~CHy BF3mN=0-C -CHj N-O-C ~CHj - N-O-C-CHy
g = 8 ‘
(o] (o} G)BF:; eB% ] O@
A B

— Products
Figure vV
The oxonium complex from the oxime acetate should have greater tendency to re-
arrange.5:6’ )

When thionyl chloride was used as catalyst2 for the rearrangement of a,‘B-unsatu ratéd
ketoximes mixture, then lactam (1V) was obtained in 50% yield.

148



Experimental

All melting points were taken on a Thomas-Hoover apparatus and are uncorrected. Infrared
spectra were obtained in KBr on a Perkin-Eimer |IR-337 spectometer. Ultraviolet spectra were
measured in ethanol solution on a Cary Mode!l 11 instrument, whereas NMR spectra were.run in
deuteriochloroform on a Varian Associates A-60 instrument with tetramethyisilane as an internal
standard. -

Testosterone Acetate Oximes (1), (1)

Testosterone-17-acetate (6.3 g) was dissolved in a mixture of 25 ml ethanol and 25 m! pyridine.
5.5 g of hydroxylamine hydrochloride was added to this solution and the mixture was heated under
reflux for 2 hours. The solution was poured into ice-water, and the resulting precipitate was col-
lected by filtration, washed with water and dried, to yield 6.8 g of mixture (If) and (lil) m.p. 185-190°.

The product mixture (6.5 g) was chromatographed on a cofumn of silica gel (200 g) prepared
with chloroform. Elution with benzene-ethylacetate (5:1) yielded (1) (3.5 g). Crystallization from
methanol-chloroform gave & m.p. 204-205 °; Rf. 0,33 (Benzene-ethylacetate) (17:3).

[a]%’ + 142°(c, 1.3 CHCl3)

Vmax 3275 (OH), 1750, 1240 (C=0), 1650 cm-' (C=C)
Amax 241 mu (g, 21.300).
NMR. 18-CHa, 9.18, 19-CHj,, 8.93, 17-Ac, 7.97, 17-H
(tripiet)’ 5.4, vinyl proton 4.22 t.
Analysis Calcd. for C;1H31NO3;: C 73.04; H 8.98; N 4.05
Found: C 72.90; H 8.70; N 4.02

Further elution of the column with benzene-ethylacetate (3:1) yielded the syn-isomer (!} (1 g).
‘Crystallization from benzene-hexane gave m.p. 186-188°; Rf, 0.3 [a]lz:‘)’ + 220°(e, 1.1. CHCI3).

Vmax 3500 (OH), 1725, 1260 (C=0), 1650 (C=C), 1620 cm-! (C=N)
)\max 243 (8, 16500)
NMR. 18-CHs, 9.18, 19-CH,, 8.9, 17 Ac, 7.98, 17-H
(triplety 5.4 vinyl proton 3.54 T.
Analysis Calcd. for Co1H3{NOz: C 73.04; H 8.98; N 4.05
Found: C 72.84; H 8.69; N 4.14

Acetylation-of (11) and (11l)

Reacting compound (l) (255 mg) in excess acetic anhydride and pyridine, at room temperature
for 9 hours gave syn-testosterone oxime diacetate i1la (270 mg) m.p. 102-104°.
Analysis Calcd. for Ca3HasNO,: N 3.6
Found: N 3.5.
Vmax' 1780 (N—OAc), 1750 (Ac), 1645 (C=C), 1605 cm-! (C=N).

Using the same procedures as for compound (I} anti-testosterone acetate oxime (lll) was
obtained in 95% yield m.p. 144-146°.
Amax 1780 (N— OAc), 1745 (Ac), 1645 (C=C), 1600 cm~' (C=N).
NMR.  18-CHg, 9.17, 19-CHs, 8.94, 17-Ac, 7.89, N-OAc, 7.87
17-H, 5.4 (Vinylic proton) 4.3 T.
Analysis Calcd. for CasHagNO4: N 3.6.
Found: N 3.45.

3-Aza-1 7B—hydroxy—A-homo-4a—androsten-4—one (v)

A. With boron fluoride etherate.

A mixture of syn- and anti-testosterone oxime diacetate (1.760 g) was dissolved in purified
dioxane (25 ml). To this solution was added 10 ml of purified boron fluoride etherate. After heating
at 90° for 3 hours, the solution was poured into ice-water. The mixture was extracted with chloro-
form, the organic layer washed twice with water, dried and evaporated under vacuum, to yield
solid material which on t.l.c. gave three spots. This residue was chromatographed with 60 g silica

149



gel. Elution with benzene ethylacetate (9:1) 200 mt gave a solid (900 mg), which had m.p. 198-
2017, identical by infrared and NMR spectra to (Ill). Further elution with benzene: ‘ethylacetate
(7:3) 200 ml gave 150 mg of syn-isomer (ll) contaminated with a small amount of anti (li). Finally
the column was washed with chloroform: methanol (9:1) 200 ml to give 3-Aza-17B-acetoxy-A-homo-
4a-androsten-4-one (300 mg). Crystallization once from acetone-hexane gave m.p. 239-241°.

vmax 3300, 3200 (NH), 1750, 1250 (CHsCO),~1680, 1615 cm-! (NHCO).
NMR. 18-CHs, 9.28, 19-CH3, 8.87,-17-H, 5.4 )
(triplet) vinyl proton 4.3 T.

This compound was hydrolysed with 4N lithium hydroxide in methanol to 3-Aza-17B-hydroxy-
A-homo-4a-androsten-4-one (IV) m.p. 281-284° (ethanol). (Lit2 m.p. 288-291°).
vmax  3300-3200 (OH, NH), 1670, 1625 cm-' (NHCO)
Amax 221 mu (e=17000).

B. With thionyl chloride. :

A mixture (7,5 g) of syn- and anti-testosterone-17-acetate oxime (Il and !ll) was dissolved in
180 ml of purified dioxane. The mixture was cooled to about 10°, and while the mixture was stirred
continuously, 7,5 ml of purified thionyl chloride was.added dropwise. The mixture was kept at room
temperature and stirred for one hour and was then poured into a solution of 2N potassium bicar-
bonate and extracted with chloroform. The organic layer, having been washed with water, dried
over sodium sulfate and having had the solvent removed under reduced pressure, gave a mixture
of products. These products were separated by column chromatography, using the procedures
described in method A to give the oximes and 3-Aza-17B-acetoxy-A-homo-4a-androsten-4-one, which
after hydrolysis by the known procedures gave lactam (IV) in 50% yield, m.p. 287-290° (ethanol),
identical by infrared and ultraviolet to the lactam prepared by the method A.

Attempted isomerization of syn-ketoxime (I1) to the corresponding anti (11l)

A. Syn-ketoxime (0.1 g) was refluxed in 10ml of pure dioxane for 12 hours. Evaporation of the solvent
yielded a mixture of syn- and anti-isomers.

B. Syn-ketoxime (0.1 g) was dissolved in 10 ml of pure dioxane and irradiated with ultraviolet low
pressure mercury lamp for 12 hours. Evaporation of the solvent gave the two isomeric ketoximes.

MEPIAHWIZ

MetédBeo1g kot Beckmann tdv 6§ipudv thg TeoTooTEPOVNC.

‘H avtidpaociq UdpoEUAaUivNG PETA TAG 17-GKETUAOTECTOOTEPOVNG TIAPECKE BUO OTEPEOICOE-
pelg o&ipag, ai omolal diexwpiodnoav xpwHatoypadik®g kal eAnddnoav eiq dvaloyiav 8dpoug
.1:3 (oUv-: avti-). Ti Bondeid mupnvikod PayvnTiKol ouvToviopod, UnepliBpou kal Umeplddoug
¢pdopatog kabwpicBnoav al dUo YeEWUETPIKDG IOOUEPEIG EvwoelG. Kata TNV HEAETNV UETABECEWS
katd Beckmann piypatog akeTuAtwPEVWY OELH@VY PHeT’ aifeptkod SlaAlpatog TpidBoplolxou Bopiou,
éANdBopev TMApaAARAWG KE THY AAKTAUNV TRV TpokUnToucav €k TAG ouv- OFiung kai Tag 300 pr
AkeTUAlWpEVAS 6Eipag. Eig ikavomoinTikiv anédoctv EAGBopeY THY AAKTAUNY, 8Tav &xpnoLpomnomen
BelovuAoxAwpidiov g KatahlTng dLa TV UeTEBeOLY.
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Eine bequeme synthese von Pyridonen aus
Acetondicarbonsduredidthylester und Alkylisocyanaten

A. METALLIDIS
Aus dem Laboratorium fiir Organische Chemie der Universitat Patras, Griechenla

(Received 28-1-72)

Im Gegensatz zu dem aromatische Isocyanaten, die mit Acetondicarbonséure=
diathylester N-Aryl-pyridonen liefern, die aliphatische Isocyanaten reagieren wahr-
scheinlich zum offenkettige Produkten von N-Alkylamiden des Acetontricarbon-
saure-diathylesters. Bei der Behandiung dieser Verbindungen mit POCl; findet eine
Cyclisierung zum N-Alkyl-4,6-dihydroxy-2-pyridonen statt.

in contrast to Arylisocyanates which react readily with diethyl acetonedicar-
boxylate to afford N-Aryl-pyridones, aliphatic Isocyanates failed to produce the cor-
responding cyclic derivatives. However, the postulated intermediate product, 1-
(N-alkylamido)-1, 1'-diethyl acetonetricarboxylate, cyclise, by the action of phos-
phorus oxychloride to give N-Alkyl-pyridones in high yield.

Es ist von Michael' bekannt, daB sich Phenylisocyanat an aktivierte Methylengruppen
in Gegenwart von Natrium zu addieren vermag. So |aBt sich u.a. Phenylisocyanat an
Malonester unter Bildung des Methantricarbonsiurediathylesteranilids2:3 anlagern, wel-
ches beim Erhitzen auf etwa 210°C in einer komplizierten Reaktionsfolge zum 2,4-Dioxo-
3,3-bis-(carboxanilido)-1,2,3,4-tetrahydrochinolin3 reagiert. Eine Umsetzung des Natrium-
salzes von Acetondicarbonsiurediithylester mit Phenylisocyanat fiihrt gleich nach dem
Ansiuren mit verd. HC! bei Zimmertemperatur zu einem cyclischen Produkt das 4,6-
Dihydroxy-1-phenyl-2-pyridon4 (85% d.Th.). ‘

Da wir uns interesierten N-Alkyl substituierte 4,6-Dihydroxy-2-pyridonen herzustel-
len, versuchten wir auf dem gleichen Weg, wie bei den aromatische {socyanaten,* diese
zu synthetisieren.

Setzt man nun in Analogie zu den oben erwahnten Versuchen das Natriumsalz des
Acetondicarbonsaurediathylesters 7 mit Alkylisocyanaten (Allylisocyanat, Cyclohexy-
lisocyanat, Hexamethylendiisocyanat u.a.) um, so stellt man fest, daB nach dem Ansauren
des Umsetzungsproduktes keine Cyclisierung statt findet, sondern erhélt man Olartige
Produkte die einem offenkettigen Charakter aufweisen.

Es kann also mit groBe Wahrscheinlichkeit angenommen werden, daB3 intermediar
Acetontricarbonséurediathylesteralkylamide 2 entstehen die -durch zugabe von Sauren
nicht zum cyclisieren vermdgen, wie es bei dem aromatischen Isocyanaten bzw. Isothio-
cyanaten beobachtet wurde. ‘

Behandelt man dagegen die 6lartigen Verbindungen 2 mit POCI; in der Hitze, so
kondesieren sie sich durch Eliminierung eines Mols Athanols zu N-alkyl-4,6-dihydroxy-
2-pyridonen in guten Ausbeuten. N ,

Alle auf dieser weise hergestellte Verbindungen, sind Lauge I8slich und mit HCI
wieder ausfallbar. Die auftretende intesiv rote bis violett FeCl;-Reaktion entspricht einem
phenolischen Charakter der Verbindungen.
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Beschreibung der Versuche

Allgemeine Vorschrift zur Darstellung der Verbindungen 3a-3¢

Zu 2,3g metall. Na in 130 mi abs. Ather gibt man 20,2g Acetondicarbonsauredidthylester und
erhitzt 4 Stdn. zum Sieden. Nach 5 Stdn. fiigt man die entsprechende Molmenge des Alkylisocyanats
hinzu und erwdrmt nochmals 2 Stdn. zum Sieden. Danach wird das Reaktionsgemisch in Wasser
gegossen und nach dem AnsAuren mit verd. HCI die ather. Schicht abgetrennt und mit Na;SO,
getrocknet. Nach Abdunsten des Athers, wird das erhaltene Olprodukt mit 4 ml POCl, auf 80-90°C
eine Stdn. unter dem RiickfluB erhitzt. Nach dem Erkalten, wird das Reaktionsgemisch in Eiswasser

gegossen mit Wasser und danach mit Natriumbicarbonatiésung gewaschen und schlieBlich aus
Methanol, bzw. Athanol umkristallisiert.

1. 4,6-Dihydroxy-2-oxo-1-allyl-1 ,2—d:‘hydro-pyridin—3—carbonééureéthylester (3a).
Ausb.62%, Schmp. 178-179°.

C11H13NOs (239) Ber. ©55,23 H5,48 N5,85
Gef. C54,98 H540 N5.85
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2. 4,6-Dihydroxy-2-oxo-1-cyclohexyl-1 ,2-dihydro-pyridin—3-carbonséureéthy/eéter (3b).
Ausb. 70%, Schmp. 168-170°.

Ci4H1gNOs (281) Ber. C59,78 H.6,81 N 4,98
Gef. C59,47 H6,95 N4,57
3.1 1’-Hexamethy/en-b/s -(4,6- d/hyd/ oxy-2 oxo-1,2-dihydro-pyridin-3- -carbonséaureéthy-
lester) (3c).
Ausb. 65%, Schmp. 150-151°.

ngHng201u (480) Ber. C55,0 H581 N5,83
Gef. C54,74 H552 N5,37

Die [R-Spektren von 3a-3c zeigen Charakteristische assoziierte OH Schwingungen bei 3000-
2900 K, ihr Estergruppe absorbiert bei 1735 K und schlieBlich die Carbonylbanden dieser Verbin-
dungen liegen fast alle bei 1650 K.

Der Nationalen Griechischen Forschungsstiftung bin ich fur die Férderung der Arbeit, Herrn
Prof. D. Theodoropoulos fiir wertvolle Diskussionen zu groBem Dank verpfliehtet.

NEPIAHWIZ

Edxepng ouvBeoig mupiSoviv ék Tol dketovodikapBoSudionBulecTépog kol dAkuloicokua-
VIKQV E0TEPWV.

*Ev AvTiBéoet TIpdG ToUG APUAO-LOOKUAVIKOUG £0Tépag, Oi 6moiol HeTd Tol AKETOVOBIKApBO-
EudtalBuieoTtépog Bidouv 4,6-810dpogu-1-dpatvuro-2-uptddvag, ai dAelpatikai icokuavikai £v-
oelg TapExouV, Mpodavig, UR KUKALkA mapdywya, ftol N-GAkuAauidla ToU dketovoTplkapBovi-
KoU dtatBuAeoTépog. KukAomoinoi§ Tov TeAeutaiwv ToUTwy Tpog N-aGAkuAoruptddévag duvaral va
eémteux 0, wg dlemotwen, T émdpdoel d§uxAwplolxou dwoddpou. Ta IR-pdacuara t@v, oUTw,
AN¢BévTwy npoidoviwy (3a-3c) napouctdZouv XapakTINPLOTIKNV drnoppdnoly Thg KapBovuAopddog
eic 1650 cm-1, TRg €oTepikiiq Opddog eig 1735 cm-! kai To0 ouveleuypévou — OH eig 3000 -
2900 cm-*. )
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- Racemisation by the Azide Method.
The Synthesis of Cbzo-L-Valyl-L-Tyrosyl-L-Isoleucine Methyl Ester

A. METALLIDIS and D. THEODOROPOQULOS A
Laboratory of Organic Chemistry, Universily of Patras, Greece

(Received 14-2-72)

A model condensation of Cbzo-L-Valyl-L-Tyr.N3 with Ileu.OCHs in the presence
or absence of triethylamine revealed that coupling, in the presence of base, pro-
ceeded with distinct racemisation (table 1).

) During the synthesis of the histidine2-angiotensin Il analog, which has been found
inactive in the dog, but it possessed about 10 units/mg of oxytocic activity on the isolated
rat uterus,! a distinct difference was found in optical rotation values of peptide inter-
mediates, when coupling was effected by the azide method in the presence or absence
of triethylamine.

TABLE |
Cbzo-Val-Tyr-lleu.OCHz @

Fraction  yield % M.p.°C [a],P R° R
A 70 208 —210 —12.74 0.86 0.75
B 12 178 —188 -3.23 0.86 0.75
c 10 156 — 162 -0.89 0.86 0.75

& Absolute methanol (20mi/gr) was used for purification of crude product. Fractions B and C were
isolated by gradual concentration of mother-liquor of A.

b as 2% solution in DMF (dimethylformamide).

C n-Butanol-acetic acid-water (10:1:3).

d dioxane-water (5:5).

Characteristically, when the condensation of fragments for the formation of the Tyr-
lleu peptide bond was effected via the azide method, the octapeptide, Cbzo-(B-benzyl)-
L-Asp.-im.benzyl-L-His-L-Val-L-Tyr-L-lleu-im.benzyl-L-His-L-Pro-L-Phe.OCH3;, exhibited
[a]g® —38° value, against [a]¥ —43.2° (0.5% MeOH) in the absence of triethylamine. In
order to investigate the tendency of the Tyr residue to racemise, under the experimental
conditions used, a model condensation of Cbzo-L-Val-L-Tyr.N; with free isoleucine methyl
ester, and its hydrochloride neutralised by triethylamine, was chosen. It should be men-
tioned in this connection, that the optical homogeneity of Cbzo-L-Val-L-Tyr-L-lleu.OCHs
is well established.?

The ester, Cbzo-L-Val-L-Tyr.OCH;, was prepared by the carbodiimide method,3
m.p. 153, [a]® +13°(c, 4.8% in pyridine), Ref.4 m.p. 156, [a]%+10.5:(c, 4.9% in pyridine)
and converted to its hydrazide, m.p. 239-241°, [0]26’ —13°in accord with literature 4
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The azide was prepared from the hydrazide, Cbzo-L-Val-L-Tyr.NHNH,, in acetic acid-
hydrochloric acid (3 equiv.) adding sodium nitrite at —10° it was then precipitated with
cold water, filtered quickly, washed with diluted sodium bicarbonate, water and dried
for 2 hrs, at-5° over P>Os.

The azide, thus prepared, was divided in two portions, one used for coupling with
lleu.OCHj; ester and the other with its hydrochloride in DMF containing one equiv. of
triethylamine.

In the absence of triethylamine the obtained Cbzo-L-Val-L-Tyr-L-lleu.OCHj; ester in
85% yield m.p. 213-215° [a]20 —13.98° (¢,2% in DMF), was identical with that reported for
the all L-lIsomer? after recrystallization from methanol. The mother-liquor upon concen-
tration deposited a small fraction (4% yield), m.p. 199-201°, [a]ZD°—1.0° (c,2% in DMF).
In the presence of base, the fractions, summarized in table I, were isolated.

All the isolated fractions were found homogeneous according to paper chromato-
graphy in two solvent systems. Furthermore, upon complete hydrolysis by acid they gave
the expected amino acids in equal amounts and the microanalytical values confirmed
their composition as Cbzo-Val-Tyr-lileu.OCHs.

As the Cbzo-L-Val-D-Tyr-L-lleu.OCHj3 has an [a]ZD?+ 1.3° value 2 it became apparent
that coupling of Cbzo-L-Valyl-L-Tyr.N; with lleu.OCHgs proceeded with partial racemi-
sation. These findings are cited as supporting evidence that racemisation should not
always be excluded, even by the azide method 5.6
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MEPIAHWIX

Pokepinoig 81 tig pedédou thv &fidiwv. ‘H olvBeoig Tol pebBulsotépog Tig kapbobeviolu-
L-8oAudo-L-tupocuvo-L-icoAsukivng.

Kata v ouveeotv Tol OpHovikold dvaAdyou Thg dyyelotevoivng, ioTdvo-ayyetotevaivn I,
SlETOTMON dladopd €ig v OMTIKAV OTPOPLKNV kaveTnTa EvBIAUESWOY TIVRV TIAPAYRYWY KATA
TOV OXNMATIONOV MEMTIS KOV Seou@Vv did TAG xproewsg THG HeBddou T@V aldiwv Mapouciq Tplal-
Bulapivng. Aedopévou &TL 1| uéBodog alitn Bewpeltal /| AopareoTépa dld THY AMOGUYRV PaAKE-
Mlwoewg EMEAETON, &v &£idel MpotUmnou Aviidpdoewg, | ouZeuilg Tiig Cbzo-L-val-L-tyr N3 peta
ToD £heuBépou ueBuAeoTépoq TG L-icoAeukivng kait Tol UdpoxAwpkol authg GAatog, mapouacia

TptaBuAiapivng. Alemot®on, napouciq pév Bdcewg, onpavtikh pakediwowg (mivag 1), damouociq
- 3¢ Bdoewg dAmepovaln MPEOIdY OMTIKOG KaBapdv Kata 85%, eig éAaxioTnv & moodtnta (4%)
pakeuiwbgv TololTov. Ta damoTeAeopata Tadta ouviyopodv Umep ThG dndyewg, 6TL & kivduvog
PAKEULWOEWG BV dUvaTal IAvToTE va arnogeuxdi), E0Tw Kkai did THig peBédou TV AlLdiwv.
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Spectroscopic Study of
a Wax Isolated from Alkanna Tinctoria Tausch.

A.G. VARVOGLIS
Laboratory of Organic Chemistry, University of Thessaloniki, Greece

(Received 18-2-72)

A wax has been isolated from Alkanna tinctoria Tausch. and its spectral pro-
perties have been examined, with particular emphasis on mass spectra. An ap-
proximate composition of the wax, which is mainly a mixture of eight esters with
42-50 C atoms, is proposed.

The dried shoots with their leaves and flowers of Alkanna tinctoria Tausch.! are com-
mercially available in Greece and they are still used in some instances for the preparation
of an ointment which is believed to have healing properties against wounds, burns, etc.2
No active compound has been isolated from this plant so far, except for the well known
naphthoquinone alkannine.32

For some time, an effort has been undertaken in this laboratory to isolate other
constituents of the plant which might present some pharmacological activity. The first
such constituent is the wax reported in this paper. This is proved to be a mixture of at
least eight esters containing 42-50 C atoms of an even number. Their components are
six acids with 18-28 C atoms and four alcohols with 22-28 C atoms, all even-numbered.
It is not possible to find out the exact qualitative and quantitative compositions of the
wax from the data obtained. Nevertheless, an approximate composition may be worked
out, based mainly on mass spectral data.

Experimental

_Isolation of the wax. Dried and pulverised shoots with their leaves and flowers of the plant (100 g)
were extracted with petroleum ether (b.p. 30-40°) in a Soxhlet apparatus for 120 hours. A dark red
residue (3g) remained upon evaporation of the solvent and it was chromatographed on a silica gel
column, using benzene as solvent and eluent. The first eluates were contaminated with some red
pigment and they were rechromatographed under the same conditions, affording a colourless micro-
crystalline compound (400 mg), m.p. 73-77° . This could be recrystallised from several solvents
but m.p.’s were never sharp, ranging from 73-80°. Elemental analysis: C 80.80% and H 14.28%
(mean value of four determinations). ’

Hydrolysis. The substance (50 mg) was dissolved in isopropanol {15 ml) containing its'sodium sait
(10 mg) and the mixture was refluxed for 24 hours. Upon cooling colourless crystals were obtained
(20 mg), m.p. 60-70° characterised as a mixture of alcohols. The filtrate, after removal of the al-
cohols, was acidified and a precipitate was collected (26 mg), m. p. 55-66°, characterised as a mixture
of acids. Identification of the hydrolysis products was effected through their mass spectra.

Instruments. The IR spectrum was obtained with a Perkin-Eimer spectrophotometer, type 257.
The NMR spectra were taken with Varian spectrometers, types A-60A and HA-100. The mass spectra
were recorded with an AEl MS9 mass spectrometer.

Spectra and their interpretation

UV spectrum. A cyclohexane solution of the substance shows only end-absorption until
about 215 nm.
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IR spectrum. This was taken in KBr disc and had absorptions at 1725 and 1175 cm™1,
suggesting a carbonyl group and a C-O-C group, respectively, and at 2910, 2840, 1460
and 720 cm™1, i.e. the typical stretching, C-H deformations and CH; rocking vibration
frequencies of saturated carbon chains.

NMR spectrum. This spectrum when taken with an instrument of 60 MHz shows an un-
resolved singlet at 8.7 T (in CDCl3) while with an instrument of 100 MHz two triplets ap-
pear centered at 6.0 and 7.8 T and the unresolved singlet is shifted a little to 8.8 T (in
benzene-ds; approximate ratio of areas 1:1:40). The difference between these spectra
is due to the enhanced sensitivity of the 100 MHz spectrometer.

The above spectral data make it possible to draw some conclusions about the nature
of the isolated substance. Simple structures of carbonyl compounds are excluded be-
cause of the lack of absorption in the UV spectrum. Also, the lack of characteristic
absorptions in the IR spectrum rules out the presence of COOH and OH groups and
unsaturated bonds as well. Therefore, since acid anhydrides are not encountered in
nature, the probable structures of the compound are confined to an ester or a lactone.
The lactonic structure is rejected after alkaline hydrolysis, upon which two products
are obtained and proved to be acids and alcohols by mass spectrometry. The structure
of an ester is in agreement with all spectral data: the carbony! IR-frequency is only slightly
lower to that expected for an ester (1750-1735 cm~1), while the triplet at 6.0 T in the NMR
spectrum corresponds to a CH, group adjacent to oxygen and the triplet at 7.8 T to a
CH, group near the carbony! carbon. Finally, the NMR spectrum suggests-that the carbon
chain is straight, since branched chains would have altered the unresolved singlet at 8.8 T.

It is evident from the ratio of areas in the NMR spectrum that the compound is of
relatively high molecular weight. This is confirmed by elemental analysis, where an ap-
proximate empirical formula of (C.3H,s0)" is calculated; since two atoms of oxygen must
be present per molecule for an ester a molecular formula of C4sHgoO2 is suggested.

The broad range of melting points in the original sample and its hydrolysis products
suggest that they are not chemically pure. Indeed, most natural waxes are mixtures of
various esters. Therefore, in order to gain a further insight into the composition of the
wax, the mass spectra and that of the hydrolysis products were recorded and are dis-
cussed below in some detail.

Mass spectra. Because of ehanges in the wex composition upon recrystallisation mass
spectra were taken from material purified only chromatographically. The hydrolysis
products were also not further purified. Their mass spectra are presented in Table I.

TABLE 1

The Mass Spectra of Esters, Alcohols and Acids.@

1. Esters.  m/e 788 (trace), 760 (trace), 732 (20), 704 (45), 676 (47), 648 (52), 620 (30),
437 (1), 409 (1), 397 (22), 396 (8), 392 (6), 381 (3), 379 (76), 369 (76), 368 (20),

364 (21), 353 (4), 351 (7), 341 (66), 340 (16), 336 (32), 323 (1), 313 (95), 312 (10),
308 (1), 295 (2), 285 (100), 284 (20), 267 (10), 257 (20), 239 (6), 225 (4), 211 (4),
ete.

2. Alcohols. m/e 392 (2), 364 (55), 350 (14), 336 (100), 322 (6), 308 (39), 294 (5), 280 (6),

A 267-266-265-264, 253-252-251-250, etc.C

3. Acids. 424 (1), 396 (4), 368 (10), 353 (2), 340 (7), 325 (7), 312 (8), 297 (4), 284 (8),
269 (7), 241 (2), 185 (2), 60 (100).

& Samples were introduced into the mass spectromster by direct insertion (esters at 170°, alcohols

at 100°, acids at 230°) and the spectra were run under normal conditions (ionisation energy 70 eV).
All ions of relative abundance > 10% are included, together with other jons of special interest.
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Figures in brackets are relative abundances to the base peak (100).
b (ons of lower values are hydrocarbon units and they are omitted.
€ This pattern is continued down to the lowest values.

1. Esters. The mass spectra of waxes have not been studied systematically. The only
pertinent studies are those of certain esters derived from medium-chain acids with long-
chain alcohols, RCOOR'.4 Their characteristics, apart from the molecular ion, are: base
peak corresponding to RCOOH,* and significant ions due to [RCOOH]*, [R-O-COJ*
and [R-1H]*. Two more ions of low relative abundance are also observed: one of the
type [R’-O-C (OH) = CHy]*, resulting from 2,3-cleavage of the acid chain -with rearrange-
ment of one H atom and one of the cyclic structure shown below, resulting from 4,5-
cleavage of the alcohol chain with rearrangement of one H atom.
+

-

o

R OH

From Table | it can be seen that in the region m/e 600-800 there are seven ions dif-
fering by 28 mass units. These are evidently seven distinct molecular ions, since it is not
possible to visualise any conceivable way of fragmentation of the higher mass ion leading
to the others; their relative abundance also rules out such a possibility. Therefore, there
are seven molecular ions corresponding to seven sets qf esters with 42-54 C atoms, all
of an even number. The esters with 52 and 54 C atoms are of minimal intensity (traces
only) and, as they do not give any detectable fragments, will be omitted from further dis-
cussion. From the relative abundances of the remaining five molecular ions it is feasible
to make an approximate calculation of the contribution of each set of esters to the wax
composition. This is effected by assuming that relative abundance is proportional to
actual concentration and that volatility of the esters is of the same order.* The results
appear in Table II.

TABLE I

Ratios of Esters, Alcohols and Acids Calculated from
Relative Abur]dances (RA) of Their Mass Spectra

Esters m/e (RA) Ratio Alcohols m/e (RA)® Ratio Acids m/e (RA) Ratio

C42HgsO, 620 (30) 1.5 C2oHsieO 308 (39) 20 CisHz60, 284 (8) 21
CaaHgsO2 648 (52) 27 CoqHs00 336 (100) 5.1 CooHs002 312 (8) 2.1
CueHe202 676 (47) 24 CosH540 364 (55) 28 CaoHasO, 340 (7) 1.8
CugHesO2 704 (45) 2.3 CosHs50 392 (2) 0.1 Co4Hg4s0, 368 (10) 2.6
quHmoOz 732 (20) 1.0 026H5202 396 (4) 1.0

CosHs60, 424 (1) 0.3

2 Calculations in alcohols are based on the olefin fragment.

. * Based on melting points, since boiling points are not known. Melting points of certain esters:
C15H31C02C30He1 79°, CasHs1CO2C2sHs3 817 etc. ab
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Careful examination of Table | reveals the existence of several series of ions dif-
fering by 28 mass units. The following series are dbserved:

Series A: 397, 369, 341, 313 and 285.

Series B: 396, 368, 340, 312 and 284.

Series C: 392, 364, 336 and 308.

Series D: 379, 351, 323, 295 and 267.

Series E: 437, 409, 381 and 353.

lons of series A are of the highest relative abundance and correspond to protonated
acids resulting from R'-O cleavage, accompanied by rearrangement of two H atoms

[R—-C-OR1*— [R—C=O0H]* + [R'—2H]
]

Il
0 OH

lons of series B correspond formally to acids but they may come either from. R’-O
cleavage of esters accompanied by rearrangement of one H atom

[R—CO-0OR]f— [R—CO—OH]* + [R' —1H]-

or from a McLafferty rearrangement-

R Hio s on *
\CHU 0 t | o

———> RCH==CH, + _C

C‘H—D ( . cgz “or’
CH2

Both types of ions have been previously observed: the former in various ethyl es-
ters,52 the latter in methyl and long-chained alky! esters.5b lons [RCOOH]* and [CH, =
C(OH)ORT* will have identical masses if R and R’ differ by one methylene group; but
since the alcohols contain 22-28 C atoms(Table l) they would have produced ions of the
latter type with m/e ranging from 452 to 368. ‘The observed ions have m/e values be-
tween 396 and 284, so by necessity they must come from the acids, which contain 18-26 C
atoms (Table II).

lons of series C are olefins derived also from R’-O cleavage with one H atom rear-
rangement but with formation of a non-charged acid

[RCO -OR]t — [R'—1H]* + [RCO —OH]-

The same ions are observed in the spectra of alcohols.

The ions of series.D are of low relative abundance and they may be attributed to
either R* or RCO™. In the case of methyl esters the former are usually of negligible
abundance, while formation of the latter is energetically more favourable.5¢ High reso-
lution measurements showed that acyllum ions are actually formed, arising from cleavage
of the CO-0O bond

[RCO — OR']Jr [RCO]* + [OR']-

The ions of series E are of the lowest relative abundance and they also may cor-
respond to two structures, [OR’]* and [O=C — OR’]*, both of which have been observed
in various esters.5C It is concluded, however, that the latter explains better the ions of
this series, because the fragment 437 with an alcoxy structure would have come from
-an alcohol with 30 C atoms, which is not found in the hydrolysis products. Simple a-
cleavage occurs also in this case

[R—COORT*— R: + [O=C— OR’]Jr
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Apart from the above described ions there exist groups of three peaks spaced 14
mass units apart, i.e. differing by one methylene group, and each having as the most
abundant species the CnHopn+41 ion. These groups of ions occur with gradually in-
creasing abundance as the fragment weight decreases and are probably formed from
acylium ions by ejection of CO. Such hydrocarbon ions are typical of straight-chain
compounds and they have not any diagnostic value.5d They are omitted from Table I.

2. Alcohols. The main characteristic of long-chain alcohols is the lack of a molecular
ion; their base peak is an “olefin” formed (non-thermally) by way of a 1,4-elimination of
water through a six-membered intermediate. This “olefin” may have a cyclic structure
as shown belowé@ or it may be a true olefin, resulting either from hydrogen migration
concerted with loss of water or through isomerisation of the cyclic hydrocarbonsb

CHZ . —|T ' CH2 —-I-!-
PN
R—CH CH, /
l/‘\| ————> H,0 + R—CH CH,
H CH, \
S .
Ho~ CH,

Such ions are observed in the mass spectra of the alcohots obtained from hydrolysis
- of the wax and they have m/e values of 308, 336, 364 and 392, corresponding to alcohols
with 22, 24, 26 and 28 C atoms. Since volatility of these alcohols is very similar,’@ an
approximate ratio of them may be calculated, as in the case of the esters (Table ).

lons corresponding to loss of 1,2 and 3 H atoms, usually observed in lower alcohols,

are absent. All other ions are hydrocarbon units, as above..
3. Acids. The mass spectra of acids show six molecular ions at m/e 424, 396, 368, 340,
312 and 284, corresponding to acids with 28, 26, 24, 22, 20 and 18 C atoms. The volatility
of these acids, judged from their melting points which range from 70-90°7b is not com-
parable as previously and their ratio in Table Il is of limited accuracy.

Other ions appear at m/e 353, 325, 297, 269, 241 and 185 and they belong to the
general structural unit [(CHz),COOH]*. Such ions are formed from both long-chain
normal acids and their methyl esters by several possible mechanisms.5e

All other ions are hydrocarbon fragments, with the exception. of m/e 60 which cor-
responds to [CH, = C(OH)OHJ+and is due to a McLafferty rearrangement.5€

Conclusion

The mass spectra of acids and alcohols are very similar to those of analogous com-
pounds previously studied. This is also the case with the esters, with the difference that
ions of cyclic structure are not observed.

From the mass spectra of the esters it is not possible to differentiate among isomeric
esters, even under high resolution. Random combination of all the acids and alcohols
present leads to a total of seventeen esters with 42-50 C atoms. Those with an alcohol
of equal or lower number of C atoms from the acid may be not present at all, since there
‘is‘always a tendency in.nature for a fatty acid to become esterified with an alcohol of a
higher C atom number.7¢ Also, since alcohol CasHs;OH is present in a very small quantity,
its esters, four in all possible, must be present virtually in traces. Therefore, the most
probable qualitative composition of the wax is :
Esters with 42 C atoms C17H35COOC24H49 and C19H39COOC22H45
Esters Wlth 44 C atoms C17H35CO0OCo5Hs3 and C19H39C00024H49
Esters with 46 C atoms C19H39COOC25H53 and C21 H43COOCz4H49
Esters with 48 C atoms C21 H43COOC26H53
Esters with 50 C atoms Ca3Hs7CO0Co6Hs3
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NEPIAHWIZ

Do poTooKoTiK peEAETH EvOg kNpob &mopovabévtog £k Tol QuTOoU
Alkanna tinctoria Taus c h.

To ¢utdv Alkanpa tinctoria Tausch. év3éxetal v napouctdln BepameuTikiV Evépyelav. Ald
ToUTo AveAn¢on uia mpoondbela armopovwoewg £ aldTol CUCTATIKOV TBav®g PApPHAKOAOYLKDG
dpaotik®v. Eig v nmapodoav épyaagiav neprypddetal 1-anopdvwolg Evog knpol, Tol onoiou pe-
AeT®vTal ai pacuatookormikai idiotnTeg e daitépav Eudaocty eig Ta pdouarta paldv.

ddopata paldv Knpwv AauBdvovtal éviadfa dia npum]v dopav kai eupioketat OTL dpotalouv
B8aolk®G pE AAAOUG HEAETNBEVTAG E0TEPAG MECTWV oﬁewv pE avwmraq AdAKoOAQq.

‘H oUvBeolg Tol knpol d&v eival duvatdv va aEaupeSn EMaKkpBg p& povov Ta Pacuaro-
oKorka dedopéva, He BAoly dpwg Ta pdopata palmv Unoloyiletal pia KaTd MPOCEYYITaLY TIOLOTLKN
olotaoctq To0 piyuatoq Tdv oTépwv, €k T@V Oroiwv dmoteAelral 6 knpog. OUTw Td &mi pépoug
ouoTaTIkA Tou elval € kekopeouéva HovokdpBovika O&éa ¢ 18-28 dtoua dvBpakog Kal Téo-
Oapeq Kekopeopéval povoobevelq dAkodAal pé 22-28 dtoua dvBpakog, dnavia elbeiag AAloeswg
kai dptiou aplBpol atdpwv dvBpakog. “Av kat 6 cuvduacudg SAwv TV OEfwv pE dAag TAg
GAKodAag Oidei CUVOAIK®DG Jekaemtd miBavoug tUmoug €0Tépwyv, cuvayetal 8Tt Baclk®dg HOvov
OKTW €€ auT@Vv eival Ta KUpLa ouoTaTiKa TOU KNpod.
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En vue d'étudier éventuellement le comportement pharmacologique, les au-
teurs ont préparé un certain nombre d’acides hydroxamiques nouveaux, de for-
mule générale (1). Ces acides, dérivés de I'acide dialcoylméthylénedioxy-3, 4-phényl-
acétique, sont préparés par une série de réactions en partant de la pyrocatéchine.
La liaison dialcoylméthylénedioxy étant particulierement fragile en milieu acide
minéral, des méthodes respectant cette fragilité sont utilisées, pour éviter la rup-
ture de cette liaison. Plus spécialement, la synthése des acétophénones correspon-
dantes s’effectue a I'aide de fluorure de bore, et non par la méthode classique de
Friedel-Craft. De méme, I'estérification des acides phénylacétiques correspondants
se fait par le'diazométhane.

In this paper the synthesis of new hydroxamic acids of the general formula (1)
is reported. These compounds are to be tested as antipyretics and antirheumatics.
These acids are derivatives of the 3.4-dialkylmethylene-dioxyphenyl-acetic acid
and are prepared by the following reaction series: pyrocatechol reacts with different
ketones in the presence of phosphorus pentoxide to give dialkylmethylene-dioxy-
benzene (a), which combines with acetic anhydride in the presence of borontrifluor-
ide to give the corresponding acetophenones (b). The latter undergo the Wiligerodt
reaction and are transformed by the intermediate morpholides (c) to the substituted
phenylacetic acids (), which are esterified with diazomethane (e). The esters thus
obtained are converted with satisfactory yields by the action of hydroxylamine, to
the hydroxamic acids (f), solid crystalline compounds.

On a préparé récemment4:5 certains acides hydroxamiques, dérivés de I'acide phé-
nylacétique, pour lesquels on a reconnu une activité analgésique et anti-inflammatoire,
comparable a celle de 'aspirine. L’étude pharmacologique de ces substances a montré,
que ces composés étaient en plus doués de propriétés tranquillisantes et méme hypo-
choléstérolemiantes, sans, toutefois, présenter une grande toxicité.

Ces observations nous ont incités a préparer un certain nombre d’acides hydroxa-
rmiques, de formule générale (l), présentant deux fonctions phénols en position ortho,
ethérifiées sous forme de dialcoyimethylénedioxy, en vue d’étudier leur activité pharma-

cologique.
: O
4

R 0 CH,-C-NHOH \
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Dans cette formule R et R’ peuvent étre identiques ou différents et représenter un
radical alcoyle inférieur, comme méthyle, éthyle, n-propyle, n-butyle ou former avec
I’atome de carbone adjacent un radical cycloalcoyle, comme cyclopentyle ou cyclohéxyle.

Pour la synthése des produits en question, ont été employés comme matiéres pre-
miéres, les éthers méthyléniques disubstitués du pyrocatéchol (a), qui ont été obtenus
avec de bons rendements, suivant le procédé décrit par Boeseken et Sloof,! soit, par
action de la cétone appropriée sur le pyrocatéchol, en présence d’anhydride phospho-
rique. Les éthers ainsi obtenus, ont été transformés en méthylénedioxy-3, 4-acétophé-
nones substituées (B), par action de trifluorure de bore en présence d’anhydride acétique,
selon le procédé rapporté par J. Hoch et G. Tsatsas.2 L’application de la réaction Will-
gerodt, comme celle-ci est décrite en détail par E. Schwenk et E. Bloch,? sur les dérivés
de l'acétophénone (B) a donné les acides méthylenedioxy-3, 4-phénylacétiques substi-
tués (d), sous forme solide ou huileuse, en passant par I'intermédiaire des morpholides
correspondants (c), qui, eux aussi, ont été isolés sous forme tant6t solide, tantdt huileuse.
Les morpholides (c) et les acides (d) obtenus sous forme d’huile épaisse ont été employés
bruts pour I'étape suivante. Les acides phénylacétiques (d) ont été ensuite estérifiés a
I’aide d’une solution étherée de diazométhane, ce qui a fourni les esters (e) avec un bon
rendement. |l a aussi été essayé I'estérification par transformation des acides a leurs sels
d’argent et action sur ces derniers de I'iodure de méthyle, mais, le procédé ne donnant
pas de rendements satisfaisants, la méthode a été abandonnée. En ce qui concerne les
autres procédés classiques d’estérification, ils sont a éviter, étant donné la sensibilité
des fonctions éthérées aux acides minéraux. Les esters (e) ainsi obtenus ont été finale-
ment transformés en acides hydroxamiques correspondants par action de I’hydroxyla-
mine, comme il est décrit par Buu-Hoi, C. Gilletetal.4 s

Les diverses étapes de la synthése ci-avant peuvent étre représentées par la série
de réactions suivantes:

R v HO ' R O CH.CO),0
Ne=o + \© P05 Sl :@ (ChsCOX0,
7 - g > AN
R HO™ = 0 BF;
(a) S
/TN
COCH, S CHs- c N_ 0
Dol J oo )@ |
R NH R’
(b) (c)
NaOH 10 /o CHzCOOH R 0 CH,COOCH,3
el T e ey
—_—
7 =4 o)
(d) - (e)
BN

Dans les produits de formule (1) préparés, ainsi que les dlvers intermédiaires de
leur synthése, le radical R~_ _~ représente:
R )
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CHs CH»-CH> CH2~CH,

C CoHs CoHs .
CH3>C< ’ Csz >C<, nC3H7 >C< ’ nC4H9'>C< ! l >Cc< y CH2<CH2‘CH2>C<

CH,-CH:2

Partie Expérimentale

Dans le présent article seulement la partie chimique a été rapportée. L’étude pharmacologique
fera 'objet d’'un mémoire dans une revue spécialisée.

1) Ethers méthyléniques du pyrocatéchol disubstitués (a)

Obtenus selon Bdeseken et Sloof,! ils sont tous rapportés dans ‘la littérature, sauf I'éthyl-n-
butyl-méthyléne dioxy-1, 2-benzéne, qui a été préparé suivant le méme procédé avec un rendement
de 35%. Ebjomm= 121°C. :

Analyse: Caic. % pour Ci3Hs0, C 75,7 H 8,8
Tr. % 75,4 8,9

2) Méthylénedioxy-3, 4-acétophénones disubstituées (b)

Les acétophénones utilisées ont été obtenues selon J. Hoch et G. Tsatsas,? avec de bons rende-
ments. |l faut noter qu’en opérant avec des quantités d’éthers ne dépassant pas les 30 g a la fois,
on obtient, dans la plupart de cas, une amélioration.nette des rendements. Les auteurs précités
décrivent les acétophénones (b) préparées, sauf les deux produits suivants, qui sont des composés
nouveaux: ) .

Méthyi-n-propyl-méthylénedioxy-3, 4-acétophénone. Ebizmm = 162-164°C.

Analyse: Calc% pourCi3HigO3 C 709 H 7,3
Tr. % 70,5 7,6

Ethyl-n-butyl-méthylénedioxy-3, 4-acétophénone. Eb;,mm = 173-176°C.
2,4-Dinitrophénylhydrazone F = 148-150°C (cap.)
Analyse: Calc% pour CisHz0O3 C 72,5 H 8,1
Tr. % 72,7 8,2

3) Méthylénedioxy-3, 4-phénylthioacétomorpholides disubstitués (c).

Diméthyl-méthylénedioxy-3, 4-phénylthioacétomorpholide?

O 70 =go<
Un mélange de 24 g de diméthyl-méthylénedioxy-3, 4-acétophénone, 4 g de soufre et 12 g
de morpholine est chauffé au bain d’huile, pendant 8h, a 135-140°C. Le mélange de la réaction
est ensuite versé sur de la glace pilée et extrait & I'éther. Les extraits éthérés sont sechés sur le
sulfate de sodium anhydre, traités au noir décolorant et évaporés a sec. Le résidu, recristallisé dans
le méthanol, donne. 18 g de morpholide, qui fond a 105-106°C (cap.) Rend. 57%.

Analyse: Calc. % pour Cy5sH1gNO3S C 61,4 H 6,5 N 4,8
. % : 61,6 6,3 4,5
Suivant le procédé qui vient d’étre décrit, ont été préparés les morpholides suivants:

— Diéthyl-méthylénedioxy-3, 4-phénylthioacétomorpholide

F =60-62°C (cap.). Rend. 45%
Analyse: Calc. % pour Ci7H23NO2S C 63,5 H 7,2 N 4,4
Tr. % 63,2 7,4 4,6

— Méthyl-n-propyl-méthylénedioxy-3, 4-phénylthioacétomorpholide
Huile épaisse. Rend. 76% (en produit brut).

— Ethyl-n-butyl-méthylénedioxy-3, 4-phényithioacétomorpholide
Huile épaisse. Rend. 44% (en produit brut).
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‘'— Cyclopentyl-méthylénedioxy-3, 4-phénylthioacétomorpholide
F = 85-86°C (cap.). Rend. 33%

Analyse: Calc. % pour Ci7H21NO3S C 63,9 H 6,6 N 4,4
Tr. % 63,5 6,7 46

— Cyclohéxyl-méthylénedioxy-3, 4-phényithioacétomorpholide
F = 135-136°C (cap.). Rend. 50%

Analyse: Calc. % -pour CigHasNO3S C 64,8 H 6,9 N 4,2
Tr. % 64,4 6,7 43

4) Acides méthylenedioxy-3, 4-phénylacétiques (d)
Acide diméthyl-méthylénedioxy-3, 4-phénylacétique.3

17g de diméthyl-méthylénedioxy-3, 4-phénylthioacétomorpholide et la solution-de 26g d’hydro-
xyde de sodium dans 350 ml d’éthanol, sont chauffés au bain-marie pendant 14 h, puis I'alcool
est éliminé par distillation, et le résidu est additionné d’eau et acidifié avec précaution a Taide
d’acide acétique. Le mélange est extrait a I'éther et les extraits éthérés sont lavés a I'eau, séchés
et évaporés a sec. Le résidu, recristallisé dans I'éther de pétrole, fournit 11g d’acide, qui fond a
72-73°C (cap.): Rend. 78%.
Analyse: Calc. % pour €11H1204 C 63,45 H 5,8
Tr. % - 63,1 5,4

En opérant comme il vient d’étre décrit on obtient les acides méthylénedioxy-3, 4-phénylacé-
tiques suivants:

— Acide diéthyl-méthylénedioxy-3, 4-phénylacétique
Huile épaisse. . Rend. 93% (en produit brut).

— Acide méthyl-n-propyl-méthylénedioxy-3, 4-phénylacétique
Huile épaisse. Rend. 66% (en produit brut).

— Acide éthyl-n-butyl-méthylénedioxy-3, 4-phénylacétique
Huile épaisse. Rend. 60% (en produit brut).

— Acide cyclopentyl-méthylénedioxy-3, 4-phénylacétique
F = 80-82°C. (cap.). Rend. 84%.
Analyse: Calc. % pour Ci3H1404 C 66,6 H 6,0
Tr. % 66,2 6,2

— Acide cyclohéxyl-méthyiénedioxy-3, 4-phénylacétique
F = 83-84°C (cap.). Rend. 45%.
Analyse: Calc. % pour CisH1604 C 67,7 H 6,5
Tr. % 67,9 6,2

5) Esters méthylénedioxy-3, 4-phénylacétiques disubstitués (e)
Diméthyl-méthylénedioxy-3, 4-phénylacétate de méthyle
R\ — . CHG‘\ ~
(e), /C\ = ,/C\
R . CH;™

Une solution éthérée de diazométhane contenant environ 3 g de ce réactifs est additionnée
de 7,5 g d’acide diméthyl-méthylénedioxy-3, 4-phénylacétique, ajoutés par petites portions et a la
température ambiante. Le mélange est abandonné a la glaciére pendant 12 h, puis I’éther est éva-
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poré sous pression réduite, en chauffant trés Iégérement sur bain-marie de sorte que I’élimination
de I'éther aie lieu a la température ambiante. Le résidu (8,5g) est employé tel quel pour I'étape
suivante:

Analyse: Calc. % pour Ci2Hy404 C 64,9 H 6,4
Tr. % . . 64,5 6,0

D’une fagon identique a celie décrite ci-avant, ont été obtenus les esters suivants:

— Diéthyl-méthylénedioxy-3, 4-phénylacétate de méthyle
Analyse: Calc. % pour Ciq4H1s04 C 67,2 H73
Tr. % 67,4 7,6

— Méthyl-n-propyl-méthyiénedioxy-3, 4-phénylacétate de méthyle
Analyse: Calc. % pour CiaHy504 C 67,2 H73
Tr. % 66,9 7,0

— Ethyl-n-butyl-méthylénedioxy-3, 4-phénylacétate de méthyle
Analyse: Calc. % pour CigH2204 C 69,0 H 8,0
Tr. % 68,9 8,0

— Cyclopentyl-méthylénedioxy-3, 4-phénylacétate de méthyle
Analyse: Calc. % pour C14H1604 C 67,7 H 6,5
Tr. % 68,1 6,5

— Cyclohéxyl-méthylénedioxy-3, 4-phénylacétate de méthyle
Analyse: Calc. % pour CisHigO4 C 68,8 H 6,9
Tr. % 69,0 A

6) Acides méthylénedioxy-3, 4-phénylméthyléne-hydroxamiques disubstitués (I).4:5
Acide diméthyl-méthylénedioxy-3, 4-phénylméthyléne-hydroxamique

R CHs;
(1) ~c7 = o
R CHs ~
T |
ABLEAU -——CHz-C N
Acides hydroxamiques R’/ \O’

R ) Calc. % Tr. %
T ~c Formule

R brute F°C(cap) Rend* C H N C H N
- 2400 CH:;\C C{1H13NO, 136-137 57% 59,2 58 6,3 59,2 6,1 65

) CH;—
2411 CoHs~ . _~ "Cy3H7NO, 116117 45% 62,1 6,8 56 624 6,6 54
) Csz/I T
2412' CHz~_ . — C13H17NO4 87 - 88 37% 62,1 6,8 56 624 7,1 54
n03H7/ ~~ ’ ‘
2413 CoHs~__ .~ CisH21NOs  114-115 70% 64,5 7,6 50 64,1 74 49
nC4Hg/’ ) ’
2414 CHx-CHa~ | — Ci3HisNO,  108-110 54% 626 6,1 56 630 59 55
CH,- CHZ/C\ , ‘
2415 CH,-CH; C14H{7NO,4 97 - 98 52% 63,9 6,5 53 636 6,6 5,1
~ . ~—pn '

CH, c
“SCH-CH

* Calculé sur I'ester de ’étape précédente et aprés recristallisation.
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La solution de 1,16g de chilorhydrate d’hydroxylamine dans 17ml| de méthanol absolu est ad-
ditionnée d’une solution de 0,83g de sodium dans 25m! de méthanol et le chlorure de sodium, qui
précipite, est filtré. 3,7g de diméthyl-méthylénedioxy-3, 4-phénylacétate de méthyle sont ajoutés
au filtrat et le mélange est chauffé au reflux pendant 1 h. Aprés refroidissement, acidification a
I'aide d’acide chiorhydrique & 10% et dilution a I'eau, un produit précipite, qui, essoré, lavé a 'eau
et recristallisé dans le mélange acétone-éther de pétrole, fournit 2,1g de I’acide hydroxamique
désiré, F = 136-137°C (cap.). .

D’'une fagon identique ont été préparés tous les acides hydroxamiques de cette série, dont
les analyses et constantes sont rassemblées au tableau (I).

MEPIANHWIZ

T 0vBeo1g véwv TIvRv USpofapikédv dEEwy.

Mpdc Tov okordv dnwe peretnBolv ai pappakoAoylkal alT@v i8LoTNTEeS, idlatépwg ai avT-
nupeTikai kal avtippeupaTikal totaltal, napackeudgovtal, €ig Tnv napodoav peAETnv, véa Udpo-
Eauikd 6E€a 1ol yevikol tunou (1). Ta 0Eéa talta, napdywya tol 3, 4-5IaAKUAOPEBUAEVO-BLOEUdaL-
VUAOELKOU 0E€0g mapaokeudZovtal did Thg kKATwbL oelpdq avTdpdoewyv: 1) mupokatexivn avtidpd
HeTa Sladopwyv Ketov@v mnapoucia mevtofetdiou Tol Ppwopodpou mpdg SLaAKUAOUEDBUAEVO-BLOEU-
8evl6Ala (a) Ta& omoila &voilvral PeT OFikol Avudpitou Tapouciq Tpipoprolxou Bopiou TpdG
Tag AvTioToixoug dketopawvévag (B). Al TeAeutaial aiital Udiotavral THv avtidpaotvy Willgerodt
kal peTatpénovial did T@v &vdlapéowv popdoAdiwv (c) eig Td UnokateoTnuéva ¢alvuro§ika
0E€a (d), Ta drola €otepornolodvtal O tol StalwpebBaviou (e). Ol AnpBEvTeq €oTépeg, Tij &ml-
dpaoel UBpoEUAapivng, HeTaTpénovTal £iq Ta UdpoEapikd oE€a (1), owpata oteped, KAADG KPUOTAA-
AoUpeva, AngoEvta, YeViK®G, HE ikavomoinTikag Anmodooelg.
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Domain Structure in Single Crystals
of GeTe and Geq_,Sn,Te
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Single crystals of GeTe and its alloys with Sn grown by a vapor transport
method possess a twin structure, as revealed by optical and electronic microscopic
methods, with the coherent twin plane being the (100) plane. The twins become
more regular as.the Sn content increases. |

Introduction

Germanium telluride and its alloys with tin (Ge1-xSnxTe) at high temperatures have .
a cubic NaCl-type structure, which upon cooling is transformed at a temperature which
depends on x to a face-centered rhombohedral structure. This transformation, according
to Bierly et al,' occurs through an elohgation of the face-centered cell along the [111]
direction, with a simultaneous relative displacement of the Ge-Te layers, so that the crystal
is no longer centrosymmetric and it belongs to the group R3m(C§V).2v3 Under these con-
ditions the crystal should develop a dipole moment and behave as a ferroelectric material.
The ferroelectric behaviour has been established through neutron diffraction experiments
associated with phonon interactions* and by measurements of light scattering as a func--
tion of temperature on single crystalline a-GeTe,® but it is masked by the free electron
concentration, since GeTe is a narrow band semiconductor.” According to Megaw,” who
+ describes ferroelectricity mainly from the crystallographic aspect of the problem, it is al-
ways possible for a ferroelectric crystal to contain domains (twins). Recently '3 it has
been established that such a twin structure was evident in the case of thin epitaxial films
of GeTe and its alloys with Sn grown by vacuum evaporation under appropriate con-
ditions. Therefore, we felt justified in extending these observations to bulk single crystals.

Experimental
Crystal Growth

The reported ways of growing large GeTe and Geq{_xSnxTe single crystals are either a modified
Czochralski technique in which liquid encapsulation is combined with a substantial neutral-gas over-
pressure to eliminate vaporization during growth®:® or a Bridgman technique.’® In our case a vapor
growth technique was used with a silica ampoule of tubular cross section about 8 mm diameter
and 50 mm long, tapered to a point at the one end. The source material used was powdered GeTe
of 5N purity, and, in the case of Ge1-xSnxTe single crystal growth, GeTe powder was mixed with
the appropriate proportions of SnTe of the same purity. After the ampoule was loaded it was eva-
cuated to a vacuum of 1X 10 Torr or lower and sealed. The ampoule was placed in a horizontal
resistance furnace with a temperature profile from a maximum of 850°C near the load to a minimum
of 720°C at the tip. The transport time was approximately 96 hours. At the end of this time almost

o
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the entire charge was transferred to the far end. The single crystal grew at the tip with a direction
of -growth close to the [111] direction (fig. 1). With this method we obtained single crystals up to
6 mm in length and 8 mm in diameter. After the required time of transport the ampoules were cooled
slowly (at a rate of 7°C/hr).

Since no transport material was used the crystals may be considered relatively free of impurities
and suitable for electrical measurements. Electrical measurements performed on GeTe crystals
using a modified a.c. Van Der Pauw method gave the following values for a typical sample; resis-
tivity 2.055X10-3 Ohm. cm, Hall mobility 296 cm?/Volts from which the computed carrier p con-
centration was of the order 2.1 X 10'® cm-3.

Preparation of Specimens

In order to examine the samples it was necessary to develop a suitable etchant since none
has been reported for GeTe/SnTe.’® Such an etchant was found by using an aqueous KOH or NaOH
solution. Thus-after orientation by back-reflection Laue techniques the sampies were lapped. The
damaged layer caused by cutting and lapping was removed by etching with a 0.4N KOH solution for
about 5 minutes, after which the samples were rinsed with distilled water. Usually patterns of tines
and zones were seen on the surface of the specimens (fig. 2a). A perfect shiny surface was obtained
by a jet electropolishing technique, using a sodium hydroxide solution (N/10) as electrolyte.

The samg, technique was used for preparing specimens for electron microscope studies. It was
found that the current density is rather critical in order to obtain a polished surface and it must be
held constant at the high value of 5A/cm2. Below this value instead of electropolishing, an etched
surface is obtained. The thickness was controlled by the colour of the transmitted light, the jet acting
as a condensing light guide.’?

Observations with Reflected Light

The existence of twin patterns in chemical etched GeTe or Ge{.xSnxTe specimens has been
reported previously by Bierly et al.! but he did not study the structure of these twins.
Germanium telluride at room temperature has a f.c.r. symmetry, the optical axis coinciding
with the .[111] direction. Since GeTe is opaque the indicatrix will be complex resulting from the
~intersection of two ellipsoids.’? This permits optical examination of the expected domain structure.
When an electropolished surface of single crystal GeTe or Geq1.xSnxTe is observed in reflected
light between crossed polarisers, patterns can be seen that show a twin structure, the twins foi-
lowing the [100] and [010] directions. Bright and dark domains alternate at a given: extinction
position when the analyser is rotated through a very small angle either side from the crossed posi-
tion. Greatest contrast with normal incident light is observed when the [100] and [010]} directions
coincide with the directions of the polariser and analyser in crossed position. In pure GeTe (fig.
2b) the length of these twins is rather short and their shape irregular. The length increases pro-
gressively and a more regular pattern is obtained°by increasing the Sn content of the crystals.
Figure 2a shows a surface of a crystal of composition (GeTe)o.s (SnTe)o.a where a rectangular
pattern of the twins is evident with the directions stated above. The regular pattern in the Sn rich
alloys may be due to the fact that the strain during the transformation from the cubic structure of
the rhombohedral one is less.

Electron Microscope Observation

The electron microscope offers the attractive possibility of increased resolution as compared
with the optical microscope and of simultaneous diffraction experiments. Figure 3 is an example
of the type of bright field image which can be obtained in rhombohedral GeTe thin specimen where
the incident beam is perpendicular to the (001) surface of the sample.

The twins in the micrograph have sharp boundaries along [100] direction, the contrast is
"clearly diffraction contrast as can be concluded from tilting experiments. The boundaries were
fecund to disappear when the image is formed by the reflection from the atomic plane common to
the domains. The splitting of the diffraction spots is normal to the twin boundary (inset fig. 3).
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The absence of Kikuchi lines is consistent with the high density of defects. Observations normal
to the (111) plane revealed-a rather compllcated structure due to the fact that the twin planes in
this case-are mclmed with respect to the plane of observation.

Results and Discussion

The existence of twins all through the observed area is a result of the transformation
from the cubic to rhombohedral structure by the elongation of the unit cell along the
[111] direction (the angle of the axis is 88.6°. In the case when the coherent twin plane
is the (100) or (110) the orientation of the structure on both sides of the twin plane forms
a very small angle, about 5°

The effect of this twin structure upon the election diffraction pattern arising from an
area that covers two domains, is to. split the spots in two components. The difference
between the corresponding g vectors is very small and normal to the twin plane. Thus

in the case of twin {100} type we have 2 (L
| lagl = —3

(k+1h

where, a is the rhombohedral angle, a the lattice constant, and h, k, | are the'crysta.llo-~
graphic indices as has been confirmed in detail by Stoemenos and Vincent.i3 When the
twin planes are perpendicular to the surface of the sample the iringes disappear, while
a splitting of the diffraction spots is expected with the direction of splitting normal to the
twin plane, the Ag vector being paralle! to the surface.’ The observations in GeTe single
crystals show that this is actually the case, the twin plane being of the (100) type (fig. 3).
In all the samples examined here we noticed the absence of (110) twin planes, which
" were observed in the case of thin films grown by evaporation.13

In view of the above results, one could expecta pronounced effect of the twin struc-
ture upon the electrical properties of these materials. Thus Lewis working on polycrys-
talline GeTe'S concluded that the transport properties of these materials could be inter-
preted by postulating the existence of extra vacancies, which are the result of the dis-
tortion ofthe lattice from the cubic symmetry. Since intersecting (100) and (010} twins
do not even form a twin boundary, it is reasonable to expect that a large number of vacan-
cies result at incoherent boundaries, e.g. at the intersection of (100) and (010) twins,
although further investigation of the electrical properties on well developed crystals is
needed to draw any definite conclusions. :
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NEPINHWIE
Ardupion gig povokpuotéArougGeTe kol Geq-xSnxTe -

MovokpuoTaAlot GeTe kal Kpapdtwv altold pé Sn dventixBnoav did TAG PeBSGSOU TNG HeTa-
dopdg, Aveu peTadopéwg. "HAEKTDIKAL HETPNOELG Yevopevat did peBodou, avaidydu Thg Ttol Van
Der Pauw, évalacoopévou pelpatog, édegav 81l ol oltw avanTtuyBEvieq HOVOKPUOTAAAOL TTAPOU-
olagouv tkavoromTtikiv TeAetdTnTa. Mapameioels did TTOAWTIKOD Kal AAEKTPOVIKOD HIKPOCKOTHOU
katadelkvoouv TV UnapEiv kavovikmv SiSupiamv. Al Sidupial ajtal kafiotavtal kavovikwtepat 6cov
| MEPIEKTIKSTNG T®V Kpapdtwv avuEdvetal €igq kaooitepov. Alaypdppata neplBAdcews NAEKTPO-
viwv napouctdZouv dirdonacty KNASwY, XapaKINeIoTIKOV SIBUMIY, katadelkviouv B¢ 6TL TO ETi-
nedov didupiag eivat 1o (100) .
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Fig. 1. Back reflection diffraction pattern of GeTe.

The broadening of spots is due to rhombohed-
ral structure and the twinning.

Fig.3. Transmission electron micrograph and the
related diffraction pattern of a (001) face of
GeTe showing the presence of twins. The
splitting of the diffraction spots is normal to
twin boundary.

(a) (b)
Fig. 2. (00%) crystal face under normally incident reflected light:
(a) (GeTe)o.s (SnTe)o.4 etched with NaOH.

The inset is the same face electropolished, viewed with crossed polarisers. The twin struc-
fure is evident in both cases.

(b) GeTe viewed with crossed polarlsers
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Mpodg
TOUC &K TQV MeEA®V THC ‘Evioewg ‘EAAAVWY XNnUikQV
uf &yypagévTtacg ic Td véov Mepiodikov

Kipie ZuvddeArge,

To Aok, SupPoUiiov Tiis fueTépas ‘Evddoews di& Tiis U’ &pif. 229/31.3.1972 éykukhiou Tou
Tpds &moavta T& MEAN oaUTRs, es EkTéheow -Tfis oxeTikiis &mogdoews Tis lev. SuveAeUoews TS
5.3.1972, #fTnoe T&s SnAdoels Ekeiveov ofTwes Emibupolv &ws dyypagolv cuvdpounTal Tis Néas
Zepd&s TV « XY ngi};kicfovv». ‘H &vtamékpiols TV ouvadéAgwy, els THY TolauTny TAPEKANCY
Ths Atoikfoews, Unfip§ev Alov ikavotromnTik. A1dTi peydhos &pidpos alTdy — TOAY  peyaAuTepos
ToU TpoPAepbivros — Eomevos v& SnAwon &T1 émbupel vd AopPdvn kol T véaw adthy EkSoow émi
ekaTaPori] THs TrpocdéTou pikpds cuvBpopfis TGV Bpayudv 120 grnoies.

To 81& Tiyw véaw adthyv TpoomdBeiav Emdeixfiv fwnpdy tvdiagépov, Alav TiunTikGY S1& TOV
KA&Bov &AA& kail 81’/ Auds ToUs &v Tf Alowknioel, uds Umoypedver v& dvalswpricwpsy TS &pYXIKAS
&mogdoels pos, "Qg;yvooo-rbv dmeoTeidapey TS lov TeUxos Tfis oeipds auThs, els &moavTas Tous
cuvadéAgous, fva o peAeTricow kai &kTipAoouv THY dvaAnefsicay TpooéBeiaw, pE THY SHAwG1Y
611 1O 20v O& oTaAf) Abov els éxefvous povov, oftwes dv TG peTafl 6& Eyypagolv cuvSpopnTal
ns. ‘H émderxfeica Suws wpobuuia pas 68nyel fi8n ls Ty oxéyw 811 mBavdds vk mr&pyouv kol
ToAAot &ANot ofTives &v& émions TpoTibevtanr v& yivouv ouvdpopnTai AuéAncav v& pds &mwooTei-
Aowv THY OXeTIKNHY SHAwaw.

Katoémw todTtou 16 Atok. ZuuPolhtov &v Tif Embupiq Smes Tapoyn plav dkéun edkaipiav,
EAaPe THY &mdeaoty Smws dmooTeidn kad TO L;C'O\IS &kdobiv 2o0v Telos, TéooV €l ToUs 81 Eyypagpév-
Tos cuvdpounTds Soov kai eis Tols dAAous, Tous uf eloéTt SnAdoavTas, Si1& ToUs TeAeuTadous ducos &l
¢nioTpoef]. Kol mapakaiel alitols,-éaw piv mpoTifevton v yivour cuvdpounTal ki ToU véou Trepto-

_ 8ikoU &Treos .é('ITOK(')\VOUV kol émioTpéyouy cupTAnpwpévny Ty &rooTeAAoudvny SfAwot Tepl Eyypo-
pfis Towv, KaT& T& yvwoTd, Kal kpaTthoouv kai TO &wd xeipos 20v TeUxos, #w 8t Siv émibupolv
ToUTO V& & TO émioTpéyouv ik ToU Tayudpoueiou. 'Emions, d&v Btv Tous elvan yprioipov, v
gmoTpéyouy kal TO els xeipas Twv lov TeUyos.

Eis 1as oxéyers altds wdnynbnuey kal &k ToU yeyovdTos 6T1 | Emavékdoots TV TPWTWV
TeUXGV O& elvar S1& ToAAous Adyous els TO péAAov GuéikTos. ‘Etopéveas 6& kataoTi &dUvaTos f
ikavoTroinots petayeveorépas aitfiosws, mepl dvaSpopikis &yypaefis kol Efaopaiioews TEV TEDTWY
EkSobévTwv Teuydv els Tous ofipepov &uedfoovTas f| SioTdoavTas, ¢ Tpds TO okdmipov THs Eyypa-

fis Towv.
MeT& OUVABEAPIKWY XQIPETICUDV
A1 16 AloiknTikdv ZupBoUhiov
‘O Mpodedpog
Ap 1Q. A, KANAHAHI



IIpPox
THN ENQXIN EAAHNQN

XHMIKQN
AHAQZIZ :
*Ewcovupov \ _______________________________ ’ ’IExw 1:'1)]7 TLILVI\TV va W“’Q‘ldw eig ’é:uag
dua tijc magodone dnAdoeds pov bve Smi-
*Ovopa

""""" T Oouds Smwg ué dyyodynre dc cvvdgoun-

“Ovoua TTerpds f Sullyou i tijc «Néag Zedc 1@y Xnuuxdy Xgo-
. L Y@y, Ta Tebyn 1A omolas magaxald
Afvots katowias (TToAls - 6805 - Topeus) " . , y s e s .
dmws pod drootélhovrar d@° EETjc eic Ty

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, nragamledpwe dievbvvow Tijc olxiag pov.

Aposs toyoolas Ty 6ua o Exdoow adtry éx dpayudv

120 ovvdgousyy 7ot &rovs 1972, émqu-

T oldas - Adooopar v’ dmoateldw.*

BV . TR R 1972 Mera tpdc

* ’Ev eprmrrcdoer TapaAAfhou &mosToAfs Tis ik Spaypdv 120
ouvdpoufis Béov v& onuetwdf & Tpdmos Tou éuPaopxTos.





