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A STUDY ON THE ' SYNTHESIS OF ASYMMETRICALLY SUB-
STITUTED 1(a-AROYLOXYARYLIDENAMINO)- 4,5-DIPHENYL-
1, 2, 3-triazoles

C.P. HADJIANTONIOU and N.E. ALEXANDROU*
Laboratory of Organic Chemistry, University of Thessaloniki, Greece
® To whom correspondence should be addressed.

Summary

The synthesis of asymmetrically substituted 1<a-Aroyloxyarylidenamino)-
4,5-diphenyl- 1, 2, 3-triazoles (triazolyl - isoimides) (III) prepared in 40-70%
yield, under specific conditions, from® 1{N-aroylamino)- 1, 2, 3-triazoles (II)
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: l-(u-Aroyloxyarylldenammo)—4 S-diphenyl-1, 2, 3 triazoles, synthesis, spectral
data.

Introduction

The major objective of this project is the synthesis of asymmetrically - in
aroyl groups of the isoimide function-substituted 1<(a-aroyloxyarylidenamino)-
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 (III).

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

Results and disbussion

. It has been.shown previously by El Khadem and his co—workers (5) that
some ‘isoimides are obtained by direct benzoylation of heterocyclic amines. In
our lmtlal attempts we were able to prepare the unsubstituted 1<(a-benzoyloxy-
benzyhdenammo) 4,5 dlphenyl 1, 2, 3-triazole' (I, where X=H) by treating
either ~ 1- -amino- - benzoylammo triazole (II where X=H) with ben-
zoylchlonde
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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 1-aroylamino-1, 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 (III) is given in Scheme 1.

Scheme 1
Ph Ph Ph Ph
) - ( CgH,X(p-) ) (
N /4 ]
N2 IN— NZF HCl N Ny (p-)YCgH,COCL
c -) 4
v ;\T D A T
1 ) ko CgH,X(p-) 11
Ph Ph Ph Ph
):( CeH, X(p-) - 77-—'( )
! A . /COCGH“X(p-)
. .
\\N/N— N — N\ /N— N
0 100° | N
4\ COC.H, Y(p-)
0
; CeH,Y(p-)
I v
(A) X=H, Y=CH,
{(B) X=CH,, Y=H
(C) X=H, Y=Cl
(D) X=Cl, Y=H

(E) X=OCH,, Y=H
(F) X=OCH,, Y=Cl
(G) X=Cl, Y=CH,

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

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

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

(z-)

<
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%’\z

A,

[~]
(=]

|
A
A\

>
& (N

4
. "\8
8
R

tr—N
N coar
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 (II) 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 nucleophilic 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-imide (IV). This formation of
O-derivative, triazolyl-isoimide (II), is a kinetically controlled product.

In all studied cases where the substituents in 4 ,5-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 5-, the major product isolated was
the triazolyl-imide (IV) in a mixture with a sufficient amount of triazolyl-
isoimide (III). o

- The kinetically controlled O-derivative (triazolyl- 1somnde) is excluswely for-
med from 4,5-diphenyl-derivatives (II)-

The preferable nucleophilic attack by the oxygen, in the case of 5-phenyl
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substituted triazole derivatives, might be due to steric eﬂ:ects (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 group (phenyl) in the 5- position of the
triazole ring. ) :

Asymmetrically substituted triazolyl-isoimides (III) were also prepared from
symmetrically substituted triazolyl-isoimides (I) and an excess of aroyl-chloride.
A possible mechanism is shown below: '

Ar A 7
/N _—< v /N=< )
o tr 0" .

O0——— COAr

—_—
(o] ———< )
I Ar —CO-\EJ. 111 S

"+ Ar-COCL

Ar

However, the route from 1-benzoylamino-triazoles (III) was found to be the
best one. The structures assigned to the triazolyl-isoimides (III) 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 (11). It is worth- men-
tioning that by heating the isoimides IIIA and IIIB the same imide is obtained:

Ar
1t —— N.—_
' . COAr
0COAr’ A
——» tr —N
Ar L ‘ \ coar*

tr ——N_—_-_< .-

OCOAr

The fragmentation pattern in the mass spectra of the isoimides (III) 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: »

Ph ~— C==2¢ ——Ph—lt
.
N NH
\ /

N
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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 ArCOO*. 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 uncorrected and were determined with a Kofler hot-stage
apparatus, ultraviolet absorbtion spectra were obtained in methanol (spectral
grade) with a Perkin-Elmer 137 137 UV, using 1-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 ylelds 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) (b.p. 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 1-(N-aroylamino)-triazoles (II)

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
solveny yielded 1-(N-aroylamino)-triazoles, which were recrystallized from
chloroform. ’

1-(N-p-Methylbenzoylamino)-4,5-diphenyl-1, 2, 3-triazole

Following the above procedure from isoimide (I, with X=CHj,) (0.5g) and
hydrochloric acid (3 ml) the benzoylamino-triazole (Il with X=CH;) was ob-
tained (200 mg, 80%, m.p. 238-240°). UV A, 244 nm. IR vCO 1695 and
vNH 3150 cm™!. NMR (DMSO-Dy) t: 2.15 (d, 2H, J: 8.5 Hz), 2.54 (m. 12H),
7.62 (s, CH,). Anal.: caled. for C,,H;N,0: C 74.55, H 5.12, N 15.81%;
found C 74.65, H 5.17, N 15.96%.
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1-(N-p-Chloro-benzoylamino)-4, S-diphenyl-1, 2, 3-triazole

From triazolyl-isoimide (I, with X=Cl) (2g) and hydrochloric acid (12 ml)
the benzoylamino-triazole (II, with X=Cl) was obtained (900 mg, 61%, m.p.
217-219°). UVA,.x 245nm, IR vCO 1695, vNH 3150 cm™'. NMR (@DCly)
2.34 (d, 2H, J: 8.5Hz), 2.57 (m, 12 H). Anal.: calcd. for C,H,,CIN,O: C
67.19, H 4.03, N 14.95%; found: C 66.90, H 4.08, N 15.15%.

1-(N-p-Methoxybenzoylamino)-4,5-diphenyl-1, 2, 3-triazole

From triazolyl-isoimide (I, with- X=OCH;) (900 mg) and hydrochloric acid

" (4 ml) upon heating the benzoylamino-triazole (II, with X=0CH;) was ob-

tained (300 mg, 45%, m.p. 183-184°). UV A,,, 258 nm, IR vCO 1660, vNH

3280 cm™'. NMR (CDCI,) : 2.24 (d, 2H, J: 8.5 Hz) 2.64 (m, 10H), 3.24 (d,

2H, J: 8.5Hz), 6.27 (s, OCH;). Anal.; calcd. for C,,H(N,O,: 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 (III)

A general procedure is described. 1-(N-Benzoylamino)-triazole (I) 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
filtered 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 (III). An alternative route from symmetrically substituted triazolyl-
isoimides (I), excess of benzoylchloride and presence of pyridine under the
same conditions of high purity of the reactans and prolonged stirring at room
temperature, yielded the same isoimides (III) also in good yields. In this case,
the purification of the product was performed in the same way as described
above. '

1-(a-p-Methylbenzoyloxy-benzylidenamino)-4,5-diphenyl-1, 2, 3-triazole (IIIA)V

From benzoylamino-triazole (II, with X=H) (200 mg), 1-p-methylbenzoyl-
chloride (1.5 mj) -and pyridine (0.2 ml) the triazolyl-isoimide (I1I1A) was ob-
tained (120 mg, 45%, m.p. 166-167.5°). UV A, 252 nm. IR vCO 1745 and
vC=N 1640 cm™. NMR (CDCl,) 1: 7.52 (s, CH;), 1.90 (d, 2H, J: 9Hz), 2.02

(m, 2H), 2.55 (m, 15H). Anal.: calcd. for C,yH,,N,0,: C 75.96, H 4.84, N
- 12.22%; found: C 75.84, H 5.10, N 11.91%.
1-(a-Benzoyloxy-p-methylbenzylidenamino)-4,5-diphenyl-1, 2, 3-triazole (IIIB)

- From benzoylamino-triazole (I, with X=CH,) (100 mg), benzoylchloride
(1 ml) and dry pyridine the triazolyl-isoimide (IIIB) was obtained (80 mg, 62%,
m.p. 164-165°). UV A, 243 nm and shoulder at 285 nm. IR vCO 1745,
vC=N 1635 cm™. NMR (CDCL) 1: 7.59 (s, CH,), 1.79 (m, 2H), 2.14 (d, 2H,
J: 8.5 Hz) and 2.55 (m, 15H). Anal.: calcd. for Co,yH,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,) (300 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°).
I-(a-p-Chlorobenzoyloxy-benzylidenamino)-4,5-diphenyl-1, 2, 3-triazole (I1IC)

From 1-benzoylamino-4,5-diphenyl-1, 2, 3-triazole (II, with X=H) (200
mg), p-chlorobenzoylchloride (1.5 ml) and pyridine (0.2 ml) the triazolyl-
isoimide (IIIC) was obtained (120 mg, 47%, m.p. 185.5 - 187°). UV A, 253
nm. IR vCO 1755, vC=N 1640 cm™. NMR (CDCl,) 1: 1.79 (d, 2H, J: 8.5
Hz), 2.02 (m, 2H), 2.52 (m, 15H). Anal.: calcd. for C,,H,,CIN,O,: C 70.28,
H 3.90, N 11.71%; found: C 69.94, H 4.11, N 11.45%.
I—(a—Benzoonxy-pichlorobenzylide_namino)-4.5-dipheny1—I, 2, 3-triazole (IIID)

From benzoylamino-triazole (II, 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. 170-171°). UV A, 244 and shoulder at 282 nm. IR vCO 1745,
vC=N 1640 cm’!. NMR (CDC},) t: 2.07 (d, 2H, J: 8.5 Hz), 1.79 (m, 2H), .
2.52 (m, 15H). Anal.: calcd. for C,4H,;CIN,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 (Iml) and pyridine (0.1 ml) at room temperature for
40 h (60 mg, 66%, m.p. 170-171°).

1-(a-Benzoyloxy-p-methoxybenzylidenamino)-4,5-diphenyl-1, 2, 3-triazole (IIIE)
From benzoylaminotriazole (II, with X=0CH,) (100 mg), benzoylchloride

(1 ml) and pyridine (0.1 ml) the triazolyl-isoimide (IIIE) was obtained (60 mg,

47%, m.p. 175-176°). UV A, 233, 310 nm. IR vCO 1740, vC=N 1635 cm™.
NMR (CDCl,) 1: 6.12 (s, OCH;), 3.02 (d, 2H, J: 9Hz), 2.03 (d, 2H, J: 9Hz),
1.72 (m, 2H), 2.49 (m, 13H). Anal.: calcd. for C,;H,,N,O;: 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=0OCH,;) (70 mg) with ben-
_ zoylchloride (1 ml) and pyridine (0.1 ml) at room temperature for 40 h (40 mg,
62%, m.p. 175-176°).

3 1-(a-p-Chlorobenzoyloxy-p-methoxybenzylidenamino)-4,5- dzphenyl -1, 2, 3-tria-
zole (IIIF)

From benzoylamino-triazole (II, with X=0OCH,) (25 mg), p-chlorobenzoyl-
chloride (0.25 ml) and pyridine (0.1 ml) the triazolyl-isoimide (IIIF) was ob-
tained (15 mg, 44%, m.p. 182-183°). UV A,,, 250, 310 nm. IR vCO 1740,
vC=N 1635 cm™'. NMR (CDCl,) : 6.14 (s, OCH,), 3.04 (d, 2H, J: 8.5 Hz),
2.47 and 1.97 (m, 16H). Anal.: calcd. for C,H,,CIN,O,: C 68.56, H 4.17, N
11.03%; found: C 68.24, H 411, N 11.06%.

1-(a-p-Methylbenzoyloxy-p-chlorobenzylidenamino)-4,5- dtphenyl 1, 2 3-triazole
ane)

From benzoylammo triazole (II with X=Cl) (100 mg), p-methylbenzoyl-
chloride (1.5 ml) and pyridine (0.1 ml) the triazolyl-isoimide (IIG) was ob-
tained (65 mg, 68%, m.p. 169-171°). UV A, 245 hm. IR vCO 1740, vC=N
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1630 cm™. NMR (CDCL). t: 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 C,H,,CIN,O,: C 70.79, H
4.30, N 11.39%; found: C 71.09, H 4.21, N 11.71%.

Thermal rearrangement of asymmetncally substituted triazolyl-isoimides (III)
to diaroyl-imides (IV)

The rearrangment proceeds in very high yield by heating the isoimides at
150° for 3 h without any solvent. The products were recrystallized from a mix-
ture of ethyl acetate-petroleum ether,

1-(N-Benzoyl-N-p-methylbenzoyl-amino)-4,5-diphenyl-1, 2, 3-triazole (IVB)

The triazolyl-isoimide (IIIA) (200 mg) gave the triazolyl-imide (IVB) (160
mg, 80%, m.p. 235-238°). UV Aye 244 nm. IR vCO 1700 cm™. NMR
(CDCl,) 1: 7.70 (s, CH;), 2.55 (m, 19H). Anal.: calcd. for C,H,,N,0,: 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).

1 (N—Benzoyl -N- p-chlorobenzoyl—ammo) 4,5-diphenyl-1, 2, 3-triazole (IVC)

The tnazolyl-nsonmndes (ITIC) and (IIID) (100 mg) gave the same lmlde
(IVC) (90 mg, 90%, m.p. 188-192°). UV A, 245 nm. IR vCO 1700 cm™,
NMR (CDCl,) : 2.55 (m.). Anal.: calcd. for C,H,CIN,O,: C 70.28, H 3.90,
N 11.71%; found: C 69.45, H 3.94, N 11.53%.
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ﬂemlwn

«Melem éni ¢ ovvBésEw¢ dovuultpws Unoxategtnuévewv 1-(a-
dpovloévapvAidevautvo)-4,5-diparvwlo-1, 2, 3-tpralorimvs

Meletdtar 1} ovvleon tdv tpafoAvio-cotwdiov (III), @ Onoia
anotehobv véeg #vboeig dAAd kai véa td€n- tpraforvro-tosoidiov.
Iapackevdotnkav kotd d00 dwgopetikods. tpomovg, nd Beviobrauivo-
tploia xai Omoxatestnuéva Peviobloyhopidie i dand  cvpuetpikidg
dnokatestnuéva  tpuefoAvio-tootpidic  kai  PeviodroyAwpidio,  pé
{kravomomtikdg dnoboceig, (40-70%). Iladodtepes mpoondbeieg ovvhioehg
toug dnd v Ocidwon tdV* Sifeviobro-vdpalovdv, TV a-SikapPBovorikdv
évooewv dmétoyxav, ki kai f &n’ edfsiag odvleon toug 4nd Bevioika
GAate xal tudovAooroyovidie, yvoory péfodo ouvvbicswg cLupETPKRG
vnokatestnuévev tooidiov. "H odvleon toug &netedybn pé ximnikdg EAeyy-
ouevn GpodAlwon o yaunidg oxetkdg Oeppoxpacieg tdv 1-(N-
Bev{ovAautvo)-tpaloriov fi S’ Emdphoceng PeviobAoxAwpidiov &ni cup-
petpucu)g vrokatestnuévev lootudiov napovesio rupidivng.

‘H 0ippavon Vo looucpdv pé tov adtd drokatectdtn otV Bevﬁob)to&o-
oudo. tod dvog kai otiiv BevivArdevauvo- tob GAhov ddnyel 610 oynuationd
10D idiov piktod Srapodiro-yudiov (IV).

~ MeAétn 16V pacpatookomkdv tovg dothitev Edeiie ST mpokertar yid
Evaoeig dvaAoyeg Tpog 10 GLMUETPIK@G drokatestnpéva tpraloAvAio-iooiuidia
(II). "Evdweépov mapovoidler § ueAétn 1dv @aocudtov paldv adtdv 1dv
EVOOEWV.
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PHYTOCHEMICAL STUDY OF MENTHA PIPERITA
CULTIVATED IN GREECE. Part 1: ESSENTIAL OILS
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Summary

Quaiitative and quantitative changes of the essential oils of Mentha piperita
cultivated in Greece, during blossom period are studied.

Key Words: Labiatae, Mentha pipérita. essential oils, mono-and sesquiterpenes.

Introduction

The genus Mentha (Fam. Labiatae) includes thirty species, eleven of which
are found in Greece!. Mentha pzpenta 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 sesquiterpenoids.? Various other
constituents suchsas flavonoids,® sterols,® free aminoacids,* azulenes,’ vitamin
ES$ are also found.

The essential oils of M. piperita L. (Peppermint oil) are used as flavouring
in toothpastes and chewing-gums (50%), 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.
Ppiperita 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 1. Chemical composition of the volatile ofl of Mentha piperita L.

27 3-Octanol*? -

No Component % No Component % No Component %
1 Acetone? } ¢ 28 trans-2-Hexenol*? ¢ 55 a-Amorphene? 0.1
2 2-Methylpropanal*’ 29 Tetradecane? 56 y-Muurolene?® t
3 Butanal*? : 30 1-Octen-3-ol2 t 57 Ledrence? t
4 Ethanol? } t 31 trans-Sabinene hydrate?? 0.8 58 Germacrene D? 09|
§ 2-Methylfuran? 32 Menthone" 24.2 59 a-Muurolene? 0.5
6 3-Methylbutapal*® } o1 33 Menthofuran® 1.2 60 Piperitone* : } ol
7 2-Methylbutanal? ’ 34 Isomenthone*** } 3.5 61 Citronello? e
8 2-Ethylfuran? t 35 Pentadecane? ’ 62 5-Cadinene** . }

9 «-Thujene!® } 0.7 36 Copaene? t 63 y-Cadinene? ¢
10 a-Pinene*" ) 37 Linalool*? 64 Octadecane? t
11 Camphene!? ¢ 38 o-Bourbonene?® } 0.6 65 a-Cadinene? t
12 B-Pinene! 0.8 39 cis-Sabinene hydrate?’ 66 Limonen-10-yl acetate®: t
{3 Sabinene'’ 0.4 40 trans-p-menth-2-en-1-ol t 67 Nonadecane? ' t
14 Myrcene'* 0.1 41 o-Gurjunene? 68 Calamenene®® t
15 3-Methylbutanol'® 0.2 42 Menthyl ace:ate‘” } 37 69 Dnhydrohmpnen-lo-ol’ ' t
16 a-Terpinene!¢ - t 43 Neomenthol*!2 70 Eicosane? ' t
17 Limonene!” 1.2 44 B-Copaene? } 49 | 71 Phenylethyl 3-methyl-butyrate?
18 18-Cineol*!’ 45 Neoisomenthyl acetate® ) 72 Caryophyllene oxide? t
19 B-Phellandrene'® } 5.6 46 Terpinen-4-ol*? } 1.2 73 ‘Ledol? 0.1
20 trans-2-Hexenal® - [ 47 Hexadecane? ’ 74 Henicosane? t
21 cis-Ocimene!® 0.1 48 Caryophyllene*!? } 0.8 75 Thymol®* t
22 §-Terpinene!® 0.5 49 B-Ylangene? ) 76 Eugenol? t
23 p-Cymene®® 0.1 50 Menthol 45.8 Total [99.7
24 Terpinolene!® 0.1 51 trans-B-Farnesene? 0.1 :

25 Hexanol? et 52 Pulegone®® - 1.0

26 cis-3-Hexenol! } 03 '53 o-Terpineol*? | } ol

54 Heptadecane?

t Trace, less than 0:1%

* 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 growth.® 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 ’ : 1.5
" Exchangeable cations © Ca** 10.05, Mg+ 4.66, Na* 0.15, K+ 0.52

(meq/100 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 influence’? of soil calcium and
magnesium on normal plant growth and formation of essential oils.

The climatic conditions are shown in Table Il. :

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 (Flg 1).

Although 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 accomplishéd by
a combined GLC-MS analysis (Table III, IV, V and VI).

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

The results of this study mdncate the followmg
1. 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 1l, Climatic data fo} the years 1974-1978 of the area used for peppermint cultivation

. Month - 3 F M A M J J A S O N D
Mean air temperature (°C) - 40 69 102 143 194 235 260 242 210 155 9.4 4.6
Mean soil temperature (°C) 2.5 6.3 106 156 222 263 299 274 228 16.1 9.4 38
Mean rainfall (mm) 263 386 253 322 706 547 33.0 362 195 477 453 41.3
Maximum annual temperature: 38.4°C Minirhum annual temperature: —8.0 °C Mean annual rainfa}l: 470.,7 mm

91
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FIG. 2: GL Chromatograms of the Greek peppermint oil found in various parts of the plant dur-
ing of the blooming. ‘ o

A: From flowers at the beginning of the blooming (Table 1lI).

B: From leaves at the beginning of the blooming (Table 1V).

'C: From whole plant at the beginning of the blooming period (Table V).

D: From whole plant during their full blooming (Table Vi).
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TABL_E 111, Chemical comfosltlon of essential oils found in flowers at the beginning of the blooming period.

No R¢ .
of peak (min) M* m/e Components %
i - 399 136 93,92,39,41,77,91,27,79 a-Pinene 0.01
- 100%—
2 - 621 136 93,41,69,39,27, 79,77, 53 B-Pinene 0.02
100%—
136 68,93, 67, 39, 41, 27, 53, 79 Limonene
3 9.99 100%— 1.25
' 154 43, 41,81, 71, 27, 38, 55, 69 1,8-Cineol®
100%— ’
172 43, 87, 112, 70, 55, 41, 58, 56 3-Octyl acetate
4 18.33 100— ) p 0.23
130 59, 29, 43, 55, 27, 41, 31, 83 3-Octanol*
100%— .
154 71,93, 111; 43, 86, 69, 55, 68 y-Terpineol 1 .
5 21.97 100%— 20.12
154 112, 69, 139, 154, 111, 70, 97, 83 Menthone*
. 100%— :
6 2299 150 108, 112, 150, 69, 84, 79, 99, 41  Menthofuran 17.60
i 100%— , )
7 24.18 154 112,69, 41, 55,43,139,70,56  Isomenthone 0.30
100%— .
8 2571 154 171, 43, 41,93, 55, 69, 80, 67 Linalool 1.93
100%—
¢ 26.79 198 43, 95, 138, 81, 41, 39, 55, 82 Menthy! acetate 1.38
100%— .
156 95, 83, 57, 43, 41, 55, 96, 82 Neomenthol*
10 28.00 100%— - } 2.76
204 41,79,92,39,53,77, 67,94 Caryophyllene
: 100%—
11 2996 156 71,81, 95,55, 82, 138, 41, 69 Menthol 49.00
‘ 100%— '
12 3235 204 161, 105, 41,91, 81, 119, 93,204 Germacrene D 0.88
) . 100%—
13 3343 152 82, 110,95, 41, 39, 137, 109, 54  Piperitone 0.59
100%—

® Compoind with the major preSem in. composite peaks
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TABLE IV. Chemical composition of essential oils found in leaves at the beglnnlrig of the blooming pe-

riod.
No R[
of peak (min) MY m/e -Component %
1 3.85 136 93,92,39,4l,77,91,27,79 a-Pinene 0.27
100%— ! .
2 6.05 136 93,41, 69, 39,27,79, 77, 53 B-Pinene 0.55
- 100%—
3 6.37 136 93,41,77,91,79,27, 39, 69 Sabinene 0.29
100%— ‘
4 793 136 41,93,69,39,27,53,79, 77 Myrcene 0.08
100%— ’
5 981 136 68,93, 67, 39, 41, 27, 53, 79 Limonene
100%— 6.72
154 43, 41,81, 71, 27, 38, 55, 69 1,8-Cineol*
‘ 100%
6 11.01 136 93,91, 77, 136, 121, 39, 43, 27 v-Terpinene 0.09
100%—
7 12.61 134 119, 134,91, 28, 120, 117, 77,41 p-Cymene .0.06
100%— ,
8 13.29 136 93, 121, 136, 39, 41, 79, 91, 27 Terpinolene 0.08
100%— ) i )
9 1401 172 .70, 43, 57, 85, 41, 29, 103, 27 Amyl Valerate 0.01
100%—
172 43,87, 112, 70, 55, 41, 58, 56 3-Octyl acetate
. 100%— 0.45
10 18.20
‘130 59, 29, 43; 55, 27, 41, 31, 83 3-Octanol*
100%—
2191 154 71,93, 111, 43, 86, 69, 55, 68 y-Terpineol
) 100%—
11 . , - 22.3
2191 154 112, 69, 139, 154, 111, 70. 97, 83 . Menthone*
100%— -
150 108, 112, I50, 69, 84, 79, 99, 41 Menthofuran*
100%—
12 23.16 5.87
154 112, 69, 41, 55, 43, 139, 70, 56 Isomenthone
100%—
13 25.73 154 71,43, 41, 93, 55, 69, 80, 67 Linalool 1.47
100%— .
14 26.90 198 43,95, 138, 81,41, 39, 55, 82 Menthyl acetate 2.96
100%— ' ,
15 28.04 . 156 95, 83, 57, 43, 41, 55, 96, 82 Neomenthol 4.33
100%— S ’
16 2858 204 41,79,92,39, 53,77, 67,9 Caryophyllene 1.30
100%—
17 30.03 156 171, 81, 95, 55, 82, 138, 41, 69 Menthol 47.64
. 100%—
18 31.10 152 81,67, 41, 82, 152, 109, 39, 68 Pulegone 0.77

100%—
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20

21

3172

32.29

33.45

154

198

204

152

59, 93, 121, 81, 43, 136, 68, 92

100%—

81, 69, 95, 67, 43, 82, 123, 138

100%—

161, 105, 41, 91, 81, 119, 93, 204

100%—

82, 110, 95, 41, 39, 137, 109, 54

100%—

a-Terpineol

Citronelly! acetate®

Germacrene D

Piperitone

21

} 0.30

0.70

2.02

* Compound with the major present in composite peaks

TABLE V. Chemical composition of essentlal oils of the whole plant

beginning of the blooming periods

(flowers, leaves and stems) at the

No R,
of peak (min) M° m/e Components %
1 400 136 93,92,39,41,77,91,27, 19 o-Pinene 0.24
100%—
2 6.26 136  93,41,69, 39, 27,79, 77, 53 B-Pinene 0.43
100%—
3 6.61 - 136 93,41,77,91, 79,21, 39, 69 Sabinene 0.23
100% . :
4 8.16 136 41,93, 69,39, 27,53, 79, 77 Myrcene 0.01
100%— '
“136 68,93, 67, 39,41, 27,53, 79 Limonene
100%— '
5 10.04 ' . - ) 5.76
154 43, 41,81, 71, 27, 38, 55, 69 1,8-Cineol*
"100%— :
6 1286 134 119, 134, 91, 28, 120, 117, 77, 41 p-Cymene 0.02
' 100%— .
7 13.53 - 136 93, 121, 136, 39, 41, 79, 91, 27 Terpinolene 0.09
100%—
172 43,87, 112, 70, 55, 41, 58, 56 3-Octyl acetate 1
100%—
8 18.39 . 0.31
’ 130 59, 29, 43, 55, 27, 41, 31, 83 3-Octanol* J
100%—
154 71,93, 111, 43, 86, 69, 55, 68 -y-Terpineol
i 1
9 22.00 19.42
154 112, 69, 139, 154, 111, 70, 97, 83 Menthone*
100%— .
150 108, 112, 150, 69, 84,79, 99,41  Menthofuran*
100%—
10 23.20 : 6.83
154 112, 69, 41, 55, 43, 139, 70, 56 Isomenthone
100%—
11 25.75 154 71,43, 41, 93, 55, 69, 80, 67 Linalool 1.72
100%— i
12 26.92 198 43,95, 138, 81, 41, 39, 55, 82 Menthyl acetate 3.19
100%~—
I3 28.05 156 95, 83,57, 43, 41, 55, 96, 82 . Neomenthol 4.17

100%—
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14 28.62 204 41,79,92,39,53,77, 67,94 Caryophyllene 1.17
100%—
15 3007 156 171,81, 95, 55, 82, 138, 41, 69 Menthol o 53.00
100%—
16 30.12 . 152 81,67, 41, 82, 152, 109, 39, 68 Pulegone ) 0.50
100%— ) :
154 59,93, 121, 81, 43, 136, 68, 92 a-Terpineol
. 100%—
17 3L ’ i ' 0.06
198 81, 69, 95, 67, 43, 82, 123, 138 Citronellyl acetate*
- 100%—
18 3229 204 161, 105, 41,91, 81, 119, 93, 204 Germacrene D 0.14
: 100%—
19 3352 152 82,110,95, 41,39, 137, 109, 54 Piperitone 1.07
100%—

*® Compound with the major present in composite peaks

TABLE VI. Chemical composition of essennal oils of the whole plant (ﬂowers, leaves and stems) during
their full bloommg

No R|
of peak ‘(min) M* m/e Components %
1 i 407 136 93,92,39,41,77,91,27, 719 a-Pinene 040
. 100%—
2 6.38 136 93,41,69, 39, 27 19, 71, 53 B-Pinene 0.68
T 100%— :
3 6.74 136 93,41,77,91,79, 27, 39, 69 Sabinene 0.40
100%—
4 833 136 41,93,69,39,27,53,79, 77 Myrcene " 0.08
100%—
136 68, 93, 67, 39, 41, 27, 53, 719 Limonene
100%—
5 10.19 . ) . 6.39
154 43,41, 81, 71, 27, 38, 55, 69 1,8-Cineol*
100%—
6 1143 136 93,91,77, 136, 121, 39, 43, 27 y-Terpinene 0.01
100%— ’ .
7 1197 134 119, 134,91, 28, 120, 117, 77,41 p-Cymene 0.01
_ 100%—
8 1299 136 93, 121, 136, 39,41, 79, 91, 27 Terpinolene 0.01
100%—
9 13.68 172 10, 43, 57, 85, 41, 29, 103, 27 Amyl valerate 0.12
100%— ’
10 18.08 172 43,817, 112, 70, 55, 41, 58, 56 3-Octyl acetate 0.04
100%— . .
11 1849 130 59, 29,43, 55, 27, 41, 31, 83 3-Octanol 0.08
100%—
154 71,93, 111, 43, 86, 69, 55, 68 y-Terpineol
100%— - -
12 2208 14.46

154 112,69, 139, 154, 111, 70,97,83 Menthone*
100%—
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13 23.18
14 25.51
15 27.01
16 28.09
17 28.67
18 30.10
19 3Ll
20 31.80
21 3234
2 33.54

150

154
154
198
156
204
156
152

154

198

204

152

108,112, 150, 69, 84, 79, 99, 41
100%—

112, 69, 41, 55, 43, 139, 70, 56
100%— '

71, 43, 41, 93, 55, 69, 80, 67
100%—

43,95, 138, 81, 41, 39, 55, 82
100%—

95, 83, 57, 43; 41, 55, 96, 82
100%—

41,79, 92, 39, 53,77, 61, 94
100%—

71, 81, 95, 55, 82, 138, 41, 69
100%— .
81, 67, 41, 82, 152, 109, 39, 68
100%—

59,93, 121, 81, 43, 136, 68, 92
100%—

81, 69, 95,67, 43, 82, 123, 138
100%—

161, 105, 41, 91, 81, 119, 93, 204
100%— ‘

82, 110, 95, 41, 39, 137, 109, 54

Menthofuran®*
- 10.22
Isomenthone
Linalool 0.05
Menthyl acetate 5.38
Neomenthol “ 530
Caryophyllene 1.42
Menthol 50.50
" Pulegone ‘ 0.84
a-Terpineol
( 0.35
Citronellyl acetate®
Germacrene D ' 0.37

Piperitone . 1.37

® Compound with the major present in composite peaks
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menthofuran play an important role as a quality determining factor of pepper-
mint oil.

2.'It was confirmed that a great number of compounds, such as myrcene,
p-cymene, 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 (5.38%), 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 I). (

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). V

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

American
Components . Greek ‘Washington Midwest Idamint' English Marokian Bulgarian
a-Pinene X X X X X X X
p-Pinene X X X X X X X.
Sabinen - X X X X X X X
Myrcene x X X x X x X
Limonene Xx Xx Xx Xx Xx Xx Xx
Cineol XX XX XX XX XX XX XX
. 3Octanol x X x JX X x x
tr. -Sabinene hydrate - X X X X X X
Menthéfuran XX XX Xx Xx Xx XX XX
iso-Pulegol — — - — - - -
neo-Menthol XX Xx Xx Xx XX Xx Xx
Menthone. XXX XXX XXX XXX XXX XXX XXX
Menthol XXX XXX XXX XXX XXX XXX XXX
Menthy! acetate XX XX XX XX Xx XX XX
tr. -B-Famnesene - X X X X X X
Caryophyllene Xx Xx Xx Xx Xx Xx Xx
Pulegone X Xx X Xx X Xx " Xx
Carvone - X X - - - -
Germacrene D X Xx Xx Xx Xx X X
Piperitone Xx X X X X Xx X
x = <0.2%
X =021%
Xx = 1-4%
XX = 4-10%
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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

Mitcham) which were supplled 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 material soon after:its 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 chromatography 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 injector tem-
perature was 170°C, the flame ionization detector was heated to 300°C and the
column temperature was ‘programmed between 75-230°C at the rate of
3°C/min. Helium (99.999%) was the carrier gas flowing at 30ml/min. 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.:

Tepidnym

Duroynuiky ueAéty tijc Mentha Piperita L. mov xaMxepyr;ﬁnxe oty ‘EAAdda.
Mc-:poc I: AiGépra EAaia

' adty tv 2pyacia pehetdviar ol molotikdg kai TOGOTIKEG
Swgopornowcelg nod napatnpodvial ot ymukl obotaon tdv aifepiov
aiov v Siagopov pepdv (EvBn, eOAAe, BAactoc) Tob dpapatikod @utod
Mentha piperita L., ol 6noieg ovpPaivoov xatd ) Sudpkewa tiig dvlopopiag
ToV. .

' adto 10 okono Eyve eldkt) nepapatiki keAlépyewe 108 PoTod Kdtw
and ovykexpipéveg Edapoloykég kai kApatoroykég ovvlijkes. "Etol, éxtog
and ta A, xatopfdbnke va rpoodiopicdiy 6 nAfov Evdedetypévog xpovog
na T ovAdoyi xai dndotafn tod @utikod VAkod, Hote va MuBavetal
. xadotepnd nowwtnrag EAato. .
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PHYTOCHEMICAL STUDY OF MENTHA PIPERITA CULTIVA-
TED IN GREECE. PART II: UTILIZATION OF PLANT RESIDUE

C.A. TZIMOURTAS""" V.P. PAPAGEORGIOU*, A N. SAGREDOS"‘ ‘C.A. ALEXIADES**
* Laboratory of Organic Chemistry,

College ‘of Engineering, Aristotle University, Thessaloniki. )
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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, Mentha piperita L., mint meal, feed stuff.

" Introduction

. The material remaining after processing peppermint plant (M. piperita L.)
for obtaining the essential oils' contains both pharmaceutical use substances!
such as azulenes, vitamin E, carotenoids and high nutritional value constitu-
ents?3, 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-
ence on broiler growth rate on the other.

Results and Dlscussion

Plant material remained after essentlal onls extraction was dried, ground
and assayed for determining the 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 alfalfa*> which is one of the most basic
fodders. These results led us in the biological evaluation of mint meal as a
factor 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 1: Chemical composition of mint and alfalfa meal

Components Mint meai*  Alfalfa meal**
Dry material (g/Kg) . 950 904
«Protein» Nitrogen (Nx6.25) » 125 194
Celluloses (according to Sharrer) » 280 232
Fats . » 30 24
Ash o 125 100
Non nitrogen extractable substances » 390 354
Macroelements .

Calcium - (%) 1.34 1.50
Potassium . » 1.87 \ 1.50
Sodium. - » 0.15 0.50
Magnesium ) » 0.80 -
Trace elements ) .
Manganese (mg/Kg) 106.00 44,00
Iron » 2756.00 280.00
Copper » 26.00 13.20
Zinc » 27.00 18.20
Cobalt » 2.50 0.11

Necesary aminoacids (percent of the
total proteinaceous substances)

Valine 8.00 4.60
Methionine 5.10 0.60
Isoleuvine ’ 4.50 6.50
Leucine : 7.80 - 6.40
Tyrosine 2.50 2.80
Lysine 9.50 6.50
Arginine ) 4.10 4.70
Threonine ' 3.40 3.50
Histidine 1.70 1.70
Phenylalanine N 2.50 4.80
Cystine ) — 2.30

* Data obtained as described in the experimental section
** Data obtained from the literature®*
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TABLE II: Percent composition of poultry rations used in the experimentation

31

Ration of group A (control) % Ration of group B %
Concentrate «Nutrikem» (type 1603) 10 Concentrate «Nutrikema (type 1603} 10
Soybean meal 22 Soybean meal 22
Alfalfa meal 5 Mint meal 6
Corn meal 43 Corn meal - 42
Wheat meal 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.L.). Percent compo-
sition and chemical analysis of the rations used for the groups are given in Ta-
bles II and IIL Average increase of body weight within the two groups during
the experimentation is given in Table IV and Flgure 1.

TABLE 111: Chemical composition of poultry rations used in the. experimentation.

Components Ration of Ration of
group A group B
Dry material (&/Kg) 882 890
«Protein» Nitrogen (Nx6.25) » 231 222
Celluloses (according to Sharrer) » 43 45
Fats » 33 35
Ash » 58 58
Non nitrogen extractable substances » 517 530
Macroelements
Calcium ; (%) .11 111
Potassiutt » 220 2.20
Sodium » 0.25 0.22
Magnesium » . 0.27 0.30
Trace elements ‘ . . :
Manganese (mg/Kg) 40.30 44.50
Iron » 306.00 452.00
Copper » 240 3.30
Zinc » 80.00 82.00
Cobalt » 0.50 0.70
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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 Faed Conversion Index (F.C.IL.) 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 addltlon
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 Absorptlon Spectroscopy using
a Perkin Elmer model 503 instrument®.
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TABLE V: Values of Feed Conversion Index (F.C.I)* during the experimentation

Days of experimentation

Tested groups 18t 28th 54th 72nd
: F.C.L

Group A (control) - 1.40 1.95 2.32 2.14

Group B . 130 . 187 2.23 2.09

(F.C1)s ~ (F.C.1)A
(F.C.L)a

-1.14 —4.10 —3.88 —2.34

Feed consumed (Kg)
Body weight gained (Kg)

*FClL =

Organic components determination

1. Total nitrogen was determined by the Kjeldahl procedure’.

2. Celluloses analysis was carried out by the Sharrer method?.

3. Total fats were determined by the Soxhlet method using ether as the ex-

tracting agent®, '

4. Aminoacids were determined after hydrolysis of proteins with 6N HCI acid
for 24 hrs in an oil bath at 13742 °C®. Qualitative and quantitative analysis
of aminoacids was done using an automatic aminoacid analyser, Phoenix
Model K-8000.
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METHYLATION DES AMINO-4 ARYL-5 PYRIMIDINES»

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

Résumé
Méthylation des amino-4-aryl-5-pyrimidines

La méthylation des amino-4 aryl-5 pyrimidines a lieu exclusivement en position -1
du noyau pyrimidinique, et donne les méthyl-1 dihydro-1,4 aryl-5 imino-4 pyrimidines.

La détermination de la structure des dérivés N-méthyl-pyrimidiniques s’effectue par
voie chimique, par hydrolyse alcaline, qui donne les N-méthylpyrimidones cortespon-
“dantes connues, ainsi que par Pétude des leur spectres de RMN. )

Les méthyl-1 dihydro-l 4 aryl-5 imino-4 pyrimidines obtenues, sont des composés
instables contrairement a leur sels avec le sulfate de dlmethyle et notamment avec I’

acide iodhydrique, qui sont stables.
Key words: Meéthylation, Pyrimidines.

Abréviations
TFAM = Trisformylaminométhaﬁe

Introduction

La méthylation des amino-4-aryl-5-pyrimidines 1 peut conduire a la forma-
tion de trois dérivés méthylés isoméres, deux N-méthylés sur les deux azotes in- -
,tranucléaires en position 1 et 3 du noyau pyrimidinique, les méthyl-1 dihydro-
1,4 aryl-5 imino-4 pyrimidine 2 et méthyl-3 dihydro-3.4 aryl-5 imino-4
pyrimidine 3 respectivement et un troisiéme du groupement amine en position
4, la méthylamino-4 aryl-5 pyrimidine 4'.

La méthylation de I’ amino-4 phényl-5 pyrimidine la- par liodure de
méthyle a été effecture par Davies et Piggott?. La réaction n’ a pas donné com-
me produits les imino-4 pyrimidines 2a et 3a ettendues, ni la méthylamino-4
pyrimidine 4a mais la méthyl-1 dihydro-1,4 phényl-5 oxo-4 pyrimidine 5a. Par
la suite, en modifiant les conditions de la réaction, la méthylation de I’
aminopyrimidine la a été faite avec le sulfate de diméthyle. Aprés décomposi-
tion par la soude du méthyl sulfate iniermédiaire formé, le seul produit isolé de
la réaction est la méthyl-1 dihydro-1,4 phényl-5 imino-4 pyrimidine 2a+#.
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Dans ce mémoire, on effectue la méthylation de I’ amino-4 p-nitrophényl-5
pyrimidine 1b% de I’ amino-4 p-aminophényl-5 pyrimidine 1¢* et I’ amino-4 a-
naphthyl-5 pyrimidine 1d® avec le sulfate de diméthyle et I’ iodure de méthyle
et on étudie ensuite la structure des produ1ts méthylés obtenus (tableau I).

Partie Expeﬂmentale

Les points de fusion sont pris au banc Koffler et ils ne sont pas corrigés.
Les microanalyses ont été effectuées sur «Perkin Elmer» modéle 240. Les spec-
tres UV ont été déterminés dans 1’ éthanol, au moyen d’ un spectrophotomeétre,
«Perkin Elmer» modéle 124. Les spectres IR sont enregistrés sur «Perkin
Elmer» modéle 257 a.partir d’ échantillons dispersés dans le nujol. Les spectres
de RMN ont été mesurés sur un appareil «Varian A-60 A» a 60 Mc/s. Les
deplac'ements chimiques sont exprimés en T par rapport au tetramethylsﬂane
utilisé comme référence interne.

Préparation. des méthyl sulfates

Méthylsulfate de la méthyl-1 amino-4 p-nitrophényl-5 pyrimidine 6b

A une solution de 2.16 g (0.01 mole) de I’ amino-4 p-nitrophényl-5
" pyrimidine 1b dans 120 ml.de dioxane on ajoute goutte a goutte une solution
de 4 ml (0.04 mole) de sulfate de diméthyle dans 20 ml de dioxane, a 50°. On
maintient le mélange réactionnel a 50° pendant lh, et on refroidit. On sépare
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par filtration le précipité blanc, on I’ extrait a I' alcool absolu chaud, on chasse
le solvant par évaporation et on obtient 2.7 g du méthyl sulfate 6b qui est
recristallisé dans I’ éthanol. Cristaux jaunitres, F = 240-241°, (Rdt= 80%).

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

Calc. %: C 42.11 H 4.12N 16.37

Tr. . 42.13 410 16.51
Spectre UV (éthanol) : Amax 256 nm (e= 18300)
Spectre IR (nujol): : bande NH, a 3310, 3160, 3120 cm!
Spectre RMN (TFAM) 160218, 580 1 S.

Préparations des iodures 7

0.005 mol de I’ amino-4 pyrimidine 1.80 ml de méthanol et 4 ml d’ iodure
de méthyle sont chauffés pendant 2 h a reflux. On concentre et on recristallise
dans un mélange éthanol - éther.

a) Iodure du méthyl-1 amino-4 p-nitrophényl-5 pyrimidine 7b

A partir de I’ aminopyrimidiné 1b on obtient ¥ iodure 7b F= 281 - 282°,
p= 1.2 g, Rdt= 70%.

Analyse C,,H;;N,O,]

Calc. %: C 36.89 H 3.09N 15.64

Tr. 36.80 297 15.68
Spectre UV (éthanol) : Amax 255 nm (e= 16400)
Spectre IR (nujol) : bande NH, i 3.400, 3.260, 3.110 cm!
Spectre RMN (TFAM) : 578 ¢ S.

b) Iodure du méthyl-1 amino-4 naphthyl-5 pynmidlne d

A partir de I’ aminopyrimidine 1d on obtient I’ jodure 7d, F= 278.5-279.5
C, p= 1.5g, Rdt= 83%. -

Analyse C,;H,,N,I

€Calc. %: C 49.61 H 389N 1157

Tr. 49.71 3.92 1141
Spectre UV (éthanol) : Amax 258 nm (e= 15200)
Spectre IR (nujol) : bande NH, a 3360, 3280, 3110 cm!
Spectre RMN (TFAM) : 578 1 S.

Décomposition des sels 6 et 7. Préparation des méthyl- -1 dihydro-1,4 lmmo-4
pyrimidines 2

A une solution de 0.001 mole de sel 6 ou 7 dans 20 ml &’ eau, on ajoute 2
froid 5 ml d’ une solution aqueuse de soude a 19%. On extrait immédiatement
par le chloroforme, séche sur sulfate de sodium et on distille ie solvant.
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Méthyl-1 dihydro-1,4 p-altrophényl-5 imino-4 pyrimidine 2b
a) A partir du méthy! sulfate 6b on obtient 0.2 g de I iminopyrimidine 2b, sous

forme de cristaux jaunes, qui recristallisent dans un mélange chloroforme-éther,
F= 192 - 193° (d), (Rdt= 85%).

Analyse C,,H,,N,O,

Calc. %: C 5738 H 4.38N 24.34

Tr. 5741 441 2432
Spectre UV (éthanol) Amax 254 nm (e= 17200), 26C nm (e= 16900)
Spectre IR (nujol) : bande NH a 3260 cm’!
Spectre RMN (CDCl,) : 6.54 t S.

b) A pamr de I’ iodure 7b on obtlent 0.14 g de ¥ 1mmopynm1dme 2b, F= 192
- 193° (d), p= 0.14 g, Rdt= 62%. :
" Méthyl-1 dihydro-14 -naphthyl-5 imino-4 pyrimidine 2d

A partir de I’ iodure 7d on obtient I" iminopyrimidine 2d qui recristallise
dans un mélange de chloroforme et d’ éther et est filtré dans une atmosphére d’
azote.

L’ opération doit se faire trés vite car le composé 2d s’ altére facilement.
F= 176 - 178°, p= 0.1 g, Rdt= 42%.

Analyse C,;H;N;
Calc. %: C 76.57 H 5.57 N 1776

Tr.- 76.80 564 17.86
Spectre UV (éthanol) : Amax 260 nm (e= 18200)
Spectre IR (nujol) ‘ : bande NH"a 3230 cnr!
Spectre RMN (CDCL,) : 6.55 © S.

Hydrolyse des méthyl sulfates 6 et des Viodures 7

Dans’ des conditions douces:

0.001 mole des sels 6 ou 7 dans 30 ml d’ une solution aqueuse de soude
0.1 N rédgissent pendant 24 h a-la température ambiante.

a) A partir du méthyl sulfate 6b aprés filtration et lavage avec un peu d’
éthanol on obtient 0.18 g de I’ oxopyrimidine §b’, F= 305 - 307°, (Rdt= 78%).

b) A partir de I’ iodure 7b apreés filtration et lavage avec un peu d’ éthanol
on obtient 0.15 g de " oxopyrimidine 5b’, F= 307 - 309°, (Rdt= 65%).

¢) A partir de I’ iodure 7d aprés extraction par le chloroforme et distillation
du solvant on obtient 0.2 g de I’ oxopynmldme 5§d°, 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 chauffé au bain-marie pendant 10 mn.
a) A partir du méthyl sulfate 6b aprés filtration on obtient 0.07 g de I’ ox-
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opyrimidine $b, (Rdt= 30%).

b) A partir de I’ iodure b, aprés filtration on obuant 0.1 g de I" ox-
opyrimidine $b, (Rdt= 43%). :

¢) A partir de I’ iodure 7d aprés extraction par le chloroforme et distillation
du solvant on obtient 0.18 g de I’ oxopyrimidine §d’, (Rdt= 80%).

Résultats et discussion

Parmi les trois pyrimidines mentionnées ci-dessus, seule I aminopyrimidine
1b a pu étre méthylée par le sulfate de diméthyle. Ainsi, nous avons obtenu le
méthyl sulfate 6b, qui a été décomposé par une solution aqueuse de soude trés
diluée. Des trois isoméres possibles, un seul dérivé N-méthylé a été formeé, qui
a été isolé et identifié comme étant la methyl 1 dihydro-1,4 p-nitrophényl-§
imino-4 pynmldme 2b.

Les tentatives de méthylation de I’ aminopyrimidine l¢ sont restees sans
succes bien qu’ on ait effectué plusieurs essais en modifiant chaque fois les
conditions de la réaction.

La méthylation de I’ aminopyrimidine ld a donne un solide blanc, trés in-
stable qui, au fur et 4 mesure devenait de plus en plus gris et résineux. Comme
dans ce compose nous avons constaté la présence de I’ anion sulfate, nous
avons supposé qu’ il était un méthyl sulfate de I’ ammopynmndme 1d. Aprés
decomposmon par la soude, nous avons obtenu un composé résineux qui ne
contenait pas d’ anion sulfate et qui aprés chromatographle sur couche mince a
montré qu’ il était un mélange complexe, impossible 4 séparer.

La méthylation des mémes pyrimidines 1b, Ic, et 1d, avec I’ iodure de mé-
thyle a donné pour les composés 1b et 1d deux sels &’ ammonium quaternaire,
les b et 7d respectivement tandis que‘la l¢ a donné un mélange résineux qu’ il
.0’ a pas été possible de séparer. Aprés décomposition des sels 7b et 7d par une
solution aqueuse de soude diluée, nous avons obtenu respectivement la méthyl-
1 dihydro-1,4 p-nitrophényl-5 imino-4 pyrimidine 2b et 1a méthyl-1 dihydro-1,4
a-naphthyl-5 imino-4 pyrimidine 2d.

En général, nous avons.remarqué que les méthy! sulfates, les sels d’ ammo-
nium quaternaire, et les sels avec I’ acide iodhydrique, sont dans la plupart des
cas, des composés stables. Par contre, les dérivés N-méthylés correspontants s’
altérent souvent par la lumiére ou I’ air et il faut travailler dans une atmosphére
de gaz inerte ou a.I’ abri de la lumiére.

Pour établir la structure des dérivés méthylés nous avons procédé a leur é-
tude par voie chimique et par spectroscopie. Nous avons d’ abord compare les
dérivés N-méthylés formés, et leurs isoméres méthylamino-4. Dans le cas, par
exemple, de la nitrophénypyrimidine 1b, nous avons trouvé qu’ il n° était pas
ldenthue a la méthylamino-4 p-nitrophényl-5 pyrimidine®. 1l a éte trouvé ainsi,
qu’ aucune des méthylations effectuées au cours de ce travail ne portaxt sur I’
azote du groupement amine.

- Ensuite, nous avons traité les méthyl sulfates ou les sels d’ ammonium qua-
ternaire de chacun des dérivés méthylés, ou les dérivés méthylés, avec une sol-
ution aqueuse de soude concentrée.:
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Il est connu que I’ hydrolyse des dérivés N,-méthylés des amino-4 pyrimidi-
nes par la soude concentrée, donne les oxo-4 pyrimidines corréspondantes®®,
alors que les dérives N,-méthylés subissent le réarrangement Dimroth et don-
nent les isoméres méthylamino-4 pyrimidines® é !,

En utilisant le méme prosédé®®, aprés I’ hydrolyse par la soude, de la
méthyl-1 p-nitrophényl-5 imino-4 pyrimidine 2b et de la méthyl-1 a-naphthyl-5
imino-4 pyrimidine 2d, nous avons obtenu respectivement la méthyl-1 p-
nitrophényl-5 oxo-4 pyrimidine!? 5b et la méthyl-1 g-naphthyl-5 oxo-4 pyrimi-
dine!® 8d. Ce fait, constitue une premiére indication de la structure des dérivés
N-méthylés.

En déhors de ce procédé et dans le but de confirmer d’ une fagon plus cer-
taine la structure des composés ci-dessus, nous avons étudié les spectres de
RMN des N-méthylpyrimidines et des N-méthylpyrimidones’ correspondantes.

Il a été montré™? que les valeurs de déplacement diamagnétique,

cDCl,

A CGHG

des protons du groupement méthyle des dérivés N,-méthylés (1.48 - 1.90 ppm),
sont plus importantes que celles des isoméres Ny-methylés (0.95 - 1.10 ppm).

En effectuant la mesure des déplacements diamagnetiques des protons du
groupement meéthyle des dérivés N-methyles dans le chloroforme deutéré et
dans le benzéne nous avons constaté que les valeurs trouvées sont du méme or-
dre de grandeur que celles des dérivés N,-méthylés. Il en est de méme pour les
deplacements paramagnétiques des mémes composés dans -le chloroforme de—
utéré et dans I’ acide trifluoracétique (Tableau II)!:.
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En étudiant les résultats de 1a méthylation des amino-4 pyrimidines 1 nous
pouvons conclure qu’ il est bien possible, que la répartition de la densité éle-
ctronique de la molécule de ces composés est donnée par les formules 8, de fa-
¢on qu’ il soit possible I’ attaque de la position -1 du noyau pynmxdmlque, par
I’ agent de méthylation.

k? T k KN X
: NH, NH, NH

~ Summary
Methylation of 4-Amlno-5-arylpyﬁmidines

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

The structure of the obtained N-methyl derivatives was elucidated by alcaline
hydrolysis leading to the cortesponding 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. ‘

TepiAnyn

Mebudimon tdv 4-Guvo-5-apviorvpyudiviov

‘H peBodioon t@v 4-Guivo-S-apvronvpyudivdv pé Beiko duyieBorio kai- peborin- -
dido, yiverar dnoxAerotikd o) 0on 1- 100 nupyudivikod daxtvAiov kai diver tig 1-
ueboro-1,4-5155po-4-1puivo-5-apvronvopudives.

‘H dwokpivion tijg ovvra€eag tdv Aappavoptévev N-pebvlonapaydywv yiverom
ude pé dAxalid 0SpdAven 7 énoia diver Tig dvriotoyges N- -ueboronvpyuidoveg
xai ug ™y pedétn pacparooxomkdv Sedopévev, xvpiag pé w @aopata nvpnvikod
payvnTikod Gpvrovicuod dno ™ pérpnon tiig Sapayvnukiic petatonicswg of
Slapopetikovg SaAvres.

Oi AapPavépeves 1-peBoio-1,4-5165po-5-apuAo-4-yuvonvpyudives elvar Evioeig
dotabeig 1oy dAdoidvoviar ebkoAda Kkatd Tiv mapapovil tovg otov Gépa, dvtifera
npog td GAatd toug pé Oelixké SyueBdiio xai xvping pé BOpoinwdikd 6ED, nov ‘v
évioelg octadepés.
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AIOANOAH. AIAKYMANXIH TOY '"C XE EAAHNIKOYZX
OINOYX KAI AIIOXTAIrMATA OINOY

TKETKIOY NT.*, MIIOTZIBAAH M., TEQPI'OYAH M. xai XATZHAAKH E.
T'eviko Xnueio to6 Kpdrovg, A/van Medetdv - ‘Epevvdsy,
‘Av. Tadya. 16, ‘Affvar 602.

Mepidnym

Meletifnke péboSog Sakpiceng atbavérng dnod {dpwon drd covletki albavorn
Baoe tiig eidikfi pudievépyeiag tob MC pé gacpatopstpo omvinpiopod Sypdv.
Xpnowpororifnkav  tayeles psbodor Ewtepikod mpotdomov mov Edwoav  moAd
ikavormomtika droteréopata. Metpifnke érniong f Sekvpavon tod “C ad EMdnvikodg
olvovg kai drootdypata ofvov. 'H pfon iy tiig eldicfic padievépyaag tdv
EAAnVikGV mpotéviav napaywyis 1974 drav 19,2 dpm “C/gC kai tév mpoloviev
nopayoyfig 1976, 18 dpm “C/gC. Of tpig adtég elvm o nknpn coppovie pd Tig
oyeTikdg evpomaikds peTpHoELS.

Eioayay

‘H «aifovodn nepdyetor elte Gnd Odatavlpaxeg pé {opwon elte éno
Udpoyovavlpaxeg ouvbetika. ‘H Ploumyaviky mapackevh tiig ovvletikiig
aifavoing yiverat pé &vuddtwon aifvieviov. To alBvAévio mpoépyetar and
nupOAvon netpeaiov § and dépwr yowavlpikov. AdYQ o0 Srapopetixod
Tpomov mapaokeviic 1 alBavodn dno {opwon Sweépet and T cvvletikh
aifovoln otig mpoopiterg mod T cuvvodedovv. ‘H ovvletikii albavodn Siv
TEPLEYEL N-TPORaAVOA, icoBovtavodn, duvikds GAxodAss kai dotépeg toug. ‘H
alfovodn ano Copwon S&v  mepxer  SumBvAaBépo, BSpoyoviavBpaxec,
TPaKTIK®G Tpitotayij Bovtavodn kai lcompomavorn, tiv Omoia uévo pepixa
€ldn” olvik@v mpoldviov mepiEyovv o8 noAD wikpd mocootd. "Epevveg yid th
dakpion t@v dvo mpoloviav Exovv Paciotel otig dopopetikés adtéc mpooui-
e, Zuykexpyuéva Exet Bpebel 611 10 péyioto mocootd tijg lcomponavorng
ot ovvBetict) alfavorn elvar 15mg/100ml, 2vd otiv albavorn and {ouwon,
o6tav Omapyer, Sév Eemepvier ta 3mg/100mll. TG tov mpocdiopioud  tifg
- tprtotayodg PBouvtavodng S&v Exa "Ppedel ikavomommky ypwuMaToypEPIK
oThAn Y@ 10 dwywpioud t™e.

KoAvtepog 1tpoémOg Y1d TH Swucptcn v . 800 mpoloviev umopel va
OewpnOel & TPOCSIOPIONIG TOD MEPIEXOUEVOL uC 26 To CO, tiig Gtudoparpag
nepléyel, &kto¢ Gnd 10 otafepd lodtomo C, 10 otabepd lodtomo B3C xal
uikpd moco tod Gotafodg tootomov “C. "G MC oynuortitetor ot dvartepa
ctphpate tfic drudcpaipag 4nd mopiiveg dldtov pé v Enidpacn xoouuiig
dxtivoforiag. Metd 10 oynuotioud tov unaiver otdv xoxkio tod CO, g
14CO,. "Ano noArig pMetnpideg Exer dnoxotactadel lcoppornia Gviueca otod
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oynuotopevo xal 610 padevepyds dmotkodopovpevo “C. “Etot, 10 ovvoro
tfic Looag O6pyavikfic BAng, &9’ doov PBpioxetal péoa otov kdxho 100 CO,,
nov mepiéxsl 10 810 moocootd MC. Iebaivovtag 1 Opyavikn OAn madel va
petéyel tod kokhov CO, kai va unhovtifetat of “C kai Aafaiver ydpa povo
petactolyeimon tod dotafods icotomov ué futov xpovo Cofig 5760 &mm. "H
petactoryeimon tod HC of MN yiverar pé &xmoun®) dktivoPoriag-f.

‘H oifavorn and {duwocmn, dedouévov 6tt npoépyetor Gnd {Hoa dpyavikn
" BAN, mEPEXEL 10 PUCIOAOYIKO Tocootd MC. CAvtifera 7| cuvletikn aibavoin
dev mepiéyet C, dedouévov ST T metpéhara, Smog elvar mapadektd, mpoipy-
ovtatl Gno {dvreg dpyavicuovg mov Exovv mebavel npiv &nd Ekatoupvpla En.
Tty épyacia avti uehethfnke | péBodog dnapiBuncewg tiig dxtivoPorioc-f
ué doouatdpetpo LuvBnpiouod Yypdv of aibovorn anod deiyuota EAANVIKGV
olvov xai dnooctayudtov olvov ué okomnd T Stakpilon 1fig aibavoing adriic
amd 1 ovvlerik? aibavoin. 'Emiong uetpnifnke 10 Eminedo tfig etdikfic
padievépyelag tod MC 1fic mepeyouevng oTQ sMrr]vuca avtd mpolovia
aifavoing, yia ta &m 1974 xai -1976.

Mo Gxoun mpoomddeio yua T ddkpion Tiig aieavolng ano {ouwon 6nod
M ovvletikn albavodn Eywve ug 1t wétpnon 1od otabepod icotdmov *C of
aifavokn amo {ouwon Sapdpwv npdtmv YAGV kai of cuvletikn albuvoin.’
To Grotehéouata adta 8&v umopel va Bewpnbolv xadvtepa dmo T uéTpnon
tiig eidikfig padievépyeiag tod C.

Neapapatiko pépog
’Avudpuoripta :

Arghopo oﬁtvﬁnpio‘g&v: 8,0g 2,5-dtparvurotaloing (PPO) kai 0,5g p-oig
(4-uebvro, S-purvvroEalorvro) Beviorio (Siueboro-POPOP) ot 1 todovoiiov
yi omvinpiotés. Ta évetépe avridpactipla ftav tfic Packard Instrument
Co.

Zovletuen albavorn: kabapdtntog 99,9% tfig BP Chemicals International
Ltd. ’

"EEwtepikd mpotuno SoAvuata: kabe mpotomo SidAvua mepiéxet v ot
podievépyeir  (*C: 1,0x10° + 2,0% dpm). Ta OSwAdupate mepiéyovv
omvinpoti ué Pdon 1O TOAOLOMO, TOhOLOAO IxvobeTnuévo ué MC kol
vitpouedivio ¢ rapdyovie drocBioemg. "H ovykévipwon tod omivbrpioti
givat PPO 4,0g/1 xoi dtueboio-POPOP 0,25g/1 torovoliov. ‘O 6hkdg Sykog
kdfe SraAivuotog sfv_at 15ml. Ta npotono. Stadduorto fitav tfic Packard Instru-
- ment Co.-

. "Opyava _

dacpatoperpo Imvlnpiouod ‘Yypdv Packard TRI-CARB tomog 3385
(discriminator 50-1000, gain 5,7%) xai tomog 3330 (discriminator 50 1000,
gain 6,3%).

TugAtve Quoiidia uetpnoeng ué YOunAn TEPIEKTIKOTNTA G& KGA0 Kal Tduo
ano moAvatBoArévio.

TIpoyoido t&dv 25ml xal dopobuicuéva clpdvie tdv 10ml
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"AToocTaKTIKT cucxsvn ué oTnAm vigreux vwoug 80cm Kai scu)rspucng
dwapétpov 2,5cm. .

MéBobog

HapaiaBy aibavéing: ‘H mapalafn tiig aiﬂavo?mg ano ta Sawua‘ca
yivetar u€ arootaln. ‘H otnin drootdewng KoTaokeLAOTNKE 610 EpyaoTnplo,
gtol Gote pé pd povo amocteln kdte 4nd dtpoceoipikty micon va Aap-
Bavetar aiBavorn 94-95°. Ilplv Gnd TMv dmdotaln td Seiyuota mpéner va
_Ormootobv &Eovdetépwon. ‘H &ovdetépwon -yivetar pé KOH mapovsia
oawvoropBadeivng, #ktdg ano thv mepintwon TtV Epulpdv oivov Smov T
gEovdetépmon yivetar yopig deiktn, yati | yxpootkn tovg Aettovpyel dg
deiktng. ‘O dyxog toD YpNoonolobUEVOL YId TNV Groctaén deiypatog Eap-
tdtat 4Gnd TOv dAkooAkd PobBud Tob mpoidvrog. 6 va petpnBel, petd v
anoctakn, 6 GAxooAkds Babuds ué GpoidueTpo, ypelalovial TovAdyiotov 160
ml aifavoinc. TvAAéyetar 10 xAdouo mov drnootdlel otovs 78-79°. To npdto
KAdopa Tiig anootafeng 15ml mepinov dmoppintetat. X tpeig &peg nepimou
ovAéyovtar 120 ml aiavoing.

1lpoctowwaoia deryudrwyv ailbavéins kai dmapifunon dxrvofoliag: O
06pvPo¢ tod Vrmootpbuatog petpiETar ué Tt Bonfeie ToeAod cuvleTukiig
aibavoing. Toéco # ovvBetikn aifavorn Goco xai td &Eetaloueva deiyuota
- aiBavoing petprodvral elg dimholv Kol mpoetowalovral hg EEfig: o€ kdbe Eva
Gmo t6 yvéAva @aAidie mpootifeton ué cipdvio mosotmta 7,5 ml aibavoing
92° xai ué mpoxoida 7,5 ml SwAvpatog omvlnpiotdv. INopatiletar 10
QuAidio xai Gvapryvoetar 1o mepiexouevo. tov. Ta Etowa y1d dnapifunon
deiypata QuAdyoviol 1o yoyeio.

Ta v anopiBunon tiig dxtivoPoriog-p ypnotuonombnke 1 uébodog EEw-
tepikod mpotvmov (TRI-CARB 3330) kai 1 pébodog Adyov Suwbraov EEmtept-
kod mpotdnov (TRI-CARB 3385). '

ME 1ov t0mo 3330, otry ddpkela dnapBufoemg 100min cvAAiéyovral 4000
kpovoelg mepimov yig ta Seiypata aibavoring ano {Ouwon. ‘H dnddoon tig
anopunoeng elval 43,5 - 44,5% xai 6 BopvPoc Tod drooTpduaTog 37 cpm.
Mé 1ov tomo 3385 cvAAéyovrtar 5000 xpovoelg ué opdiua 1,5%. "O dnattov-
HEVOG YPOVOC Grapunoeng yio deiyuato aifavoing 6mo {ouwon elvat 65 min
nepinov, 1. anddoon tig dnapbunoceng 87 - 87, 6% kai 6 BopvPog 10d Vmo-
otphuotog 28 cpm.

Of xaumdres dnodocemg mod kataokevdodnkay ué Tt Bonbea 1oV Ewte- - -
PV TpoTLVRTOV SwwAvudtev divovia otd Exnuata 1 xai 2 y1& Todg dvo TO-
TOVG PUOUATOUETPMV.
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. . ‘/./'
80} _ o
A e

. ./

80+ '/‘-
Eola '

{4

40f - /
!
201 / -
®
] ! | l.

200 400 600 800
AEN 10> cpm | |

)ZXHM-A 2: Kaunvdn dnoddocws drapifurjoecws E (cpm/dpm)% &vavtt t@v xpou"oz:wv dva Aento
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‘Yrnoloyiopog eibikilg padievépyeiag
"ATO Tic KpovoES Gvi-Aentd (cpm) kai tHY &nodoon % droroyilerar 7 €i-
dikny padievépyewn o¢ Swwondoeg “C Gva Aentd dva ypaupdplo dvBpaka (dpm
14C/gC) Baoet tod tONOL:
cpm, - cpmp

( - )- 1,917 - 100
dpm 1“c EA ET

g C _ - B-V-E

6nov: .
cpmy: Tiun o cpm Seiypartog, .
_cpmy: T of cpm tuvleTikfic aifavoing (B6pvfog dnocTpduATOC),
E,: @nddoon % Seiyuarog, :

Er: danodoon % cvvletikiic aifavoing,
. B: dAkoohkde PoBude deiynotog otovg 15,5° C (929),

V: 8ykog Seiypatog o€ ml (7,5 ml),

E: €idwo Bapog anoiving aibavoing otovg 15,5° C (0 7939) Kol
1,917; noocdtmta aiBavoing ot g mov dvtiotoxel of lg' dvOpaka.

’AnorsXéopata Kal GUCI']‘I:I]GI]A

Ta deiypata, koping tod ofvov, Enperne va-Omootobv £Eovdetépwon npiv
Gno tNv amootaln, ywti dwpopetikd mopovowdiovv peyain dnooPeon, T
onoio avdloya pé 10 péyedog g elye dg dnotélecua Ty adEnon tod oedh-
potog tfig METPNOEWG Kol O8 OPLoUEVEG mepunTdoElg Ty pétpnon Ntav mpoPin-
HOTIKT.

Ltiv npdkn 1| droocPeon unopel vi Oplotel @G N peimon tiic dnoddceng
LOYp Ondpiemg otd @adidio DAkdv poldvoséwg. Ixedov kdde Eévn ovoia

umopel va mapayet pkph fi peydhn anoéofeon. “H dvtuetonion tiig petoutvng

drodoocewg oty .4napiBunon, Aoyw dxpipidc 1iig dnoofécews, yivetor ué dui-
popeg pefodovg. Lty Epyacia advth ypnowonombnkay, dnwg dvapépetat kai
avatépm, ol pébodot EEwtepikod mpotdnov. Of dvo adtéc péfodor elvar moAd
ypfyopeg kai &vdeikvoviar y1d Gvaivoelg peydiov apduod Seryudtwmv, drmg
frav odTég no‘t}.lsfxav Vv’ dvtipetonicovy 1@ Epyastipld wag, yid tov Eleyyo
tdv eloayopevav kol t@v EEayouevev mpoidviev.

"Av kai ol TEpLocOTEPOL TOPAYOVTES ATOOPECENMG Tapdyouv TG I81EC Kap-
TOAEG GmooPéceng, &v TovTolg glvor dvvatd va Tpoxvyovy cealuaTa, otav 1
éEetatoueva deiypata xai 1a EEwtepika mpoTuna dwAdpato S&v Exovv thv idia
ynuixn ovotacn. T va EheyyBel mbavo cedlua, Loy tiig Swgopetikiic xn-
Wkfg ovotaceng tdv EEetalopevov detyndtov xai tfg oelpls tdv npotdinwmv
dwdvpdtov, nopackevdotke npotono diddvpa (5x10%dpm) mod mepisiye, dg
napdyovra dnooPicews, covletikn albavorn (50%). ‘H dnddoon tod dtodvpa-

- t0g adtod frav of mAfpn cvpemvia pé v Grddoon yid 6 EEetaldueva Seiy-
pata aifavoing. "Emniong, defypo al@avodng and Louwon mod elye uetpndei of
yaAAikd épyactipio (Union Nationale des Distillateurs d’Alcool, Paris) pé m
wéfodo Ecwtepikod mpotdmOL, HETPTONKE Kai 61O EpyooThpld pog xai Edwoe
@ dw dmoteAéouara.
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‘H yxpnotponotodpevn ooviBog pébodog éomtepikod mpothnov cOupmva
ué V- 6molo kGBe Belypa aibavorng petpiétan yopilg xal pé v mpocbikn
iyvoBetnpévng pé C mpotumng odoiag, dv kai dno v dnoyn tfig dnocPé-
OEOG TOPOLCIALETAL TAEOVEKTIKT, EXEL TO pelOVEKTNHA va EEaptdton Gmo v
axpipewa npocbikng tiig iyvoBetnpévng ovoiag, 1 o6noia npootibetal o€ pikpo-
nocotec. "Eniong elvar ypovoPopa kai mopovotalel Tig Suoyépeieg mov ov-
VOBEDOLY TO YEPLOUO - POSEVEPYDV ODoLiV.

‘O Tivaxag I neptaiaufaver " dnoteAéopato TV NETPICEOV TAVR OE dud-
popa. deiypata oivov xai Gnoctdypata oivov And O1GLPOpPeg MeEPLO)ES tiig XO-
pag mopaywyfic 1974 xal 6 Ilivaxag II mepihapfaver ©° dnotedéopata Gmod
Seiynata EAAqvicidV olvev mopaywmyfig 1976.

B

IINAKAZX 1: Efducrj padievépyera aibavodng dno éAAnvixovs oivovg kal drnootdyuara oivov ma-
paywyric 1974.

) .dpm ™C/gC
ala Hpoiov péon Tum Svo -
HETPACEDV

1 Olvo¢ 18.3
2 » * 18.8
3 dnootayua oivov C 19.2
4 » - 205
5 » ‘ 20.1
6 » 19.5
7 » 18.5
8 » 20.1
9 » 19.6
10 -~ olvog 19.9
11 » “19.3
12 » 19.6
13 . » . 19.5
14 » 20.1
15- andéotayua oivov 18.5
16 . » 19.8
.17 » 19.3
18 » o T179
19 » . _ ‘ 18.7
20 » . 19.3

21 » , 18.5°
22 ‘ » 18.9
23 » ) 17.8
24 » ’ ’ © 189
25 otvog ’ 19.5
26 : » ] 18.6°
27 ) Sy ‘ 19.5
28 : » 19.3°
29 . » 19.3

Méon twn: 19,2 dpm #C/gC
Ztafep? Gnoxiion: 0,659 e
Yvvteieotiic Saxvpdvoeng: 3,4%
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. NINAKAZ II: Eidixsy padievépyela aifavoing
paywyfic 1976.

53

dno EAAnyikovs olfvovg Kal atoiyeia T@v oivwy na-

a/a Ieproyn HowAia * AAxo0oA1KOG *OAkT IMmuky  dpm C/gC

" Badpoc 20°C 8EvTNG BEvTNG uéom TR

[+ . ot . dvo pe-

H,S0,, g/l CH,COOH, g/l tpficewv
1 Kavtla cafatavo 12,9 39 . 0,50 16,9
2 Mapkomovio » 12,8 32 0,38 18,1
3 Kavtla " pavdniapua 12,9 2,5 0,47 17,2
4 Tliképpt cafatiavo 11,5 4.4 0,30 17,8
5 Tela-Kpntng KOTOLQAAL 12,4 6,5 0,36 17,6
6 » kpapa &pulpdv 12,3 5,6 0,42 17,9
7 » polaki 11,4 44 0,33 174
8 » GovAtavi 12,6 53 0,33 17,3
9 » Bihdva 12,6 6,7 0,45 17,7
10 » kpipa Asvkd 12,7 58 045 18,1
11 » potaki 12,2 4,8 0,26 . 183
12 » GovAtavi 12,4 6,9 0,30 17,7
13 » o povTnAdpt 12,8 53 0,48 19,2
14 Enteia-Kpntng - ddtiko 15,1 4.8 0,70 18,9
15 Adoveg kpipa 12,0 6,0 0,41 17,7
16 » » » 11,8 6,2 0,40 17,6
17 » » Suatiko 13,8 4,5 0,53 17,8
18 » » » 13,5 49 0,49 18,4
19 Topvafog - pooyato 11,9 38 0,40 18,6
20 Pawyavn Kkpipa 11,5 6,8 0,40 17,7
21 Zakvvhog » 12,5 5,6 0,50 18,7
22 Zayapo YAopoctapditng 12,8 7.4 0,62 - 18,2
23 Ildpyog” @AEpL + » C 12,4 52 0,65 18,7
24 Ebfow KavTovpa 11,5 50 0,18 18,0

25 » » 10,7 58 0,27 170 .
26 Zitoa delica ¢ 9,8 9.0 0,48 17,5
27 Tactodvn kpipa 12,5 6,3 0,75 19,4
28 Mavtiveia » 10,3 8,0 0,51 18,6
29 » QUALPL 11,7 7,1 0,51 17,8
30 » pooxopiiepo 11,3 59 0,55 17,1
31 "Eridavpog Kpapa 12,9 6,1 0,69 17,1
32 TlvAia-Meoonviag poditrg 11,6 5,6 0,63 18,5
33 MaAépe-Xavid - popéko 12,5 4,8 0,40 18,8
34 » » 11,9 75 0,78 18,2
35 » » 12,7 63 043 18,3
36 - » T » 12,1 6,2 0,58 18,9

Meéon. 1 18,0 dpm “C/gC
ZtaBepny anoxkon: 0,633
Zovrekeotng Sakvpdavoens: 3,5%
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“Onwc paivetar 610 Iyfipa 3, Tpiv anod tig Tupnvikég doxipég, elxe dmoxa-
taotafel o1 i icopponio petafd 10D oynuaTiopevov kai tod padevepydg
- drotkodopoduevou MCO,: xal 1y £idiky padievépyero 1od “C frav 14dpm/gC
‘mepimov. Mé tiv EvapEn 1OV nupnvikd®v dokpdv 1) miun Tiig eldikiic padievép-
YeWG GvEPXOVTOV GO YXpOVO o xpovo kU Eptace i péyrotn tpn 25dpm/gC
nepinov 10 1964. "Ano. 161 néptel maA, yati arogaciotnke diebvidg 7 doxo-
i OV nupnvikdv dokudv. To 1974, 6nog eaiveton otov Tlivake 1, 7| péon
nun tic eldikfic padievépyelag, 6nwg petpnibnie otd deiypnata TV EAANVIKGY
oivov kai dnootayudm;v ofvov, fitav 19,2 dpm™*C/gC. "H tuf adti coupwo-
vel p& TRV T tod Iynuetog 3 nol dvagépetal oTig YEPUAVIKEG UETPTICELG.
To 1976 7| uéon i tiig &idikfic padievépyelag, 6nwg eaiverar aro tov Iliva-
ko 11, elvar pikpotepn, dnrady 18 dpm!*C/gC. “H tiun adt gniong ovykpive-
o kohe pé v Tiun 18,1 dpm/gC thv yepuavik®v mpoioviev.d

dpm e
gC

1201

L I 1 | DR 1 | ] | I L
1956 1958 1960 1962 1964 1966 1968 1970 1972 1974 1976
LXHMA 3: diaxtuaven nepiexduevon 1*C o€ Sidpopa mpoigvia édv napaywyfic 1956 &we 1976.
o Rauschenbach kai Simon.?

+ OIKEG pag HETPYOEIC.

"And v nthdon Tig g tfig eldikiic padievépyerag tob *C gaiveror 1,
2@” 6o0v dEv énavalneBolv of nupnvikég dokiuég A tum Ba icoppontioel nalt
otd énineda tob 1956. "Emiong anod ) oOykpion tdv EAANvik@Gv droteleoud-
ToOv ué T’ drotehécpata TV yepUavIK®Y pETPTicE®V QaiveTol &TL 1 T g
etdikfig padievépyerag 100 “C elvar 616 1610 &ninedo todAd)IoTOV o1V Edpéd-
nn. TO ovunépacpua adtd Evioyxvetal kol ano yariikég xai italikég? kal dmd
" mopToyaAlksC HETPTOELC.] '

To éninedo tfig eldikfig padievépyelag Ennpealetal o moAd wikpdtepo PBod-
ud, tomkd, -Gnd TV mapovcie founyovidv mov AdY® AV koveaepiov Toug
apardvovv 10 Quclkd dokeidio tod dvBpaka (Enidpacn Suess)’. Tvykpitikic
uetpnoelg v todrolg mod Eytvav ot [epuavia o€ npoidvia nod wpoépyoviav-
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amo meployn 50m and advroxivntodpopo kai 800m Gnd tov o avToKIVNTO-
dpouo péoo of Pavapiko ddcog dEv Edeilav onuaviikég dwgopés. Iy e

katevboven Oeixver kai 7| oOykpion tOV petpicedv pog pé tig GAAEG edpw-
TAiKEG UETPTICELG. :

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 *C by liquid scintillation spectrometry was studied. External
standard methods were used which gave quite satisfactory results. The variation of *C
-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 “C/gC and of the
products produced in 1976, 18dpm “C/gC. The values are in good agreement with
relative european measurements.

" Key Words: Analytical methods. Wine and wine distillates. Liquid Scintillation Countmg
Specific radioactivity of 4C.
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STUDY ON THE ANTIBIOTIC FRACTION OF ALKANNA TIN-
CTORIA TAUSCH '

V.P. PAPAGEORGIOU, A.S. MELLIDIS and A.N. SAGREDOS
Laboratory of Organic Chemistry, College of Engineering, Aristotle University of Thessaloniki,
Greece

- Summary

Silicic acid chromatography of the fraction from the roots of A. tinctoria has yiel-
ded two naphthaquinones, 5,8-dihydroxy-2-(4"-methylpent-3"-enyl) -1,4-naphthaquinone
(arnebin-7 or deoxy-alkannin) and §,8-dihydroxy-2- (1"-acetoxy-4 -methylpent-3"-enyl) -
1.4-naphthaquinone - (alkannin acetate) along with 58-dihydroxy-2- (1-methyl-
‘crotonoyloxy-4"-methylpent-3~-enyl) -1,4-naphthaquinone (alkannin angelate) and 5,8-
dihydroxy-2- (l™-isovaleryloxy-4" -methylpent-3"-enyl) -1,4-naphthaquinone (alkannin
isovalerate), which were reported earlier,' possessing antibiotic and cytotoxic activities.

Key Words: Alkanna tinctoria, ‘Naphthaquinones, Antimicrobial effects.

Introduction

The Hellenic Health Authorities have recently issued a free sale certificate
for the proprietary medicine Histoplastin Red®. 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 also 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 reported>** the chemical
composition of the root extract of the above plant. In thls paper the antibiotic
fraction of this extract studied.

Results - and Dlscussion

The antimicrobial action of certain pigments of structuré similar to these
pigments, like the arnebins® and shikonins®, in addition to our observation’ on
the therapeutic result obtained by treatment with Histoplastin Red® 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 waxes?. Then the pigments were precipitated as Cu-complexes, and simul-
taneously separated from the fluorescent fraction. The Cu-complexes were de-
composed with hydrochloric acid and the plgment 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 proved® that only pigment
fraction exhibits an antimicrobial effect against Staphylococcus aureus SG511
and Staphylococcus epidermidis (Fig. 1).

5

FIG. I (a) Antibacterial control of the fraction of the pigments of Alkanna tinctoria. Concentra-
tion 20mg/5mi acetone. Infusion of 0.2ml/15.9cm? of disc surface.

A. Staphylococcus aureus SG511 : complete inhibition
B. Staphylocaccus epidermidis : complete inhibition
C. Escherkhia coli : : complete growth
D. Candida albicans : complete growth

(b) Antibacterial control of the fraction of the fluorescent substances of Alkanna tinctoria. Con-
centration 21.8mg/5m! acetone. Infusion of 0.2mi/15.9cm? of disc surface.

A. Slaph_\'locoécus aureus SG511 - : complete growth
B. Staphylococcus epidermidis . :complete growth”
C. Escherichia coli : complete growth <

D. Candida albicans " : complete growth



STUDY ON THE ANTIBIOTIC FRACTION OF ALKANNA TINCTORIA TAUSCH 59

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 Heiss® method which is suitable
for the study of non-water soluble substances (cosmetlc creams, deodqrants
etc.).

. Apart from the pigments. which have already reported’s>#, it may be possn-
ble that other pigments exist in smaller proportion and with similar Ry This
fact, in connection with their biological interest’>'°, has prompted us to the de-
tailed reexamination of the pigment fraction. Thus, after repeated column chro-
matography (very slow flow rate, Table II) two more pigments were isolated.

The first of them R; 0.45, m.p. 94-95°C, 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 IR 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 § indicating methylene protons coupled and deshielded
by olefinic groups. This pigment, therefore, has the structure I, of the already
known arnebin-7 (deoxyalkannin)'2.

l. X=0COCH,

The second pigment R, 0.27, m.p. 103-104°C, analysed for CH,;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 § (3H) which was attributed to
the protons of acetyl group. This pigment, therefore, has the structure of alkan-
nin acetate (II).



TABLE ‘l: Results of the antibacterial study of the components of the antibiotic-fragtion of Alkanna tinctoria.

Slaphyloéoccus' Staphylococcus 'Escherichia

- Candida
Substances Concentration aureus SG 511 epidermidis coli albicans
Benzene extract of 4. tinctoria 50mg/Sml acetone 0 0 3 3
Benzene extract of A. tinctoria . 50mg/5ml isopropyl 0 0 3 0
myristate )
Fraction of the pigments _
of A, tinctoria 20mg/5ml acetone 0 0 3 3
Fraction of the fluorescent ‘
substances of A. tinctoria 21.8mg/5m! acetone 3 -3 3 3
Alkannin 18.1mg/5ml acetone 1] 0 3 0
* B, p-Dimethyl-acrylic ester .
of alkannin ~ 21.5mg/5ml acetone 0 0" 3 3
0.3g/15.9 cm? 0 0 3. 3
Histoplastin Red® 0.158/15.9 em? 12 12 3 3
Acetone 0.2ml/15.9 cm? 3 3 3 3

* From each solution a quantity of 0.2 ml/15.9 cm? of disc surface was used.

0 = complete inhibition .

1 = isolated colonies

2 = microcolonies

3 = complete growth
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TABLE II: Column chromatography of the pigment fraction (0.927g) of Alkanna tinctoria,

Mass (g)

Fraction ml Eluant TLC
1 100 n-hexane/benzene (60:40)
2 100  n-hexane/benzene (60:40) -
3. 100 - n-hexane/benzene (50:50) 0.048
4 50  n-hexane/benzene (50:50) (~5.2%) Rr 045
5 50  n-hexane/benzene (40:60)
6 .50  n-hexane/benzene (40:60)
7 25  n-hexane/benzene (30:70)
8 100 n-hexane/benzene (30:70)
9 100  n-hexane/benzene (30:70) 0.565
10 100 n-hexane/benzene (30:70) (60.9%) R; 0.41
11 100 n-hexane/benzene (30:70)
12 50  n-hexane/benzene (30:70)
13 25  n-hexane/benzene (30:70)
14 25  n-hexane/benzene (20:80)
15 100 n-hexane/benzene (20:80)
16 100 n-hexane/benzene (20:80) 0.256 R 041
17 100  Benzene ’ (27.6%) Ry 0:27
18 100  Benzene
19 100  Benzene
20 © 100  Benzene
21 100  Benzene Rr 041
"22 . 50 Benzene ©0.033 R¢ 0.27
23 25. 'Bénzene (3.5%) Rr0.103
24 25  Chloroform
25 100  Chloroform
26 100  Chloroform
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_Experimental

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 150°C.

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
4x1000ml n-hexane for 24h, under continuous stirring in a nitrogen atmosphe-
re. The four extracts were combined. 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 mi 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 10% hydrochloric acid to give
a mixture of free pigments. The mixture of the pigments was fractionated
through a column 2 cm id., 32 cm high, packed with silicic acid 100 mesh
ASTM (Mallinckrodt). TLC was carried out on Merck Kieselgel 60 Fj, pla-
tes. Solvent system: benzene/ chloroform/ acetone (50:50:1). .

The first fractions obtained from the column (Table. 1I) contained 48, mg j’r
crude anhydroalkannin (arnebin-7 or deoxyalkannin) whlch was purified by, re-
peated recrystallizations from n-hexane to yield 25 mg pure red crystals m.p.
94-95° C (Lit."2 95° C). Anal. Calcd.: C,(H,4O,, C 70.58%, H 5.88%. Found:
C 70.32%, H 6.01%. Mol. wt. 272. Uv-Vis AE‘°" nm (log €): 275 (3.82), 482
(3.75), 513 (3.80), 550 (3.45). IR v¥&, cm™: 3030, 1610, 1560, 1210. NMR
(CDCl,): 1.53 and 1.63 & [6H, each s., = C (CH;),}, 2.28-2.57 & (4H, m., Ar-
CH,CHy), 5.07 3 [IH, t., -CH= CMe,l, 6.83 5 (IH, s., proton on quinone
ring), 7.16 & (2H, s., protons on aromatic ring), 12. 32 and 12.54 & (2H, each
s., -OH).

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

acetate, which was purified by repeated recrystallizations from n-hexane to fur-
nish pure alkannin acetate (142 mg), m.p. 103-104° C (Lit.*> 104-105° C).
Anal. Calcd.: €;H,;0,; C 65.45%, H 5.45%. Found: C 65.22%, H 5.55%.
Mol. wt. 330. UV-Vis A%%%, nm (log €):-275 (3.80), 485 (3.82), 516 (3.85),
560 (3.65). IR V¥ cm™: 1740, 1615, 1575. NMR (CDCL): 1.60 and 1.70 &
|6H, each s., = C (CH,),l, 2.15 & (3H, s., -COCH;), 2.57 & (2H, dt., -CH-
CH,), 5.15 & (IH, t., -CH= CMe,), 6.05 § (1H, t. ArCH), 694 5 (1H, s.,
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“proton on quinone ring), 7.17 8 (2H, s., protons on aromatic ring), 12.36 and

12.52 8 (2H, each s., -OH).

Nepidnym

‘Mekhém tod dvnProtixod xhdoparog tig Alkanna tinctoria Tausch

X’ adt tv &pyacia pélerdtor 10 xAdopa dxyvAiceng tdv pudv tig 4.
tinctoria nov nepiéye Tig dvriProtikég ovoieg. ‘H pehétn Enextelverar kai 610
pappoxevtTiko 1diookedaopa mov Exer oav 6pac'mc6 ovotatikd 10 dvtiploTiko
KMcua 100 mapandveo @utod.

Mé dgopun 1ig moAd Evdlapépovoes papuakoroyikdg kai Pioroyikds 616-
mteg tod naponve kAdopatog Eyive dmavebétaon tiig ynuciic Tov cvotd-
oewg, Gno Tiv O6moia mpoékvye #| dmopdveon kai tavtomoinom SVo dxdun
XpaoTkdv, tfig 5,8-61v8pofv-2- (4-ueboromeve-3"-evod) -1,4-vagBokivovng
(arnebin-7 % deoxyalkannin) kai tfig 5,8-61wdpokv-2- (1'-aketobn-4'-
neboromeve-3'-evod) -1,4-vagBokivovng (6Eikod dotépa tiig dAkavvivig).

References

. Papageorgiou, V.P. and Digenis, G.A.: Planta Med., in press (1979).

. Papageorgiou, V.P.: Chem. Chron., 6, 365 (1977).

. Papageorgiou, V.P.: Planta Med., 31, 390 (1977).

. Papageorgiou, V.P.: Chem. Chron., T, 45 (1978). .

. Shukla, Y.N., Tandon, J.S., Bhakuni, D.S. and Dhar, M M Experiemta, 25, 357 (1969)

. Tanaka, Y., and Odani, T.: Yakugaku Zasshi, 92, 525 (1972).

. Papageorgiou, V.P.: Experientia, 34, 1499 (1978).

. Papageorgiou, V.P., Winkler, A. Sagredos, A.N., and Digenis, GA Planta Med., 35, 56
(1979).

. Heiss, F.: Reichstoffe Aromen Korperpflegemittel, 4, 103 (1974).

. Papageorgiou, V.P., Sagredos, A.N., Sabharwal, P.S., Cairola, C., and Digenis, G.A.: Abst.
23rd Academy of Pharmaceutical Sciences National Meeting, Phoenix, Arizona (USA), p.
178 (1977). :

11. Papageorgiou, V.P.: Planta Med., 37 (2), 185 (1979).

12. Shukla, Y.N., Tandon, J.S., and Dhar, MM Indian J. Chem., 11 (6), 528 (1973)

QW I NN L WN -

—
(=1}



Chimika Chronika, New Series, 9, 65-70 (1980)

A STUDY OF SILICON - TELLURIUM COMPOUNDS
(Si,,xTe,)

P.E. GRIGORIADIS®*, I.N. STOIMENOS®, C.A. ALEXIADES**

* Physics Department, Aristotle University, Thessaloniki, Greece.

** Laboratory of Analytical Chemistry, Polytechnic School, Aristotle University, Thessaloniki,
" Greece.

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,0, and NaOH solu-
‘tion, Chemical analysis showed a Si and Te percentage corresponding to the formula
Si;,xTe, with 0<x=<0.33. The structure of these compounds was studied by transmis-
sion electron microscopy combined with electron diffraction patterns. The structure for
crystals with the stoichiometric compositions in the above range was found identical to -
that found for Si;.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, §emiconductor. :

Introduction

Most of the elements belonging to groups IV and VI of the periodic table
form compounds with stoichiometric proportions of 1:1 or 1:2. In contrast,
silicon-tellurium compounds can be described by the general formula Sij.xTe,
with the value of x ranging from 0 to 0.33. It is for that reason that different
investigators'”’ reported different chemical formulas for Sn-Te crystals, which
otherwise exhibited the same physical properties.

Silicon telluride (Si;,xTe,) 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 al.® was the first to examine the crystal assemblage of SiTe, and
suggested a srystal structure similar to that of Cdl, with unit cell dimensions

= 4.28 A, ¢, = 6.71 A and space group P3m. Taketoshi et al?, 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= o,,\/— 3 and ¢c= ¢ was
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put forward to account for superlattice diffraction spots of (4 4 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 microscope!®. 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 Si,;;Te, (= SlzTeJ) using x-rays and reported unit cell
parameters a= 7.43 A (= q, \/—3) and c= 13.482 A (= 2¢,) and space group’
'P31C with z= 4. Silicon atoms form Si, units occupying the 2/3 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 93°. 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.

.

% Si, z
@ Si, ——Z :
@ st -
@ Si, z

| : § Te, z ;
%2 A ’ : - .
Q Te’2 -

Ry

'FIG. 1: Projection of Si,Te, unit cell on the (001) plane. All possible orientations of Si-Si pairs
are shown. For clarity only half of the cell, parallel to c axis is projected.

Since, these unit cell parameters were in agreement with those of SiTe,
crystals'® and the DTA measurements and the IR spectra were exactly iden-
_tical to those reported by Ploog et al.!', it was consndered worthwhile to study
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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 (1+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 linear
scale temperature gradient starting from . 1000°C. The quartz ampoule
remained in the highest temperature site for 24 hours in order to achieve com-
plete melt homogeneity. After the 24 hours had elapsed the ampoule was
lowered, by means of a suitable mechanism, at a lowering rdte of 33 mm/d
down to the temperature of 800°C. At this point the power of the furnace was
turned off and the ampoule was left for about 10 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 stozchtometry

Single crystals that had been checked previously for theu' crystallinity were
used for determining the proportxons 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 griding preceding the fusion. The acids (HNO,,
HCIO,, H,S0,, 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 in the présence of H,0, 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 determination. ’

A 0.1 to 0.2 g sample is placed in a 100 ml teflon beaker and 10 ml of
30% H,0, solution are added. The beaker is heated on a sand bath (120-
150°C) 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 ml
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 ml of 30%
H,0, and 5 ml 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,TeOsH, and
Na,SiO, as final products. The beaker is then removed from the sand bath,
cooled and after the addition of 20 ml of distilled water and 22 ml of 6 N HCI
for partial neutralization of the NaOH used, heated again in-the sand bath
(100 - 120°C) for solution.clearing and complete decomposition of the perox- -
ide. The beaker is then cooled and its contents are quantitatively transfered to
a 500 ml 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 should be maintained at this reglon 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 spectrophotomieter with transmittance read
at 390 mp. Tellurium was determined by Atomic Absorption Spectroscopy us-
ing a Perkin Elmer model 503 instrument at the 214.3 m spectral resonance
line with air-acetylene flame',

Results . _ i

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: ‘

Si; g7 Te, 00

Two crystals prepared with stoichiometry corresponding to the formula
Si,,Te,o gave the average percentage of 11.30 and 88.62 for Si and Te respec-
tively. In this case, the stonchlometry can be formulated by:

SiyisTer00

Two other crystals prepared with stoichiometry correspondmg to the for-
mula Si, sTe,o gave the average percentage of 12.68 and 87.02 for Si and Te
respectively. In this case the stoichiometry can be formulated by:

Si; 3, Te 00

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

~ Si; 33 Tes00

Chemical analyses revealed that in all crystals obtained, the stoichiometry
was of the type Si.xTe, with x ranging from 0 to” 0.33. Crystals with x
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FIG. 2: The unit cell of reciprocal lattice constructed from various reciprocal lattice planes ob-

served- by electron diffraction.
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FIG. 3: Three of the electron diffraction patterns used to construct the reciprocal lattice unit cell
shown in Fig. 2. Only the basic diffraction spots are indexed 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 Si;;;Te, (= Si,Te,). Measurements of crystal parameters and
electron diffraction patterns revealed a reciprocal lattice (Fig. 2 and 3), which
provides sufficient 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 Si);;Te, type stoichiometry. According to thie
model tellurium atoms form a close-packed hexagonal arrangement and the Si-
Si pairs fill statistically the 2/3 of the probable octahedral vacant sites between
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 identical structure can be for-
med.

Mepidnym

Meléty tdv évideewv muprtiov - teAdovpiov (Sir,,Te,)

M oxomd v ueAfémn tijg Sopiig TAv oTEPEdV dvdboEwv GTd Svadikd
ovotnua Si-Te napackevdofnkav pé v texVIKT tod Bridgmann ueydiot
- povokpvotadlol pé Suipopeg apykés otolxeropetpikés dvaloyies. Mia véa
texviki SlaAvtonoioeng Enétpeye TV drlovotevon tiig ynuikiig dvalvoemg
16V vdoemv 1oV dvristolyoboav otdv tono: Sij.xTe, 0 < x < 0.33.'H
douty tdv Evocewv adtdv peistifnke jiE mpotoma mepifAaong Gnd 1O
fAekTpovikd pikpook6mio. Mé tig ovvlijkeg mapackeviic  mov
xpnowonomBnkav, GAeg ol &vaceg elyav v SopR 1od Sijy;Te, (= Si,Te;).
Ol dnoxhAicelg dno v GTOLYELOPETPIKT dvaloyia d&v dAAdaCovv mv dopi| kai
unopodv va &nynbodv and Tijv OTATIOTKY] KaTtavous tdv dtépmv Tod
mopttiov péca 616 LROTAEYpa tdV drépwv Tod TEALOVpioL.

References

. Bailey, L.G.: J. Phys. Chem. Solids, 27, 1593 (1966).

. Brebrick, R.F.: J. Chem. Phys., 49, 2584 (1968). )

. Klein Haneveld, AJ., van der Veer, W., and Jellinek, F.: Rec. Trav. Chim., 87, 255 (1968).

. Lambros, A.P.: Ph. D. Thesis, University of Thessaloniki, Dept. of Physics (1973).

Lambros, A.P. and Economou, N.A.: Phys. Stat. Sol., 57, 793 (1973).

Rau, J.W. and Kannewurf, C.R.: J. Phys. Chem. Solids, 27, 1097 (1966).

. Ziegler, K., Junker, H.D. and Birkholz, U: Phys. Stat. Sol., 37, K97 (1976).

Weiss, A. and Weiss, A.: J. Anorg. Allg. Chem., 273, 124 (1953).

. Taketoshi, K., Yoshinawa, S. and Hamano, K.: NHK Gijutsu Kenkyu (Japan), 26, 172 °
(1974).

10. Grigoriadis, P. and Stoemenos, J.: J. Mat. Science, 13, 483 (1978). ’

11. Ploog, K., Stetter, W., Nowitzki, A. and Schonherr, E.: Mat. Res. Bull., 11, 1147 (1976)

12. Ringbon, A., Ahlers, P. and Siitones, E.: Anal. Chim. Acta, 20, 78 (1959).

13. Nazarenko, I and Ermakov, A.: Analytical Chemistry of Selenium and Tellurium, p. 148.

Haisted Press, New York (1972).

COAR DRI -



Short Paper.

Chimika Chronika, New Series, 9, 71-76 (1980)

BUBBLE MEASUREMENTS IN ELECTROLYTIC FLOTATION
KOSTAS A. MATIS*
¢ Dr. K.A. Matis, 60 Mitropoleos St., Thessaloniki, Greece.

Key words: Gas bubbles, measurement, photographs, electrolysis, flotation, wastes, separa-
tion.

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 effluent 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 pym in nor-
mal conditions.

One of the first 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 !. 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 proved? that microconvenction does not
abet volume flux in electrolysis.

To present a mathematical statement for the problem of mass diffusion,
which i§ 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 conditions?

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 liquid/gas interfacial area for -a
given volume of gas in the form of a spherical segnient 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's* 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 only*:, ~
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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/m2 The camera used in this study was constructed earlier? 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 reference®.

0.5m "

FMotation ’v.eésel
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knotographic camera.
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#lash unit
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B Y o w .
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Gasket
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Ll I |
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FIGURE I: Arrangement of vessel and camera.
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When the déta were plotted on probability paper, it was found difficult, es-
pecially in the case of 300 A/m?, 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.

T T T
2
5
I0
arithmet.
probabil.

,>50

80

90

2
o cur. dens, (A/m°)
7 00 o 1
200 X
300 +
98 J
] I3 i g ——t 1
30 50 70
diam.  (pm)

FIGURE 2: Bubbles measurements during electroflotation.
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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 space*. In an acid electrolyte the difference in sizes is'not so great; in

" such a case the hiydrogen 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, diameters at the range boundaries were included in the
lower range. '
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- FIGURE 3: Histogram of electrolytically produced bubbles.
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All the bubbles measured were in the range of 20 to 90 um. 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/m? gave a mean diameter of 50 um.

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

-said* to be of great importance in electrochemical processes.

The effect of added solutes on the size of hydrogen bubbles was studied
also elsewhere®. 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 empirical distribution with respect to bubble
size decrease as the applied current density is increased.
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FIGURE 4: Observed distribution bf gas bubbles at different current densities.
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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 found®, for hydrogen bubbles, that they remain
at approximately the same level at fairly high densities of the order of 1,000
A/m? 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.

T
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