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Coordination Compounds of Co(ll) and Ni(ll) 
Part I. Magnetic and Spectral Properties of Complexes With 

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 magnetic 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 ones1>* on complexes of Co(ll), Ni(ll) and lantha- 
nides with various pyridine carboxylic acids. Similar work has been reported on Ag(ll) 
and Cu(11).3~415 An X-ray single crystal analysis6 has been carried out on nickel(l1) 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 aqueous oxygens, the related atoms of the two picolinic acid molecules being mutu- 
ally trans. 

Another three-dimensional X-ray analysis70f Co(ll) nicotinate 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 complexes7" with pyridine monocarboxylic and dicarboxylic 
acids. These complexes are stable, when the ligand behaves as a chelating agent. 

Silver(l1) dipicolinate tetrahydrate has been isolated.3 The monohydrate of this com- 
plex has been characterised by a single crystal X-ray analysis.819 

Analogous complexes of vanadium(lV) with dipicolinic acid have also been isolated.10 

Experimental 

The acid and the nitric salts 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 laboratory 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 



Gouy balance system. (Tetrathiocyanatocobalt) mercury was used as calibrant, and diamagnetic 
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 solution and then 
~t was acidified with HN03 until pH about 3. The mixtures were allowed to reach room temperature 
and then they were cooled to 0yC. 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 C14H16CoN2012: 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. ~ O ~ C ~ ~ H ~ ~ N ~ N ~ O ? ~ :  
C, 37.90; H? 3.17; N, 6.30; Ni, 13.19%. 

The hydrates were heated under vacuo (ca. 10.' mmHg) at 100•‹C for 7 hrs. The isolated 
complex of cobalt was violet and the nickel one green. Found for cobalt complex: C, 41.29; H, 2.40; 
N, 6.9; CO, 14.50%. Calc. for C14H10CoN209: 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 Cl4Hl2NiN2Olo: C, 39.38; H, 2.83; N, 6.56; 
Ni, 13.75%. 

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 Cl4Hl4CoN2OI1: 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 C14H13Ni N2010.5: 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 possrble. Unfortunately, the insolubility of these complexes in suit- 
able polar and non-polar solvents prevents the investrgatron of their conductivity, mo- 
lecular werght and spectral properties in solution. 

Table I 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 acid1' 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-') IS strong evidence for a metal-carboxylic oxygen covalent bond. The 
other maxima of table I are assigned to v(C=C) or v(C=N) of the pyridine ring. The 
"dehydrates" do not show the characteristic frequency of v(0-H) which is shown as a 
broad weak band at ca. 2700-2500cm-I in the free acid, although this band is also not 
clear in the corresponding hydrates. However, these hydrated complexes have lattrces 
which are stabilized by different degrees of hydrogen-bonding between -COO-, - COOH 
and H20. Consequently, modification of the v(C-0) 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 0 value = + 9. With this value of 0 we can certainly accept that 
the presence of antiferromagnetic exchange in this system is not significant. 

The electronic spectral propertres of the cobalt complexes (table 11) are similar to 
those of CO [3-pyr(CO2)I2. 4Hz0, the structure of which has been previously established7 
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 



TABLE I 
1.r. spectra (1800-1500~m-~) of Co(ll) and Ni(l1) complexes with 

isocinchomeronic acid in Nujol mulls 

Compound Absorption maxima (cm-')" 

* 
lsocinchomeronic 1690s; 1625w; 1600m; 1575m; 1560w,sh; 1535w; 

acid (2,5 - )  

* 
Co(ll) isocinchome- 1685s; 1650vs; 161 Ovs; 1585vs; 1560s; 1540m: 1535w. 
ronate tetrahydrate 

* 
Ni(ll) isocinchome- 1720s; 1705s; 1690vs; 1670br; 161 Ovs; 1580s; 1560m. 
ronate trihydrate 1535m. 

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

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

* 
Co(ll) isocinchome- 1685s; 1650s; 161 0s; 1585s; 1560m; 1540m; 1535w. 
ronate trihydrate 

* 
Ni(ll) isocinchome- 1720s; 1705s; 1690vs; 1670br; 161 Ovs; 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, s h  shoulder 

present work. Likewise, the nickel complexes have similar electronic spectral properties 
and these are characteristicl27'3 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. 



TABLE II 

Diffuse reflectance spectra of Co(l1) and Ni(l1) complexes with isocinchomeronic 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) l kK = 1 0 0 0 ~ m - ~  

TABLE Ill 

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

Compound eff T ("K) 0 

Co(ll) isocinchomeronate 4.61 
tetrahydrate 

Ni(ll) isocinchomeronate 3.20 293.5 +9 
trihydrate 

Co(ll) isocinchomeronate 4.51 
monohyd rate 

Ni(ll) isocinchomeronate 3.28 
dihydrate 

Co(ll) isocinchomeronate 4.60 
frihydrate 

Ni(ll) isocinchomeronate 3.22 
2.5 hydrate 



TABLE IV 

Magnetic properties of Ni(ll) isocinchomeronate trihydrate 

Fig. 1. The proposed structure of the isolated complexes. 
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Eiq r j v  napoOoav bpyaoiav (meyov6~3qaav a i  o 6 y n h o ~ o ~  ~VL~)(SELS TOU ~ o 6 a h ~ i o u  ( 1 1 )  ~ a i  
V L K E ~ ~ O U  ( 1 1 )  p & ~ a  TOO nEplC$Ep&la~O~ ~ O K Q T C ~ O T ~ T O U  ~ u ~ L ~ ~ v o - ~ , ~ - ~ L K ~ ~ ~ o ~ u A ~ K o ~  o ~ & o $  &iq 
I ~ ~ T L K ~  blaA6ya~a. 'H avahoyia yeTa5O ~ E T ~ ~ ~ O U - U ~ O K ~ T ~ ~ T ~ ~ O U   TO 1.2. &V@ 6 apl8yoq TDv 
yopiov TOO i i6a~oq E ~ O ~ K L M E V  ~ V Q ~ O Y W ~  TQV O U V ~ T ~ K ~ ~ ) V .  OUTW, K ~ T U  TOV ~ & P ~ ~ V U L V  TQv & v u ? ~ ~ T w -  
y ~ v o v  uuynho~ov kvhoewv &iq ~ o I j q  100•‹C amya~p6v8q y&poq TOO i j t ia~oq, TO onoiov 6nav~-  
K T T ) ~ ~  &V ~ E P E L  K Q T ~  T ~ V  llapClp0VflV ~ ~ T Q v  &iq &T~O~C$Cl lp l~a~  CJLlV8f)KClq. 



Ai o u p n h o ~ o t  airra~ 6vhoslq n a p a o ~ e u a < o v ~ a t  E ~ K O A W ~  eiq Kahrjv ano6oo~v ,  &Q' ooov xpq- 
owono1oOvral p l ~ p o i  o y ~ o t  U ~ U T O ~ .  Ai  CvWoetq a d ~ a i  eivat 6 6 l a h u ~ o l  eiq n0hlKh ~ a i  prj n 0 h ~ ~ h  
6lahuTlKa peoa, npaypa  TO onoiov 8pno6 i7 ,~~  rqv n e p a m p w  6 ~ p e u v q o ~ v  ~ f j q  a y w y 1 p o ~ q ~ o q  T W V .  

TOV npoo6loplopov TOO pop la~o i j  6apouq Kai Taq QaopaTlKaq i6toTq~aq ~ w v  8v~6laAupart 
'EK ~ E T ~ ~ ~ E W V  TQV dnspuepwv Qaoparwv eirp89q, O T ~  unapxel bhsu86pa ~ a p 6 o ~ u h o p a q  eiq 

~ a q  anopovw9eioaq &vho&tq, nphypa TO onoiov U ~ O T E ~ E ~  ioxupav &v6&1S~v OTL CK TQV 6uo Kap60- 
cuho1.166wv TOO popiou TOO nup16 l vo -2 ,5 -6 l~ap6o~u~ l~o~  oc6oq povov pia eival ouv6&6ep&vq 
~ E T U  TOO perahhou. 

'EK TQV ~ E T ~ + J E W V  rqq payvqrlnqq C ~ L B E K T L K O T ~ T O ~  C ~ a v q ,  OTL pahhov ~ P O K E L T U L  nepi bvb- 
oewv, 0 ~ a r a o ~ e u r j  T ~ V  onoiwv orqpi7,erai eiq O K T ~ E ~ ~ L K ~ V  60prjv a K 6 p ~  6b ~ a i  eiq T ~ V  n ~ p i n ~ w o l v  
TOO Co[2,5 - pyr ( CO2) ~ 1 ~ .  H20, onou nloreOsra1 OTL, napa  rrjv bntQepop&vqv ahhayrjv E v a v ~ l  ~ q q  
T E T ~ C ~ & V U ~ ~ T ~ ~ & V ~ $  popQqq, li & V W O ~ ~  UUTQ bp@avi<&l pia ~ E U ~ O - O K T ~ E ~ ~ L K ~ ~ V  60pt)v p& OUppE- 
T O X ~ ~ V  ~ E ~ L W O T C ~ W V  -COO- bpa6wv. T a  avwr&pw 6 n o o ~ q p i < o v ~ a ~  bnmpooeb~wq ~ a i  uno TQV 
~ ~ E K T ~ O V ~ ~ K ~ V  Q a o p a ~ w v ,  Evea bp@avi<ovra[ x a p a ~ T q p l o T r ~ a i  anoppoQrjoeq ~ q q  0KTa&6plKflq 
60PrlS. 

Eiq TO q q p a  ( 1 )  npore ive~a[  0 60prj TQV U V W T E ~ W  &vCi)oewv. TUXOV bn[rrpooee~oq nooorqq 
i i 6 a ~ o q  O U V ~ E E T U ~  b v ~ o q  TOO ~pumaAAou 6th 6eopQv 66poydvou. 
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L'hydrolyse alcaline du phenobarbital 

CH. T. PLESSAS 
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Directeur Prof. B. Glasson 

(Received 20-9-71) 

Une solution 6% de phenobarbital-2-I4C a ete chauffee a 8OoC pendant 24 h. 
Le residu a ete dissous dans le CHC13. La phase aqueuse a ete extraite aussi au 
CHCI3. Une chromatographie sur papier dans le systeme alcool-n-amylique sature 
par un tampon borate a pH 10 a demontre la presence du bicarbonate de sodium, 
de l'uree et de I'ethyl-phenyl-acetyl-uree. Dans le cas du phenobarbital-5-14C nous 
avons signale la  presence du bicarbonate, de I'ethyl-phenyl-acetyl-uree et de I'a- 
cide ethyl-phenyl acetique. L'hydrolyse a ete complete. Une simple dissolution du 
phenobarbital-5-14C dans 0,45N NaOH suivie d'une chromatographie a demontre 
la  presence du bicarbonate, du phenobarbital, de I'acide ethyl-phenyl-acetique 
et de I'ethyl-phenyl-acetyl-uree. Le degree de decomposition etait de l'ordre de 
4% apres 3 minutes et de 5,5% au bout d'une heure. 

A solution of Phenobarbitone-2-14C sodium is heated for 24 hours at 80•‹C. 
The residue is taken up in CHCI3 and the aqueous phase extracted by CHCIB. 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, ethyl- 
phenyl-acetyl-urea and ethyl-phenyl-acetic ac id.  The hydrolysis of the two kinds 
of phenobarbitone was considered to be a complete one. Simple dissolution of 
phenobarbitone-5-14C 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 l'hydrolyse alcaline du phenobarbital provoque l'ouverture du cycle bar- 
biturique (Kapadia et a1.5 1959, Benakis et 1963). Les produits de cette hydrolyse sont: 
I'ethyl-phenyl-acetyl-uree, l'acide ethy'l-phenyl-acetique et l'uree. 



Dans ce travail nous etudions les conditions experimentales de cette hydrolyse et 
nous discutons ses consequences sur la determination du phenobarbital dans des pro- 
duits biologiques. 

Materiel - Methodes - Techniques 

Nous avons utilise du phenobarbital marque soit en position 2 soit en position 5 du cycle bar- 
biturique. Le phenobarbital-2-I4C avait une activite specifique de I'ordre de 15,2 mCi/mM et une 
purete radiochimique, controlee par chromatographie sur papier, de I'ordre de 993%. 

En ce qui concerne le phenobarbital-5-14C l'activite specifique etait de I'ordre de 17,57 
pCi/mM et une chromatographie sur papier n'a demontre que l'existence du phenobarbital. 

La phenyl-ethyl-acetyl-uree est obtenue (M.P. G ~ l d ) ~  par condensation du chlorure de I'acide 
ethyl-phenyl-acetique avec I'uree en presence d'antipyrine. 

L'acide ethyl-phenyl-acetique est synthetise a partir du benzonitrile (P. Gold4 1958) par trans- 
formation en ethyl-benzonitrile. Ce dernier, par saponification, donne I'acide. 

L'uree-I4C employee avait une activite specifique de 6,86 mCi/mM. 
Pour l'hydrolyse complete du phenobarbital nous avons suivi les conditions experimentales 

decrites par Kapadia. Une solution 6% de phenobarbital sodique a ete placee dans une ampoule 
et chauffee a 80•‹C pendant 24 heures au moins au bain d'huile. Apres cela l'ampoule a ete cassee 
et le residu depose a ete dissous dans le chloroforme. Ensuite la phase aqueuse a ete extraite au 
chloroforme. Ainsi nous avons deux phases, une phase chloroformique et une phase aqueuse. La 
chromatographie a ete faite sur papier Watman No. 1 dans les systemes: alcool n-amylique sature 
par un tampon borate a pH 10 et alcool isoamylique, ammoniaque et ethylene glycol (85/15/5 V/V/V). 

La radioactivite sur chromatogramme a ete mesuree par un compteur sans fenetre a courant 
gazeux (Benakis 1962') et chaque secteur evalue quantitativement par mesure directe en scintil- 
lation liquide (Beckman LS 2008) avec le melange scintillant ESLA: naphtalene 80g, PPO 4g, POPOP 
50 mg dans un litre de xylene, dioxane et ethanol (V/V/V 51513). Le rendement est de I'ordre de 87%. 

Des spectres ultra-violets de differents produits etudies ont ete realises au moyen du spectro- 
photometre Beckman Di3 dans les conditions suivantes: a) phenobarbital, dans une solution 0,45N 
NaOH, concentration 25 yg/ml, b) acide ethyl-phenyl-acetique dans une solution 0,45N NaOH, 
concentration 0,5 pg/ml. 

Resultats 

A. Hydrolyse complete 

L'hydrolyse alcaline du phenobarbital suivie d'une chromatographie sur papier de 
deux phases dans le systeme alcool amylique sature par un tampon borate a pH 10 
nous a donne, apres enregistrement des chromatogrammes, les resultats suivants: 

a) Phenobarbital-2-'4C, phase aqueuse: un pic sur spot qui correspond au bicarbo- 
nate de sodium, un pic a la place de I'uree et un pic a la place de I'ethyl-phenyl-acetyl- 
uree. 

b) Phenobarbital-2-14C, phase chloroformique: un pic qui correspond a I'uree et le 
pic de I'ethyl-phenyl-acetyl-uree. 

c) Phen0barbital-5-~~C, phase aqueuse: un pic sur spot qui correspond au bicarbo- 
nate de sodium et le pic de I'acide ethyl-phenyl-acetique. 

d) Phenobarbital-5-14C, phase chloroformique: le pic de I'ethyl-phenyl-acetyl-uree 
et le pic de I'acide ethyl-phenyl-acetique. 

Dans aucun cas nous n'avons observe de pic qui corresponde au produit inchange; 
l'hydrolyse est donc complete dans ces conditions d'experience. 



B. Hydrolyse en fonction du temps. 

Dans ce cas-la nous avons employe du phenobarbital-5-'4C, car son hydrolyse donne 
de l'acide ethyl-phenyl-acetique marque, produit interferant dans le dosage du pheno- 
barbital, comme nous aurons l'occasion d'y revenir. 

Pour cela une certaine quantite de phenobarbital a ete dissoute dans 0,45N NaOH. 
lApres 3, 15, 30, 60 minutes nous avons neutralise la solution. Ensuite nous avons pro- 
cede a une chromatographie sur papier dans le systeme alcool isoamylique, ammoniaque, 
ethylene glycol. Dans ce systeme les Rf du phenobarbital, de I'acide ethyl-phenyl-acetique 
et de I'ethyl-phenyl-acetyl-uree sont 0,38, 0,43, et 0,95 respectivement. Au contraire le 
bicarbonate de sodium reste sur spot. 

L'enregistrement de la radioactivite des chromatogrammes a demontre la presence, 
dans les quatres cas, du bicarbonate de sodium, du phenobarbital, de I'ethyl-phenyl- 
acetyl-uree et de l'acide ethyl-phenyl-acetique. Chacun des secteurs radioactifs des chro- 
matogrammes a ete decoupe et mis dans 20ml de la solution scintillante ESLA, pour me- 
surer quantitativement la radioactivite; les resultats, exprimes en %, sont exposes dans 
le tableau suivant. 

TABLEAU I 

Pourcentage de produits d'hydrolyse en fonction du temps 

Temps ~ 

min. 

Bicarbonate de sodium 0,2% 0,2% 0,2% 0,5% 
Phenobarbital 96,2% 96,0% 95,5% 94,6% 
Acide ethyl-phenyl-acetique 2,8% 2,4% 2,3% 1,8% 
Ethyl-phenyl-acetyl-uree 0,8% 1,4% 2,0% 3,1% 

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

Fig. 1 : Radiochromatogramme des produits d'hydrolyse apres 60 minutes. A) Phenobarbital. B) Acide 
ethyl-phenyl-acetique. C) Ethyl-phenyl-acetyl-uree. D) Bicarbonate de sodium. 



C. .Interference de I'acide ethyl-phenyl-acetique dans le dosage du phenobarbital. 

L'enregistrement des spectres UV du phenobarbital et de l'acide ethyl-phenyl-ace- 
tique (fig. 2) dans une solution de 0,45N NaOH a demontre l'existence d'un maximum 

Fig. 2: Spectres UV du phenobarbital (1) et de I'acide ethyl-phenyl-acetique (2). 



a 254 nm (acide) et a 258 nm (phenobarbital). La fig. 3 donne les courbes d'etalonnage 
de ces deux produits a 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 phenobarbital par spectr0photo- 
metrie (Broughton 195g3). L'acide ethyl-phenyl-acetique peut intervenir lors du dosage 
du barbiturique a 260 nm. Nous constatons toutefois que la pente de la courbe d'etalon- 
nage du phenobarbital est considerablement plus elevee que celle de l'acide ethyl- 
phenyl-acetique. 

Fig. 3: Courbe d'etalonnage aux UV du phenobarbital et de I'acide ethyl-phenyl-acetique. 

Discussion 

L'hydrolyse complete de phenobarbital a ete deja etudiee par Kapadia.5 Au contraire, 
Broughton et al.3 ont constate une degradation de 32% quand on chauffe au bain-marie 
une solution alcaline de phenobarbital pendant 15 min. Le pourcentage de cette degra- 
dation sert a l'identification des barbituriques etant donne que leurs spectres UV sont 
identiques, chose qui ne permet que le dosage global des barbituriques dans un melange 
inconnu. 

Les deux chercheurs precites ont travaille avec du phenobarbital non marque et ils 
ont employe des methodes classiques dont la sensibilite est inferieure a celle de la mesure 
de la radioactivite. L'etude d'une hydrolyse sous conditions moderees est alors difficile- 
ment realisable, comme p.ex. la simple dissolution du produit dans 0,45N NaOH. 

Dans nos experiences nous avons utilise du phenobarbital marque et nous avons pu 
depasser ainsi les difficultes'mentionnees. Nous avons alors constate qu'une dissolution 
du phenobarbital provoque une decomposition deja apres trois min. 

En ce qui concerne les produits de degradation nos resultats s'accordent avec ceux 
des autres. Dans le cas du phenobarbital-5-14C nous n'avons pas signale l'existence de 
l'uree et cela a cause de la position du marquage (position 5 du cycle). Au contraire, en 
travaillant avec du phenobarbital-2-14C nous avons trouve ce produit de l'hydrolyse. 

Comme nous l'avons deja signale, le dosage spectrophotometrique du phenobarbital 
ainsi que des autres barbituriques se fait a 260 nm dans une solution de 0,45N NaOH. 
Au cours de cette determination le phenobarbital subit une decomposition de l'ordre de 



4% deja apres trois minutes. En tenant compte de la pente de la courbe d'etalonnage et 
de l'interference de l'acide ethyl-phenyl-acetique provenant de cette decomposition dans 
le dosage du phenobarbital nous constatons qu'une legere decomposition de phenobar- 
bital provoque une diminution notable de la densite optique a 260 nm. L'acide ethyl- 
phenyl-acetique provoque une augmentation de la densite optique beaucoup plus faible 
que la diminution provoquee par l'hydrolyse du phenobarbital. Ainsi nous avons une 
source d'erreurs qui, dans certains cas, peut devenir importante comme p.ex. le cas 
des liaisons proteiniques des barbituriques et la determination du phenobarbital dans 
des milieux biologiques. 

Aiahupa TOU p e ~ a  v a ~ p i o u  aharoq rfjq Qa ivo8ap6 i~ahqq-2-~~C Beppaive~ai &ni 24 Gpaq eiq 
TOUS 8OoC. T o  crrepeov h o h e i p p a  6iahueTai eiq CHCI3  ai fi 66aTlKfi Qaoiq k~xuhi<&rai  Bpoiwq 
6ia CHCb. Xpwpa~oypaQia x a p ~ o u  TWV 6130 qaoewv &iq r o  oumqpa  K - ~ ~ u A ~ K O  a h ~ o o h q  KOpE- 
a0Eioa 6ia p u 0 p i o ~ i ~ o u  6iaAuparoq BOPLKOU ocEoq, KCI  ai NaOH pH 10, E ~ E L ~ E  ~ f i v  napouoiav 
6 i ~ ~ a v B p a ~ i ~ o U  varpiou, oupiaq, aieuh-Qaivuh-~KETUA-oupiaq. 'Yno raq auraq o u v e q ~ a q  fi U6po- 
h ~ ~ i q  Tqq Qa iv06ap6 i~ahqq-5-~~C E ~ W O E V  h q  ~ I ~ o ~ o v T ~  ~ L T T ~ V ~ ~ ~ K I K O V  V ~ T P ~ O V ,  iaieuh-Qaivuh- 
~KETUA-oupiav, ai0uh-Qaivuh-ocinov ocu. 'H u6pohuoiq f i ~ o  nhtjpqq "Anhq 6iahuoiq ~ q q  Qaivo6ap- 
B i~ahr lq -5 -~~C eiq 0,45N NaOH  ai p ~ r a  ~ p w p a ~ o y p a Q i a v  eiq TO u u o ~ q p a  iooapuhi~fi 6 h ~ o o h q -  
appwvia-ai0uhevoyhu~oAq (V/V 85/15/5) & ~ E L < E  T ~ V  napouoiav 6 i ~ ~ a v B p a ~ i ~ o U  varpiou, cpaivo- 
BapBi~ahqq, ai0uA-Qaivuh-oei~ou 65Eoq  ai ai0uh-Qaivuh-a~~ruh-oupiaq. 'O 6aBpoq ij6pohuoewq 
QTO 4% p ~ r a  3 A E ~ T ~   ai 5 5 %  ciq TO T E A O ~  ~ f j q  npwrqq wpaq. 
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The fluorescence decay of Luminol and of 3-aminophthalic acid, studred 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-excitation followed by light 
emission usually obeys the function: 

where I is the luminescence intensity at time t., l. the luminescence intensity at t=O 
(end of excitation) and r the luminescence decay time defined as the time required for 
the luminescence intensity to fall to the lo/e level. When luminescence is the sole path 
of de-excitation the decay is exponential and the lifetime T equals the "natural lifetime" 
TO glving rise to a quantum yield (Q) equal to 1 according to the equation: 

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 spec ie~ .~y~J  As fluorescence decay times of organic molecules usually lie in the 
region of a few nanoseconds (1 nsec. = 10-9 sec.), rather complicated instrumentation 
is necessary for the study of this phenomenon and means such as fluorescence depolar- 
izatlon, phase fluorimetry4 and Kerr cells,' flash l a m p ~ , ~ , ~ J  electron beams8 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-reactioh 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.9~10 It follows, there- 



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,bphthalazinedione) (I) until recently the most highly 
chemiluminescent compound known has been extensively ~ t u d i e d l l - ~ g  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-aminophthalate anion as 
the emitting species is being questioned. 

OH- - 

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 a1,3 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 reported20 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: 

- Substituting the values 12 and 70 nanoseconds for TO one arrives to KF(Lumlnol) - 
8.3 X 1 O7 sec-' and K ~ ( ~ ~ ~ ~ ~ ~ h ~ h ~ l ~ ~  acid) = 1.4 X 1 O7 

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 intens1ty.14~20 The neutral Luminol molecule (I) 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 reported by a number of authors at 
a pH of about 4.8.142021,22 It should be pointed out, however, that the curve of Fig. l 
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 



(11) 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-am~noph- 
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 

Fig. 1. Fluorescence decay of Luminol (-m-) and of 3-aminophthaJic acid (-m-) 

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 5 X 10-2 - 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 computer,3 the assumption that 3-animophthalate is the emit- 
ting species (irrespectively of emission wavelength)18 in the Luminol light reaction is 
further supported. Indeed, all evidence points towards absence of energy transfer from 
3-aminophthalate back to unreacted Luminol. 

- pH 
Fig. 2. Fluorescence-maximum shift as a function of pH. 



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 falltime 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 i r is  and a monochromator employing a Bakers' 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 1 A l  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 pulse 

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.L.A., 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. 



Photograph 1. Computer simulated pulse superimposed on the fluorescence-excitation pulse. 

Photograph 2. Computer simulated pulse superimposed on the fluorescence-emission pulse. 

Photograph 3. Excitation and fluorescence pulses. Time base 5nsec. per division. 
Luminol 0.0001 M,, pH 9.5. Calculated decay time 5nsec. 



he~ght  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 
osc~lloscope set at "Upper beam-Channel A" the fluorescence pulse was displayed. The computer- 
s~mulated light pulse was then gu~ded to "Lower beam-Channel A" of the oscilloscope and was 
modrfied In shape and he~ght  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 Bakers R-UV 252 nm. interference filter) at 
a repetition rate of 1Kc. The reflected light pulses were viewed with a Philips 56AVP photomultiplier 
(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. 

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. 



( i i i )  Decay times as a function of pH. 

The solutions employed were aqueous alkaline 10-4M Lumrnol solutions in whrch the pH was 
varied by the addi~tion 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 empioying aqueous Luminol solutions (pH 5) in the concentration range 
5 X 10-1-10-5M. None of the above-described techniques could be employed at lower concen- 
trations due to the low fluorescence intensities involved. 

(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. It 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-Elmer 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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O i  xpovot anoo6boewq (l/e) TOO @BoptopoO rfiq Aouptvohqq ~ a i  TOO 3-aptvo@f3aht~O~ o€,boq 
bp~h~Tf i6q0av p& Tl jV  6ofi6stav @aOpaTlKqq llqyfiq nahpOv Tqq T U ~ E W ~  V ~ V ~ ~ E U T E ~ O ~ ~ ~ T O U  Ci)q 
ouvap~l jostq TOO pH. O i  pby to~o t  X ~ O V O I  anoo6boewq ~ i v a t  7 ~ a i  5.5 v a v o 6 ~ u ~ e p o h s n ~ a  ~ T I -  

o~o ixwq.  napahhljhwq neptypa@ovrat a i  p e ~ a ~ o n i o s q  TOV p s y i o ~ ~ v  anoppo@fioswq ~ a i  b~nopnfiq 
o u v a p ~ j o s t  TOO pH. T a  ano~shbopara T ~ V  perpljoewv TOV X ~ O V W V  Cmoo6Coe~q bnahq6euovrat 
6th ouy~pioewq pb 6 n O T & ~ d ~ p a ~ ~  AqcpBbvra 6th vdaq, eiq TQV ava xeipaq bpyaoiav nporetvopdvqq 
Kai neptypa@opbvqq peBo6ou, &iq TQV onoiav XpqotponotoOvTat unep-~axba pboa avt~veuoewq 
u ~ o @ E u ~ o ~ & v ~ ) ~  Tfiq x ~ ~ o I ~ o ~ o I ~ ~ ~ E ~ ~  ~ o ~ o ~ ~ O T O O .  ZU<qT&iTat &ITbSqq fi ~ U V ~ T O T T ) ~  pETa@Opaq 
bvspysiaq KaTh T ~ V  ~ q p l @ W T a ~ y f i  av~ i6pao tv  Tfiq A o u ~ I v ~ A ~ ~ ,  h b  TO T I ~ o K ~ ~ ~ T T o v  5teyqyepp&vov 
aptvo$Baht~ov avtov siq p i  aVT16pa~aVTa popta Aouptvohqq. 
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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) + o'x2-y2 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 bls (L-amino acido) Cu (11) 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.l,z 

In the 3d9 cupric system under D4h symmetry the following sequence has been ac- 
cepted for the d orbitals:3 

dX2-y2 Bl g 

dz2 g 
dxy. B% 

dxz . dyz E 9 

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

A l g  '+hg < B29 +B19 < E g  +B19 

A s  the symmetry is reduced either to C;h or to C2 splitting of the Eg t Blg transition 
occurs. 

r The transition A l g  c Big is magnetic dipole forbidden but both B2g t B l g  and 
Eg C Big are magnetic dlpole allowed under the C4h point group. 

The bis (L-amino acido) Cu (11) chelates belong to the C2 point group. The discussion 
of the spectroscoplc propert~es of bis (L-amino acido) Cu (11) chelates using arguments 
based on the D4h symmetry, which is parent for th t  CZ, IS a rigorous approximation. In 
this respect we can assign to the 720-710 nm C.D. band the A l g  t Blg transition charac- 
ter and the 620-590 nm band the Bqg t Big. 

There are several cases where a t h~ rd  C.D. band has been observed in the region 
570 to 460 nm which is probably due to the degenerate Eg c Big transition.:! 



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 

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 accompanied 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 n n* 
transition of the ligand.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 CD. band at 240-260 nm. , 

Results 

The present paper reports the effects caused upon increasing the ligand concen- 
tration in respect to Cu (11), of some bis (L-amino acido) Cu (11) 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:l cupric complexes of L-alanine and L-valine (table I). 

TABLE I 

Circular Dichroism and Absorption in the Visible and 
Near Ultraviolet of Some Complexes of Amino Acids with Cu (11) 

moles of aa 
L-Amino Acid C.D. Absorption 

gr. atom cu (11) A max. [nm], Ae A mm. [nml, E max. 

Alanine 
>> 

>> 

Valine 
>> 

>> 

Serine 
>> 

>> 

Threonine 
>> 

>> 

>> 

>> 

>> 

>> 

>> 

sh = shoulder, no peak or shoulder, E was read from the absorption curve, " values of 
Ae 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 (11). 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 according to the diagram in figure 2 with 
increasing ratio of ligand to the metal ion. 

Fig. 1: Circular Dichroism in the visible and near Ultraviolet of the (a) bis (L-threonato) Cu (11) and 
(b) tris (L-threonato) Cu (11) complexes. 

(r) -+ 

Fig. 2: Variation of the Aqmax of the 300 nm C.D. band with the ratio (r) of the moles of aa. per 
gr. atom Cu (11). 



The absorption spectrum at room temperature of the aqueous solutions of high 
ligand to metal ratio complexes of L-threonine with Cu (11) does not show a corresponding 
band or shoulder at 300 nm. A value E = 50 was read from the absorption spectrum of 
[Cu (L- thre~)~] ' -  complex at 305 nm. The value of E increases considerably from 315 nm 
until the maximum value E ca.12X 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 (11) 
complexes. 

Discussion 

When ligands are approaching the cupric ion in the bis (L-amino acido) Cu (11) com- 
plex along the z molecular axis the resulting 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. 

\ 
CHR 

Fig. 3: Schematic representation of the high coordination number complexes of the amino acids 
with Cu (11). 

Graddon and Munday5 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 complexes 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 dyg or- 
bitals of the cupric ion are shifted to the higher energies. Consequently the transltron 
from dXxy2 to either dxz or dyz orbitals already split under the Cp symmetry IS forced to be 
displaced towards higher energies. If the 300 nm C.D. band was a ligand field band caused 
by a Eg +Big transltron which usually occurs at the region from 570 to 460 nm, a shift of 
160 nm is very unreasonable. 

Table I shows that the increases with the ligand to metal ratio if A&,,, 
is calculated based on the Cu (11) concentration. On the contrary if A&,,, IS calculated 



based on the ligand concentration Acmax 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 + n* transition of the carbonyl 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 + n* transition of the L-threonine carbonyl 
is located at 208-223 nm.6 Considerable shifts of the n -+ rr* transition C.D. bands of the 
amino acids after complexation with Cu(ll) and Ni(ll) have not been observed.4 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) -+ o* 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 useful for the in vitro rdentification 
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.7 

Experimental 

Amino acids were obtained from Cyclo Chem. Co. chromatographically pure. Copper (11) 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 (11) 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 ~ u r r u m - ~ a s c o  ORDlUV5 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 re~erence material in the cells for obtaining the C.D. spectra. Calibrations 
of the intensity scale of the C.D. instrument were performed using as reference material d-10-camphor 
sulfonic acid in concentration lmg lml  in water solution and 1 cm cell. Ae was measured as a dif- 
ference in molar absorptivity between the left and right circularly polarrzed lrght based on cupric 
ion concentration. The extinct~on coefficient (E) 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. 

"Orav ~ i q  r a  U ~ ~ T I K U  61ahuyaTa TOO O U ~ ~ ~ O K O U  6iq (L-~PEOVIKOO) CU (11) au<qt)g Q o u y ~ b v -  
rpwotq r q q  ~ V L O V I K ~ ~  pop@qq r q q  L-Bpsovivqq ~ i q  rponov BOTE o Aoyoq TQV moles rflq L-Bpeovivqq 
h $  npoq r a  gr. atoms TOO Cu (11) va s i v a ~  3 &wq 30, naparqpeirai ~ETIKI~  r a ~ v i a  orpo@utoO 61- 
xpw~opou siq TU 305-300 nm pIj napa-rqpoupbvq eiq TO o~pnh0KOv TOC 6iq (L-Bpeov~~oO) Cu (11). 
' E ~ q r a o ~ q o a v  opoiwq TU a v r i o ~ o l ~ a  o u y n h o ~ a  rqq  L-ahavivqq, L-6ahivqq ~ a i  L-csspivqq. Eiq ou6bv 
C c  aurQv n a p s ~ q p j B q  avaAoyoq ralvia, 61' aucfioswq ~ f j q  o u y ~ s v ~ p 6 o s w q  ~ f l q  a v ~ o v ~ ~ q q  popqqq 
TOO L - a p ~ v o c ~ o q  CV h6aTlK@ 61ahupa~1. fltBavQq Q ~ a ~ v i a  siq TU 305-300 nm va 0@&ih&Tal siq piav 
& K  TWV o ~ T L K ( ? ) ~  EVEPYQV n (S, p) -t O* X2-Y2 ~ ~ & K T P O V L U K C ~ ) V  ~ E T ~ ~ T C ~ C J E O V  &K pETa@Opbq ~ O ~ T ~ O U  

$K Tfl$ ~ V L O V I K ~ ~  L - ~ P E o v ~ v ~ ~  np0$ TO K ~ T ~ O V  CU (I I). 
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Mit Hilfe einiger orientierender Grenzflachenreaktionen ist es moglich zwei 
ringformige Molekule hoher Gliederzahl in  der Form von polymeren Catenaverbin- 
dungen miteinander zu verketten. Die Bildung von ringformigen Polymeren wird 
in Gegenwart eines Polyoxacyclans bzw. eines Cyclosiloxans mit circa 60 Gliedern, 
an den Grenzflachen von H20, Hg und von Wasserschichten, die an NaCl adsorbiert 
sind, vorgenommen. Die spektroskopische Untersuchung der Reaktionprodukte 
liefert Beweise fur 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 H20, Hg and water layers adsorbed on NaCl leads to the 
linked ring ,molecules. The spectroscopic investigatlon of the reaction products 
proves the formation of polymeric catena compounds. 

In der vorliegenden Publikation soll uber die Ergebnisse einer uber 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 Ringmolekulen A und B 
bestehen die miteinander verkettet sind ohne durch eine chemische Bindung verbunden 
zu sein (Abb. 1). 

Abb. 1 

Niedermolekulare Catenaverbindungen, bis zu drei Ringmolekulen sind durch E. Wasser- 
rnan'~9JO9" sowie von A. Luttringhaus 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 Vorschlag gemacht polymere Catenaverbindungen d.h. 
Verbindungen bei welchen eine grosse Zahl zweier Ringssysteme A und B zu einer langen 
Kette zusammengefugt sind (Abb. 2) dadurch zu synthetisieren, dass man an einer Grenz- 
flache eine Kondensations - bzw. Polymerisationsreaktion die zu Ringmolekulen fuhren 



kann in Gegenwart einer Ringverbindung mit grosser Gliederzahl vornimmt. Die orientie- 
rende Wirkung der Grenzflache auf polare Molekule sollte dazu verwendet werden um 
eine Einfadelung langgestreckter Molekule durch grosse ringformige Molekule zu erleich- 
tern und zu erreichen. 

Abb. 2. 

Schon die ersten Versuche, die im Physikalisch-Chemischen Institut der Universitat 
Freiburg i.Br. ausgefuhrt und welche durch die Deutsche Forschungsgemeinschaft unter- 
stutzt wurden (1965-1967), brachten deutliche Hinweise auf die Verwirklichung einer sol- 
chen Einfadelung von linearen Polymeren durch ringformige Molekule, die zur Bildung 
von Polycatenanen fuhrte. Die Versuche wurden im Physikalisch-Chemischen Labora- 
torium der National Research Foundation in Athen fortgesetzt und die ersten Ergebnisse 
sind in zwei P~blikationen3~4) mitgeteilt worden. 

Im Laufe der Jahre wurde eine sehr grosse Zahl von Versuchen ausgefuhrt, wobei 
drei verschiedene Arbeitsweisen, mit dem gemeinsamen Merkmal von Kondensations- 
reaktionen an Grenzflachen, angewandt wurden. Wir wollen im Folgenden vier typische 
Versuche beschreiben. 
Versuch I. Ein rechteckiger Trog aus Plexiglas von 1,5 cm Tiefe und 2700 cm2 Flache 
wird mit reinem, destilliertem Wasser derart gefullt, dass die Wasseroberflache etwas uber 
den Rand des Gefasses ragt. Sie wird von den geringen Spuren von Verunreinigungen 
durch "Fegen" mit Barrieren aus feingeschliffenen Plexiglasstaben befreit. Auf dieser 
Wasserflache wird durch Verdampfen einer atherischen Losung der berechneten Menge 
von Hexadeican-I-16-dicarbonsaure (Thapsiasaure) 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). 

Abb. 3 

welcher nach dem Verfahren von Pedersen5 aus Brenzkatechin und Dichloropolyoxyathy- 
len hergestellt wurde. Das fur 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 Losungsmittel sind einer sorgfalltigen Reinigung 
unterworfen worden. Sie mussen fettfrei sein und durfen keinen Ruckstand hinterlassen. 
Dieser Reinheitsgrad wird so gepruft, dass ein ml des Athers auf der Wasseroberflache 
der Langmuir-Waage zur Verdampfung gebracht wird und durch Zusammenrucken der 



Barrieren der entstehende Oberflachenseitendruck gemessen wird. Das Losungsmittel 
darf bei einer Kompression von 700 auf 38 cm* nicht mehr als 20 Dyn/cm Oberflachen- 
seitendruck zeigen. 

Auf die Wasseroberflache wird, bei variierender Kompression, eine atherische Losung 
des 1,12-Diaminododecans aufgebracht. Nach Verdampfen des Athers wird der aus einer 
Mischung von Thapsiasaure, "Crown 60" und Diaminododecan bestehende Oberflachen- 
film mit Hilfe eines feinen Luftstrahles aus einer Glaskapillare, durch die entstehende 
Wellenbewegung, durchgeruhrt, 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 

Abb. 4. ld-~pektren: (A) Reaktionsprodukt von Thapsiasaure und 1-12 Diaminododecan in Gegen- 
wart,von "Crown 60". (B) "Crown 60" und (C) Salz aus Thapsiasaure und 1-1BDiamino- 
dodeican. 



von Ca. 10-20 Min. wird der gebildete Oberflachenfilm durch Zusammenrucken 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 CC14 erschopfend extra- 
hiert. Der Ruckstand wurde IR-spektroskopisch mit den Ausgangsverbindungen vergli- 
chen. 

Aus Abb. 4 ist zu ersehen, dass das erhaltene Spektrum (A) sowohl Banden des 
Diammoniumdodecans der Thapsiasaure (C) als auch Banden der Ringverbindung Crown- 
60 (B) enthalt. Man beobachtet aber daruberhinaus, wie auch aus der Zusammenstellung 
der Tabelle 1 hervorgeht, dass die Lage der Crown-60 Banden und des Thapsates ge- 
genuber 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 hoher-oder der niedriger liegenden Frequenz angehort. Wo die 
Form der Bande kein Hinweis dafur liefert entscheiden wir uns fur die wellenzahlmassig 
am nachsten liegende Bande. 

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

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

TABELLE l 

Verschiebungen gegenuber der 
Lageder IR-Banden reinen Substanz in cm-I 

Reakt. Produkt Crown-60 Amm. Thapsat Crown-60 Amm. Thapsat 



Die hydrophilen COOH-Gruppen tauchen ins Wasser ein, wahrend die hydrophoben CHp- 
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 anhauft, verteilt sich zwischen den Dicarbon- 
sauremolekulen (Abb. 5b). Die grosse Flexibilitat dieses Ringes wird durch die Abhangig- 
keit des ~pfieitungsdruckes sines Oberflachenfilmes von der ihm zur Verfugung stehenden 
Flache demonstriert. Die n-F Kurve zeigt mehrere Stufen deren Auftreten und Bedeutung 
bei Hochpolymeren bereits in einer fruheren Arbeit diskutiert worden ist. 618 
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Abb. 5 

Bei einer solchen Einstellung der beiden Molekularten zueinander besteht, reinstatis- 
tisch, eine gewisse Wahrscheinlichkeit fur eine Einfadelung der Dicarbonsaure, welche 
einen halben noch offenen Ring formiert, durch den grossen Ring. Eine der vielen Mog- 
lichkeiten ist in Abb. 5b fur den eindimensionalen Fall dargestellt worden. Diese gegen- 
seitige Orientierung kann im folgenden Schritt durch die Zugabe des 1,12-Diamino- 



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 fur das obengennante Catenan wird in Abb. 6 
wiedergegeben. 

Abb. 6 

Der beschriebene Bildungsmechanismus kann sich auch bei den folgenden Versu- 
chen I1 bis IV einstellen, bei welchen die Reaktionen entweder sich an einer sich standig 
erneuernden Hg-Oberflache oder an einer Wasserschicht die an NaCl adhari4t  ist und 
die sich ebenfalls immer wieder erneuert, abspielen. 

Versuch 11. In diesem Versuch haben wir durch einen experimentellen Kunstgriff die 
grosse Zahl (30-40) der einzelnen Spreitungen und Fegungen an dem Langmuirschen 
Trog vom Oberflachenversuch I zu einem einzigen vereinigt. Zu diesem Zwecke wurde 
eine H20-Oberflache von 1300 cm2 in einem kleinen Raum dadurch geschaffen, dass 2 g 
NaCl der spezifischen Oberflache 650 cm2/g in einem Exsiccator einer Wasserdampfat- 
mosphare ausgesetzt wurden bis 73 mg Wasser aufgenommen worden slnci. Aus obigen 
Daten errechnet sich, dass eine Wasserschicht von der Dicke von 2500 A sich auf der 
NaCI-Oberflache bildet. In 15 ml einer Mischung von Ather und Chloroform wurden 143 
mg Thapsiasaure und 325 mg "Crown-60" gelost. Sie wurden in einem Rundkolben zu 
der obigen Menge des behandelten NaCl hinzugegeben und unter Evakuierung kraftig 
geschuttelt. Die beiden Substanzen spreiten sich beim vollkommenen Entfernen des 
Losungsmittels auf der am NaCl adharierenden Wasserschicht. Zu diesem Adsorbat 
wurden dann 105 mg. Trimethylhexamethylendiisocyanat (Abb. 7) gelost in 

CHa CH3 

CH3 
Abb. 7 

CHCI3, hinzugegeben und die Mischung bei 50" unter zeitweiligem Evakuieren kraftig 
geschuttelt. Nach Beendigung der Anlagerungsreaktion wurde, zur Aufarbeitung, das 
Reaktionprodukt-NaCI-adsorbat mit Wasser behandelt und das nach Auflosen des NaCl 
zuruckbleibende Ol solange mit Wasser ausgewaschen bis das Waschwasser keine NaCI- 
Reaktion mehr zeigte. Das Ol wurde alsdann mit CHCI, und daraufhin mit heissem CCI, 
behandelt, sodass insgesamt 4 einzelne Losungsfraktionen gewonnen wurden. Das IR- 
Spektrum der nach dem Verdampfen des CC14 zuruckbleibenden oligen Produkte wurde 
zwischen NaCI-Plattchen aufgenommen. 

Es muss sogleich hervorgehoben werden, dass die IR-Spektren sowohl dieser Frak- 
tionen als auch des unloslichen Ruckstandes 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 II zusammengestellt sind. 
Das Intensitatsverhaltnis der Banden des "Crown 60" zu den Anhydritbanden variiert 
bei den einzelnen Losungsfraktionen zwischen 1,05 und 1,60. 
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Abb. 8. IR-Spektren: (A) Reaktionsprodukt von Thapsiasaure und Trimethylhexamethylendiisocyanat 
in Gegenwart von "Crown 60". (B) "Crown 60". (C) Polyamidoanhydrit aus Thapsiasaure 
und Trimethylhexamethylendiisocyanat. 

Die Molekulargewichte der einzelnen Losungsfraktionen wurden nach der kryosko- 
pischen Methode mit CsH6 als Losungsmittel bestimmt und zwischen 1780 und 4980 gefun- 
den. Wenn man das Verhaltniss 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 moglich 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 
Schwerloslichkeit, 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 Losungsfraktionen einer absteigenden papierchromatischen Reinigung 



unterworfen. Wir benutzten Whatman Filterpapier No. 1 und als Elutionsmittel eine wasser- 
gesattigte Mischung von CHCI3 und Benzol 1 :l. Wir beobachteten die Formierung eines 
einheitlichen Wanderfleckes mit Rf = 0,84 der im UV-Licht weisslich fluoreszierte. Durch 
Vereinigung von 6 solchen Papierchromatogrammen, Extraktion der gewanderten Flecke 
mit CC14 im Soxhlet, und Verdampfung des CC14, wurde eine olige 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 Rf = 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-GO", in gegenseitiger Verkettung miteinander enthalten, 
Eine der wahrscheinlichen Arten der Verkettung zur Bildung des erwahnten Catenanes 
wird in Abb. 10 wiedergegeben. 

Lage der IR-Banden in cm-J 
Verschiebungen gegenuber der 

reinen Substanz in cm-1 

Poly- Poly- 
Reakt. Produkt Crown-60 amidoanhydrit Crown-60 amidoanhydrit 

674 670 f 4 - 
726 750 726 - 24 0,O 

850 
945 950 - 5 - 

1050-65 1060 - 
1135 1125 11 45 + 10 - 10 
121 8 1221 - - 3 - 

1255 - 1256 - - 1 
1263 1260 - + 3 - 
1372 1355 1370 $17 -t- 2 
1472 1458 1440 + 14 t 3 2  
- - 1468 - 

1565 1596 1558 - 31 + 7 
1650 1650 - 

- 
0,o 

1722 - 
2870 2880 2865 ,- 1 0 +- 5 
2940 2935 2940 + 5 0 8  
31 00 - 3090 + I 0  
3280 - 
3320 3300 + 20 
3360 - - 

3520 - - 

Versuch 111. In diesem Versuch wird die Bildung eines Polyurethanes in Gegenwart des 
Ringmolekuls "Crown-60" auf einer Quecksilberoberlache vorgenommen. Eine konzen- 
trierte Losung von 1, 14-Tetradecandiol HO-(CH&4-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 Molverhaltnis 2:1 zum verwendeten Diol 



hinzugegeben und die Mischung bei 80" stark geschuttelt. Es findet eine Anlagerung des 
Diols an das Isocyanat statt, welche sowohl zu linearen (I) als auch zu cyclischen Poly- 
urethanen (11) fuhren kann (Abb. 11). 

Molekulargewichte + 

Abb. 9. Abhangigkeit des Molekulargewichtes eines polymeren Catenanes von der Menge des einge- 
fadelten "Crown 60". 

Abb. 10 

Letztere Reaktion wird, wegen der orientierten Adsorption des polaren Diols, vorzugs- 
weise an der Grenzflache 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 fur eine Einfadlung der entstehenden Polymere durch die vorgebildeten "Crown-60" 
Ringe, was zur Bildung von verketteten Ringen fuhrt. Eine der wahrscheinlichen Formen 
der Verkettung wird in Abb. 12 wiedergegeben. Nach 4-stundigem Schutteln kommt es 
zur Bildung eines festen Produktes, welches mit sehr feinen Hg-Tropfen durchsetzt ist 

Zur Aufarbeitung wurde zunachst das Hg nach Moglichkeit mechanisch entfernt. 



Durch Erhitzen auf 250" im Hochvaccuum wurde eine bessere wenn auch nicht vollstan- 
dige Entfernung des Hg erreicht. Das Produkt wurde dann unter glei'chzeitigem Zentri- 
fungieren mit CC14 behandelt. Es ergaben sich zwei Anteile, ein in CC14 loslicher und ein 
unloslicher. Vom unloslichen Produkt wurde nach der KBr-Methode das IR-Spektrum auf- 
genommen. Es zeigt (Abb. 13) sowohl die Banden des Polyurethans als auch die Banden 

der "Crown-60" Verbindung. Die genaue Ablesung der Bandenlage ergibt auch hier, dass 
die Wellenzahlen gegenuber der reinen Bestandteile, Polyurethan und "Crown-6O", 
sowohl nach hoheren als auch nach tieferen Frequenzen schwach verschoben sind. In 
Tabelle III sind diese Verschiebungen zusammengestellt. Sie reichen von+50 cm-1 bis 
-15 cm-I. 

Abb. 12 

Versuch IV. In diesem Versuch sind die Bedingungen des Hg-Versuchs III angewarmt 
worden. Als Reaktionsteilnehmer wurden jedoch Hexadecan-1-16-dicarbonsaure (Thap- 
siasaure) und Trimethylhexamethylendiisocyanat gewahlt, die wir an der Hg-Grenzflache 
in Gegenwart eines hochgliedrigen Cyclosiloxanringes der Konstitutionsformel (Abb. 14). 
miteinander reagieren liessen. Das Cyclosiloxan wurde nacn der Vorschrift von W. Pad- 
note and D.F. Wilcock7 durch Hydrolyse des Dimethyldichlorosilans und nachheriger 
cyclischer Polymerisation mit Schwefelsaure hergestellt. Sowohl das IR als auch das. 
NMR-Spektrum der Praparate zeigen die Abwesenheit von OH-Gruppen und bestehen 
nur aus den IR-Banden eines Cyclosiloxans (vergleiche Irscot, lnfrared Structural Cor- 
relation Tables and Data Cards Table 9). Das NMR-Spektrum besteht aus einem einzigen 
Protonen-Peak der CH3-Gruppe. 



TABELLE III 

Lage der IR-Banden in cm-I Verschiebungen gegenuber der 
reinen Substanz in cm-I 

Reakt.Produkt Crown-60 Polyurethan Crown-60 Polyurethan 

61 0 - 
670 670 670 0,o 0,o 
752 755 . 725 - 3 + 27 
785 782 - + 3 
850 850 - 0,o - 
- 935 - 

950 955 - 5 
- - 1005 

1055 1060 1047 - 5 + 8 
- - - - 1103 

1120 - 

1125 1131 1145 - 6 - 20 
1220 - 

1260 1260 1265 0,o - 5 
- 1305 - 

1355 1357 1370 - 2 - 15 
1385 1385 - 0 8  
1462 1460 1470 + 2 - 8 
1510 1510 - 0,o 
1545 1545 

- - 
0,o 

1598 
1655 - - - 
1722 1695 + 27 
2865 2880 2855 -15 +10 
2935 2920 2925 + 15 + I 0  
2970 - 2980 -10 
3390 - 3340 + 50 
- 3460 - - - 

Man beobachtet, dass das IR-Spektrum des Cyclopolysiloxans nachdem es mit 
Wasserspuren gesattigt worden ist, im Bereich zwischen 1300 cm-3 und 1800 cm-1 die 
Feinstruktur der Wasserbanden zeigt (Abb. 15). Diese verschwinden nicht durch gewohn- 
liches Trocknen des Siloxans im Exsiccator sondern erst durch Erhitzen im Hochvakuum 
auf 2009 Wir glauben, dass es sich hier um im Inneren des Cyclopolysiloxanringes fest 
eingeschlossene Wassermolekule handelt, welche auch andere Wirkungen auf die Schwin- 
gungen des Ringmolekuls ausuben. So stellt man fest, dass die Intensitat der Cyclopolisi- 
loxanbande bei 700 cm-1 gegenuber der des wasserfreien Praparates stark abgenommen 
hat. Will man nach Kriegsmann12 die Bande 700 cm-1 der symmetrischen Si-O-Si-Schwin- 
gung zuschreiben, so erscheint plausibel, dass durch den Einbau von Fremdmolekulen 
in den Siloxanring diese Atmungsschwingungen des Ringes eine Behinderung der Schwin- 
gungsamplitude und somit eine Intensitatsabnahme erfahrt. 

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. 

Fur die Catena-Synthese wurden Cyclosiloxanpolymerisate des mittleren Molekular- 
gewichtes 2350 benutzt. Sie entsprechen einem 63-gliedrigen Polysiloxanring. Das nach 
der Arbeitsweise des Versuchs III erhaltene Reaktionsprodukt wurde mit Benzol grund- 
lich ausgekocht und der ungeloste Ruckstand zur Trennung von eingeschlossenem Hg, 



WAVELENG TH IN P 

WAVENUMBER IN CM-' 

Abb. 13. IR-Spektren: (A) Reaktionsprodukt aus 1-14 Tetradecandiol und Trimethylhexamethylendi- 
isocyanat in Gegenwart von "Crown 60". (B) t'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 Reaktionsproduktes A aus der Summe der Banden des reinen 
Siloxanringes B und der Banden des Polyamidoanhydrites C. Man beobachtet (Tabelle 
!V) neben kleinen Lageverschiebungen Anderungen im Intensitatsverhaltniss der Banden. 
Ahnlich wie beim Einbau von Wassermolekulen findet, auch hier, bei der Einfadelung 
des Siloxanringes durch einen anderen Ring, eine Intensitatsabnahme der symmetrischen 
V Si-0 bei 700 cm-I statt. 

Eine der wahrscheinlichen Arten der zu erwartenden Verkettung wird in Abb. 17 
wiedergegeben. 

Das NMR-Spektrum wurde in Hexamethylphosphoramid mit Cyclohexan als Bezugs- - 
substanz ermittelt. Es wurde ein starker Siloxanpeak beobachtet, welcher jedoch ge- 
genuber dem reinen Cyclopolysiloxan um 210 Hz nach kleinerem Ho verschoben ist. 
Die Verschiebung ruhrt nicht von der Gegenwart des Hexamethylphosphoramides her. 



wie ein Blindversuch bestatigt. Auch eine Zugabe von reinem Polysiloxan zum Rohrchen 
mit der Catenaverbindung in Hexamethylphosphoramid liess den Peak des zugesetzten 
reinen Siloxans 210 Hz rechts von dem der Catena erscheinen. 

CH3 1 
'Si 

CL 
I 
L 

Abb. 14 
J "  

TABELLE IV 

Verschiebungen gegenuber der 
Lage der IR-Banden in cm-I reinen Substanz in cm-Y 

Poly- Poly- 
Reakt. produkt Siloxan amidoanhydrit Siloxan amidoanhydrit 



WAVELENGTH IN 

6 7 

WAVENUMBER IN CM" 
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 
Thapsiasaure und Trimethylhexamethylendiisocyanat. 

Abb. 17 



Diskusion der Ergebnisse. 

Das Ziel der vorliegenden Untersuchung ist zunachst zu beweisen, dass nach den 
vorgeschlagenen Grenzflachenreaktionen eine Verkettung zweier Ringmolekule 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 angefuhrten Grenzflachenpolykondensationen in Gegenwart eines grossen 
Ringmolekuls eine Einfadelung desselben unter Bildung von verketteten Ringen statt- 
findet. Als Beweise fur die Bildung von Polycatenanen nach den beschriebenen Arbeits- 
weisen konnen 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. 

2) Das Intensitatsverhaltnis der Banden der zwei verketteten Ringmolekule bleibt 
bei jedem Produkt, trotz Behandlung desselben mit den verschiedenartigsten Losungs- 
mitteln (ausser den ublichen, mit Tetramethylharnstoff, Dimethylformamid, Hexamethyl- 
phosphoramid u.s.w.) unverandert, obwohl die eine der reinen Komponenten in diesen 
Losungsmitteln loslich sind. 

Das Intensitatsverhaltnis der Banden der Komponenten erfahrt bei der Bildung 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 konstituierenden 
Ringen nicht vorkommen. 

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

4) Es bestehen Lageverschiebungen der IR-Banden der Ringe (4-50 cm-1) aus wel- 
chen die Catena konstituiert sind, gegenuber der Bandenlage der reinen Ringsubstanzen. 
Diese Verschiebungen entsprechen der Grossenordnung nach van der Waals' schen 
Kraften, erfolgen in beiden Richtungen und gleichen denen bei Einschlussverbindungen 
beobachteten. 

5)  Produkte verschiedenen Molekulargewichtes weisen daselbe IR-Spektrum auf, mit 
Verschiedenheiten allein im Verhaltnis der Bandenintensitat der Ringkomponenten aus 
welchen sie konstituiert sind. 

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

Der Firma VEBA CHEMIE AG mochten wir bestens danken fur die kostenlose Uber- 
lassung von lsocyanat Praparaten (Isophorondiisocyanat und Trimethylhexamethylendi- 
isocyanat). 

n i a  ~ r j q  napouoqq netpayartnqq bpyaoiaq ~ E L K V U E T ~ ~ ,  OTI eivai 6 u v a ~ o v  va ouv6Eoq  TI^ 6u0 
6a~TuhiOIJq V& peyahov apt8pov y&hav KaTa T ~ O ~ O V  K ~ I K W T O V  - K ~ ~ E V O E L ~ C U $  - ~ V E U  X Q ~ L K O U  ~ E O ~ O U  

peraeu aij~CUv, xpqoiponotciw rrjv np0Cia~a~OhIoTi~r j~  Eipaoiv pcoeni@avciciw. 'H ouv8eoiq aurq 
b m ~ u y x a v s ~ a i ,  o ~ a v  ciq b6aTi~rjv Eni@ave~av ij eiq bnt@avetav b6papyupou ij eiq Eni@aveia~aq 
oro16a6aq U6aTOq npocspo@qpEvaq bni NaCl Aaso ~ G p a v  fi ouv8eoiq 6voq ~ ~ K T U ~ ~ O U  A napouoia 
&VO$ ~ & U T & P O U ,  ~ ~ O K ~ T E O K E U ~ C I ~ ~ V O U  & ~ K T U ~ ~ O U  B.  Akt T ~ S  6iepeuv+~&wq TWV IR- Kai NM& qaopa- 



TWV TWV n p o i o v ~ ~ v  ~ f j q  h v ~ ~ 6 p a o c ~ q  ~ a 8 i o ~ a r a t  npo6qAov, OTI o i  6130 6aKTdhi0l A Kai B ~ i v a l  
U U V ~ & ~ & ~ & V O I  ~ & T U ~ U  TWV K U T ~  T ~ O ~ O V  K~LKWTOV, ~~!..ICIT~<OVTE~ P U K ~ ~ V  U ~ U O ~ V .  npoo6iopioeq- 
oav TU pop ia~a 6apq T ~ V  ouv6e~i~ciw ai irav ahhxwv, alrivcq U$' ETE~OU Uns6ArjBqoav ~ i q  Ku- 
Bapiopov 61' & ~ ~ u h i o & w v  Kai ~ p w p a ~ o y p a @ i ~ f j q  Eneq~pyaoiaq. 
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The preparation of oximes of testosterone acetate (II), (Ill) 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, punsaturated ketoximes may give lactams A or B depending on the stereo- 
chemistry of the starting oxime. 

Figure I 

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 (11, Ill) by heating with 
excess hydroxylamine hydrochloride in a mixture of pyridine-ethanol. 

Figure II 

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.112 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-CH3 protons. 

The anti-isomer showed stronger ultraviolet absorption. 



Infrared spectra showed for syn-ketoxime 3500 (OH), 1725, 1260 cm-' (C=O) and 
for anti 3275 (OH), 1750, 1240 cm-' (C = 0). 

Attempts were made to isomerise 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 (11) and (Ill) were acetylated with 
an excess of pyridine-acetic anhydride at room temperature to produce the acetate deri- 
vatives (lla) and (Illa). 

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. 

Figure Ill 

In the present investigation it was found that boron fluoride converted the mixture of 
oxjme acetates (Ila) (Illa) to the lactam (W) in low yield and to the ketoximes (11) and 
(Ill), which have been separated by column chromatography. 

Figure IV 

The boron fluoride catalyst has been used for Beckmann rearrangement of aromatic 
ketoximes4 It has been postulated that BF3 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 - $ - R 1  R- C -R1 - or R - C  -RI  8 1 1 8  11 
N-0-2 -CH3 BF31ttN-0-C -CH3 N - 0 - $  - CH3 

I I  N - 0 - C  -CH3 
0 0 @ = o  

B F3 

- Products 

Figure V 

The oxonium complex from the oxime acetate should have greater tendency to re- 
arrange.s.6 

When thionyl chloride was used as catalyst2 for the rearrangement of a, @-unsaturated 
ketoximes mixture, then lactam (IV) was obtained in 50% yield. 



Experimental 

All melting points were taken on a Thomas-Hoover apparatus and are uncorrected. Infrared 
spectra were obtained in KBr on a Perk~n-Elmer IR-337 spectometer. Ultraviolet spectra were 
measured in ethanol solution on a Cary Model 11 instrument, whereas NMR spectra were. run in 
deuteriochloroform on a Varian Associates A-60 instrument with tetramethylsilane as an internal 
standard. - 

Testosterone Acetate Oximes (/l), (111) 

Testosterone-17-acetate (6.3 g) was dissolved in a mixture of 25 ml ethanol and 25 ml 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 (I!) and (Ill) m.p. 185-1904 

The product mixture (6.5 g) was chromatographed on a column of silica gel (200 g) prepared 
wTth chloroform. Elution with benzene-ethylacetate (5:l) yielded (111) (3.5 g). Crystallization from 
methanol-chloroform gave a'm.p. 204-205"; Rf. 0,33 (Benzene-ethylacetate) (17:3). 

[a1200 + 142" (c, 1.3 CHCI3) 

vmax 3275 (OH), 1750, 1240 (C = 0), 1650 cm-' (C = C) 
Amax 241 ml-1 (E, 21.300). 
NMR. 18-CH3, 9.18, 19-CH3, 8.93, 17-Ac, 7.97, 17-H 
(triplet) 5.4, vinyl proton 4.22 T. 

Analysis Calcd. for C21H31N03: 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:l) yielded the syn-isomer (11) (1 g). 
Crystallization from benzene-hexane gave m.p. 186-188'; Rf, 0.3 [a18 + 220" (c, l .l. CHC13). 

vmax 3500 (OH), 1725, 1260 (C= O), 1650 (C= C), 1620 cm-' (C= N) 
Amax 243 (E, 16500) 
NMR. 18-CH3, 9.18, 19-CH3, 8.9, 17Ac, 7.98, 17-H 
(triplet) 5.4 vinyl proton 3.54 r. 

Analysis Calcd. for C21H31N03 : C 73.04; H 8.98; N 4.05 
Found : C 72.84; H 8.69; N 4.14 

Acetylation of (11) and (111) 

Reacting compound (11) (255 mg) in excess acetic anhydride and pyridine, at room temperature 
for 9 hours gave syn-testosterone oxime diacetate Ila (270 mg) m.p. 102-1049 

Analysis Calcd. for C23H33N04 : 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 (11) anti-testosterone acetate oxime (Ill) was 
obtained in 95% yield m.p. 144-146". 

Amax 1780 (N - OAc), 1745 (Ac), 1645 (C= C), 1600 cm-' (C= N). 
NMR. 18-CH3, 9.17, 19-CH3, 8.94, 17-Ac, 7.89, N-OAc, 7.87 

17-H, 5.4 (Vinylic proton) 4.3 T. 
Analysis Calcd. for C23H33N04 : N 3.6. 

Found : N 3.45. 

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 twrce with water, dried and evaporated under vacuum, to yield 
solid material which on t.1.c. gave three spots. This res~due was chromatographed with 60 g silica 



gel. Elution with benzene ethylacetate (9: l)  200 mi gave a solid (900 mg), which had m.p. 198- 
201: identical by infrared and NMR spectra to (Ill). Further elution with benzene: ethylacetate 
(7:3) 200 ml gave 150 mg of syn-isomer (11) contaminated with a small amount of anti (Ill). Finally 
the column was washed with chloroform: methanol (9:l) 200 ml to give 3-Aza-l7P-acetoxy-A-homo- 
4a-androsten-4-one (300 mg). Crystallization once from acetone-hexane gave m.p. 239-2439 

vmax 3300, 3200 (NH), 1750, 1250 (CH3CO),-1680, 1615 cm-' (NHCO). 
NMR. 18-CH3, 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-17P-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) 
hmax 221 mp (&=17000). 

B. With thronyl chloride. 
A mixture (7,5 g) of syn- and anti-testosterone-17-acetate oxime (I1 and Ill) was dissolved in 

180 ml of purifred dioxane. The mixture was cooled to about 104 and yvhrle the mixture was strrred 
continuously, 7,5 ml of purified thionyl chloride was added dropwrse. 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-l7~-acetoxy-A-homo-4a-androsten-4-one, which 
after hydrolysis by the known procedures gave lactam (W) 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 (11) to the corresponding anti (111) 

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. 

M E T & ~ & ~ I ~  KC& Beckmann ~ 6 v  d t i p 6 v  T G ~  T E C ~ T O U T E ~ ~ V ~ ~ .  

'H a v ~ i 6 p a o ~ q  66poSuhapivqq PETU T ~ S  ~ ~ - ~ K E T U ~ O T E ~ T O O T E ~ O V ~ ~  TIap&OX& 6 ~ 0  O T & ~ & O ~ O O ~ & -  

peiq ocipaq, a i  onoiat 6~exwpioBqoav x p w p a ~ o y p a Q ~ ~ 6 q  ~ a i  bhfiQ8qoav eiq avahoyiav Bapouq 
.l : 3 (ouv-: avrt-) . Tq Boq8eia nupqvu~ofi  payvqrttof i  ouvroviopofi, ljnepljepou ~ a i  irnep~h6ouq 
@aol.~aroq ~aBwpioBqoav a i  6uo Y E W ~ E T ~ I K O ~  ioopepeiq &vhoe~q. Kara T ~ V  pehk~qv  ~ E T U ~ & ( J E W ~  

K U T ~  Beckmann p i y p a ~ o q  a ~ e ~ u h i w p k v w v  o t ~ p w v  per' a i8ept~of i  61ahOparoq rpt@8optou~ou Bopiou, 
&haBopav napahhfihwq p& TQV h a ~ r a p q v  T ~ V  npo~i rnrouoav &K r q q  ouv- ot ipqq ~ a i  TUC 600 p i  
~ K E T U ~ L W ~ E V ~ ~  0tipaq. Eiq ~ K U V O ~ O I ~ T I K ~ V  ano6ootv SAaBoyev T ~ V  A ~ K T U ~ Q V ,  OTUV & X ~ Q ' J L ~ O I T O ~ ~ ~ ~ ~  

8&tovuho~hwpi6~ov h $  KaTahu~qq 6th T ~ V  ~ C T ~ ~ E O I V .  
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Eine bequeme synthese von Pyridonen aus 
Acetondicarbonsaurediathylester und Alkyl isocyanaten 

A. METALLIDIS 
Aus dem Laboratorium fur Organische Chemie der Universitat Patras, Griechenl;! 

(Received 28-1-72) 

Im Gegensatz zu dem aromatische Isocyanaten, die mit Acetondicarbonsaure- 
diathylester N-Aryl-pyridonen liefern, die aliphatische lsocyanaten reagieren wahr- 
scheinlich zum offenkettige Produkten von N-Alkylamiden des Acetontricarbon- 
saure-diathylesters. Bei der Behandlung dieser Verbindungen mit POC13 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 lsocyanates failed to produce the cor- 
responding cyclic derivatives. However, the postulated intermediate product, 1- 
(N-alkylamid0)-1, 1'-diethyl acetonetricarboxylate, cyclise, by the action of phos- 
phorus oxychlor~de to give N-Alkyl-pyridones in high yield. 

Es ist von Michael' bekannt, das sich Phenylisocyanat an aktivierte Methylengruppen 
in Gegenwart von Natrium zu addieren vermag. So Iast sich u.a. Phenylisocyanat an 
Malonester unter Bildung des MethantricarbonsaurediathylesteraniIids2J anlagern, wel- 
ches beim Erhitzen auf etwa 210•‹C in einer komplizierten Reaktionsfolge zum 2,4-Dioxo- 
3,3-bis-(carboxanilido)-l,2,3,4-tetrahydrochinolin3 reagiert. Eine Umsetzung des Natrium- 
salzes von Acetondicarbonsaurediathylester mit Phenylisocyanat fuhrt gleich nach dem 
Ansauren mit verd. HCI 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 I~ocyanaten,~ diese 
zu synthetisieren. 

Setzt man nun in Analogie zu den oben erwahnten Versuchen das Natriumsalz des 
Acetondicarbonsaurediathylesters 1 mit Alkylisocyanaten (Allylisocyanat, Cyclohexy- 
lisocyanat, Hexamethylendiisocyanat u.a.) um, so stellt man fest, das nach dem Ansauren 
des Umsetzungsproduktes keine Cyclisierung statt findet, sondern erhalt man olartige 
Produkte die einem offenkettigen Charakter aufweisen. 

Es kann also mit grose Wahrscheinlichkeit angenommen werden, das intermediar 
Acetontricarbonsaurediathylesteralkylamide 2 entstehen die durch Zugabe von Sauren 
nicht zum cyclisieren vermogen, wie es bei dem aromatischen Isocyanaten bzw. Isothio- 
Cyanaten beobachtet wurde. 

Behandelt man dagegen die olartigen Verbindungen 2 mit POC13 in der Hitze, so 
kondesieren sie sich durch Eliminierung eines Mols Athanols zu N-alkyl-4,6-dihydroxy- 
2-pyridonen in guten Ausbeuten. 

Alle auf dieser weise hergestellte Verbindungen, sind Lauge loslich und mit HCI 
wieder ausfallbar. Die auftretende intesiv rote bis violett FeC13-Reaktion entspricht einem 
phenolischen Charakter der Verbindungen. 
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Beschreibung der Versuche 

Allgemeine Vorschrift zur Darstellung der Verbindungen 3a-3c 

ZU 2,3g metall. Na in 130 ml abs. Ather gibt man 20,2g Acetondicarbonsaurediathylester und 
erhitzt 4 Stdn. zum Sieden. Nach 5 Stdn. fugt man die entsprechende Molmenge des Alkylisocyanats 
hinzu und erwarmt 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 Na2S04 
getrocknet. Nach Abdunsten des Athers, wird das erhaltene Olprodukt mit 4 ml POC13 auf 80-90•‹C 
eine Stdn. unter dem Ruckflus erhitzt. Nach dem Erkalten, wird das Reaktionsgemisch in Eiswasser 
gegossen mit Wasser und danach mit Natriumbicarbonatlosung gewaschen und schlieslich aus 
Methanol, bzw. Athanol umkristallisiert. 

1 .  4,6-Dihydroxy-2-oxo-1-allyl-I,2-dihydro-pyridin-3-carbonsaureathylester (3a). 
Ausb. 62%, Schmp. 178-1 799 

CllHI3NO5 (239) Ber. C 55,23 H 5,48 N 5,85 
Gei. C 54,98 H 5,40 N 5;85' 



2. 4,6-Dihydroxy-2-oxo-7-cyclohexyl-7,2-dihydro-pyridin-3-carbonsurethy/ester (3b). 
Ausb. 70%, Schmp. 168-170". 

C14H19N05 (281) Ber. C 59,78 H. 6,81 N 4,98 
Gef. C 59,47 H 6,95 N 4,57 

3. 1,I'-Hexamethylen-bis-(4,6-dihydroxy-2-oxo-I,2-dihydro-pyridin-3-carbonsaureathy- 
lester) (3c). 
Ausb. 65%, Schmp. 150-1519 

C~~HZ.&OIO (480) Ber. C 55,O H 5,81 N 5,83 
Gef. C 54,74 H 5,52 N 5,37 

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

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

'Ev aVT18&0&1 llp0q T O U ~  ~ ~ U ~ O - ~ ~ O K U ~ V ~ K O U ~  &oT&paq, 0 i  0l70iOi ~ E T U  TOU ~ K E T O V O ~ L K ~ ~ ~ O -  
~u6ia i8uheo~bpoq 6i6ouv 4,6-6i~i6po~u-1-Qaivuho-2-nupi66vaq, a i  ahe iQar i~a i  i o o ~ u a v i ~ a i  Evw- 
o&lq nap&)(OUV, npO@aV&~, pfl K U K ~ L K U  IKlpaywya, ~ T O L  N-ahKUhapi6ia TOU ~KETOVOTPLKC~P~OVL- 
KOU 6ta i@~h&o~&poq.  Ku~Aonoiqolq TWV T E ~ E U T ~ ~ W V  TOUTOV np0q N - ~ h K ~ h O n ~ p i 6 0 ~ ~ ~  6uVaTCli Va 
& n i T & l J ~ 8 ~ ,  6i&IltoTCheq, Ttj &nibpao&i O~UXAW~~OUXOU QWOQO~OU. T a  IR-QaopaTa TWV, OUTW, 
A ~ Q ~ ~ v T w v  llpOi0VTWV (3a-SC) napouola<ouv X U ~ U K T ~ ~ L ~ T L K ~ ~ V  anOpp0Qq0lV T ~ S  ~ap6ovuhoyatjoq 
~ i q  1650 cm-1, r i j q  & o ~ c p i ~ i j q  opaboq eiq 1735 cm-1 Kai TOU ouv~T;~uyp&vou - 0 H  ciq 3000 - 
2900 cm-l. 
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Racemisation by the Azide Method. 
The Synthesis of Cbzo-L-Valyl-L-Tyrosyl-L-lsoleucine Methyl Ester 

A. METALLIDIS and D. THEODOROPOULOS 
Laboratory of Organic Chemistry, University of Patras, Greece 

(Received 14-2-72) 

A model condensation of Cbzo-L-Valyl-L-Tyr.N3 with Ileu.0CH3 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 II analog, which has been found 
inactive in the dog, but it possessed about 10 unitslmg 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 I 

Fraction yield % M.p.,"'C [a], R f C  hd 

A 70 208 - 21 0 - 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 

a Absolute methanol (20mllgr) 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 (1 0:1:3). 
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-(P-benzyl)- 
L-Asp.-im.benzyl-L-His-L-Val-L-Tyr-L-l leu-im.benzy1-L-His-L-Pro-L-Phe.0CH3, exhibited 
[ a ] g  -38" value, against [ a ] g  -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.N3 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.0CH3 
is well established.2 

The ester, Cbzo-L-Val-L-Tyr.0CH3, was prepared by the carbodiimide m e t h ~ d , ~  
m.p. 1534 [ a ]g+13 • ‹ (~ ,  4.8% in pyridine), Ref.4 m.p. 156, [a]g+10.5 (c, 4.9% in pyridine) 
and converted to its hydrazide, m.p. 239-2413 [a]: -13" In accord with l i t e ra t~ re .~  



The azide was prepared from the hydrazide, Cbzo-L-Val-L-Tyr.NHNH2, in acetic acid- 
hydrochloric acid (3 equiv.) addmg sodium nitrite at -10". It was then precipitated with 
cold water, filtered quickly, washed with diluted sodium bicarbonate, water and dried 
for 2 hrs, atdo, over P2O5. 

The azide, thus prepared, was divided in two portions, one used for coupling with 
Ileu.0CH3 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.0CH3 ester in 
85% yield m.p. 213-215O, [aj20- 13.98" (c,2% in DMF), was identical with that reported for 
the all L-Isomer2 after recrystallization from. methanol. The mother-liquor upon concen- 
tration deposited a small fraction (4% yield), m.p. 199-201•‹, [a]g - 1 .OO (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 amrno acids in equal amounts and the microanalytical values confirmed 
their composition as Cbzo-Val-Tyr-l leu.0CH3. 

As the Cbzo-L-Val-D-Tyr-L-lleu.0CH3 has an [a]g+ 11.3" value: it became apparent 
that coupling of Cbzo-L-Valyl-L-Tyr.N3 with Ileu.0CH3 proceeded with partial racemi- 
sation. These findings are cited as supporting evidence that racemisation should not 
always be excluded, even by the azide method.%6 
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KaTa ~ f i v  uuv9eotv TOO 6ppovt~oO 6vaAoyou ~ q q  hyyetorevoivqq, i o T t 6 t ~ 0 ~ - ~ y y & t 0 ~ & ~ ~ i ~ ~  1 1 ,  
6t~ntorh9q  6taQopa siq q v  o n ~ t ~ f i v  o ~ p o ~ t ~ f i v  i ~ a v o r q r a  dv6tapbowv TIVQV napayhywv ~ a T a  
TOV qqpurtopov n&nTt6tKQv 6eopQv 6ta ~ q q  xpfpewq ~ q q  pe966ou TQV a<t6iwv napouoia rptat- 
0uAapivqq. As6op&vou OTL 0 pb9060q aijrq 6 & w p & i ~ a ~  Q hoQaAeordpa 6th rqv 6noQuytjv pate- 
~.lthO&wq &p&A&~lj8q, &V &16&1 ~ P O T U T [ O U  hv~t6paoEwq, fi o l j<&~t lq  T ~ S  Cb20-L-val-L-tyr N g  p&ra 
TOO & A E u ~ & ~ o u  p&9uh&m&poq T ~ S  L - ~ C T O ~ E U K ~ V Q ~  ~ a i  TOO Ij6po~hwpt~oO aOrqq aAaToq, napouoia 
rpla~8uAapivqq. & & n ~ o r h 8 ~ ,  napouoia pbv Bao~wq, oqpavr t~q  p a ~ e p i w ~ t q  (nivat l ) ,  anouoia 
6b Baoew~ anepovh9q npo'iov O ~ T I K Q ~  ~ a 9 a p o v  K ~ T U  85%, ~ i q  bAaxiornv 6b nooorqra (4%) 
pa~&plw9bv rotoijrov. T a  tmoreA&opa~a r a O ~ a  ouvqyopoOv dnbp rqq anotpewq, o ~ t  6 K ~ V ~ U V O ~  

paK&ptho&wq 6bv 6dVaTat n a v r o ~ e  va hnoQEux81;1, &oTw ~ a i  6th rqq p&eo60u TQV a<t6iwv. 
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Spectroscopic Study of 
a Wax Isolated from Alkanna Tinctoria Tausch. 
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(Received 18-2-72) 

A wax has been isolated from Alkanna tinctoria Tausch. and its spectral pro- 
perties have been examined, w ~ t h  part~cular 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.1 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.* 
No active compound has been isolated from this plant so far, except for the well known 
naphthoquinone alkannine.3a 

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 obtainerd. 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 (39) 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 salt 
(10 mg) and the mixture was refluxed for 24 hours. Upon cooling colourless crystals were obtained 
(20 mg), m.p. 60-704 characterised as a mixture of alcohols. The filtrate, after removal of the al- 
c o h o l ~ ,  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 Perk~n-Elmer spectrophotometer, type 257. 
The NMR spectra were taken with Varian spectrometers, types A-60A and HA-100. The mass spectra 
were recorded with an AEI MS9 mass spectrometer. 

Spectra and their interpretation 

UV spectrum. A cyclohexane solution of the substance shows only end-absorption until 
about 215 nm. 



/R  spectrum. This was taken in KBr disc and had absorptions at 1725 and 1175 cm-', 
suggesting a carbonyl group and a C-O-C group, respectively, and at 2910, 2840, 1460 
and 720 cm-', i.e. the typical stretching, C-H deformations and CH2 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 CDCI,) while with an instrument of 100 MHz two triplets ap- 
pear centered at 6.0 and 7.8 r and the unresolved singlet is shifted a little to 8.8 T (in 
benzene-d6; 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 este.r is in agreement with all spectral data: the carbonyl IR frequency is only slightly 
lower to that expected for an ester (1750-1735 cm-'), while the triplet at 6.0 T in the NMR 
spectrum corresponds to a CH2 group adjacent to oxygen and the triplet at 7.8 T to a 
CH2 group near the carbonyl 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 it? 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 ~ ~ H ~ ~ ~ ) ~  is calculated; since two atoms of oxygen must 
be present per molecule for an ester a molecular formula of C46H9,)O2 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 changes in the wax 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 I 

~ h b  Mass Spectra of Esters, Alcohols and Acidsa 

1. Esters. m/e 788 (trace), 760 (trace), 732 (20), 704 (45), 676 (47), 648 (52), 620 (30), 
437 ( l ) ,  409 ( l ) ,  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 ( l ) ,  313 (95), 312 (IO), 
308 (1 ), 295 (2), 285 (1 00), 284 (20), 267 (1 0), 257 (20), 239 (6), 225 (4), 21 1 (4), 
etc.b 

2. Alcohols. m/e 392 (2), 364 (55), 350 (14), 336 (loo), 322 (6), 308 (39), 294 (5), 280 (6), 
267-266-265-264, 253-252-251 -250, etc.c 

3. Acids. 424 ( l ) ,  396 (4), 368 (10), 353 (2), 340 (7 ) ,  325 (7), 312 (8), 297 (4), 284 (8), 
269 (7), 241 (2), 185 (2), 60 (1 00). 

a Samples were introduced into the mass spectrometer by direct insertion (esters at 1704 alcohols 
at 1004 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 ions of special interest. 



Figures In brackets are relative abundances to the base peak (100). 
Ions of lower values are hydrocarbon units and they are omitted. 

C 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 RCOOHZf and significant ions' due to [RCOOHIf, [R'-0-CO]+ 
and [R'-IH]+. Two more ions of low relative abundance are also observed: one of the 
type [R'-0-C (OH)=CH2]+, 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. 

From Table I 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 h.igher 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. Thjs 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 II 

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

Esters m/e (RA) Ratio Alcohols m/e ( R A ) ~  Ratio Acids m/e (RA) Ratio 

a Calculations in alcohols are based on the olefin fragment. 



Careful examination of Table I reveals the existence of several series of ions dif- 
fering by 28 mass units. The following series are observed: 

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'-0 cleavage, qccompanied by rearrangement of two H atoms 

lons of series B correspond formally to acids but they may come either from R'-0 
cleavage of esters accompanied by rearrangement of one H atom 

or from a McLafferty rearrangement, 

Both types of ions have been previqusly observed: the former in various ethyl es- 
t e r ~ , ~ ~  the latter in methyl and long-chained alkyl esters.5b lons [RCOOH]+ and [CH2 = 
C(OH)ORrl+ will have identical masses if R and R' differ by one methylene group; but 
since the alcohols contain 22-28C atoms(Table II) 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 11). 

lons of series C are olefins derived also from R'-0 cleavage with one H atom rear- 
rangement but with formation of a non-charged acid 

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 fav0urable.5~ High reso- 
lution measurements showed that acylium ions are actually formed, arising from cleavage 
of the CO-0 bond 

[RC0 - OR']? -+ [RCO]' + [OR']. 

The ions of series E are of the lowest relative abundance and they also may cor- 
respond to two structures, [OR']+ and [ 0  = 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 



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 CnH2n+l 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.6This '501efin" may have a cyclic structure 
as shown below6a or it may be a true olefin, resulting either from hydrogen migration 
concerted with loss of water or through isomerisation of the cyclic hydrocarbon6b 

Such ions are observed in the mass spectra of the alcohok 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,7a an 
approximate ratio of them may be calculated, as in the case of the esters (Table 11). 

Ions 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 70-9047b is not com- 
parable as previously and their ratio in Table II 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 [(CH2),COOH]+. Such ions are formed from both long-chain 
normal acids and their methyl esters by several possible me~hanisms.5~ 

All other ions are hydrocarbon fragments, with the exception of m/e 60 which cor- 
responds to [CH2 = C(OH)OH]+ and is due to a McLafferty rearrangement.5e 

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.Tc Also, since alcohol C28H57m 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 ClgH39COOC22H45 
Esters with 44 C atoms C17H35COOC26H53 and C19H39COOC24H49 
Esters with 46 C atoms C19H39COOC26H53 and C Z ~ H ~ ~ C O O C ~ ~ H ~ ~  
Esters with 48 C atoms C21H43COOC26H53 
Esters with 50 C atoms C Z ~ H ~ ~ C O O C Z ~ H ~ ~  
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@CX~~J~TOCTKOITIK~ ~ E A C T ~  i v b ~  ~t lp06  & T O ~ O V G J ~ ~ V T O ~  &K To6 ~ U T O ~  

Alkanna tinctoria T a U s c h. 

To QUTOV Alkanna tinctor~a Tausch. ~ v 6 6 ~ & ~ a l  vh napouota<~ ' 8 e p a n ~ u ~ t ~ f y  &vbpyctav. n th  
T O ~ T O  aveh+p8q pia npoona0e~a anopovhocwq bc a u ~ o O  O U O T ~ T ~ K Q V  nt8avQq cpappa~ohoyt~8q 
6paOTlKGjv. Eiq T ~ V  napoOoav Cpyaoiav n e p ~ y p a Q ~ ~ a t  fl anopovwo~q Bvoq ~ q p o u ,  TOO onoiou pe- 
~ETQVTCIL ai Q a o p a ~ o o ~ o n t ~ a i  i610Tr)T&q pi: i6latT&pav &pcpaotv ciq rh cpaopa~a pa<Qv. 

Qaopara pa<Qv ~ q p Q v  hap6avov~at Cv~aO8a 6th n p h ~ q v  Qophv ~ a i  E U ~ ~ O K E T ~ ~  OTI opota<ouv 
6aotKQq p& ahhouq p&h&q8&vTaq &oT&paq pdowv oc6wv p& a v w ~ a ~ a q  ah~oohaq .  

'H ouv8eotq TOU ~ q p o u  6bv &ha1 Buvarbv vh &c&up&rj &naKpt68$ p& povov r h  Qaoparo- 
o ~ o n ~ ~ h  6&6op&va, p& 6aotv opwq TU Q a o p a ~ a  pa<Qv unohoyi<&Tat pia K ~ T U  npoobyy~olv ~ O L O T I K ~  

o6oTaotq  TO^ piypa~oq TQV & O T & ~ W V ,  & K  TQV onoiwv hno~&h&i~aL 0 ~ r p o $  Oijrw TU bni p6pouq 
C S U C J T ~ T L K ~  TOU &ivat &c K E K O P E C I ~ E V U  ~ O V O K ~ ~ J ~ O V L K ~  bcba p& 18-28 U T O ~ C I  U V ~ ~ ~ K O S  Kai T&O- 
oapsq ~ & ~ o p ~ o p & v a t  povoo8ev~iq a h ~ o o h a l  p& 22-28 aropa a v e p a ~ o q ,  a r r a v ~ a  cU0~iaq ahuo~wq 
~ a i  a p ~ i o u  ap~8poU a ~ o p w v  av8pa~oq .  "AV ~ a i  6 ouv6uaopoq ohwv TQV O ~ & W V  p& ohaq ~ a q  
ah~oohaq  6 i 6 a  ouvoht~Qq 6&Ka&I7Th nt8avouq T L ~ O U ~  ~ O T & ~ W V ,  O U V U ~ & T ~ L  OTL 6ao t~Qq ~ O V O V  

O K T ~  &5 ~ ~ T Q V  &ivat Th K U ~ L ~  OUCJT~T~KU TOO Kqp00. 
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En vue d'etudier eventuellement le comportement pharmacologique, les au- 
teurs ont prepare un certain nombre d'acides hydroxamiques nouveaux, de for- 
mule generale (1). Ces acides, derives de l'acide dialcoylmethylenedioxy-3, 4-phenyl- 
acetique, sont prepares par une serie de reactions en partant de la pyrocatechine. 
La liaison dialcoylmethylenedioxy etant particulierement fragile en milieu acide 
mineral, des methodes respectant cette fragilite sont utilisees, pour eviter la rup- 
ture de cette liaison. Plus specialement, la synthese des acetophenones correspon- 
dantes s'effectue a l'aide de fluorure de bore, et non par la methode classique de 
Friedel-Craft. De meme, l'esterification des acides phenylacetiques correspondants 
se fait par 1e"diazomethane. 

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 aerivatives of the 3.4-dialkylmethyiene-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 Willgerodt 
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 prepare r e ~ e m m e n t ~ ? ~  certains acides hydroxamiques, derives de l'acide phe- 
nylacetique, pour lesquels on a reconnu une activite analgesique et anti-inflammatoire, 
comparable a celle de l'aspirine. L'etude pharmacologique de ces substances a montre, 
que ces composes etaient en plus doues de proprietes tranquillisantes et meme hypo- 
cholesterolemiantes, sans, toutefois, presenter une grande toxicite. 

Ces observations nous ont incites a preparer un certain nombre d'acides hydroxa- 
miques, de formule generale (1), presentant deux fonctions phenols en position ortho, 
etherifiees sous forme de dialcoylmethylenedioxy, en vue d'etudier leur activite pharma- 
cologique. 



Dans cette formule R et R' peuvent etre identiques ou differents et representer un 
radical alcoyle inferieur, comme methyle, ethyle, n-propyle, n-butyle ou former avec 
I'atome de carbone adjacent un radical cycloalcoyle, comme cyclopentyle ou cyclohexyle. 

Pour la synthese des produits en question, ont ete employes comme matreres pre- 
mieres, les ethers methyleniques disubstitues du pyrocatechol (a), qui ont ete obtenus 
avec de bons rendements, suivant le procede decrit par Bijeseken et Sloof,' soit, par 
action de la cetone appropriee sur le pyrocatechol, en presence d'anhydride phospho- 
rique. Les ethers ainsi obtenus, ont ete transformes en methylenedioxy-3, 4-acetophe- 
nones substituees (p), par action de trifluorure de bore en presence d'anhydride acetique, 
selon le procede rapporte par J. Hoch et G. Tsatsas.2 L'application de la reaction Will- 
gerodt, comme celle-ci est decrite en detail par E. Schwenk et E. Bloch,3 sur les derives 
de I'acetophenone (p) a donne les acides methylenedioxy-3, 4-phenylacetiques substi- 
tues (d), sous forme solide ou huileuse, en passant par I'intermediaire des morpholides 
correspondants (c), qui, eux aussi, ont et6 isoles sous forme tant6t solide, tant6t huileuse. 
Les morpholides (c) et les acides (d) obtenus sous forme d'huile epaisse ont ete employes 
bruts pour I'etape suivante. Les acides phenylacetiques (d) ont ete ensuite esterifies a 
I'aide d'une solution etheree de diazomethane, ce qui a fourni les esters (e) avec un bon 
rendement. II a aussi ete essaye I'esterification par transformation des ac~des a leurs sels 
d'argent et action sur ces derniers de I'iodure de methyle, mais, le procede ne donnant 
pas de rendements satisfaisants, la methode a ete abandonnee. En ce qui concerne les 
autres procedes classiques d'esterification, ils sont a eviter, etant donne la sensibilite 
des fonctions etherees aux acides mineraux. Les esters (e) ainsi obtenus ont ete finale- 
ment transformes en acides hydroxam~ques correspondants par action de I'hydroxyla- 
mine, comme il est decrit par Buu-Hoi, C. Gillet et al.4 

Les diverses etapes de la synthese ci-avant peuvent etre representees par la serie 
de reactions suivantes: 

NaOH 10% R>cQ DCH2COOH - 
R' 0 R' 0 

Dans les produits de formule (I) prepares, ainsi que les divers intermediaires de 
leur synthese, le radical R\ represente: 

R/C, 



Dans le present article seulement la partie chimique a ete rapportee. L'etude pharmacologique 
fera I'objet d'un memoire dans une revue specialisee. 

1) Ethers methyleniques du pyrocatechol disubstitues (a) 

Obtenus selon Bijeseken et Sloof,' ils sont tous rapportes dans la litterature, sauf I'ethyl-n- 
butyl-methylene dioxy-l, 2-benzene, qui a ete prepare suivant le m6me procede avec un rendement 
de 35%. Eb12mm= 121•‹C. 

Analyse: Calc. % pour Cl3H18O2 C 75,7 H 8,8 
Tr. O/O 75,4 8,9 

2) Methylenedioxy-3, 4-acetophenones disubstituees (b) 

Les acetophenones utilisees ont ete obtenues selon J. Hoch et G. T s a t s a ~ , ~  avec de bons rende- 
ments. II faut noter qu'en operant avec des quantites d'ethers ne depassant pas les 30 g a la fois, 
on obtient, dans la plupart de cas, une amelioration nette des rendements. Les auteurs precites 
decrivent les acetophenones (b) preparees, sauf les deux prodults suivants, qui sont des composes 
nouveaux: 

Methyl-n-propyl-methyl8nedioxy-3, 4-acetophenone. Eblnmm = 162-164•‹C. 
Analyse: CalcX pour Cl3Hl6O3 C 70,9 H 7,3 

Tr. % 70,5 7,6 

Ethyl-n-butyl-methylenedioxy-3, 4-acetophenone. Eb12mm = 173-176•‹C. 
2,4-Dinitrophenylhydrazone F = 148-150•‹C (cap.) 

Analyse: CalcP/o pour Cl5HZ003 C 72,5 H 8, l  
Tr. % 72,7 8,2 

3) Methylenedioxy-3,4-ph~nylthioacetomorpholides disubstitues (c). 

Un melange de 24 g de dimethyl-methylenedioxy-3, 4-acetophenone, 4 g de soufre et 12 g 
de morpholine est chauffe au bain d'huile, pendant 8h, a 135-140•‹C. Le melange de la reaction 
est ensuite verse sur de la glace pilee et extrait a I'ether. Les extraits etheres sont seches sur le 
sulfate de sodium anhydre, trait& au noir decolorant et evapores a sec. Le residu, recristallise dans 
le methanol, donne 18 g de morpholide, qui fond 9 105-106•‹C (cap.) Rend. 57%. 

Analyse: Calc. '10 pour CT5H19N03S C 61,4 H 6,5 N 4,8 
Tr. % 61,6 6 3  4,5 

Suivant le procede qui vient d'6tre decrit, ont ete prepares les morpholides suivants: 

- Diethyl-methylened~oxy-3, 4-phenylthioacetomorphol~de 
F = 60-62•‹C (cap.). Rend. 45% 
Analyse: Calc. % pour C17Hz3N03S C 63,5 H 7,2 N 4,4 

Tr. O/O 63,2 7,4 4 6  

- Methyl-n-propyl-methyl&nedioxy-3, 4-phenylthioacetomorpholide 
Huile epaisse. Rend. 76% (en produit brut). 

-Ethyl-n-butyl-methylenedloxy-3, 4-phenylth~oacetomorpholide 
Huile epaisse. Rend. 44% (en prodult brut). 
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- Cyclopentyl-methylenedioxy-3, 4-ph~nylthioacetomorpholide 
F = 85-86•‹C (cap.). Rend. 33% 

Analyse: Calc. % pour C I ~ H ~ ~ N O ~ S  C 63,9 H 6,6 
Tr. % 63,5 6,7 

- Cyclohexyl-rnethylenedioxy-3, 4-phenylthioacetornorpholide 
F = 135-136•‹C (cap.). Rend. 50% 

Analyse: Calc. % pour C18Hz3N03S C 64,8 H 6,9 
Tr. % 64,4 6 7  

4) Acides methylenedioxy-3,4-phenylacetiques (d) 

Acide dimethyl-methylenedioxy-3, 4-phenylacetique.3 

17g de dimethyl-rnethylenedioxy-3, 4-phenylthioacetornorpholide et la solution-de 269 d'hydro- 
xyde de sodium dans 350 rnl d'ethanol, sont chauffes au bain-marie pendant 14 h, puis I'alcool 
est elirnine par distillation, et le residu est additionne d'eau et acidifie avec precaution a I'aide 
d'acide acetique. Le melange est extrait a l'ether et les extraits etheres sont laves a I'eau, seches 
et evapores a sec. Le residu, recristallise dans l'ether de petrole, fournit l l g  d'acide, qui fond a 
72-73•‹C (cap.). Rend. 78%. 
Analyse: Calc. % pour Cl1HI2O4 C 63,45 H 5,8 

Tr. % . 63,l 5,4 

En operant cornrne il vient d'etre decrit on obtient les acides methylenedioxy-3, 4-phenylace- 
tiques suivants: 

-Acide diethyl-methylenedioxy-3, 4-phenylacetique 
Huile epaisse. Rend. 93% (en produit brut). 

-Acide methyl-n-propyl-methylenedioxy-3, 4-phenylacetique 
Huile epaisse. Rend. 66% (en produit brut). 

- Acide ethyl-n-butyl-methyl8nedioxy-3, 4-phenylacetique 
Huile epaisse. Rend. 60% (en produit brut). 

- Acide cyclopentyl-rnethylenedioxy-3, 4-phenylacetique 
F = 80-82•‹C (cap.). Rend. 84%. 
Analyse: Calc. % pour C13H1404 C 66,6 H 6,O 

Tr. % 66,2 6 2  

-Acide cyclohexyl-rnethylenedioxy-3, 4-phenylacetique 
F = 83-84•‹C (cap.). Rend. 45%. 
Analyse: Calc. % pour Cq4H16O4 C 67,7 H 6,5 

Tr. % 67,9 6 2  

5) Esters methyl8nedioxy-3, 4-phenylacetiques disubstitues (e) 
Dimethyl-methylenedioxy-3, 4-phenylacetate de methyle 

Une solutlon etheree de diazomethane contenant environ 3 g de ce reactrf5 est additionnee 
de 7,5 g d'acrde dirnethyl-rnethylenedloxy-3, 4-phenylacetique, ajoutes par petites portions et a la 
temperature arnbiante. Le melange est abandonne a la glaciere pendant 12 h, puis l'ether est eva- 



pore sous pression reduite, en chauffant tres legerement sur bain-marie de sorte que I'elimination 
de 1'6ther aie lieu a la temperature ambiante. Le residu (8,5g) est employe tel quel pour 1'6tape 
suivante: 

Analyse: Calc. % pour Cl2Hl4O4 C 64,9 H 6,4 
Tr. % 64,5 6,o 

D'une f a ~ o n  identique a celle decrite ci-avant, ont ete obtenus les esters suivants: 

-Diethyl-methylenedioxy-3, 4-phenylacetate de methyle 
Analyse: Calc. % pour Cl4H18O4 C 67,2 H 7,3 

Tr. % 67,4 7,6 

- Methyl-n-propyl-methyl8nedioxy-3, 4-phenylacetate de methyle 
Analyse: Calc. % pour C14H18O4 C 67,2 H 7,3 

Tr. 96 66,9 7 8  

- Ethyl-n-butyl-methylenedioxy-3, 4-phenylacetate de methyle 
Analyse: Calc. % pour C16HZ2o4 C 69,O H 8,O 

Tr. % 68,9 8,o 

- Cyclopentyl-methylenedioxy-3, 4-phenylacetate de methyle 
Analyse: Calc. % pour C14H16O4 C 67,7 H 6,5 

Tr. % 68,l 6 5  

- Cyclohexyl-methylenedioxy-3, 4-phenylacetate de methyle 
Analyse: Calc. % pour C15H18O4 C 6 8 3  H 6,9 

Tr. % 69,O 7,1 

6) Acides rnethylenedioxy-3, 4-phenylrnBthylene-hydroxarniques disubstitues 
Acide dirnethyl-rnethylenedioxy-3, 4-phenylrnethylene-hydroxarnique 

TABLEAU I O-CH$-N,, /H 

Acrdes hydroxamiques :,>C<:: ( 
0 OH 

R Calc. % Tr. % 
T ' - - C /  Formule 

R/  '-- brute F•‹C (cap.) Rend.' C H N C H N 

pp p 

* Calculk sur I'ester de I'etape precedente et apres recristallisation. 
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La solution de 1,169 de chlorhydrate d'hydroxylamine dans 17ml de methanol absolu est ad- 
ditionnee d'une solution de 0,839 de sodium dans 25ml de methanol et le chlorure de sodium, qui 
precipite, est filtre. 3,7g de dimethyl-methylenedioxy-3, 4-phenylacetate de methyle sont ajoutes 
au filtrat et le melange est chauffe au reflux pendant 1 h. Apres refroidissement, acidification a 
i'aide d'acide chlorhydrique a 10% et dilution a I'eau, un produit precipite, qui, essore, lave a I'eau 
et recristallise dans le melange acetone-ether de petrole, fournit 2,1g de I'acide hydroxamique 
desire, F = 136-137•‹C (cap.). 

D'une faqon identique ont ete prepares tous les acides hydroxamiques de cette serie, dont 
les analyses et constantes sont rassemblees au tableau (I). 

npoq r o v  u ~ o n o v  onwq peherq0oOv a i  @ a p p a ~ o h o y t ~ a i  aurwv ~ ~ L O T ~ T E ~ ,  i 6 1 ~ 1 ~ 6 p ~ q  a i  ~ V T L -  

n u p e r t ~ a i  ~ a i  avr tppeupar t~ai  rotaOrat, napau~eua<ovrat,  eiq r f i v  napouuav pchkrqv, vka 66po- 
< a p t ~ a  o<Ca TOO y e v t ~ o 0  rirnou ( I )  T a  beta raOra, napaywya TOO 3,4-61ah~uhope0uhsv0-61o~u@a1- 
vuhoct~oC! oc80q rrapao~eua<ovrat 6th r i j q  ~ a r w 0 1  ostpbq avrt6paoewv: fi rrupo~arexivq avrt6pb 
pera 6ta@opwv K E T O V ~ V  napouoia rrevrocet6iou roc  @wo@opou npoq 6tah~uhope0uhevo-6to~u- 
Bev<oh~a (a )  r a  orroia Cvouvrat PET' O ~ L K O O  ~ V U ~ P ~ T O U  rrapouuia rptc)8op106xou Bopiou npoq 
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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 (Gel-,SnXTe) at high temperatures have 
a cubic NaCI-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,l occurs through an elongation of the face-centered cell along the [ I l l ]  
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,5,).*J Under these con- 
ditions the crystal should develop a dipole moment and behave as a fer[oelectric material. 
The ferroelectric behaviour has been established through neutron diffraction experiments 
associated with phonon interactions415 and by measurements of light scattering as a func- 
tion of temperature on single crystalline a-GeTe,6 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 l 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 Gel-,SnXTe 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 g r o ~ t h ~ , ~  or a Bridgman technique.1•‹ 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 Gel-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 1 X 10-'~orr 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 



the entire charge was transferred to the far end. The single crystal grew at the tip with a direction 
of growth close to the [ I l l ]  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 consibered 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 1019 cm-3. 

Preparation of Specimens 

In order to examine the samples it was necessary to develop a suitable etchant since none 
has been reporled for GeTe/SnTe.l0 Such an etchant was found by using an aqueous KOH or NaOH 
solution. Thus.after orientation by back-reflection Laue techniques the samples 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 fines 
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 sam$ 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 i t  must be 
held constant at the high value of 5A/cm? 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 Gel-,SnXTe specimens has been 
repotTedpreviously 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 .[l111 direction. Since GeTe is opaque the indicatrix will be complex resulting from the 

, intersection of two ellipsoids.'2 This permits optical examination of the expected domain structure. 
When an electropolished surface of single crystal GeTe or Gel-,SnXTe is observed in reflected 

light between crossed polarisers, patterns can be seen that show a twin structure, the twins fol- 
lowing the [l001 and [OlO] 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 [l001 and [OlO] directions 
coincide with the directions of the polariser and analyser in  crossed position. In pure GeTe (f ig.  
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)0.6 ( s n T e ) ~ . ~  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 [l001 direction, the contrast is 
'clearly diffraction contrast as can be concluded from tilting experiments. The boundaries were 
found 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). 



The absence of Kikuchi lines is consistent with the high density bf defects. Observations normal 
to the (111) plane yevealed a rather complicated structure due to the fact that the twin planes in 
this case are inclined 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 
[ I l l ]  direction (the angle of the axis is 88.69. 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 54 

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 vectors is very small and normal to the twin plane. Thus 
ln the case of t w ~ n  l1 OO} type we have 

(- n: -a) * (k+I) l4 = a 

where, a is the rhombohedral angle, a the lattice constant, and h, k, I ars the crystallo- 
graphic indices as has been confirmed in detail by Stoemenos and Vincenl.13 When the 
twin planes are perpendicular to  the surface of the sample the fringes disappear, while 
a splitting of the diffraction spots is expected with the direction of splitting normal to the 
twin plane, the AG vector being parallel to the surface.14 The observations rn 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 expect a pronounced effect of the twin struc- 
ture upon the electrical properties of these materials. Thus Lewis working on polycrys- 
lalline GeTe15 concluded that the transport properties of these materials could be inter- 
preted by postulating the existence of extra vacancies, which are the resujt of the dis- 
tortion o f t he  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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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. (008) crystal face under normally incident reflected light: 

(a) (GeTe)o.e i S n T e ) ~ . ~  etched with NaOH. 
The inset is the same face electropolished, viewed with crossed polarisers. The twin struc- 
ture is evident in both cases. 
(b) GeTe viewed with crossed polarisers. 
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