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A STUDY ON THE-SYNTHESIS OF ASYMMETRICALLY SUB- 
STITUTED 1-(a-AROYLOXYARYLIDENAMIN0)- 43-DIPHENYL- 
1, 2, 3-triazoles 

C.P. HADJIANTONIOU and NE. ALEXANDROU* 
Laboratory of Organic Chemistry. University of Thessaloniki, Greece 

To whom correspondence should be address& 

S-Y 
The synthesis of asymmetrically substituted I-(a-Aroyloxyarylidenamino~ 

4,5-diphenyl- 1, 2, 3-triazoles (triazolyl - isoimides) (111) prepared in 40-70% 
yield, under specific conditions, froni I-(N-aroy1amino)- 1, 2, 3-triazoles (11) 
and substituted benzoyl chlorides has been studied. The mechanism of forma- 
tion and the spectral data (UV, IR, NMR, MS) of all new compounds are also 
reported. 

Key words: ]-(a-Aroyloxyarylidenamino)-4,s-diphenyl-l, 2, 3 triazoles, synthesis, 'spectral 
data. 

Introduction 

The major objective of this project is the synthesis of asymmetrically - in 
aroyi groups of the isoimide function-substituted I-(a-aroyloxyary1idenamino)- 
4,5-diphenyl- 1, 2, 3-triazoles (triazolyl-isoimides) (III), which can serve as a 
model system for a further study on the isomerization mechanism'(1) of 
triazolyl-isoimides to the corresponding imides. In this paper we focus on the 
synthesis and properties of the triazolyl-isoimides (111). 

It is worth mentioning that a special interest connected with this type of 
triazolyl- isoimides (111) arises from their difficulty to be prepared by oxidation 
of asymmetrically substituted bis-aroyl-hydrazones, method used for the syn- 
thesis of symmetrically substituted triazolyl isoimides (2), since previous at- 
tempts for the synthesis of such hydrazones were unkuccessful (3). Unsuc- 
cessful was also the synthesis of these isoimides (111) via imidoylhalides and 
sodium or potassium benzoate (4), which is an established method for the 
preparation of symmetrically substituted triazolyl-isoimides (I). 

Results and dis&usslon 

. It has been shown previously by El Khadem aqd his co-workers (5) that 
some lsoimides are obtained by direct benzoylation of heterocyclic amines. In 
our initial attempts we were able to prepare the unsubstituted l-(a-benzoyloxy- 
benzy1idenamino)-4,s-diphenyl-l, 2, 3-triazole (I, where X=H) by treating 
eithkr l-amino- or . l-benzoylamino-triazole (I1 where X=H) with ben- 
zoylchloride. - 
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It has been shown that this isoimide was identical in all respects with that 
prepared by independent synthesis via oxidation of benzil-bis-benzoyl- 
hydrazone (6). A modification of the above method using l-aroylamino-l, 2, 3- 
triazoles and several p-substituted benzoylchlorides was promissing for the syn- 
thesis of asymmetrically substituted triazolyl-isoimides .(III). The procedure em- 
ployed for the synthesis of this type of isoimides (111) is given in Scheme 1. 

Scheme 1 

N/ C0C6H4X(P-) 

\ 
COC6H4Y (p- 

(A) X=H, Y=CH3 
(B) X=CH,, Y=H 
(C) X=H, Y=CI 
(D) X=CI, Y=H 
(E) X=OCH,, Y=H 
(F) X=OCH3, Y=CI 
(G) X=CI, Y=CH3 

The l-(N-aroy1amino)-4,5-diphenyl-1, 2, 3-triazoles (11) were obtained by 
treating at room temperatuie the symmetrically substituted isoimides (I) with 
concentrated hydrochlori~ acid (7). Aroylation of the amides (8) in the presen- 
ce of pyridine (Py) at room temperature lead to the preparation of .the 
isoimides (111) in good yields (40-70%). 

The progress of the reaction (formation of triazolyl-isoimides from l-(N- 
aroy1amino)-triazolesl was followed by infrared spectroscopy, observing the 
dissappearance of vCO at 1690 cm-' for the aroylamino-group and the ap- 
pearance of a higher carbonylic absorbtion at 1740- 1760 cm-', characteristic 
of this isoimide function (9) with an ,additional absorption for the stretching 
vibration of C=N at 1630-1640 cm-', which is absent in the starting material. 
The high purity of the starting materials and the presence of pyridine are man- 
datory for a successful result. The pyridine possibly neutralizes the 
hydrochloric acid formed, which otherwise can lead to the isomerization of 
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triazolyl-isoimides (111) to the imides (IV). At this point it is worth mentioning 
the recently observed (10) formation of isomaleinimides under strictly non- 
acidic conditions and the isolation of the isomeric maleinimides under acidic- 
conditions. 

The aroylation of the amides (11) can take place either at the nitrogen 
leading to imides (IV) (thermodynamic control) or at the oxygen leading to the 
less stable isoimides (111) (kinetic control). Under the present experimental con- 
ditions the reaction almost exclusively leads to the formation of the isoiniides 
(111). This however is only observed, when the substituent in 5-position 
(Scheme l) of the triazole ring is phenyl, otherwise mixtures of isoimides-imides 
are obtained, not easily isolated from the reaction mixture (1 1). 

For the competing nucleophilic attack (N-aroylation, 0-aroylation) the 
following mechanistic scheme can be proposed: 

c o b  
tr= 1,2,3-triazole ring 

Since from this aroylation Z-configurated isoimides in respect to C=N 
bond are obtained, as showed from X-ray analysis (12,13) and from dipole 
moment measurements (14), the configuration of the amides (a) can be 
presumed. This configuration could also explain the observed steric influence of 
the 5-phenyl-group. 

The most basic center in the molecule is the nitrogen of the N-benzoyl- 
amino group; therefore a nucleophiiic attack from the nitrogen to the carbonyl 
carbon atom of the aroylchlorides should be expected to give the most ther- 
modynamically stable N-derivative, the triazolyl-hide (IV). This formation of 
0-derivative, triazolyl-isoimide .(HI), is a kinetically controlled product. 

In all studied cases where the substituents in 43-positions of the triazole r- 
ing are both methyl, either hydrogen in position 4- and methyl in position 5- or 

' phenyl in position 4- and methyl in position S-, the major product isolated was 
the triazolyl-imide (W) in a mixture with a sufficient amount of triazolyl- . . 
isoimide (111). 

The kinetically controlled 0-derivative (triazolyl-Isoimide) is excluhvely for- 
med from 43-diphenyl-derivatives (II).- 

The preferable nucleophilic attack by the oxygen, in the case of 5-phenyl 



substituted triazole derivatives, might be due to steric ecects (less hindered 
position) as evidenced considering the stereomodels and this attack leads to the 
formation of isoimides. 

As a conclusion, the synthesis of triazolyl-isoimides is a kinetically con- 
trolled'aroylation at relatively low temperatures and short reaction times, which 
also demands the presence of a bulky gro;p (phenyl) in the 5- position of the 
triazole ring. 

~ s ~ m m e t r i c a l l ~  substituted triazolyl-isoimides (111) were also prepared from 
symmet;ically substituted triazolyl-isoimides (I) and an excess of aroyl-chloride. 
A possible mechanism is shown below: 

tr tr 
COAr * + ~ r - C O C ~  

h' -CO-Cl 
I b .  I11 

However, the route from l-benzoylamino-triazoles (111) was found to be the 
best one. The structures assigned to the triazolyl-isoimides (111) were based on 
their spectral data (IR, NMR, MS) and on their elemental analyses. 

It is well known that isoimides easily rearrange to imides (4) and there is a 
considerable interest in the thermal rearrangement of asymmetrically substi- 
tuted triazolyl-isoimides from mechanistic point of view (1 1). It is worth men- 
tioning that by heating the isoimides IIIA and IIIB the same imide is obtained: 

The fragmentation pattern in the mass spectra of the isoimides (111) is 
analogous to that proposed for the symmetrically substituted isoimides (I) (15) 
and the most important fragments are reported in Table 1. In every studied - 
case the ion: 

. . 
P h C C  -&lf 

I I e  
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was found, but no detection of metastable peak for the formation of this was 
observed. From the mass spectra it was easy to specify the position of the sub- 
stituent in the molecule, studying the ion ArCOW. It is of interest to note 
however, that besides the ion ArCO+ the ion Ar'CO+ is also observed, which 
can be explained assuming a rearrangement of the isoimide-to imide during the 
fragmentation process. The presence of Ar'CO+ into the mass spectrometer is 
consistent with previously reported cases (15). 

Experimental 

General. M.p.'s are incorrected and were determined with a ~o f l e ;  hot-stage 
apparatus, ultraviolet absorbtion spectra were obtained in methanol (spectral 
grade) with a Perkin-Elmer 137 137 UV, using l-cm quartz cells. IR spectra 
were recorded with a Beckman IR-4 spectrometer for Nujol mulls. NMR spec- 
tra were run in deuteriochloroform solution using tetramethylsilane as internal 
standard with a Varian A-60A spectrometer. Mass spectra were recorded with 
a Hitachi-Perkin-Elmer RMU-6L Mass spectrometer with ionization energy 70 
eV. 

The analyses were performed with a Perkin-Elmer Analyzer, Model 240. 
All reported yields were based on isolated products. Samples used for spec- 
troscopic studies and analyses were purified by preparative TLC or colum 
chromatography (Merck, Silica gel, 60-230 mesh). 

The synthesis of symmetrically substituted triazolyl-isoimides (I) is a known 
procedure previously reported (1). Purified (16) benzoylchloride was refluxed 
with thionyl chloride for 2 hours and repeatedly distilled under vacuum (b.p. 
56-57"/6 Torr). p-Methylbenzoylchloride (i7) (bp. 94-96"/10 Torr) and p- 
chlorobenzoylchloride (18) (b.p. 114-115•‹/20 Torr) were also purified by the 
same way as benzoylchloride. 

Hydrolysis of triazolyl-isoimides (I) to l-(N-aroy1amino)-triazoles (11) 

According to a general procedure (19) these compounds were obtained by 
treating at room temperature the isoimides (I) with concentrated hydrochloric 
acid. After 30 min the reaction mixture was neutralized'with 20% sodium 
bicarbonate solution and extracted with methylenechloride. Evaporation of the 
solvenp yielded l-(N-aroy1amino)-triazoles, which were recrystallized from 
chloroform. 

l -(N-p-Methylbenzoylamino)-43-diphenyl-, 2, 3-triazole 

Following the above procedure from isoimide (I, with X=CH,) (0.5g) and 
hydrochloric acid (3 ml) the benzoylamino-triazole (11 with X=CH,) was ob- 
tained (200 mg, 8096, m.p. 238-2409 UV A,,,, 244 nm. IR vCO 1695 and 
vNH 3,150 cm''. NMR (DMSO-D,) t: 2.15 (d, 2H, J: 8.5 Hz), 2.54 (m. 12H), 
7.62 (S, CH,). Anal.: calcd. for C,,H,,N,O: C 74.55, H 5.12, N 15.81%; 
found C 74.65, H 5.17, N 15.96%. 
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5-diphenyl-I, 2, 3-triazole 

From triazolyl-isoimide (I, with X=CI) (2g) and hydrochloric acid (12 ml) 
the benzoylamino-triazole (11, with X=Cl) was obtained (900 mg, 61%, m.p. 
2 1 7-21g0). UVA,,,, 245nm, IR vCO 1695, vNH 3 150 cm-'. NMR (CJICl,) r: 
2.34 (d, 2H, J: 8.5Hz), 2.57 (m, 12 H). Anal.: calcd. for C2,H,,CIN40: C 
67.19, H 4.03, N 14.95%; found: C 66.90, H 4.08, N 15.15%. 

I-(N-p-Methoxybenzoy1amino)-4.5-dipheny-, 2, 3-triazole 

From triazolyl-isoimide (I, with X=OCH,) (900 mg) and hydrochloric acid 
(4 ml) upon heating the benzoylamino-triazole (11, with X=OCH3) was ob- 
tained (300 mg, 45%, m.p. 183-184O). UV A,,,= 2'58 nm, IR vCO 1660, vNH 
3280 cm-'. NMR (CDCI,) r: 2.24 (d, 2H, J: 8.5 Hz) 2.64 (m, IOH), 3.24 (d, 
2H, J: 8.5Hz), 6.27 (S, OCH,). Anal.: calcd. for C22H18N402: C 71.41, H 4.9, 
N 15.14%; found: C 71.01, H 5.01, N 15.59%. 

Synthesis of asymmetrically substituted triazolyl-isoimides (ZZZ) 

A general procedure is described. l-(N-Benzoy1amino)-triazole (11) of high 
purity, an excess of freshly distilled benzoylchloride and dry pyridine were 
mechanically stirred at room temperature' for 12 h. The reaction mixture was 
fdtered and the precipitate was thorougly washed with petroleum ether and 
ether to remove the excess of benzoylchloride and recrystallized from a mixture 
of chloroform-methanol to give the asymmetrically substituted triazolyl- 
isoimide (111). An alternative route from symmetrically substituted triazolyl- 
isoimides (I), excess of bekoylchloride and presence of pyridine under the 
same conditions of high purity of the reactans and prolonged stirring at room 
temperature, yielded the same isoimides (111) also in good yields. In this case, 
the pwification of the product was performed in the same way as described 
above. 

l-(a-pMethyIbenzoyIoxy-benzy1idenamino)-1, 2, 3-triazole (ZZZA) 

, From benzoyla-mino-triazole (11, with X=H) (200 mg), l-p-methylbenzoyl- 
chloride (1.5 I@) and pyridine (0.2 ml) the triazolyl-isoimide (IIIA) was ob- 
tained (120 mg, 45%, m.p. 166-167S0). UV A,,,= 252 nm. IR vCO 1745 and 
vC=N 1640 cm-'. NMR (CDCI,) r: 7.52 (S, CH& 1.90 (d, 2H, J: 9Hz), 2.02 
(m, 2H), 2.55 (m, 15H). Anal.: calcd. for C29H22N,02: C 75.96, H 4.84, N 
12.22%; found: C 75.84, H 5.10, N 11.91%. 

I-(a-Benzoyloxy-p-methylben~idenamino)-4,5-dhenyl-l, 2, 3-triazole (IIIB) 

From benzoylamino-triazole (11, with X=CI-i,) (100 mg), benzoylchloride 
(1 ml) and dry pyridine the triazolyl-isoimide (IIIB) was obtained (80 mg, 62%, 
m.p. 164-165O). UV A,,,= 243 nm and shoulder at 285 nm. IR vCO 1745, 
vC=N 1635 cm-'. NMR (CDCI,) r: 7.59 (S, CH,), 1.79 (m, 2H), 2.14 (d, 2H, 
J: 8.5 Hz) and 2.55 (m, 15H). knal.: calcd. for C,H,,N,O,: C 75.96, H 4.84, 
N 12.22%; found: C 75.31, H 4.85, N 11.89%. The above isoimide was also 
prepared from symmetrically substituted isoimide (I, with X=CH,) (30d mg), 
benzoylchloride (3 ml) and pyridine (0.2 ml) by stirring at room temperature 
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for 56 h (200 mg, 69%, m.p. 164-165'). 

l-(a-p-Chlorobenloyloxy-benzyli&mmino)-4,5-dhenyl-l 2, 3-triazole (ZIIC) 
From l-benzoylamino-4,5diphenyl-1, 2, 3-teazole (11, with X=H) (200 

mg), p-chlorobenzoylchloride (1.5 ml) and pyridine (0.2 mI) the triazolyl- 
isoimide (IIIC) was obtained (120 mg, 47%, m.p. 185.5 - 187O). UV A,,,= 253 
nm. IR vCO 1755, vC=N 1640 cm-'. NMR (CDCI,) r: 1.79 (d, 2H, J: 8.5 
Hz), 2.02 (m, 2H), 2.52 (m, 15H). Anal.: calcd. for C,,HlgCIN,O,: C 70.28, 
H 3.90, N 11.71%; found: C 69.94, H 4.11, N 11.45%. 

l-(a-Benzoyloxy-pchlorobenzylidenamino)-4,5-dhenyl-l, 2, 3-triazole (IZZD) 
From benzoylamino-triazole (11, with X=Cl) (100 mg) benzoylchloride (1 

ml). and pyridine (0.1 ml) the triazolyl-isoimide (IIID) was obtained (55 mg, 
60.5%, m.p. 170-1 71•‹). UV l,,,= 244 and shoulder at 282 nm. IR vCO 1745, 
vC=N 1640 cm-'. NMR (CDCl,) K: 2.07 (d, 2H, J: 8.5 Hz), 1.79 (m, 2H), , 

2.52 (m, 15H). Anal.: calcd. for C,,HlgCIN,O,: C 70.28, H 3.90, N 11.71%; 
found: C 71.10, H 4.21, N 11.71%. The isoimide (IIID) was also prepared by 
treating the symmetrically substituted triazolyl-isoimide (I, with X=Cl) (100 
mg) with benzoylchloride (lml) and pyridine (0.1 ml) at room temperature for 
40 h (60 mg, 66%, m.p. 170-171•‹). 

l-(a-Benzoyloxy-p-methoxybenzylidenamino)-4,5-dhenyl-l, 2, 3-triazole (ZZZE) 

From benzoylaminotriazole (11, with X=OCH,) (100 mg), benzoylchloride 
(I ml) and pyridine (0.1 ml) the triazolyl-isoimide (IIIE) was obtained (60 mg, 
47%, m.p. 175-176O). UV A,,,- 233,310 nm. IR vCO 1740, vC=N 1635 cm-'. 
NMR (CDCl,) r: 6.12 (S, OCH,), 3.02 (d, 2H, J: g&), 2.03 (d, 2H, J: WZ), 
1.72 (m, 2H), 2.49 (m, 13H). Anal.: calcd. for CzgH,,N403: C 73.48, H 4.68, 
N 11.82%; found: C 73.56, H 4.51, N 11.44%. The same isoimide was also 
obtained by treating the isoimide (I, with X=OCH,) (70 mg) with ben- 
zoylchloride (I ml) and pyridine (0.1 ml) at room temperature for 40 h (40 mg, 
62%, m.p. 175- 176O). 

I-(a-pChlorobenzoyloxy-p-methoxybenzylidenamino4,5-dhenyl-l, 2, 3-tria- 
role (ZZZF) 

From benzoylamino-triazole (II, with X=OCH3 (25 mg), p-chlorobenzoyl- 
chloride (0.25 ml) and pyridine (0.1 ml) the triazolyl-isoimide (IIIF) was ob- 
tained (15 mg, 4496, m.p. 182-183'). W l,,,, 250, 310 nm. IR vCO 1740, 
vC=N 1635 cm-'. NMR (CDCI,) T: 6.14 (S, OCH,), 3.04 (d, 2H, J: 8.5 Hz), 
2.47 and 1.97 (m, 1 6 ~ ) .  Anal.: calcd. for CZgH,,ClN4O3: C 68.56, H 4.17, N 
11.03%; found: C 68.24, H 4.11, N 11.06%. 

1-(a-p-Methy1benzoyIoxy-pchlorobenzylidenaino4,5-dhen1-1, 2, 3-triazole 
(ZZZG) 

From benzoylamino-triazole (11, with X=Cl) (100 mg), p-methylbenzoyl- 
chloride (1.5 ml) and pyridine (0.1 ml) the triazolyl-isoimide (IIIG) was ob- 
tained (65 mg, 68%, m.p. 169-1 71"). UV A,,,, 245 nm. IR vCO 1740, vC=N 
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1630 cm-l. NMR (CDCl,). r: 7.54 (S, CH,), 1.85 (d, 2H, J: 8.5 Hz), 2.09 (d, 
2H, J: 8.5 Hz), 2.55 (m, 14H). Anal.: calcd. for C2,H,,CIN402: C 70.79, H 
4.30, N 11.39%; found: C 71.09, H 4.21, N 11.71%. 

Thermal rearrangement of asymmetrically substituted triazolyl-isoimides (iii) 
to diaroyl-imides ( I y )  

The rearrangment proceeds in very high yield by heating the isoimides at 
1500 for 3 h without any solvent. The products were recrystallized from a mix- 
ture of ethyl acetate-petroleum ether. 

The triazolyl-isoimide (IIIA) (200 mg) gave the triazolyl-imide (IVB) (160 
mg, 80%, m.p. 235-238O). UV La, 244 nm. IR vCO 1700 cm-'. NMR 
(CDCl,) 7:  7.70 (S, CH,), 2.55 (m, 19H). Anal.: calcd. for C,8H,2N40,: C 
75.96, H 4.84, N 12.22%; found: C 75.53, H 4.95, N 11.69%. The thermal 
rearrangement of triazolyl-isoimide (IIIB) gave the same imide (IVB) with that 
of isoimide (IIIA). (Their IR spectra were superimposed). ' 

The triazolyl-isoimides (IIIC) and (IIID) (100 mg) gave the same imide 
(IVC) (90 mg, 9096, m.p. 188-192'). J JV Lax 245 nm. IR vCO 1700 cm-', 
NMR (CDCl,) r: 2.55 (m.). Anal.: calcd. for C28Hl,CIN402: C 70.28, H 3.90, 
N 11.71%; found: C 69.45, H 3.94, N 11.53%. 
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~ M d i r q  Ezi rtic OVVOCIEWS dov,upirpw~ dzo~ar6orqpivwv I-(a- 
dpoliilo~oapor2~6~vapzvo)-4,5-6z~pazvo~o-l, 2, 3-rpza(oAiov~ p "  

M~hErBtat .J( a6v0eq t6v rptat;ohuho-tooTpt6iwv (111), rdr 6aoia 
Bxoz~hoOv vEq Evhaay dhha uai vEa tacq tptacohuho-iooVpt6iwv. 
Ilapao~~wiorqwav uatd 660 ~%acpop&.ct~o@ tp6xog, &ad P~vcoCihptvo- 
rptac6hm uai h o ~ a t ~ o ~ q p k v a  P&v~oBho~hopi6la fi &ad aupp&fpt~@ 
6ao~atsorqpEva rptat,ohuho-taoYpi61a uai ~ ~ v ~ o ~ h o ~ h w p i G t o ,  p6 
iwavonouqttr6g hxo66o~r~ (40-70%). l I ah t6 r~pq  apoan&O&q auvOh@ 
rous 8x6 q v  d&i6wq T ~ v ' ~ ~ P E v ~ o C ~ ~ - ~ ~ ~ ~ O V ~ V ,  r&v a-6t~ap@VUht~6~ 
& v ~ o & ~ v  ~ZEWXUV,  K U ~ & S  K U ~  4 h' &t%&ias 06v0&ai\ t o y  &ad P E V ~ O ' ~ K ~ ~  
Bhta ufli Ipt6oiihoahoyovi61a, yvwazq pH060 o u & o & ~  mpp&tpt~@ 
6ao~ar~otqpEvov IaofptGiov. 'H odv0&ai\ rous bsr&6~&\ p i  utqnu@ & y ~ -  
6psvq &polihiooq 06 xapqh6~ a~&rtui3< 0~pyoupaaiss t6v l-(N- 
P E V < O ~ ~ ~ ~ ~ V O ) - T ~ ~ U ~ O ~ ~ O V  q 61' b 1 6 p r i a ~ ~  P E N ~ O C ~ ~ X ~ C O ~ ~ ~ ~ C ~ V  h i  mp- 
~ ' C P ~ K ~ S  ~ O K U T E O ~ ~ J I ~ V O V  ~ O ~ V ~ ~ C O V  xapoU& xupt6iq~. 

'H 8ippavq 660 ~ O ~ E @ V  p6 ~ 6 v  ~ 6 ~ 6  ~ ~ c o K ~ T u ~ T & ? ~  m v  $&$oBho@- 
opah  to6 Ev65 uai P&vt,uht6~v&ptvo- to6 dihhou 66qy.d a d  oxqpanolri, 
to6 i6iou put06 6tapoIJho-1pt6iou (IV). 

McEtq 2 6 ~  ~ ~ U O ~ U T O ~ K O ~ ~ ~ K ~ V  TOW @toTfit6N &lc& h ,TCP~KIXTU~ yldr 

&vho&ts dvahoyq xpiy rdr (1upp&tpt~6$ 6 a o ~ a t ~ r n q ~ v a  ~ptat,ohuh0-1ao~pi61a 
(11). 'EvGtacpEpov rrapouara<&t JI p&Mq t6v cpaopatov paclhv a6rlhv r6v 
Evho~ov. 
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PHYTOCHEMICAL STUDY OF MENTHA PIPERITA 
CULTIVATED IN GREECE. Part I: ESSENTIAL OILS 
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summary . 
Qualitative and quantitative changes of the essential oils of Mentha piperita 

cultivated in Greece, during blossom period are studied. 

Key Words: Labiarue, Mentha piperfa, essential oils, mono-and sesquiterpenes. 

Introduction 

The genus Mentha (Fam. Labiatae) includes thirty species, eleven of which 
are found in Greece1. Mentha piperita L. is a hybrid of Mentha spicata L. and 
Mentha aquatica L. 

Ninety five percent of the plant's essential oils are found in the plant leaves 
and include at least seventy five mono- and se~quiterpenoids.~ Various other 
constituents suchras flavonoids? sterols? free aminoacids,' azulenes? vitamin 
E? are also found. 

The essential oils of M. piperita L. (Peppermint oil) are used as flavouring 
in toothpastes and chewing-gums (SO%), sugar products (15%), pharmaceutical 
preparations (15%) and various other products (20%). Dried leaves of the-plant 
are used as a hot infusion which has curative properties.' 

The chemical composition of the essential oils of many varieties of M. . 
piperita has been thoroughly investigated (Table I). However, the paucity of 
data concerning the nature of the essential oils of peppermint varieties, which 
in the recent years are cultivated under the specific climatic and soil conditions 
of Greece led us in this study. Furthermore, this research was undertaken in an 
effort to establish the optimum conditions for harvest time and distillation of 
the essential oils. 



TABLE I. Chemical composition of the volatile ON o f  Mentha piperita L. 

No Component " 

t Trace, less than 0.1% 

No Component *I- 
28 tran~-2-Hexenol*~ 
29 Tetradecane2 
30 l-Octen-3-012 
3 1 trans-Sabinene hydratez2 
32 Menthone17 
33 MenthofuranZJ 
34 I~omenthone*~~ 
35 Pentadecane2 
36 Copaene2 

l 
37 Linal~ol*~" 
38 a-BourboneneZ6 
39 cis-Sabinene hydrate2' 
40 trans-p-menth-Zen- I-o12 
4 1 a-Gurjunene2 

l 
42 Menthyl acetatem 
43 Neomenthol*I2 
44 P-Copaene2 
45 Neoisomenthyl acetate2 

l 
46 Terpinen-4-oP2 

1 
47 Hexadecane2 
48 Caryophyllene*I3 

1 
49 FYlangene2 
50 Mentholz8 

l 
5 1 trans-P-Farnesene2 
52 PulegoneZ0 
53 a-Terpine~l*~ 
54 Heptadecane2 

No Component % 

55 a-Amorphene2 0.1 
56 y-MuuroleneZ6 t 
57 Ledrence2 t 
58 Germacrene D2 0.9 
59 a-MuuroleneZ6 0.5 
60 P ipe r i t~ne*~~  
6 1 Citronello12 ] .O.l 

62 S-Cadinene*I4 
63 y-CadineneZ9 
64 Octadecane2 

I t  
t 

' 65 a-Cadinene2 t 
66 Limonen-10-yl acetate2 t 
67 Nonadecane2 t 
68 Calamenene30 t 
69 Dihydrolimonen- 10-o12 t 
70 Eicosane2 t 
71 Phenylethyl 3-methyl-butyrate2 
72 Caryophyllene oxide2 t 
73 Ledo12 0.1 
74 Henicosane2 t 
75 ThymolJ' t 
76 Eugeno12 t 

Total 99.7 

* Compound with the major present in composite peaks 
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Results ' - Discussion 

In this study, the qualitative and quantitative differences in chemical com- 
position of the essential oils in the aromatic plant M. piperita were studied, at 
various stages during the blossom period. Specifically, the changes in menthol, 
menthone and menthofuran were examined. 

For this purpose, identified stolons of M. piperita (variety Mitcham) were 
cultivated in an area specifically chosen, so that all the climatic and soil condi- 
tions were the most suitable for M. piperita g r ~ w t h . ~  Soil characteristics of the 
area used in this study are given below: 

Texture : Sandy clay loam 
Equivalent CaCO, : 33% 
Active CaCO, : 16% 
Saturation percentage : 55% 
PH : 7.5 
Exchangeable cations i Ca++ 10.05, Mg++ 4.66, Na+ 0.15, K+ 0.52 
(meq1100 g soil) 

The essential oils yield of peppermint in this study, averaged 0.68%. This 
yield is higher than those obtained of peppermint crops in other parts of 
Greece, which gave yields from 0.4 to 0.5%. This increase in yield can, ac- 
cording to our opinion, be attributed to favorable climatic conditions of the ex- 
perimental field and the advantageous influence32 of soil calcium and 
magnesium on normal plant growth and formation of essential oils. 

The climatic conditions are shown in Table 11. 

The aboveground part of the plants (leaves, flowers and stems) which were 
, obtained every one week during the various stages of blooming, starting at the 

beginning of bloom (1st week), were subjected to vapour distillation and the es- 
sential oil yield was estimated (Fig. 1). 

~ l t h o u ~ h  vapour distillation is not the ideal method for the collection of the 
essential oils, it was decided that it should be used because it is the only 
method which is used on a industrial scale. 

The essential oils of the flowers and leaves at the begihning of the blooming 
as well of the whole (above ground) plant at the beginning and full blooming 
were subjected to a gas chromatography analysis (Fig. 2). 

Identification of the peaks of the gas chromatograms was accomplished by 
a combined GLClMS analysis (Table 111, It, V and VI). 

The structures of the components of the essential oils are shown in Fig. 3. 

The results of this study indicate the following: 
l. The menthofuran content in the flowers is significantly higher (17.6%) 

- than in the. leaves (5.87%). This fact is of great importance, because 



TABLE 11, Cllmatlc data for the years 1974-1978 of the area used for peppermint cultivation 

Month J F M A M J J A S O N  D 

Mean air temperatye (OC) 4.0 6.9 10.2 14.3 19.4 23.5 26.0 24.2 21.0 15.5 9.4 4.6 
Mean soil temperature ("C) 2.5 6.3 10.6 15.6 22.2 26.3 29.9 27.4 22.8 16.1 9.4 3.8 
Mean rainfall (mm) 26.3 38.6 25.3 32.2 70.6 54.7 33.0 36.2 19.5 47.7 45.3 41.3 

Maximum annual temperature: 38.4"C Minimum annual temperature: -8.0 "C Mean annual rainfall: 470.7 mm 
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1 2  18 

FIG. 2: GL Chrotnatograms of the Greek peppermint oil found bz ~wrious parts of the plant dur 
ing of the blooming. 
A: From flowers at the beginning of the blooming (Table 111). 
B: From leaves at the beginning of the blooming (Table W). 
C: From whole plant at the beginning of the blooming period (Table V). 
D: From whole plant during their full biooming (Table VI). 



TABLF 111. Chemical composition of essential oils found in Jlowers at the beginning of the blooming period. 

No Rt 

of peak (min.) M+ d e  Components % 

a-Piiene 

p-Piiene 

Eionene 

1,8-Cineol* 

3-Octyl acetate 

3-Octanol* 

y-Terpineol 

Menthone* 

Menthofuran 

Isomenohone 

Eialool 

Menthyl acetate 

Neomenthol* 

Caryophyllene 

Menthol 

Germacrene D 

Piperitone 

Compmnd with the major present in composite peaks 



TABLE IV. Chemical composition of essential oils found in leaves at the beginning of the blooming pe- 
riod. 

No Rt 
of peak (min.) M+ m/e Component % 

a-Pinene 

P-Pinene 

Sabinene 

Myrcene 

Limonene 

1,8-Cineol* 

y-Terpinene 

p-Cymene 

Terpinolene 

Amyl Valerate 

3-Octyl acetate 

3-Octanol* 

y-Terpineol 

Menthone* 

Menthofuran* 

Isomenthone 

Lialool 

Menthyi acetate 

Neomenthol 

Caryophyllene 

Menthol 

Pulegone 
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- 

198 81, 69, 95, 67,43, 82, 123, 138 Citronellyl acetate* 
loo%-- 

20 32.29 204 161, 105, 41, 91, 81, 119, 93, 204 Germacrene D 0.70 
100%- 

21 33.45 152 82, 110,95,41, 39, 137, 109, 54 Piperitone 2.02 
100%- 

* Compound with the major present in composite peaks 

TABLE V .  Chemical composition of essential oils of the whole plant flowers, leaves and stems) at the 
beginning of the blooming periods 

No Rt 
of peak (min.) M+ m/e Components % 

a-Pinene 

P-Pinene 

Sabiene 

Myrcene 

Limonene 

Terpinolene 

3-Octyl acetate 

Menthone* 

Menthofuran* 

Psomenthone 

Linalool 

Menthyl acetate 

Neomenthol 
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14 28.62 204 41,79,92,39,53,77,6j, 94 Caryophyllene 1.17 
100%- 

15 30.07 156 71,81,95,55,82,138,41,69 Menthol 53.00 
1 0 0 9 6 .  

16 30.12 152 81, 67,41, 82, 152, 109, 39, 68 Pulegone 0.50 
10096. 

154 59.93, 121, 81,43, 136, 68,92 a-TeMeol 
loo%+ 

17 31.77 ' 

198 81, 69,95,67,43,82, 123, 138 Citronellyl acetate* 
1 0.06 

100%4 
18 32.29 204 161, 105,41,91,81, 119,93,204 Germacrene D 0.14 

10096. 
19 33.52 152 82, 110,95,41,39, 137, 109, 54 Piperitone 1.07 

10096. 

Compound with the major present in composite peaks 

TABLE VI. Chemical composition of essential oils ofthe whole plant (jlowers, leaves and stems) during 
their full blooming. 

No Rt 

of peak (min.) M+ d e  Components % 

a-Piiene 

$-Piene 

Sabiiene 

Myrcene 

Limonene 

p-C ymene 

Terpinolene 

Amyl valerate' 

3-Octyl acetate 

3-Octanol 

7-Terpineol 

Menthone* 
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Isomenthone 

Linalool 

Menthyl acetate 

Neomenthol 

Caryophyllene 

Menthol 

Pulegone 

a-Terpineol 

Citronellyl acetate* 

Germacrene D 

Piperitone 

Compound with the major present in composite peaks 



Limonene 
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D-Pinen-e Sabinene Myrcene 

Terpinolene Amyl Valerate 3-Octyl acetate 3-Octanol 

y-Ter~ineol Yenthone Nenthofuran Jsomenthone 

Linalool Menthyl acetate Neomenthol 

Carvophyllene Kenthol rulegon 

. a-Terplneol Citronellyl acetate Germacren D Piper i tone  

FIG. 3: Structures of the chemical compositions found in Greek peppermint oil. 
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menthofuran play an imbrtant role as a quality determining factor of pepper- 
mint oil. 

2. It was confirmed that a great number of compounds, such as myrcene, 
pcymene, y-terpinene, terpinolene, sabinene, amyl valerate and pulegone, were 
present in the leaves but not in the flowers. 

3. For the first time, traces (0.01%) of amyl valerate are reported in the 
leaves. 

4. The essential oils content in the plant is higher at full bloom (0.68%). At 
this -stage also, menthol and neomenthol content is very high (55.88%), 
menthyl acetate content reaches a maximum (5.38961, while menthone content 
is very low (14.45%). This advantage is in favour of the peppermint oil quality. 
Thus, this study gives an indication that the best harvesting season for obtain- 
ing the maximum essential oil yield is the time when peppermint plant is in full 
bloom (3rd week, Fig 1). 

Results are a contribution to the identification of Greek peppermint oils 
and help in the comparison of them with some of the commercially available 
oils (Table VII). 

TABLE VII. Comparative presentation of the most important chemical characteristics between the 
Greek peppermint oil and some of the most known commercial peppermint oils. 

. . 
Amefican 

Components Greek 'washington Midwest ldamint' English Marokian Bulgarian 

a-Pinene 
p-Piiene 
Sabinen 
Myrcene 
Limonene 
Cineoi 
3-Octanol 
tr. -Sabinene hydrate 
Menthofuran 
iso-Pulegol 
neeMentho1 
Menthone. 
Menthol 
Menthyl acetate 
tr. -p-Farnesene 
CaryophyUene 
Pulegone 
Carvone . 
Germacrene D 
Piperitone 

X 
X 
X 
X 

X x  
XX 
X 
- 
XX 
- 
XX 
XXX 
XXX 
XX 
- 

X x  
X 
- 
X 
Xx 

X 
X 
X 
X 
xx 
XX 
X 

X 
'XX 
- 
Xx 
XXX 
XXX 
XX 
X 
Xx 
X x  
X 
Xx 
X 

X 
X 
X 
X 

Xx 
XX 
X 
X 
xx 
- 
Xx 
XXX 
XXX 
XX 
X 
Xx 
X 
X 

Xx 
X 

X 
X 
X 
X 

Xx 
X X  
X 

X 
Xx 
- 

X x  
XXX 
XXX 
XX 
X 

X x  
Xx 
- 

X x  
X 

X 
X 
X 
X 
X x  
XX 
X 
X 
Xx 
- 

XX 
XXX 
XXX 
Xx 
X 
Xx 
X 
- 
Xx 
X 

X 
X 
X 
X 

Xx 
XX 
X 

X 
XX 
- 

X x  
XXX 
XXX 
XX 
X 
Xx 
X x  
- 
X 

X x  

X 
X 
X 
X 

Xx 
XX 
X 

X 
XX 
- 
Xx 
XXX 
XXX 
XX 
X 
Xx 
Xx 

X 
X 

X = <0.2% 
X = 0.2-1% 
XX = 1-4% 
XX = 4-10% 
XXX = > 10% 
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Experimental 

The plant material which was used in the present study was obtained after 
an experimental cultivation of identified stolons of M. piperita (variety 
Mitcharn) which were supplied by the Agricultural Association of Serrai. This 
experimental cultivation took place on an area of four acres located in the dis- 
trict of the village Leukothea of Serrai. 

The plant matetial'sdon after& collection was placed into plastic bags and 
remained overnight for partial moisture removal. Afterwards; was subjected to 
a vapour distillation in a Tounaire type 220 apparatus. 

The resulting oil was dried over anhydrous magnesium sulphate and was 
subjected to a gas chromatogr,aphy analysis in a Hewlett - Packard 5830 A in- 
strument. A 3mX3.18mm ID glass column was used, packed with 5% of Car- 
bowax 2Qm (Chromosorb W-AW-DMCS, 80-100 mesh). The ihjector tem- 
perature was 1700C, the flame ionization detector was heated to 3 0 • ‹ C  and the 
column temperature was programmed between 75-230•‹C at the rate of 
3OCImin. Helium (99.999%) was the carrier gas flowing at 30mllmin. A 
Hewlett - Packard 5989 A mass spectrometer connected to the gas 
chromatograph was used for the mass spectra. 

The identification of the oil constituents was based on gas chromatographic 
evidence and analysis of mass spectra.. 

l-wMPl 
@~roxqpclj p&k!rq rflc Mentha Piperita L. xou' K ( Z M I E ~ ~ ~ ~ B ~ K E  (75@ EUdc5a. .. 
ME'poc I: Ait%pra &lam 

C' a6r4 r4v tpyaaia p ~ k r l b v r a t  oI no tor l rk~  rai ~ ~ O G O T ~ K ~ $  
Gtacpoporrotfio~q nob xapaqpodwat sfq ~ q p t @  06crraq r6v ale~pimv 
Chaiov t&v 6tacp6pmv p~plbv (div&l, cprjhha, phaor@) ~ o d  bpwpatl~06 cpuro500 
Mentha piperita L., 01 bnoTq ouppaivouv r a d  q Gt6prna t i j ~  bv0ocpopia~ 
TOU. 

X3' a6ro ri, mono ~ V E  E I G ~ K ~ ~  mpapatl@ rahhtCpy~ta 70500 (~~~0500 rdl'Im 
h 6  G U ~ K E K P ~ ~ ~ V E S  E & ~ ( P o ~ ~ K %  K Q ~  K ~ ~ ~ ~ T o A o ~ I K ~ ~  GUV&~KES. % ~ a ,  
dni, r a  &&, waropeh&lrs va npoabtoptd~ 6 xhEov #~G&8~iypEvo~ ~ p 6 v q  
yla rfi t3Uhhoyj ra i  &n6ora€,q rod cpunrod &Atrod, &or& va happav~rat 
~Cth6rEpql x o d r q r a ~  b t o .  
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Summary 

The chemical composition of peppermint plant (M. piperita L.) residues a- 
fter essential oils extraction is studied. In addition, their nutritional value is 
evaluated and their use as a feed stuff is suggested. 

Key Words: Labiatae, Menlha piperita L., mint meal, feed stu& 

Introduction 

The material remaining after processing peppermint plant (M. piperita L.) 
. for obtaining the essential oils1 contains both pharmaceutical use substances1 

such as azulenes, vitamin E, carotenoids and high nutritional value constitu- 
e n t ~ ~ , ~ ,  such as free aminoacids and proteins. Nevertheless, no attempt has 
been made in our country for the utilization of peppermint waste which is o- 
therwise discarded. This implies a benefit loss for the producer and a potential 
environment degradation because of residue disposal. 

For the aforementioned reasons, it was considered worth-while to study the 
utilization of peppermint residues and evaluate of their use as a potential feed 
stuff because of their chemical composition on the one hand and their influ- 

S ence on broiler growth rate on the other. 

Results and Discussion 

Plant material remained after essential oils extraction was dried, ground 
and assayed for dhermining tke basic components that constitute the nutritio- 
nal value of a feed stuff. Results of chemical analyses (Table I) indicate the si- 
milarity of mint meal to that of which is one of the most' basic 
fodders. These results led us in the biological evaluation of mint meal as a 
hstor affecting growth rate of broilers. One hundred and forty eight broilers 
(hybrid Hubbard) one day of age were used in the experimentation and they 
were separated into two groups, seventy four individuals in each group (50% 
male and 50% female). Group A, the controls, receiving alfalfa meal in their 
ration, and group B, the treated individuals fed with mint meal in their ration. 
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TABLE I: Chemical composirion of mint and a f i r a  meal 
- 

Compbnen!~ Mint meal* Alfalfa mealS* 

Dry material 
rProteinw Nitrogen (Nx6.25) 
Celluloses (according to Sharrer) 
Fats 
Ash 
Non nitrogen extractable substances 
Macroelements 
Calcium 
Potassium 
Sodium 
Magnesium  race elements 
Manganese 
Iron 
Copper 
Zinc 
Cobalt 
Necesary aminoacids (percent of the 
total proteinaceous substances) 
Valine 
Methionine 
Isoleuvine 
Leucine 
Tyrosine 
Lysine 
Arginine 
Threonine 
Histidine 
Phenylalanine 
Cysi ie  

* Data obtained as described in the experimental section 
** Data obtained from the literature4,$ 
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TABLE 11: Percent composition of poultry rations used in the experimentation 
P 

Ration of group A (control) % Ration of group B % 

Concentrate ~Nutrikemu (type 1603) 10 Concentrate ~Nutrikemx (type 1603) 10 
Soybean meal 22 Soybean meal 22 
Alfalfa meal 5 Mint meal 6 
Corn meal 43 Corn meal , 42 
Wheat meat 20 Wheat meal 20 

It was thus pursued to find whether addition of mint meal in broiler's ra- 
tion, in about the same amount to that of alfalfa meal, had any inhibitory 
action on growth rate and on Feed Conversion Index (F.C.I.). Percent compo- 
sition and chemical analysis of the rations used for the groups are given in Ta- 
bles I1 and 111. Average increase of body weight within the two groups during 
the experimentation is given in Table IV and Figure 1. 

TABLE III: Chemical composition ofpoultv rations used in the experimentation. 

Components Ration of Ration of 
group A group B 

Dry material (&'Kg) 882 890 
nProteinu Nitrogen (Nx6.25) V 23 1 222 
Celluloses (according to Sharrer) B 43 45 
Fats V 33 35 
Ash v 58 58 
Non nitrogen extractable substances Y 517 530 

Macroelements 
Calcium 
Potassium 
Sodium 
Magnesium 

Trace elements 
Manganese 
lron 
Copper Y 2.40 3.30 
Zinc Y 80.00 82.00 
Cobalt I( 0.50 0.70 
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---- Group A 
Group B 

Days of experimentat ion 

FIG. 1: Growth rate curves of broilers belonging to groups A and B. 

Growth rate curve of Figure 1 and data of Table IV show that increase of 
average body weight reached up to 7538.9% at the end of the experiment for 
group A whereas the corresponding increase for group B was 8172.7%. In o- 
ther words, group B increase was higher than group A by a 633.8%. 

Values of Feed Conversion Index (F.C.I.) for each group of tested ani- 
mals are given in Table V. Data of Table V show that values of F.C.I. for 
group B are superior to those for group A, a fact suggesting that addition of 
mint meal to poultry rations can be proven more advantageous than addition 
of alfalfa meal. 

Experimental 

Inorganic compounds determination of mint meal 

Macro and trace elements analyses in mint meal were done by using the 
dry ashing technique for plant tissue decomposition, dissolving the ash in HCI 
acid and determining each element by Atomic Absorption Spectroscopy using 
a Perkin Elmer model 503 instrument6. 
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TABLE V: Values of Feed Conversion Index (F.C.I.)* during the experimentation 

Tested groups 
Days of experimentation 

18th 28th 54th 72nd 
F.C.I. 

Group A (control) 1.40 1.95 2.32 2.14 
Group B , 1.30 . 1.87 2.23 2.09 
(F.c.1.)~ - (F.C.I.)A 

100 -7.14 -4.10 -3.88 -2.34 

* F.C.I. Feed consumed (Kg) 
Body weight gained (Kg) 

Organic components determination 

1 .  Total nitrogen was determined by the Kjeldahl procedure7. 
2. Celluloses analysis was carried out by the Sharrer method8. 
3. Total fats were determined by the Soxhlet method using ether as the ex- 

tracting agent8. 
4. Aminoacids were determined after hydrol)sis of proteins with 6N HC1 acid 

for 24 hrs in an ,oil bath at 137k2 'C9. Qualitative and quantitative analysis 
of aminoacids was done using an automatic aminoacid analyser, Phoenix 
Model K-8000. 
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M~THYLATION DES AMINO-4 ARYLS PYRIMIDINESn 

G. TSATSARONIS, T .  SOULIS et D. GRAIKOU - LAZANA 
Laboratoire de Chimie Organique Technologique et de Chimie des Aliments 

Resume 

La methylation des amino-4 aryl-5 pyrimidines a lieu exclusivement en position -1 
du noyau pyrimidinique, et donne les methyl-1 diydro-l,4 aryl-5 imino-4 pyrimidines. 

La determination de la structure des derives N-methyl-pyrimidiiques s'effectue par 
voie chimique, par hydrolyse alcdine, qui donne les N-methylpyrimidones cottespon- 
dantes connues, ainsi que par retude des leur spectres de RMN. 

Les methyl-1 dihydro-1,4 aryl-5 imino-4 pyrimidines obtenues, sont des composes 
instables contrairement a leur 'sels avec le sulfate de dimethyle et notamment avec 1' 
acide iodhydrique, qui sont stables. 

Key words: Methylation, Pyrimidines. 

Abreviations 

TFAM = Trisformylaminomethane 

Introduction 

La methylation des amino-4-aryl-5-pyrimidines 1 peut conduire a la forma- 
tion de trois derives methyles isomeres, deux N-methyles sur les deux azotes in- 

, tranucleaires en position 1 et 3 du noyau pyrimidiique, les methyl-1 dihydro- 
1'4 aryl-5 imino-4 pyrimidine 2 et methyl-3 dihydro-34 aryl-5 imino-4 
pyrimidine 3 respectivement et un troisieme du groupement amine en position 
4; la methylamino-4 aryl-5 pyrimidine 4l. 

La methylation de 1' amino-4 phenyl-5 pyrimidine la p& l'iodure de 
methyle a ete effecture par Davies et Piggott2. La reaction n' a pas donne tom- 

me produits les imino-4 pyrimidines 2a et 3a ettendues, ni la methylamino-4 
pyrimidine 4a mais la methyl-1 dihydro-l,4 phenyl-5 0x0-4 pyrimidine Sa Par 
la suite, en modifiant les conditions de la reaction, la methylation de 1' 
aminopyrimidine la a ete faite avec le sulfate de dimethyle. Apres decomposi- 
tion par la soude du methyl sulfate intermediaire forme, le seul produit isole de 
la reaction est la methyl-I dihydro-1,4 phenyl-5 imino-4 pyrimidine 2a34. 
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Dans ce memoire, on effectue la methylation de 1' amino-'4 p-nitrophenyl-5 
pyrimidine lbS, de 1' amino-4 p-aminophenyl-5 pyrimidine lcS et 1' amino-4 a- 
naphthyl-5 pyrimidine ld6 avec le sulfate de dimethyle et l' iodure de methyle 
et on etudie ensuite la structure des produits methyles obtenus (tableau 1). 

Partie Experimentale 

Les points de fusion sont pris au banc Komer et ils ne sont pas corriges. 
Les microanalyses ont ete effectuees sur aPerkin Elmer* modele 240. Les spec- 
tres UV ont ete determines dans 1' ethanol, au moyen d' un spe~trophotometre~ 
aPerkin Elmerw modele 124. Les spectres IR sont enregistres sur aPerkin 
Elmerw modele 257 a partir d' echantillons disperses dans le nujol. Les spectres 
de RMN ont ete mesures sur un appareil aVarian A-60 AB a 60 Mc/s. Les 
depla&ments chimiques sont exprimes en r par rapport au tetramethylsilane 
utilise comme reference interne. 

Preparation des methyl sulfates 

Methylsdfate de la methyl-1 amino-4 pnitrophenyl-5 pflmldine 6b 

A une 'solution de 2.16 g (0.01 mole) de 1' amino-4 p-nitrophenyl-5 
pyrimidine l b  dans 120 ml de dioxane on ajoute goutte a goutte une solution 
de 4 ml (0.04 mole) de sulfate de dimethyle dans 20 ml de dioxane, a 50". On 
maintient le melange reactionnel a 50•‹ pendant lh, et on refroidit. On separe 
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par filtration le precipite blanc, on 1' extrait a l'-alcool absolu chaud, on chasse 
le solvant par evaporation et on obtient 2.7 g du methyl sulfate 6b qui est 
recristallise dans 1' ethanol. Cristaux jaunatres, F = 240-241•‹, (Rdt= 80%). 

Analyse C,,H,,N,O,S 

Calc. %: C 42.1 1 M 4.12 N 16.37 
Tr. . 42.13 4.10 16.51 

Spectre UV (ethanol) : hmax 256 nm (E= 18300) 
Spectre IR (nujol): : bande NH, a 33 10, 3160, 3120 cm-' 
Spectre RMN (TFAM) : 6.02 r S, 5.80 r S. 

Preparations des Iodures 7 

0.005 mol de 1' amino-4 pyrimidine 1.80 ml de methanol et 4 ml d' iodure 
de methyle sont chauffks pndani 2 h a reflux. On concentre et on recristallise 
dans un melange ethanol - ether. . 

a) Iodure du mkthyl-1 amino-4 p-dtrophh~yl-5 pyrimidine 7b 

A partir de 1' aminopyrimidine lb on obtient 1' iodure 7b F= 281 - 282", 
p= 1.2 g, Rdt= 70%. 

Analyse C,,H,,N,O,I 
% 

Cale. %: C 36.89 H 3.09 N 15.64 
Tr. 36.80 2.97 15.68 

Spectre UV (kthanol) : hmax 255 nm (E= 16400) 
Spectre IR (nujol) : bande NH, a 3.400, 3.260, 3.110 cm' 
Spectre RMN (TFAM) : 5.78 r S. 

b) Iodure du methyl-l amino-4 naphthyl-5 pyrimidine Id 

A partir de 1' aminopyrimidine Id on obtient 1' iodure 7d, F= 278.3-279.5 
C, p= 1.5g, Rdt= 83%. 

Analyse C,,H,,N,I 

Calc. %: C 49.61 H 3.89 N 11.57' 
Tr. 49.71 3.92 11.41 

Spectre UV (ethanol) : hmax 258 nm (ES 15200) 
spectre IR (nujol) : bande NH, a 3360, 3280, 3110 cm1 
Spectre RMN (TFAM) : 5.78 z S. 

Decomposition des sels 6 et 7. Preparation des methyi-1 dihydro-l,4 'imino-4 
pyrimidines 2 

A une solution de 0.001 mole de sel 6 ou 7 dans 20 ml d' eau, on ajoute 
froid 5 ml d' une solution aqueuse de soude a 1%. On extrait immediatement 
par le chloroforme, seche sur sulfate de sodium et on distille le solvant. 
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a) A partir du methyl sulfate 6b on obtient 0.2 g de 1' iminopyrimidine ib, sous 
forme de cristaux jaunes, qui recristallisent dans un melange chloroforme-ether, 

' F= 192 - 193' (d), (Rdt= 85%). 

Analyse C,,H,,N,O, 

Cdc. %: C 57.38 H 4.38 N 24.34 
Tr. 57.41 4.41 24.32 

Spectre UV (ethanol) Amax 254 nm (E= 17200), 260 nm (E= 16900) 
Spectre IR (nujol) : bande NH a 3260 cml 

Spectre RMN (CDCI,) : 6.54 r S. 
b) A partir de 1' iodure 7b on obtient 0.14 g de i' iminopyrimidine 2b, F= 192 
- 193' (d), p= 0.14 g, Rdt= 62%. 

A partir de 1' iodure 7d on obtient 1' iminopyrimidine 2d qui recristallise 
dans un melange de chloroforme et d' ether et est fdtre dans une atmosphere d' 
azote. 

L' operation doit se faire tres vite car le compose 2d s' altere facilement. 
F= 176 - 178'. p= 0.1 g, Rdt= 42%. 

Analyse C,,H,,N, 
e&. %: c 76.57 H 5.57 N 1776 
Tr. 76.80 5.64 17.86 

Spectre UV (ethanol) : h a x  260 nm (E= 18200) 
Spectre IR (nujol) : bande NH'a 3230 cm' 
Spectre RMN (CDCI,) : 6.55 t S. 

Hydrolyse des mtthyl suifates 6 et des Mures 7 

Dans ' des conditions douces: 

6.001 mole des sels 6 ou 7 dans 30 mi d' une solution aqueuse de soude 
0.1 N redgissent pendant 24 h a -la temperature ambiante. 

a) A partir du methy9 sulfate 6b apres fdtration et lavage avec un peu d' 
ethanol on obtient 0.18 g de 1' oxopyrimidine Sb7, F= 305 - 307O, (Rdt= 78%). 

b) A partir de 1' iodure 7b agres filtration et lavage avec un peu d' ethanol 
on obtient 0.15 g de 1" oxopyrimidihe Sb7, F= 307 - 30g0, (Rdt= 65%). 

c) A partir de 1' iodure 76 apres extraction par le chioroforme et distillation 
du solvant on obtient 0.2 g de 1' oxopyrimidine Sd7, F= 211 - 213", (Rdt= 
85%). 

Dans des conditions intenses 

0.001 mole des sels 6. ou 7 dans 3.6 ml d'une solution aqueuse de soude 
IN est chauffe au bain-marie pendant 10 mn. 

a) A partir du methyl sulfate 6b apres filtration on obtient 0.07 g de 1' ox- 



opyrimidine Sb, (Rdt= 30%). 
b) A partir de 1' iodure 7b, apres filtration on obtient 0.1 g de 1' ox- 

opyrimidine 56, (Rdt= 43%). 
c) A partir de 1' iodure 7d apres extraction par le chloroforme et distillation 

du solvant on obtient 0.18 g de 1' oxopyrimidine Sd7, (Rdt= 80%). 

Rksultats et discussion 

Parmi les trois pyriniidines mentionnees ci-dessus, seule 1' aminopyrimidine 
Ib a pu etre methylee par le sulfate de dimethyle. Ainsi, nous avons obtenu le 
methyl sulfate 6b, qui a ete decompose par une solution aqueuse de soude tres 
diluee. Des trois isomeres possibles, un seul derive N-me#yle a ete forme, qui 
a ete isole et identifie comme etant la methyl-1 dihydro-l,4 p-nitrophenyl-5 
imino-4 pyrimidine 2b. 

Les tentatives de methylation de P aminopyrimidine l c  sont restees sans 
succes bien qu' on ait effectue plusieurs essais en modifiant chaque fois les 
conditions de la reaction. 

La methylation de 1' aminopyrimidine Id a donne un solide blanc, tres in- 
stable qui, au fur et a mesure devenait de plus en plus gris et resineux. Comme 
dans ce compose nous avons constate la presence de 1' anion sulfate, nous 
avons suppose qu' il etait un methyl sulfate de 1' aminopyrimidine Id. Apres 
decomposition par la soude, nous avons obtenu un compose resineux qui ne 
contenait pas d' anion sulfate et qui apres chromatographie sur couche mince a 
montre qu' il etait un melange complexe, impossible 8 separer. 

La methylation des memes pyrimidines lb, lc, et Id, avec 1' iodure de me- 
thyle a donne pour les composes l b  et ld'deux sels d' ammonium quaternaire, 
les 7b et 7d respectivenient tandis quela lc a donne un melange resineux qu' il 
n' a pas ete possible de separer. Apres decomposition des sels 7b et 7d par une 
~ lu t ion  aqueuse de soude dduee, nous avons obtenu respectivement la methyl- 
1 dihydro- 1,4 p-nitrophenyl-5 imino-4 pyrimidine 2b et la methyl- 1 dihydro- l,4 
a-naphthyl-5 imino-4 pyrimidine 2d. 

En general, nous avons remarque que les methyl sulfates, les sels d' ammo- 
nium quaternaire, et les sels avec i' acide iodhydrique, sont dans la plupart des 
cas, des coliiposes stables. Par contre, les derives N-methyles correspontants s' 
alterent souvent par la lumiere ou 1' air et il faut travailler dans une atmosphere 
de gaz inerte ou a 1' abri de la lumiere. 

Pour etablir la structure des derives methyles nous avons procede a leur e- 
tude par voie chimique et par spectroscopie. Nous avons d' abord compare les 
derives N-methyles formes, et leurs isomeres methylamino-4. Dans le cas, par 
exemple, de la nitrophenypyrimidine lb, nous avons trouve qu' il n' etait pas 
identique a la methylamino-4 p-nitrophenyl-5 pyrimidine5. il a ete trouve ainsi, 
qu' aucune des methylations effectuees au cours de ce travail ne portait sur 1' 
azote du groupement amine. 

Ensuite, nous avons traite les methyl sulfates ou les sels d' ammonium qua- 
ternaire de chacun des derives methyles, ou les derives methyles, avec une sol- 
ution aqueuse de soude concentree. 
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Il est connu que 1' hydrolyse des derives NI-methyles des amino-4 pyrimidi- 
nes par la soude concentrk, donne les 0x04 pyrimidies ~orrespkdantes*,~, 
alors que les derives N,-methyles subissent le rearrangement D i r o t h  et don- 
nent les isomeres methylamino-4 pyrimidines9 "'". 

En utilisant le meme prosedeev9, apres 1' hydrolyse par la soude, de la 
* methyl-1 p-nitrophenyl-5 imino-4 pyrimidine 2b et de la methyl-1 a-nriphthyl-5 

imino-4 pyrimidine 2.4 nous avons obtenu respectivement la methyl-1 p- 
nitrophenyl-5 0x04 pyrimidiie12 Sb et la methyl-l a-naphthyl-5 0x04 pyrimi- 
dine13 5d. Ce fait, constitue. une premiere indication de la structure des derives 
N-methyles. 

En dehors de ce procede et dans le but de confirmer d' une facon plus Fer- 
taine la structure des composes ci-dessus, nous avons etudie les spectres de 
RMN des N-methylpyrimidines et des N-methylpyrimidones7 correspondantes. 

II a ete montre7,13 que les vaieurs de deplacement diamagnetique, 

des protons du groupement methyle des derives NI-methyles (1.48 - 1.90 ppm), 
sont plus importantes que celes des isomeres N,-methyles (0.95 - 1.10 ppm). 

En effectuant la mesure des deplacements diamagnetiques des protons du 
groupement methyle des derives N-methyles dans le chloroforme deutere et 
dans le benzene nous avons constate que les valeurs trouvees sont du meme or- 
dre de grandeur que celles des derives NI-methyles. Il en est de meme pour les 
deplacements paramagnetiques des memes composes dans Je chloroforme de- 
utere et dans l' acide trifluoracetique uableau II)13. 
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En etudiant les resultats de la methylation des amino-4 pyrimidines 1 nous 
pouvons conclure qu' il est bien possible, que la repartition de la densite ele- 
ctronique de la molecule de ces composes est donnee par les formules 8, de fa- 
con qu' il soit possible 1' attaque de la position -1 du noyau pyrimidinique, par 
1' agent de methylation. 

4-Amino-5-arylpyrimidines are methylated with dimethylsulfate and methyliodide 
exclucively in 1-position of the pyrimidine ring giving 1-methyl-l,4dihydro-5-aryl-4- 
iminopyrimidiies. 

The structure of the obtained N-methyl derivatives was elucidated by alcaline 
hydrolysis leading to the conesponding N-methylprimidones and by their spectral data. 

The N-methyl derivatives obtained, by standing at the atmosphere air are changed 
whereas their methylsulfate and especially hydroiodide saltes are stable. 
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AIAKPICH AIOANOAHE A l l 0  ZYMQEH A l l 0  CYNBETIKH 
AIOANOAH. AIAKYMANEH TOY 14C CE EAAHNIKOYE 
OINOYL: KAI AllOCTArMATA OINOY 

rKErKIOY NT.*, MlTOTXIBAAH M., TEnPTOYAH M. mri XATZHAAKH E. 
r & v d  Xqpsio roo' Kpoiroo~ Alvuq Mskrt3v - EpsuvGv, 
Xv. Tu&a 16, 'ABtjvat 602. 
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o~qyazt<opsvo ~ a i  ozo pa6tsvspyhq ~ n o t ~ o 6 0 ~ o 6 p s v o  14C. ' E ~ o t ,  TO o6voho 
245 <boas b p y a v t ~ i j ~  67~715, icp' 6oov ppio~szat pioa o ~ o v  ~ 6 ~ x 0  TOO CO,, 
no6 nspt i~sl  70 i'610 noooo~i ,  14C. ns0aivovzaq 4 6pyavt~q iihq na6st va 
~ E T ~ X E I .  z0B K ~ K ~ O U  CO2 ~ a i  va Eynhouzi<szat o8 14C ~ a i  hafiaivn xwpa povo 
pszaorotxsiooq zoB 6oza606q ioozonou yE .iiytou ~ p o v o  <ofjq 5760 h q .  ' H  
p&zaozot~&iooq 706 14C 08 14N yivszat PE E~nopnq & K T ~ V O P O ~ ~ ~ S - P .  

' H  ai0avohq &no <6ywoq, 6s6oyivou 6 ~ t  npoipxma~ Bno <boa dpyavl~q 
iihq, nspt i~st  T O  cpuotohoyt~o noooo~o 14C. 'Avzi0sza 4 ouv0szl~q aieavohq 
68v n s p t i ~ ~ t  14C, 6sSopEvou 6 ~ 1  t a  nszpBhata, 6nwq &hat napa6s~z6, npoipx- 
ovzat BnO I ~ V T E ~  bpyavtop06q no6 EXOUV ns0avst npiv &no E~azopy6pta  ET^. 
C T ~ V  Epyaoia adzq p&h&zi]0q~& i] pi0060q Bnaptepfiosws zfjs B~nvopohias-p 
p6 @aoya~oy&~po  Cntv6qptopo6 'Yyp6v 0 8  aieavohq &no 6siyyaTa khhqvlsii)~ 
o'ivov ~ a i  &noo.rayyazwv o'ivou p8 o ~ o n o  zq Stci~ptoq rijq aiOav6hqs ad~ijq 
6x0 rfi ouv0szt~fl ai0avohq. 'Enioqs p ~ ~ p j 0 q ~ s  zo &tins60 T ~ S  EG%K~& 
pa6tsvipys~aq TOO 14C zijq n s p t s ~ o p ~ v q ~  OT& khhqvt~dl adra npofovza 
aieavohqq, yta ~a %zq 1974 ~ a i  1976. 

Mta Bsbyq npoona0sta yta zq Sta~ptoq zfjs ai0avohqs &no 66pooq &no 
zq  ouv0szt~fl ai0av6hq Eytvs p6 zq pizpqoq zoB oza0spoB iooronou 13C 0 6  
aieavohq &no <6ywoq Slacpopwv npbzov 6h6v ~ a i  02 ouv0~nh.q ai8avo?~q.' 
TB &nozs?&oyaza adza 68v pnops: v& 0swpqeo6v ~ah6zspa &no rq pi~pqoq 
rijq E ~ & K ~ S  pa61~vipynaq To6 14C. 

Atahupa o&tv0qpto.r6v: 8,Og 2,5-6tcpatvuho~aC,ohqs (PPO) sai 0,5g p-64 
(4-pe0uh0, 5-cpatvuho~a<ohuho) fisv<oh~o (Gtye0uho-POPOP) 06 11 zohouohiou 
yla ontv0qptoziq. Ta  Bvo~ipw &vzl6pao~i)pta qcav zijs Packard Instrument 
Co. 

C ~ V ~ E T L K ~ ~  ai0avdhq: ~aeapo~qraq  99,9% 745 BP Chemicals International 
Ltd. 

' E ~ o z e p t ~ a  npozuna Stah6paza: ~ a e s  npozuno Stahupa nspt i~st  T ~ V  !&a 
pa6l&v€pyEla (14C : 1 ,Ox 105 2,0% dpm). Tci Stah6ya~a nspt i~ouv 
onlv0qptorij p8 Paoq TO ~ohou6h10, zohouohto i ~ v o 0 s ~ q y i v o  p8 14C ~ a i  
v~~pops0avto napayovza Bnoopiosog. ' H  o u y ~ i v ~ p w o q  TOO oxtv0qptozij 
 vat PP0 4,0g/l sai Stpseuho-POPOP 0,25g/l ~ohouohiou. '0 6ht~6q d y r o ~  
~ a e s  6 t a h 6 p a ~ o ~  &?vat 15ml. Ta xpo~una Stahdpara fisav zfjq Packard Instru- 
ment Co. 

"Opyava 

~aopazopszpo Cntv0qptoyoB 'Yyp6v Packard TRI-CARB ~ 6 n o q  3385 
(discriminator 50-1000, gain 5,7%) ~ a i  ~ 6 x 0 s  3330 (discriminator 50-1000, 
gain 6,3%). 

ruahtva cptahi6ta y&~p~@&wq pi: xayqhq n s p ~ ~ ~ z t ~ o r q z a  06 ~ a h t o  Kai nhya 
&no nohuateuhivto. 

I IpoXo6a z6v 25ml ~ a i  Stapa0ptopiva otcpcbvta ~ h v  10ml. 
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'AnoozaKnKfl ouo~suil pi: ozflhq vigreux ijyouq 80cm ~ a i  Eoozspt~fl~ 
6tapkzpou 2,5cm. 

IZapaAape az'Bavdqg: ' H  xapahapfl zfjq aieavohq.rl~ &no za 6 ~ i y p a ~ a  
yivszat pk &xooza5q. ' H  oz-jhq 8nooragso~ ~ a r a o ~ s u a o z q ~ s  oz6 Epyaor-jp~o, 
Ezot &oze p t  yta povo cix6ozacq ~ c i z o  &X( ,  &zpoocpatpu~j xisoq vci hap- 
pavssat aieavohq 94-95". IIpiv &no zflv 8nbozagq za Gsiypaza npinst va 

~bnoozo6v ~ ~ o u 6 ~ z i p o o q .  ' H  E~ouG~zBpwoq yivozat p6 KOH napouoia 
cpatvohocpeah~Cvqq, 6 ~ x 0 ~  6x0 zjv  xepixzooq z6v Epu0pQv olirov (ixou 4 
~ C O U ~ E T ~ ~ W O ~  yivizai ~wp iq  8~iK?q, ytad fi ~ p o o z t ~ f l  TOUS AstzoupysT (55 

6si~zqS. '0 By~oq z06 ~pqotponot06p~vou yta T ~ V  Bnooza~q Gsiypazoq Ecap- 
&at &no zov b h ~ o o h l ~ o  paepb zo6 npo~ovzoq. r ta va p~zp@sr, psra zi)v 
bxoazagq, 6 &h~ooh t~oq  paepoq pi: ttpatopszpo, ~psta(ovzat rouha~torov 160 
m1 uieavohqq. Cuhhiyszat T O  Khdopa no6 &noozh(st o z o 6 ~  78-79". To np&zo 
Khaopa zqq &nooza<soq 15ml nspinou 8noppinzszat. D zpsiq &PES nspinou 
ouhhiyovzat 120 m1 aI0avohqq. 

l@oczozpam'a Bczypciz~v az'BQvdArg ~ a i  cinapit?pyoq cimzvopoAias: '0 
Bopupoq zo6 hoozphpazoq psrptizat p6 zfl poflena zucphoc ouvesn~iiq 
aieavohqq. Tooo ij ouveszt~~j  ai0avohq 660 ~aai za i~sza<opsva Gsiypaza 
aieavohq~ pszpto6vzat ~4 6tnho6v ~ a i  nposzoty~(ovrat ESqq: oi: K ~ O E  Eva 
&no ztt yukhtva cptahi6ta npoozieszat p6 otcphvto nooozqra 7,5 m1 aieavohqq 
92" ~ a i  p6 n p o ~ 0 3 a  7,5 m1 6tah6iazo~ an1v0qptoz6v. IIwpazi(szat zi, 
cptahi6to ~ a i  dvaptyvrjszat TO n ~ p t ~ ~ 6 p ~ v o  zou. Ta Ezotpa yta bxapiepqoq 
Gsiypaza cpuhciyovzat ozo yuys'io. 

Tta zflv &napiepqoq ziiq &~ztvopoAiaq-fi ~pqotponotjleq~s ij pi0060q Egw- 
zspt~o6 npoz6nou (TRI-CARB 3330) ~ a i  4 pi0060q hoyou 6ta6hov Egwzspt- 
K O ~  xpos6nou (TRI-CARB 3385). 

Mi: zov ~ 6 x 0  3330, ozfi Gtap~sta Bnapt0pjosoq lOOmin ouhhiyovzat 4000 
~po6oey  nspixou ytdr zci Gsiypaza aieavohqq &no (6ywoq. 'H &no6ooq ~ f i q  
&napt0pfloswq slvat 4 3 3  - 443% ~ a i  6 Oopupoq zoD imoozphpazoq 37 cpm. 
M6 zov z6xo 3385 ouhhiyovzat 5000 K P O ~ ~ E L ~  pi: ocpahpa 1,5%. '0 Bnatzo6- 
psvoq ~povoq cinaptep4osoq yta Gsiypaza aieavohqq &no (rjpwoq E ~ V M  65 min 
xspinou, 6n660oq rinapt0pfloswq 87 - 87,6% ~ a i  6 Bopupoq zo6 6no- 
azphpazoq 28 cpm. 

Oi Kapxrjhsq & ~ T o ~ ~ ) B E o s  7~06 K ~ T ~ ~ K E U U ( J ~ ~ K @ V  pi: ~ i l  p ~ f l e ~ l a  T ~ V  E ~ W T E -  
p t ~ 6 v  xpozuxov Gtahupcizov Givovzat oza C~flpaza 1 ~ a i  2 yta zobq 660 z6- 
nouq cpaopazopirpov. 
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h i y o g  A E n  

ZXHMA 1 :  Kapndg cinoddoewc cinap18pijriewg E (cpmldpm)% tvavr~ so6 Adyoo Av'rdparoo 
'E<wr~p~tcoB Ilporrinoo (Adyog A EII). - (TRZ-CA RB 33 85). 

200 400 600 800 

A E ~  , 103 cpm 

ZXHMA 2: KapntjLq cino6duewg cinap10pijricwg E (cpmldpm)% Evavrl t&v K ~ O ~ U E ~ V  

Adrdparay 'E&or~p1~06 Ilpordnou (A EII). - (TRZ-CA RB 3330). 
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'Ano ziq ~po6oaq  dva hsnzo (cpm) Kai zqv dxo6ooq % hohoyi<ssat -i\ &i- 
61Kq pa6tsvipysta 06 6taonao~tq 14C dva h n s o  dva ypappkpto tiv8pa~a (dpm 
I4C/gC) Pbost zo6 ~6nou :  

C P ~ A  C P ~ T  ( ---- - -)m 1,917 100 
dpm I4C EA Er 

- - 

g C B.V.E 
6nou: 
cprn~:  stpq o6 cpm 6&iypaT0<, 
cpmT: ~ t p q  06 cpm auv8sTt~ijq ai8avohqq (8opuPoq finoosphpa~oq), 
EA: dno6oaq % G~iypazoq, 
ET: dno60oq % o u v 8 ~ ~ t ~ i j q  aiQavohqq, 

. B: d h ~ o o h t ~ o q  Paepos 6Eiyyaz0~ oro6q 15,5O C (92O), 
V: iiy~oq 6~iyyasos 06 m1 ( 7 3  ml), - 
E: E&KO Papoq d n b h u ~ q ~  ai8avohqq o~oi)q 15,5O C (0,7939) ~ a i  
1,917: nooorqza ai8avohqq oE g no6 &vzto.rotx~T o t  lg BvQpa~a. 
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dpm I4C/gC 
pior) npfl 6130 

psrpqoewv 

18.3 
18.8 
19.2 
20.5 
20.1 
19.5 
18.5 
20.1 
19.6 
19.9 
19.3 
19.6 
19.5 
20.1 
18.5 
19.8 
19.3 
17.9 
18.7 
19.3 
18.5 
18.9 
17.8 
18.9 
19.5 
18.6 ' 

19.5 
19.3 
19.3 
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HINAKAC 11: Ei&~?j  pa&ev6py&la aiOavddq< 6x6 d.dLqv~~od< oiPoo< ~ a i  crrot~cra rGv O&WV nu 
paywyljS 1976. 

a/a Ikptopj  Hotrthia 'Ahroohuro~ 'Ohtrj  n rq r t r  j dpm 14C/gC 
Pa0po~ 20•‹C 656rq5 656rq5 p6oq rtpq 

oE 06 660 PE- 
H,SO,, g/l CHJOOH, g11 rpQosov 

1 Kavrca oapartavo 
2 Maprorcouho , r 

3 Kavrca pav6qhapru 
4 HurBppt oapartavo 
5 Hsca-Kpjrq~ roroucpaht 
6 S rptipa EpuOpci~v 
7 a pocari 
8 r oouhravi 
9 )) Pthdrva 

10 D rpiipa k u r 6  
11 H pocad 

,l2 B oouhravi 
13 S -  pavrqhapt 
14 Cqrsia-Kp jrqq 6tartro 
15 Aacpvs~ H rptipa 
16 n D I) 

17 r r 6&uro 
18 r B )) 

19 Tvpvapoq p o o ~ a r o  
20 Payiavq rptipa 
21 Zaruv00~ I) 

22 Z a ~ a p w  ~hwpooracpt6iq5 
23 ll6py05 cpthipt + n 

24 Eiipota ravroupa 
25 S 

26 Ziroa delica 
27 raorouvq rptipa 
28 Mavrlv~ia I) 

29 N cptlkpt 
30 N pooxocpi7LEpo 
3 1 'ErriGaupoq rptipa 
32 nuhia-Msooqvia~ po6irq~ 
33 Malkp-Xavua pwphro 
34 n I) 

35 r r 

36 r I) 
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Z X H M A  3:  dza~6pavar] ~ L E ~ Z E X ~ ~ E V O U  14C 02 Gzdpopa npoib'vra Er6v napaywyljS 1956 CCOG 1976. 
o Rauschenbach ~ a i  Sirnon.' 
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&no n ~ p ~ o ~ j )  50m &no a6zo~tvqroGpoyo ~ a i  800m &no zov i6to a6zo~tvqzo- 
Gpoyo yioa 08 pauapt~o 66005 6th 86~15av oqyavrt~iq Gtacpopiq. Czqv i6ta 
~az~i)Ouvoq ~ E ~ X V E ~  ~ a i  fi ofiy~ptoq z6v y ~ z p f p w v  paq RE riq bhhq ~6pw- 
nalK85 p&rpilo&y. 

Summary 

Dinstinction of fermentation ethanol from synthetic ethanol. Variation of 
14C in greek wines and wine distillates 

A method to distinguish fermentation ethanol from synthetic ethanol based on the 
specific radioactivity of I4C by liquid scintillation spectrometry was studied. External 
standard methods were used which gave quite satisfactory results. The variation of 14C 
in greek wines and wine distillates was also measured. The mean value of the specific 
radioactivity of the greek products produced in 1974 was 19,2 dpm 14C/gC and of the 
products produced in 1976, 18dpm 14C/gC. The values are in good agreement with 
relative european measurements. 

Key Words: Analytical methods. Wine and wine distillates. Liquid Scintillation Counting. 
Specific radioactivity of 14C. , 
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E6~aplozodys zov Apa T. 'A~oytofivoyhou zod K.D.E. ccAqpo~ptzo~s yla 
zqv ~pqotyonoiqoq zoB cpaoyazoykzpou TRI-CARB 3385 npiv zi, Epyao~fip~o 
pa5 npoyq0~uz~T TO cpaoyazoy~zpo TRI-CARB 3330 ~ a i  y d  ~ i q  p ~ z i n n ~ a  
ouy~p tz t~ iq  y ~ z p j o s y  ~ a i  zov K. C. Aaofioq zod K.1I.E. ccAqp6~ptzog yta 
Z ~ V  ZEXVIKT~ TOU po ie~ta .  

TEhoq ~ 6 ~ a p t o z o d y ~  zfi @opoz&~vt~fl  A/voq, zoB TEV. X q p ~ i o ~   TO^ 
Kpacouq yta zq ouv~pyaoia r q ~  ozq ouhhoyq ~ i3v  6Etyparov. 
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STUDY ON THE ANTIBIOTIC FRACTION OF A ~ N N A -  TIN- 
CTORIA TAUSCH 

V.P. PAPAGEORGIOU, A.S. MELLIDIS and A.N. SAGREDOS 
Labora~ory of Organic Chemistry, College of Engineering, Arktotle Universiry of Thessaloniki, 
Greece 

summary 

Silicic acid chromatography of the fraction from the roots of A. tinctorta has yiel- 
ded two naphthaquinones, 5,tldihydroxy-244'-methylpent-3'enyl) -1,4-naphthaquinone 
(arnebin-7 or deoxy-alkannin) and 5,tldihydroxy-2- (l'-acetoxy-4'-methylpent-3'enyl) - 
1.4-naphthaquinone (alkannin acetate) along with 5,tldihydroxy-2- (1'-methyl- 
crotonoyloxy-4'-methylpent-3'-enyl) -1.4-naphthaquinone (alkannin angelate) and 5,8- 
dihydroxy-2- (1.-isovaleryloxy-4' -methylpent-3-enyl) -1,4-naphthaquinone (alkannin 
isovalerate), which were reported earlier,' possessing antibiotic and cytotoxic activities. 

Key Words: Alkanna tincloria, Naphthaquinones, Antimicrobial effects. 

The Hellenic Health Authorities have recently issued a free sale certificate 
for the proprietary medicine Histoplastin Reda. As far as we know, this is the 
first preparation of its kind in the world and is considered to fill a considerable 
gap in the therapeutic arsenal, because it provides effective treatment in cases 
of indolent ulcers (ulcus cruris) while it d s o  exhibits remarkable antibiotic 
action. 

The. active ingredient of the above preparation is an oily extract of the 
roots of A. tinctoria. One of the authors has already reportedq39' the chemical 
composition of the root extract of the above plant. In this paper the antibiotic 
fraction of this extract studied. 

Results and Discussion 

The antimicrobial actkm of certain pigments of structurb similar to these 
pigments, like the arnebins5 and shikonins6, in addition to our observation' on 
.the therapeutic result obtained by treatment with Histoplastin RedQ ointment, 
led us to the. detailed study of the. antibiotic fraction of A. tinctoria root 
extract. 

For this purpose the roots were extracted with n-hexane. After evaporation 
of the solvent, the semi-solid residue was extracted with cold methanol to elimi- 
nate waxes2. Then the pigments were precipitated as Cu-complexes, and simul- 
taneously separated from the fluorescent fraction4. The Cu-complexes were de- 
composed with hydrochloric acid and the pigment fraction was taken-up into 
ether. 
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The two fractions, pigments and.fluorescent substances, obtained as above, 
were checked for their antimicrobial action. It was proved8 that only pigment 
fraction exhibits an antimicrobial effect against Staphylococcus aureus SG511 
and Staphylococcus epidermidis (Fig. 1).  

FIG. I (a) Antibacterial control of the fraction of the pigments of Alkanna tinctoria. Concentra- 
tion 20mg/5ml acetone. Infusion of 0.~mI/15.9cm~ of disc surface. 

A. Staphylococcus aureus SG511 : complete inhibition 
B. S t a p h y I m ~ ~ ( s  epiderntidis : complete inhibition 
C. Escherkhia coli : complete growth 
D. Candida albicans : complete gro* 

(b) Antibacterial control of the fraction of the fluorescent substances of Alkanna tinctoria. Con- 
centration 21.8mg/5ml acetone. Infusion of 0.2d/15.9cm2 of disc surface. 

A. Staphylococcus aureus SG511 : complete growth 
B. S~aph~loeoccus epidermidis : complete growth" 
C. Escherichia coli : complete growth 
D. Eandida alhicans : complete growth 
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In a further step, the antimicrobial effect of individual constituents of the 
pigment fraction was studied. The results are indicated in Table I. The antimi- 
crobial control was affected according to the Heiss9 method which is suitable 
for the study of non-water soluble substances (cosmetic creams, deodqrants 
etc.). 

 part from the pigments. which have already it may be possi- 
ble that other pigments exist in smaller proportion and with similar R6 This 
fact, in connection with their biological intere~t'9'~, has prompted us to the de- 
tailed reexamination of the pigment fraction. Thus, after repeated column chro- 
matography (very slow flow rate, Table 11) two more pigments were isolated. 

The first of them Rf 0.45, m.p. 94-95OC, analysed for C,,H,,O,, M+272, 
gave a deep blue solution upon treatment with caustic alkali. Its UV-Vis spe- 
ctra were similar to the corresponding spectra of the already known pigment 
esters of alkannin. However, its 1R spectrum hasn't shown an esteric structure. 
Its NMR spectrum has shown, apart from the known peaks", a broad peak 
(4H) centered at 2.42 6 indicating methylene protons coupled and deshielded 
by olefinic groups. This pigment, therefore, has the structure I, of the already 
known arnebin-7 (de~xyalkannin)'~. 

II. X=OCOCH, 

The second pigment Rf 0.27, m.p. 103-104•‹C, analysed for C,,H,,O, M+ 
330, gave a deep blue solution upon treatment with caustic alkali. Its IR 
spectrum has shown a strong absorption at 1735 cm-' (ester carbonyl) whe- 
never all the other absorptions, as well as its UV-Vis spectra have shown that 
it is a typical ester of alkannin. Moreover, its NMR spectrum, among the other 
known peaks", included a singlet peak at 2.15 6 (3H) which was attributed to 
the protons of acetyl group. This piement, therefore, has the structure of alkan- 
nin acetate (11). 



TABLE I: Results of the antibacterial study of the components of the antibiotic fraction of Alkanna tinctoria. 

Substances 
StaphyIoc~cc~ls Staphylau~.cus Escherichia Candida Concentration* mrreus SG 511 epidermidis colt albicans 

Benzene extract of A. tinctoria 50mg/Sml acetone 0 0 3 3 
Benzene extract of A. finctoda 50mg/5mI isopropyl 0 0 3 0 

myristate 
Fraction of the pigments 
of A. tinctoria 2 0 m g h l  acetone 0 0 3 3 ' 

Fraction of the fluorescent 
substances of A. tinctoria 21.8mg/5mI acetone 3 3 3 3 
Alkannin 18.lmg/5ml acetone 0 0 3 0 W 

P, P-Dimethyl-acrylic ester 5 
21.5mgl5ml acetone 0 0 3 3 

0 
of alkannin E 

Histopla$tin Red@ 

Acetone 

* From each solution a quantity of 0.2 mV15.9 cm2 of disc surface was used. 
0 = complete inhibition 1 = isolated colonies 2 = midmlonies 3 = complete growth 
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TABLE 11: Column chromatography of the pigment fraction (0.9270) of Alkanna tlnctorla. -l 
'C 

ml 
S 

Fraction Eluant Mass (g) TLC 2 
4 

100 n-hexmelbenzene (60:40) I m 
100 n-hexanelbenzene (60:40) S 

100 n-hexmelbenzene (5050) 0.048 
50 n-hexanelbenzene (5050) (-5.2%) Rr 0.45 I ii 
50 n-hexanelbenzene (40:60) 

n-hexmebenzene (40:60) 

n-hexmelbenzene (30:70) 
n-hexmelbenzene (30:70) 
n-hexmelbenzene (30:70) 
n-hexmelbenzene (30:70) 
n-hexmelbenzene (30:70) 
n-hexanelbenzene (30:70) 
n-hexanelbenzene (30:70) 

n-hexanelbenzene (20:80) 
n-hexanebenzene (20:F) 
n-hexanelbenzene (20:80) 
Benzene 
Be,nzene 
Benzene 

Benzene 
Benzene 
Benzene 
Benzene 
Chloroform 
Chloroform 
Chloroform 
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Melting points are uncorrected and were determined with a Kofler hot- 
stage apparatus. The following instruments were used in the determination of 
spectra: Cary (UV-Vis), Perkin-Elmer (IR), Varian EM 360 (tetramethylsilane 
as internal reference). Mass spectra (chemical ionization, with isobutane as the 
bombarding gas) were measured on a Finningan 3200 spectrometer with sour- 
ce temperature 1500C. - 

Roots of A. tinctoria were provided us by the Greek Pharmaceutical Com- 
pany CHROPI S.A. (Neon Phaleron, Athens). 

Isolation of the Pigments 

The powdered dry roots (500 g) were extracted at room temperature with 
4x lOOOml n-hexane for 24h, under continuous stirring in a nitrogen atmosphe- 
re. The four extracts were combiined. Evaporation of n-hexane afforded 13.4 g 
of a deep red semi-solid residue (yield 2.8%). The semi-solid was extracted with 
1000 m1 cold methanol for 30 min. .The mixture was filtered. The material left 
on the filter was washed with methanol (3x200 ml). The methanol washings 
were added to the filtrate. From the combined methanolic solutions the mixture 
of the pigments was obtained as insoluble Cu-chelates by addition of cupric 
acetate. The Cu-chelates were decomposed with 1096 hydrochloric acid to give 
a mixture of free pigments. The mixture of the pigments was fractionated 
through a column 2 cm i.d., 32 cm high, packed with silicic acid 100 mesh 
ASTM (Mallinckrodt). TLC was carried out on Merck Kieselgel 60 F,, pla- 
tes. Solvent system: benzene/ chloroform/ acetone (50:50:1). 

The first fractions obtained from the column (Table 11) cohtained 48 mg 7 

crude anhydroalkannin (arneb'in-7 or deoxyalkannin) which was purified by re- 
peated recrystallizations from n-hexane to yield 25 mg pure red crystals m.p. 
94-95O C (Lit.I2 95O C). Anal. Calcd.: C,,H,,O,, C 70.58%, H 5.88%. Found: 
C 70.32%, H 6.01%. Mol. wt. 272. Uv-Vis AB'$ nm (log E): 275 (3.82), 482 
(3.79, 5 13 (3.80), 550 (3.45). IR vKB& cm-': 3030, 1610, 1560, 1210. NMR 
(CDCI,): 1.53 and 1.63 6 [6H, each S., = C (CHa2I, 2.28-2.57 6 (4H, m., Ar- 
CH2-CH2-), 5.07 6 [lH, t., -CH= CMe21, 6.83 6 (lH, S., proton on quinone 
rb& 716 6 (2H, S., protons on aromatic ring), 12.32 and 12.54 6 (2H, each 
S., -OH). 

Fractionation on the column was continued to yield 206 mg crude alkannin 

acetate, which was purified by repeated recrystallizatio~k from n-hexane to fur- 

nish pure alkannin acetate (142 mg), m.p. 103-lWO C (Lit.' 104-105O C). 

Anal. Calcd.: C,,H,,O,; C 65.45%, H 5.45%. Found: C 65.22%, H 5.55%. 

Mol. wt. 330. UV-Vis nrn (log E):. 275 (3.80), 485 (3.82), 516 (3.85), 

560 t3.65). IR vKg, cm-': 1740, 1615, 1575. NMR (CDCI,): 1.60 and 1.70 6 
0 

16H, each S., = C (CH,),], 2.15 6 (3H, S., -COCH,), 2.57 6 (2H, dt., -CH- 

CH2-), - 5.15 6 (IH, t., -CH= - CMeJ, 6.05 6 (IH, t., Ar-CH-), 6.94 6 ( l ' ~ ,  r, 
0- 
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proton on quinone ring), 7.17 6 (2H, S., protons on aromatic ring), 12.36 and 

12.52 6 (2H, each S., -OH). 

nwi~~lynl 

M e U q  toii dv~iorucoii &ups f l ~  ALkanna tlnctoria Tausch 

C' a i h j  njv kpyaaia pdhEtBrat rb tchbapa C~uhla~coq rGv pt@v r i / ~  A. 
tinctoria no6 n&plC~~l Tiq &vn$ton~& oh@. 'H p&Eq bmrdv&rat uai or6 
cpappa~&untco i6loo~&~iaapa no6 Exn abv Gpaontcb auaranrd r6 &vrt$lo.n~6 
~hdrapa 706 napandrvo cpuro6. 
M1 dcpoppil riq noh6 EvGtacpEpouag cpappaICohoptc& ~ a i  $tohoyttc& Oto- 

q r q  706 napandrvw tchdrapar~ @v& hav&&raq  r i / ~  x q p t ~ i i ~  TOU auar&- 
a&%, &nb rqv 6noia R ~ O E K U I ~ E  4 &nop6~06t) tcai rauronoiqq 660 &tc6pq 
~poazt~Gv,  r i j ~  5,8-6~6po@-2- (4'-p&euhon&v~-3.'-&vuk) - 1,4-vacp0o~tv6vq~ 
(arnebin-7 i j  deoxyalkannin) uai rijq 5,8-&u6po@-2- ( l ' - a~&ro~i~-4 ' -  
p&8uhon&v.r-3'-&vuh) -1,4-va~o~tvovqq (d(uco6 EorEpa q~ &k~avvi y G). 
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Summary 

In order to investigate the structure of compounds formed in the binary system of 
Si-Te, large single crystals were grown by the Bridgmann technique with various 
starting stoichiometric proportions. A new dissolution procedure was developed which 
involved sample heating in a teflon beaker in the presence of H,O, and NaOH solu- 
tion. Chemical analysis showed a Si and Te percentage corresponding to the formula 
Si,+,Te, with O(x40.33. The structure of these compounds was studied by transmis- 
sion electron microscopy combined with electron diffraction patterns. The structure for 
crystals with the stoichiometldc compositions in the above range was found identical to 
that found for Sil.33Te, (= Si,Te,) under the growing conditions used. Deviations from 
stoichiometry do not change the structure and can be explained on the basis of the 
statistical occurence of Si atoms in the sublattice of Te atoms. 

Key words: Silicon-tellurium compounds, silicon-tellurium dissolution, electron microscopy, 
electron diffraction, semiconductor. 

Introduction 

Most of the elements belonging to groups IV and V1 of the periodic table 
form compounds with stoichiometric proportions of 1:1 or 12. In contrast, 
silicon-tellurium compounds can be described by the general formula S4+xTe, 
with the value of X ranging from 0 to 0.33. It is for that reason that different 

reported different chemical formulas for Si-Te crystals, which 
otherwise exhibited the same physical properties. 

Silicon telluride (Si,+,Te,) is of great interest in practical applications 
because it is a semiconductor with a large energy gap, low Hall mobility and 
relatively high electrical resistivity. It is usually formed between Si-CdTe inter- 
faces of Si-vidicon targets. 

The structure and the composition of this compound is controversial, 
therefore it was considered worthwile to study its structure by using TEM 
methods under various stoichibmetric compositions. 

Weiss et was the first to examine the crystal assemblage of SiTe, and 
suggested a s~ystal structure similar to that of CdI, with unit cell dimensions 
a,= 4.28 A, c,, = 6.71 A and space group ~ 3 m .  Taketoshi et al.9, also, in- 
vestigated the SiTe, structure and reported unit cell parameters a= 7.428 A 
and c= 6.733 A. This unit cell configuration with a= q , 6 3  and c= 6 was 
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put forward to account for superlattice diffraction spots of (3. 3. 0) and (+ + 
0) type present on (001) reciprocal lattice plane. This type of superstructure, 
which was attributed to a slight displacement of the tellurium atoms in the 
(001) crystal' planes, was also observed during the study of the structure 
defects of single SiTe, crystals by means of the electron microscopelO. In that 
work it was confirmed that the c parameter of the crystal equalled 2% and that 
the material behaved as a polytype. Ploog et al." studied single crystals with 
the composition Sil.uTe, (= Si,Te,) using x-rays and reported unit cell 
parameters a= 7.43 A (= U,, 6 3 )  and c= 13.482 A (= 2%) and space group 
~ 3 1 ~  with z= 4. Silicon atoms form Si, units occupying the 213 of the cation 
sites of the CdI, type structure with Si-Si bond distance aproximately 2.3 A. 
Each silicon atom is surrounded by three tellurium atoms and one silicon atom 
in a tetrahedral configuration with the Si-Te bond distance approximately equal 
to 2.55 A. Each tellurium atom is bonded to only two silicon atoms with the 
Si-Te-Si bond angle approximately equal to 93O. Tellurium atoms form a hex- 
agonal close-packed array, whereas the Si-Si pairs can occupy any of the 28 
probable vacant sites available for the eight silicon atoms in the unit cell (Fig. 
l). 

FIG. I :  Projection of Si, Te, unit cell on the (001) plane. All possible orientations of Si-Si pairs 
are shown. For clarity only hap of the cell, paraIIeI to c axis is projected. 

Since, these unit cell parameters were in agreement with those of SiTe, 
crystals!O and the DTA measurements and the IR spectra were exactly iden- 
tical to those reported by ploog et al.", it was considered worthwhile to study 



,A STIJDY OF SILICON - TELLURIUM COMWLFNDS 67 

crystals of the Si-Te system with variable stoichiometry and at the same time 
investigate and examine their crystallographic parameters by means of electron 
microscopy. 

Experimental 

Crystal preparation 

Large single crystals of varying stoichiometry were grown by the 
Bridgmann technique. Substances used for that purpose were of extremely high 
purity (silicon 99.999% and tellurium 99.999%) in proportions (l+x)Si: 2Te, 
where X= 0, 0.2, 0.33 and 1.0. The two components in the form of small frag- 
ments were placed in a quartz ampoule 10 cm long and 2 cm diameter, and 
the ampoule was sealed under a 10-5 Torr vacuum. The lowest part of the am- 
poule containing the material was placed in a vertical furnace with a Smear 
scale temperature gradient starting from , 10000C. The quartz ampoule 
remained in the highest temperature site for 24 hours in order to achieve com- 
plete melt homogeneity. A& the 24' hours had elapsed the ampoule was 
lowered, by means of a suitable mechanism, at a lowering rate of 33 mm/d 
down to the temperature of 8WC. At this point the power of the furnace was 
turned off and the ampoule was left for about 18 hours to cool off to room 
remperature and then removed from the furnace for further examination. 

Single crystals prepared by this method showed a deep red color, cleavage 
at the (001) plane and they were approximately 3 cm long and 2 cm wide. 
Their single crystallinity was checked by means of Laue diagrams and electron 
diffraction. It was thus verified that the crystals were well developed with a 
small number of structural defects. 

Determination of crystal stoichiometry 

Single crystals that had been checked previously for their crystallinity were 
used fo; determining the proportions of silicon and tellurium in the compound. 

Sodium carbonate fusion in platinum crucible  for^ assaying silicon telluride 
crystals was not used lest some tellurium losses might occur as a result of high 
fusion temperature and crystal gridig preceding the fusion. The acids (HNO,, 
HCIO,, H2S04, etc.) for tellurium dissolution followed by NaOH treatment for 
silicon dissolution was not considered since we considered that the sensitivity 
of the method was not what was needed. A new technique was developed, in- 
stead, for dissolving the crystals. This technique involved sample heating in a 
teflon beaker i n  the presence of H202 and NaOH solution. This dissolution 
technique is more advantageous than the mentioned ones in that, it is rapid, it 
is conducted under relatively mild conditions and no interferences are encoun- 
tered in Si and Te deterNnation. 

A 0.1 to 0.2 g sample is placed in a 100 m1 teflon beaker and 10 m1 of 
30% H202 solution are added. The beaker is heated on a sand bath (120- 
1500C) for the oxidation of tellurium, resulting in a crystal lattice collapse and 
the release of silicon in a very fine colloidal state. After 10 min heating 10 m1 
of 40% NaOH solution are added for complete silicon dissolution and the 
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heating is continued until final solution volume of 5 ml. Then, the beaker is 
removed from the sand bath, cooled and after the addition of 5 m1 of 30% 
H,O, and 5 m1 of 40% NaOH the beaker is heated again till everything has 
gone into solution (indicated by a clear and uncolored solution). Complete dis- 
solution takes about 20-30 min. and yields water soluble Na,TeO,H, and 
Na,SiO, as final products. The beaker is then removed from the sand bath, 
cooled and after the addition of 20 m1 of distilled water and 22 m1 of 6 N HCI 
for partial neutralization of the NaOH used, heated again ina the sand bath 
(100 - 1200C) for solution.clearing and complete decomposition of the perox- 
ide. The beaker is then cooled and its contents are quantitatively transfered to 
a 500 m1 volumetric flask. Before dilution to volume with distilled water a few 
drops of 6 N HCI are added for the solution acidification (pH 2 - 4). It is es- 
sential that the pH sQould be maintained at this region to avoid silicon 
precipitation as SiO, in lower pH's. 

.Quantitative determination of silicon was done by the molybdosilicid acid 
method" using a Varian model 635 spectrophotonieter with transmittance read 
at 390 mp. Tellurium was determined by Atomic Absorption Spectroscopy us- 
ing a Perkin Elmer model 503 instrument at th.e 214.3 m spectral resonance 
line with air-acetylene flame13. 

Results 
Chemical analyses of four different crystals prepared with stoichiometry 

closely corresponding to the -formula SiTe, gave the average percentage of 
10.52 and 89.34 for Si and Te respectively.. This composition reflects a 
stoichiometry of the type: 

Sil.~,Te,, 
Two crystals prepared with stoichiometry corresponding to the formula 

Sil.zTe2.0 gave the average percentage of 11.30 and 88.62 for Si and Te respec- 
tively. In this case, the stoichiometry can be formulated by: 

si1.16ThO 
Two other crystals prepared with stoichiometry corresponding to the for- 

mula Sil.5Te2.0 gave the average percentage of 12.68 and 87.02 for Si and Te 
respectively. In this case the stoichiometry can be formulated by: 

Sil.3~Tez.00 

Finally, two other crystals prepared with stoichiometry corresponding to 
the formula Si2.0Tez.o gave the average percentage of 12.77 and 87.16 for. Si 
and Te respectively. In this case, this composition reflects a stoichiometry of 
the type: 

JI Sil.33Te2.00 

Chemical analyses revealed that in all crystals obtained, the stoichiometry 
was of the type Sil,,Tgz, with X ranging from 0 to'0.33. Crystals with X 
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011 

FIG. 2: The unit cell of reciprocal lattice 
sewed by electron dzgraction. 

100 
constructed from various reciprocal lattice planes ob- 

' 

FIG. 3: Three of rhe electron dSfSracfion patterns used to construa the reciprocal lattice unit cell 
shown in Fig. 2. On!r the basic dzxraction spots are inde-red and the electron beam direction is 
given for each -pattern. 
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greater than 0.33 were not observed in spite of the use of silicon in proportions 
with X = 1 in the preparation procedure. 

Conclusions 

Attempts to prepare-crystals with stoichiometry either of SiTe or SiTe, 
type showed that in all cases the stoichiometry of the crystals obtained ranged 
from SiTe, to Sil.33Te2 (= Si,Te,). Measurements of crystal parameters and 
electron diffraction patterns revealed a reciprocal lattice (Fig. 2 and 3), which 
provides suflicient evidence that the crystal structure is the one proposed by 
Ploog et al.". Results of this research can be accounted for on the grounds of 
Ploog's suggested model for Sil.33Te, type stoichiometry. According to thie 
model tellurium atoms form a close-packed hexagonal arrangement and the Si- 
Si pairs f3l statistically the 213 of the probable octahedral vacant sites between n 

alternate tellurium planes. Consequently, a percentage of Si-Si pairs is 
statistically permissible to be missing without disturbing the crystal structure 
and thus crystals with varying stoichiometry and idedcal structure can be for- 
med. 
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In recent years the idea of the utilization of rising gas bubbles for the 
separation of suspended matter from a dispersion (i.e. flotation) has been ap- 
plied in ef?luent treatment. One of the techniques by which finely divided gas 
bubbles can be produced is electrolysis. The measurement of gas bubbles dur- 
ing electroflotation showed an average value of approximately 50 pm in nor- 
mal conditions. 

One of the frst goals of the scientific studies, regarding the electrolytically 
produced bubbles, was the bubble growth, as this presumambly could lead to 
improvements in commercial electrolytic processes l. A further stimulus to the 
study was that electrical measurements could be made with great accuracy and 
relative ease and mathematically, bubble growth by mass transfer is analogous 
to bubble growth by heat transfer. Hence, it was thought that information con- 
cerning one phase change might contribute to knowledge of the other. There 
are several attempts by chemical engineers to relate electrolytic gas evolution 
to nucleate boiling. However, it was proved2 ihat microconvenction does not 
abet volume flux in electrolysis. 

To present a mathematical statement for ,the problem of mass diffusion, , 
which is of interest for electrolytic bubbles, the controlling step of bubble 

, growth should be found. In fact, despite the considerable literature on the sub- 
ject, there is no universal agreement as to the precise mechanism, which indeed 
may vary with the electrode surface and other operating conditions3. 

Information concerning the contact angle was also of significance to 
theoretical workers. It-was thought, originally, that there should be an effect on 
bubble growth for two reasons. For one, the liquidlgas interfacial area for a 
given volume of gas in the form of a spherical segment is a function of the 
contact angle. The second reason concerns the movement of liquid solution 
which occurs as a bubble expands. However, in the  literature'^^ contradiction 
appears concerning this problem. 

All the above mentioned theory was dealing with electrolytically generated 
bubbles in a rather general form. Regarding the application of electrolysis on 
flotation, the existing studies were concentrated in the measurement of 
hydrogen bubbles 0nly~9~. 
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The present work had the aim of measuring both the hydrogen and oxygen 
bubbles under electroflotation conditions. A 0.05% p.v. sulphuric acid solution 
was used, so that the current density could be varied in the range of 100 to 
300 A/mZ. The camera used in this study was constructed earlier7 for a solvent 
extraction project, and the arrangement is shown in Figure 1. The electrodes 
used were from stainless steel; more details can be found in reference8. 

A Flotat ion vessel  

+ (-1 B Eleetrocte c e l l  
C ~no*ographic camera 

D ?lash unit 

E iiindow 

F Camera -body 

G Extension tube 

X Sliding p l a t e  shubkw 

I Immersion probe 

J Glass d i s c  

K Gasket 

L Lenses 

. 

FIGURE I : Arrangement of vessel artd camera. 
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When the data were plotted can probability paper, it was found difficult, es- 
pecially in the case of 300 A/m2, to fit them in a straight line, as it is shown in 
Figure 2. This was due to the fact that hydrogen and oxygen bubbles were 
measured at the same time. 

dian. (pm) 

FIGURE 2:  Bubbles heasuremenls during elecrroJlorarion. 
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Gas bubbles! evolved at the electrode under different conditions may have " 

different sizes. For instance;in an alkaline electrolyte the oxygen is evolved on 
the anode in the form of relatively large bubbles which rise rapidly and the 
electrolyte remains clear; while the hydrogen is evolved on a nickel or platinum 
cathode in the form of very fine bubbles that create milky turbidity within the 
cathodic space4. In an acid electrolyte the difference in sizes is not so great; in 

' such a case the hydrogen bubbles are larger than the oxygen bubbles. 
The problem can be seen clearly in Figure 3, where two maxima are obser- 

ved. In this histogram, diameJers at the range boundaries were included in the 
lower range. 

number 1 

i 0  
i 

bubble diameter ( ?m) 

FIGURE 3: Histogram of elecfrolytically produced bubbles. 
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All the bubbles measured were in the range of 20 to 90 pm. Those bubbles 
around the upper limit are believed to be the outcome of coalescence. Measure- 
ment in a different liquid height,, around 0.25 m from the top (while the 
previous measurements were at 0.10 m), -gave a comparable result. Also, 
measurement with no electrolyte at 100 A/m2 gave a mean diameter of 50 pm. 

The addition to the solution of electrolytes could change the values of the 
surface tensions at a given potential, and this may cause either an increase or a 
decrease in the wettability of the metal surface. The increase of electrode wet- 
tability as a result of an increase in the double layer charge on its surface was 

.said4 to be of great importance in electrochemical processes. 
The effect of added solutes on the size of hydrogen bubbles was studied 

also elsewhere9. The authors reported a decrease in bubble size effected by the 
addition of one mole of sodium chloride. 

Further conclusions from the photographic measurements are shown in 
Figure 4, where the size distribution at different current densities was plotted 
against the percentage of the observed bubbles. It is noticed that the statistical 
mean and the dispersion in the empiecal distribution with respect to bubble 
size decrease as the applied current density is increased. 

fractional d i s t r i b u t i o n  ( pm) , 

babbles 

(9b)  

FIGURE 4: Observed distribution of gas bubbles at d~yerent current densities. 

I l 

current  dens i ty  

0 100 ~ / m ~  
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So the gas bubbles were found to become smaller with increasing current 
density and in the meantime, the number of bubbles was found to increase, as 
expected. It is noted that it was found6, for hydrogen bubbles, that they remain 
at approximately the same level at fairly high densities of the order of 1,000 
A/m2 and more. Apparently at very high current densities the influence of 
charge of potential on the bubble size diminishes. Concluding, in the range in- 
vertigated, our results are found in agreement with the literature. 
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