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ON THE INTERACTION OF ADJACENT CYANO AND NITROSO GROUPS

V. PAPAGEORGIOU and S. ZLATANOS -
Laboratory of Organic Chemistry, College of Engineering, University of
Thessaloniki, Thessaloniki 54006 GREECE .

(Received June 30, 1986)

SUMMARY

The substitution of the halogen atom by a cyano group in 1l-halo-2-
nitroso compounds and the subsequent interaction of the adjacent cyano
and nitroso groups have been investigated. Evidence is supplied that
hydrogen atoms geminal to the halogen and the nitroso groups influence
the mechanism of the substitution reaction to the extent that in their
absence a pinacol rearrangement takes place. Interaction of the vicinal
cyano and nitroso groups occurs whenever these groups are not bonded to
terminal carbon atoms. The interaction leads to a pyrazolic ring as a
~stable intermediate which subsequently rearranges to 5-amino-isoxazole

derivatives. Attempts to form l-cyano-2-nitroso compounds in one-step
1,2-addition employing nitrosyl cyanide afforded oxazetidine derivati-
ves. Mechanism is proposed to account for the products obtained.

Key words: Cyano and Nitroso groups, N-cyano-oxazetidine, Nitrosylcya-
nide. ‘

INTRODUCTION

The reaction of olefins with nitrosyl containing 1norgan{c and orga-
nic compounds concerns pure and applied chemistry, The 1,2-addition of
NOC1 to carbon-carbon double bond and the subsequent replacement to the
chlorine atom by the cyano group may induce rearrangementsl’2 and could
lead to isoxazole derivatives and other important heterocyclic com-
pounds3’4 paving the way for two-step large scale production of pharma-
“ceuticals from olefins. Pertinent to the ineraction of the -NO and -CN
groups in adjacent carbon atoms is the presence of hydrogen atoms since
they appear to have a profound influence on the mechanism of the rea--
ction. The use of ONCN in synthetic organic methods5 6 opens up the pos-
sibility of synchronous 1,2-addition of the -NO and ~CN groups sugge-
sting possible elimination of undesirable effects by other reactants.

This paper is a continuation of previous 1nvest1gat1ons on the sub-
st1tut1on of halogen atoms by the cyano group in 1-halo-2-nitroso com-

1,2 In

pounds and the interaction of vicinal nitroso and cyano groups,
this it is also investigated the addition reaction of nitrosyl cyanide

to olefins.
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EXPERIMENTAL

Reagents

The experimental details of the reactions of 1l-halo-2-nitroso cyclo-
hexane and 2-halo-3-nitroso-2,3-dimethyTbutane with KCN have been descri-
bed previdus]ylaz. 1-Chloro-2-nitroso-1,2-diphenylethane was prepared
by literature methods3. h

Preparation of 2,2-3,3-tetramethyl-N-cyano-oxazetidine-

Nitrosyl chloride was added® to a stirred suspension of dry silver
cyanide (2 mo1) in dichloromethane at -30°C. After about 4 min, when the
reaction flask was filled with a bluish gas, 2,3-dimethyl-2-butene was
added. The reaction mixture was allowed to warm up in about 30 min by
which time the bluish gas disappeared. TLC indicated the presence of se-
veral compounds and the major component was separated by preparative gas
chromatography on a Carbowax 20 column. Attempts to purify further the
pale yellow viscous liquid by fractional distillation failed since the
heat applied enhanced its tendency to poiymerise even under reduced pres-
sure. IR (Nujo1):2260 (C=N), 1360 cm-1 ms, m/z :140(2.5%, M+"),
125(5.4%, M-CH3), 110(100%, M-2CH3), 84(69%, M—2CH3-CN) Found:C, 60.15;
H, 8.61; N, 20.1. C7H12N20 requires: C, 60; H, 8.57; N, 20%.

RESULTS AND DISCUSSION

Initially cyclohexene was selected as an appropriate unsaturated sy-
stem to form the l-cyano-2-nitroso derivative in order to investigate
the interaction of these groups in adjacent carbon atoms. The first step,
the formation of 1-halo-2-nitrosocyclohexane is a straightforward pro-
cess7. Two reports appeared almost simultaneouslyl.# dealing with the
reaction of l-chloro-2-nitrosocyclohexane dimer with KCN. Although the
investigators supply evidence that the chlorine atom is replaced by the
cyano group, the 1ntérmed1acy of 1-cyano-2-nitrosocyclohexane has not
been proved. Dines and Scheinbaum? suggested that in the presence of
triethylamine the reaction proceedé via an oxime which then readily iso-
mérises to 3,4-cyclohexano-5-amino-isoxazole (VIIIg4). However, the conve-
rsion of l-cyano-2-oximinocyclohexane (III) to the isomeric forms of
3,4-cyclohexeno-5-amino-isoxazole was already reported in the literatu-
re8,



ON THE INTERACTION OF ADJACENT CYANO AND NITROSO GROUPS 127

NHp NH
B ! N
. C=N N G
[ | , ! ! 0 =
SN —ON \a/ ‘N
111 VIII

The experimental evidence we have gatheredl’2 on the interaction of
vicinal -CN and -NO groups bonded-to carbon with labile hydrogen atoms
favours the formation of a pyrazole derivative of polar structure VIwhich
is subsequently converted to isomers VIIIG,B (Scheme 1). The formation
of the pyrazolic ring bears an analogy with the well-documented intera-
ction between pairs of adjacent -N=N- and -NO groupsg'll.
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Scheme 1

Furthermore the fragmentation pattern in the mass spectrum of the i-
somers VIIIy g differs substantially from that of the solid which. how-
ever, converts to VIIIG’B when left in the dark for several days. Since
Dines and Scheinbaum* did not obtain compound VI when they treated 1-
chloro-2-nitroso-cyclohexane with KCN in the presence of triethylamine,
it s suggested that the reaction might proceed via alternative routes
(Scheme 1).

Dines and Scheinbaum? strating from either cis or trams 2-butene
obtained 3,4-dimethyl-5-amino-isoxazole in two steps. However, their at-
tempts to convert l-cyano-2-methyl-propionaldioxime to the desired 3,3-
dimethyl1-5-amino-isoxazole did not prove successful. On the basis of
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these observations they suggested that an obvious condition for the
formation of 5-amino-isoxazoles in the presence of hydrogen on the vici-
nal carbon atoms bearing the -CN and -NO groups provided that the carbon
atoms are not terminal. In order to test the validity of the above sug-
gestion we have chosen trans-stilbene and 2,3-dimethyl-2-butene. Treat-
ment of trans-stilbene with NOC1 and subsequently with KCN afforded com-
pound X_2 The complete conversion of X to 3,4-diphenyl-5-amino-isoxa-
zole took several days, the mass spectrum of which lacked the [M-28]+
peak.

H H

o
H=¢<0) 1w O c-c~0)
{(Oy- c—n 2. KON

0_—N+C
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N/
IX X
Ph Ph

\C_C/
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The confirmation of the important role of the labile hydrogen atoms
suggested that the pyrazolic ring structure might be more stable in the
absence of hydrogen such as in the case of 2,3-dimethyl-2-cyano-3-nitro-
sobutane. .

The mode of action of the cyanide ion and the failure to form the
2-cyano-3-nitroso derivative of 2,3-dimethyl-butane suagested that other
reaction pathways should be sought for its preparation. Kirby and co-
workers5-6 prepared ONCN and established that it is a powerful electro-
" philic dienophile. However, as far as we know, no reports exist descri-
bing 1,2-addition although there is such a possibility in view of the
structural similarities (12-14) of this compound with NOC1 and, more
important, with CF3NO. Thus, the reaction of 2,3-dimethyl-2-butene with
_ONCN afforded a yellowish product in the mass spectrum of which appear
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peaks at m/z=140 [M]*, 125[M-CH3]+, 110[M-’2CH3]+ and 84[M-2CH3-CN]+.
The presence of cyano-group is revealed by the strong absorption at
2260 cml while the band in the fingerprint region at 1360 cm-1 is at-
tributed to the oxazetidine ringl®. Contrary to expectations, the evi-
dence suggests that the most 1likely structure is that of 2,2,3,3-tetra-
methyl-N-cyano-1,2-oxazetidine (XVI). Thus, although an 1,2-addition
takes place it only involves the NO group. A plausible explanation is
the outlined mechanism. '

0sN — C=N == CN- + [N:o — NES]

Me\ /Me Me /Me Me Me
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The viscosity of the liquid increased after a few hours with subse-
quent Tloss of intensity of the 1350 cm-1 band, while no change was evi-
dent in the absorption intensity of the -C=N band. Changes were also
observed in the mass spectrum which, when considered in conjuction with
the ir spectrum, suggest that distruction of the oxazetidine ring occurs
and a polymer is formed with -N(CN)-0-C-C backbone. Although the oxaze-
tidine derivative and the polymer merit further investigation, it is
beyond the scope of the present study.
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NepiAndn

AAANAETLOpaON YELTOVLKAV KUOVO . KAL VLTPwdo opdduv

MeAhethBnkav n aviikatdotoon ahoyévou amd tnv kKuavo oudda ce 1-ahoyo-
VO-2-VLTPWdO EVAOELE KOL N UETEMELTA aMnAENidpaon TwWV VELTOVLKOV Kuavo-
Kar viTtpwdo- opddwv. Mapéxoviar otorxela OTL n mapoucla udpoydvou ota
atopa avBpaka mou €xouv oAoydvo N TNV Kuavo- opdda emnpedleL Tov pnxa-
vioud e avtidpaonc. H aAAnAemi{dpacn yeLTOVLKGV Kuavo- KoL VLTPWwdOo-
ouadwv emtteAeital €@OOOV BEV E£LVOL TPOCAPTNUEVEC O akpaia atopa avepa-
Ka. Ané tnv aAAnAenidpaon mpokimtel mupaloALkdC BakTUALOG WG OTaBepd
evdLAueco mpotldv mou otn ouvéxera petaoxnuatliletalr oc mapdywya Tou 5-a-
uwvo  LoofaloAiou. lpoondBeLa oXNUOTLONOU 1-KUAVO-2-VLTPWSO-EVUOEQY OF
¢va otadro pe 1,2-mpoadhkn tou ONNC £dwoe mapaywya tng ofalestLdivng. ﬂbo—
telvoviaL unxaviopol oxnuatiouol Ttwv AopBavouévuv mpoloviwv.
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COMPOSITION OF INDUSTRIAL WHEYS FROM FETA AND
KEFALOGRAVIERA CHEESES AND MYZITHRA SERUM

C.SCHILLER-KOLLIA, 1.G.ROUSSIS AND M.G.KONTOMINAS

Department of Chemistry, University of Ioannina, Ioannina 45110, Greece

(Received July 24, 1986)

SUMMARY

The solid residue, ash,lactose, fat, and nitrogen content and the elements K, Ca,
Mg, P, Cu, Fe, Zn, Mn, Sr, Al, Pb, Ba, and As, using ICP-emission spectroscopy, were
determined in industrial wheys from feta and kefalograviera cheeses as well as in
myzithra (cheese from whey) serum. The two cheese wheys did not show significant
differénces in composition between them. The myzithra serum contained essentially
no fat and a significant amount of nitrogen eventhough lower than that of the two
cheese wheys. Myzithra serum, similar to the cheese wheys, contained significant
amounts of K, Na, Ca, Mg, P and Zn. It is therefore proposed that the serum can be
incorporated along with the cheese wheys for further industrial utilization.

Key words: whey, serum, composition, elements

INTRODUCTION

The whey produced during cheese making practises contains various constituents
of high nutritional valuel.2 while as an industrial waste it is responsible for a
significant amount of resulting environmental pollution3.

The various methods of whey utilization2-4, especially the current trends
employing microorganisms, such as those producing single cell protein3.6, ethanol7-8
and other products?10 demand exact knowledge of its composition including macro-
and trace- elements.

The objective of this paper was to report values of the main constituents and
elements of industrial wheys of one . soft cheese (feta), one hard cheese
(kefalograviera) and of the serum of a cheese whey (myzithra) as well as to apply
Inductively Coupled Plasma (ICP)-emission spectroscopy to the analysis of cheese
wheys. The samples were selected so, to investigate possible differentiation in
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composition between the two wheys as well as to determine whether the myzithra
serum could be further utilized.

EXPERIMENTAL
Materials

Samples were supplied by the dairy plant "DODONTI' S.A. in Ioannina in various
seasons during the year. The feta cheese (soft cheese) and the kefalograviera cheese
(hard cheese) were produced from ewe's milk which contained a small amount of
goat's milk. The myzithra cheese (cheese from whey) was produced from
kefalograviera whey with the addition of about 10% whole milk (ewe’s milk plus
some goat's milk).

TABLE 1. Spectral lines and detection limits in sample using ICP-emission
spectroscopy.

Element Spectral lines Detection limit in sample
(mm) (ppm)

Zn 202.548 5

P 213.618 10

Pb 220.353 0.1
As 234.984 0.05
Al 308.215 0.05
Cu 324.754 05
Mg 383.826 5

Sr 407.771 0.1
Ba 455.404 0.01
Mn 257.610 0.01
Fe 259.940 2

Na 588.995 10

Ca ‘ 315.887 5

K 766.490 20

The solid residue was determined gravimetrically at 100-105°C until constant
weight. Fat was determined by the Gerber method using specifically designed
butyrometers for whey and defatted milk. Nitrogen was determined by the Kjeldahl
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method2. Lactose was determined by the IDF method!! for milk using chloramine T
after deproteination. Ash was determined by dry ashing at 550°C12. Elements were
determined by ICP- -emission spectrometry. This method which provides an excellent
sensitivity along with multiclement determination capabilities!3, has been previously
applied to milk analysis4.15. A Philips ICP-source model PV 8490 was used.
Spectrometric conditions were as follows:

burner: Universal type

Plasma Argon: 21 1/min

carrier Argon: 1.2 1/min

sample uptake: 1.9 ml/min

nebulizer: cross-flow with peristaltic pump

Spectral lines and detection limits in the sample are given in Table I.

RESULTS AND DISCUSSION

Results for the solid residue, ash, lactose, fat and nitrogen content are given in
Table II. Data reported for the two wheys (Table II) are within the range of values
reported in the literature2.16-18, Above values indicate no statlstlcally significant
differences between feta and kefalograviera Wheys (p=0.20).

TABLE Il Solid residue, ash, lactose, fat and nitrogen content of wheys and serum of
myzithra.

Whey of Feta | - Whey of Kefalograviera Serum of myzithra

(WF) % (b.w.) (WK) % (b.w.) (SM) % (b.w.)
Constituent  average range average range average range
solid
residue %  7.79+0.39* 7.4818.34 7.63+0.17 7.37-7.74 7.50+0.22 7.24-7.76
Ash % 0.49+0.02 0.48+0.53 050+0.02  0.48-0.53 050+001 041-0.64
Lactose % 4.75+0.21 4.634_-5.0’i 4.8910.11 4.75-5.00 4.87+0.08 4.77-4.97
Fat % 0.5240.23 0.25-0.80 0.4240.12 0.23-055 - 0.06:0.04 0.02-0.10

Nitrogen % 0.232i0.009‘ 0.223-0245 0.22440.012 0212-0.237 0.144+0.024 0.103-0.0174

*Errors given are the standard deviation for n=4

1.2: Statistically significant differences are the following:
1.Fat: WF-SF and WK-SM, P=0.01

2.Nitrogen: WF-SM and WK-SM, P=0.01
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Solid residue, ash and lactose values for the myzithra serum were similar to those
of the two wheys. The fat and protein are retained by the myzithra curd?. In
accordance to this, the fat content of the myzithra serum was negligent and the
nitrogen content lower than that of the two wheys. The differences in fat and nitrogen
content between the myzithra serum and the two cheese wheys was statistically
significant (p=0.01). However the nitrogen content of myzithra serum was found to be
high. This fact along with the relative high solid residue in the myzithra serum are
probably owed to the addition of milk in the raw material (whey of kefalograviera).
Data in Table II leads to the remark that the fat content of the whey of a hard cheese
(kefalograviera) is lower than the respective amount of a soft cheese (feta) in
contrast to the reported values in the literature2. However such a comparison is not
strictly valid since samples analyzed in this work were produced from raw materials
not specifically standardized, while it is also known that the whey composition depends
on various factors such as season of production, feeding conditions, origin of milk
etc.17.19,

The values for K, Na, Ca, Mg, P, Cu, Fe, Zn as well as for Mn, Sr, Al, Pb, Ba and
As are given in Table III. Data indicated similar values of elements for the two cheese
wheys and the myzithra serum. Results shown in Table III

TABLE III. Elements of wheys and serum of myzithra.

Whey of Feta Whey of Kefalograviera Serum of myzithra
(WF) ppm (WK) ppm (SM) ppm

Element average range average range average range
K 1240+164.6*  1059-1380  1127.6+30.6 1096-1157 12351+207.6 1074-1443
Na 426.3t43 .4 380-466 44214226 427-468 468.0+£369 427-497
Ca 311.7£505 281-370 319+325 296-343 284.7+40.4 257-331
Mg 90.0+£16.4 76-108 8616.2 81-93 95+11.8 82-105
P 441.3149.7 399496 424.3+£29.8 390-443 416.7£30.3 382-438
Cu 44+1.1 345.6 343104 3.2-39 2.45+0.07 2425
Fe - 16.318.7 9-26 13.7£1.2 13-15 <2
Zn 108+61.7 38-152 61.3+28.5 42-94 61.31£25.5 35-86

For the elements Mn, Sr, Al, Pb, Ba and As the concentrations were lower than

1ppm.
*Errors given are the standard deviation for n=3.
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are generally within the range of those reported in the literature2.18.20-22 which seem
to be rather wide. This is logically expected considering that the concentration of the
elements in the whey depends on the origin of milk used for cheesemaking, on
seasonal variation, lactation, etc. while possible contamination of milk from the
containers should not be excluded?3.24,

With regards to the pollution potential of the examined waste by-products,
preliminary BODS5 determinations using the Winkler azide modification method25
gave values in the range of 30,000-80,000 mg/l which apparently confirm their great
pollution potential.

CONCLUSIONS

Present results for the examined industrial waste by-products lead to the
following preliminary conclusions:
a. The wheys of feta (soft cheese) and kefalograviera (hard cheese) do not show
differences in composition that would justify separate handling for further utilization.
b. The myzithra serum has similar lactose and element content to that of the two
cheese wheys and also a significant amount of nitrogen, eventhough lower than those
of the two wheys. It can therefore be incorporated with two wheys for further
industrial utilization.
c. The values for lactose, nitrogen and elements of ail the three cheese waste by-
products show that these are good sources of carbon, nitrogen and inorganic
elements for the growth of appropriate microorganisms.

2YZTAZH TOY OPOY TQN TYPIQN O®ETA KAI KEPAAOTPABIEPA
KAGQZ KAITOY OPOY THZ MYZHOPAX

ITEPIAHWH

HQooatogiommv T 0TEPES VILOAELppa, TéQEa, AaXTOLN, Ao, GLwTo xaL Ta
otouyela K, Na, Ca, Mg, P, Cu, Fe, Zn, Mn, Sr, Al, Pb, Ba xav As 0T0v 006 Twv TUQLOV
@éta nat xegaroypafiépa xabwg xoL aTov 006 g Putnibpag e PUOROTOOXROTIO
exntopsig ICP. H ovotaon Twv 0pmv Twv dU0 TUQLHV OV ELQPAVIOE ONPOVTIXES
dLo@opég. O 0pdg tng putrBoag meQLéxer apeAntéa woodTNTO AoV RAL ONUOVTLAT
TOOOTNTO. OLADTOV OV XOL XOUNADTEQN aT'6TL OL 0Q0( Twv 310 TVELdV. O 0Qdg NG
mtnBpag megieixe onpaviukd tood K, Na, Ca, Mg, P xaL Zn avGloya exeivov tov
0QwV TV dU0 TVELGV. ITpoTelveTon 6TL 0 00 Tng PVLNHBEOS UITtogel va evowpatwBel
OTOVG 0QOVG TV S0 TUELAY Yia TegonTéQw Bropmyavixni aElomoinon m.x. vedoTowpa
QVOITTUENG IXQOOQYOVLORGYV.
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EFFECT OF VERY LOW FLUORIDE CONCENTRATIONS ON THE ELECTROCHEMICAL
POTENTIAL OF THE ORAL CARIOGENIC BACTERIUM STREPTOCOCCUS MUTANS -
ARADIOTRACER STUDY
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SUMMARY

The effect of fluoride on the metabolism of S.mutans was studied by radiotracer de~
terminations of the intra/extraceliutar distribution coefficients, the electrical potential Ay
across the cell membrane and the uptake of fluoride in the bacterial cytoplasma, cell
membrane and cell wall. S,mutans accumulates fluoride from slightly acidic environment.
Increasing external fluoride concentrations affect the pH gradient and the Dy. Lysozyme
treated bacteria are more susceptible to fluoride than whole celis. Fluoride—rich protein
fractions after anion exchange chromatography give evidence for various interactions of
fluoride with bacterial proteins. The results indicate that fluoride affects the bacterial me-
tabolism at fow concentrations, beginning in the ppm range.

Key words: S.mutans FA-1, fluoride, dimethyloxazolidinedion, intra/extraceliutar
distribution '

INTRODUCTION

The radiotracer isotope 18F can be obtained in ionic form, carrier free or with high
specific activity. The production is based on specific nuclear reactions and subsequent
radiochemical separationt, Because of the relatively short haif-life of the nuclide
{109 min), the production site (accelerator) should be situated in the vicinity of the applying
laboratory. Under these conditions ionic fluoride can be labelled in a wide range of con-
centrations. The total amount of fluoride induced by the nuclear reaction is far below the
naturai background concentrations found in physiological media (some 0.01 ppm). Con-
sequently, the addition of 8F tracer is without effect on the natural backgrbund concen-

trations of fluoride. Thus, the intra/extracellular distribution can be studied without inter—
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ference by the added radiotracer. Although such low concentrations are far away from af-
fecting vital functions of S.mutans, the intra/extracellular distribution data 'obtained under
these conditions are inevitable for better understanding fiuoride interactions at higher
concentrations. '

Fluoride is assumed to iﬁterfere with the metabolism S.mutans. Information on the
effect of fluoride on the metabolic efficacy of the cell can be obtained from its capacity to
maintain intra/extracellular pH gradients (internal alkaline2) and the electrical potential
(interior negative). Indirect evidence for these data can be derived from the
intra/extraceliular distribution of selected 4C-labelled indicator ions, which should be
taken up by the celi non—specifically. Consequently, these ions should have large so!vation
radii and low surface charge density and should be not metabolized by the bacteria. This
model seems to apply for the ions used in the present investigations: the anion of the weak
acid 5,5-dimethyloxazolidine~2,4~dion (DMO-) as indicator for the pH gradient and the
tetraphenylphosphonium cation (TPP*) as indicator for the electrical gradient (Ay) Be-
cause of its lipophilic character this cation penetrates the boundary between extraceliuiar
and intracelular $paces (cell membrane) and accumulates in the negatively charged interior
of the bacteria®. Under these conditions, intra/extracellular distribution coefficients of

fluoride can be discussed with respect to its impact on cellular functions of S.mutans.

MATERIALS AND METHODS

Growth of the bacteria

S.mutans FA-1 (serotype b; S.rattus) obtained in lyophilized form (Behring-Werke,
Marburg) was grown as described previousiy!. The bacteria used for the experiments were
in the stationary phase of growth. With regard to the characteristics of fluoride uptake, no
difference between bacteria from the logarithmic and stationary phase of growth was

observed in a previous experiment?.

Lysozyme treatment

Lysozyme treated ceils were obtained according to Chassy?. Bacteria were incuba-
ted with a solution containing 0.1 M Tris—buffer (pH 8.2), 1 mg/ml! lysozyme (20,000
U/mg) and 12% polyefhﬂeneglykol (MW 200) for stébilization. Lysis was not ohserved du-

ring this process.
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Intracellular water volume
The intracellular water volume was determined by the HTO/24C~dextrane exclusion
method3. It was 47.5 t 8% of the cell wet weight for whole bacteriaand 47 + 6% for lyso~

zyme treated bacteria.

Determination of the pH gradient

Cells were incubated for 5 minutes at 37°C with buffered solutions (pH 3.4 — 9.2)
containing glucose (8x10-4 M), 4.5x10-2M NaCl (whole celis) or 0.38 M polyethylene—
glyko! (lysozyme treated cells) and the radioactive labelled species. The concentrations of
fluoride (added as NaF) used for the incubations were: natural background (approx. 10~
8M), 10-6 M and 10-4 M, that of dimethyloxazolidinedion was 10-4 M. These values re~
present the total concentrations in solution, irrespective from the degree of dissociation.
The pKa values of the tw2 acids are 3.2 and 6.2 respectively. Nearly carrier free 8F in
ionic form was obtained by a procedure developed in this this laboratory!. Ali other radio-
active species were used in commercially availqble form (Amersham-—-Buchler).

After equilibration (5 min), celis and supernatant wer'e sebarated by centrifugation
(11,000 g). By this procedure a good pellet with low amounts of intercellular water was
obtained. The intracellular concentrations of the investigated species were not affected by
squeezing. After centrifugation, 1 ml aliquots of the supernatant were transferred to poly-
ethylene vials containing 10 ml of scintillation cocktail (Quickszint 212R). The remaininig
supernatant was removed by sucking with a water jet pump. The pellets were then sus-—
pended in 1 mi 0.15 M NaCl and transferred also into polyethylene vials containing the
scintillation cocktail. The activities of the radionuclides were determined by liquid scintilla—

-tion spectrometry. The intra/extra-ceilular distribution coefficients of the ionic species

were calculated from these data using the Henderson—Hasselbalch equations.

Determination of the gradient of the electrical potential (Ay)

The electrical potential (Ay) between intra~ and extraceliular spaces of whole and
lysozyme trevated ceils waé evaluated from the distribution coefficients of the 11C~labelled
tetraphenylphosphonium cation. Bacteria were in’cubated‘ (20 min; 37°C) with 10-4M so-
lutions of C-labelled tetraphenylphosphonium ct‘ﬂoride containing none, 10-¢M and
10-4M fluoride. Ay values were calculated from the distributioh data with a modified form
of the Nernst equation3?, Problems arise in estimating the amount of the non-specifically
accumulated TPP* in the lipid layer of the membrane and in other lipophilic compartments

of the cell®8, These amounts of TPP* were assumed to be constant during the present
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expreriments, so that the data obtained indicate relative differences of Ay values, which

are due to the different experimental conditions.

Chromatography of proteins and fluoride in the cytosol, the cell membrane and the cell wall

For the determination of the amount of fluoride bound to cytosolic proteins, lysozyme
treated cells were incubated (20 min; 37°C) with 18F labelled solutions of sodium fluoride
(10-1M; pH 8.2). Cells' were separated from the supernatant by centrifugation at 20,000
g for 30 minutes. ‘The supernatantwas desalted by gel filtration on aSephadex‘G—25 co-
lumn (Pharmacia) with 0.5410-2M Tris—buffer pH 7.6. The ®F-labelled fractions were
collected and fractionated on a DEAE-Sephacel anion exchange column (Pharmacia) with
a gradient of stepwise increasing sodium chloride concentrations (0 - 0.7 M NaCl in
0.5x10-2 M Tris—buffer pH 7.6). the gluate was collected in fractions of 2 ml. The 18F ac-
tivities were monitored by liquid scinfillation counting of 0.5 mi aliquots. The protein con-
centrations were monitored during the gel filtration by measuring the extinction at 280 nm.
The protein concentrations in the Sephacel fractions were determined using the Lowry
protein assay method®. Thus, the determined optical densities are a measure for the total
protein concentration. In a similar experiment performed without previous fiuoride incuba—-
tion, the fractions of the eluent were tested for enolase activity using the assay described
by Bergmeyert?,

For the determination of fluoride bound to membrane proteins, the membrane frac-
tion was dissolved in 0.5x10-2M Tris~buffer pH 7.6 cqntaining 0.1% Triton-X-100 and
processed as described above. In this case 0.1% Triton was élso added to the eiuent.

The cell wall fraction was obtained from the supernatant remaining after the lysozyme
treatments. For this experiment whole cells were incubated with 10-4M 18F-labelled
NaF. Lysozyme was nearly completely removed from the supernatantby precipitation with
ammonium sulfate (half~saturated solution). After centrifugation (10 min; 20,000 g) the
supernatantwas fractionated on a DOWEX 1X8 anion exchange column with a NaCl gra-

dient of stepwise increasing concentration (0 - 0.5 M).

RESULTS

Distribution coefficients and Ay

Intra/extracellutar distribution coefficients (D) of DMO- determined with whole and lyso-
zyme treated cells increase steeply with decreasing external pH (Fig. 1). Whole cells seem
to be slightly more effective in accumulating the ion than those treated with lysozyme. The

intra/extracellular pH gradient is levelled at neutral pH, so that the distribution coefficients
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approach constant vaiues. These are between 3 and 4 for whole cells and between 1 and 2

for lysozyme treated cells.

distribution coefficlent (D) distribution coefficient (D)
®:F- tracer
144 - ,DMO" 10~* N rie
l?* ri2
104 +10
84 -8
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4 4 +4
24 L2
s+ S5 6 7 8 9pH, 4 s € 7 8 SpH,

FIG. 1:Intra/extracellular distribution coefficients (D) of fluoride and dimethyloxazolidine—
dion anion versus external pH (linear plot; pH range: 4.0 — 9.2). Left: whole bacte~
ria; right: lysozyme treated bacteria.

As long as the import of the weak acid into the cell and its dissociation in the cyto-
plasma are not affected by secondary processes, the ratio of the intra/extracellular anion

concentration can be expressed by the following equiations:

[A-1i

logD= = pHi-pHe=ApH (1)

[A-le

According to eq. |, the logarithms of the anion accumulation coefficients should be a

linear function with respect to the pH gradient between intra— (le) and extracellular (pHe)
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spaces of the cell. Actually, the logarithms of the DMO- distribution coefficients (pHe be-

low 6.5) are correiated linearly to the extracellular pH (Fig. 2).

log D log D
@aF~ trecer
3.04 a,BHg- 107* 1 3.0
2.0
]
1.04
0.0 S

¢ 5 6 ? 8 9pH, 4 S & 7 8 9pH,

FIQ. 2: Intra/extracellular distribution coefficients (D) of fluoride and dimethyloxazolidine-
dion anion versus external pH (logarithmic plot; pH range: 3.4 ~ 9.2). Left: whole
bacteria; right: lysozyme treated bacteria.

When, in a first approach, the intracellular pH is assumed to be unaffected by the
acidity of the external solutions, the plot is in accordance with equation |. As expected for
monobasic acids the siope of the linear regression is about ~1. Also accordingto eq. | the

_log D values should equal zero when the pH of the external solution approaches the intra~
cellular pH (i.e. when ApH = Q) The experimental results show, however, that iog D values of
about zero are observed only for lysozyme treated cells. Whole cells seem to accumulate
fiuoride even from neutral media. (log D about 0.6):

The distribution coefficients of natural background amounts of fluoride (Fig. 1) are
somewhat lower than those of DMO-. The effect is more pronounced for lysozyme treated

than for whole cells. The log D plots can be again approached by linear regressions with a
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siope of —0.5 (Fig. 2). This slope is distinctly lower than that of the DMO- distribution coef-
ficients. Obviously, in contrast to DMO- the intra/extraceliular distribution of fluoride
cannot be described by equation |. Therefore, the results of the fluoride distribution expe-
riments are given as linear plots only.

When the external concentrations of fluoride exceed the natural background level,
intact and lysozyme treated cells show distinctly different capabilities to accumulate the ion

(Fig. 3).

distribution coefficient distribution coefficlent
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144 a,F 10¢ N 14
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4 s €6 7 8 9pH, 4 &

FIG. 8: Intra/extracellular distribution coefficients (D) of fluoride versus external pH at va-
rious external fluoride concentrations (linear plot; pH range: 4.0 ~ 9.2). Left: who/e
bactena, right: Iysozyme treated bacteria.

Already at an external fluoride concentration of 10-¢ M, lysozyme treated bacteria
are unable to accumulate fluoride. The distribution coefficients are close to 1. The capacity
of the whole cells to accumulate fiuoride decreases when the, extracellular concentrations
increase from the natural background level to 106 or 10-4 M. This tendency is most

pronounced when the ion is taken up from slightly acidic solutions.
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Some information on the interference of fluoride with the Ay across the bacterial
membrane can be obtained from the determined distribution coefficients of the tetraphe~
nylphosphonium cation. Both the variation of the external fluoride concentrations and the
variation of the pHe seemsto affect the Ay in whole cells. Without added fluoride (i.e. at
natural background concentrations) the Ay value is about =20 mV at a pHe of 4.0. Alt—
hough the vélues are fluctuating, a slightity decreasing tendency is observed when the pHe
grows basic (Fig. 4). At constant pHe tne Ay increases significantly with increasing ex—
tracellular fluoride concentrations. At pHe 4.0 the Ay of lysozyme treated ceills is identical
to that of whole cells, when the external solution is free of fluoride (about —20 mV). In
contrastto whole cells, however, a sharp maximum is observed at a pHe between 5.0 and
6.0. When these cells are incubated with small amounts of fluoride (10-6 M), the electrical

potential collapses to values below —10 mV irrespective of the external pH.

4 pot/mV & pot/my
-100 4 --100
o wno F-
asF- 10N
“801x oF- 107 1 L-80
-60 - +~60
~40 4 +-40
-20 4 F-20
...... x.. . . X ..
x
l a
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0 4 a Lo
x
. s 6 pH, 4 5 €  pH,

FIG. 4: Electrical potential (Ay) versus external pH at various external fluoride concentra—
tions. Left: whole bacteria, right: lysozyme treated bacteria.
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Permanent bound fluoride

Permanent bound fluoride!! is found in the cell wall, the cell membrane and the cy—
tosol. From the total amount of fluoride 18F activity taken up by the celis at pHe 7.6, about
2% were found in the cell wall, 12% in the membrane and 86% in the cytosol.

In the protein fraction of the cytosol the major amount of fluoride (more than 95%) is
eluted at low chloride concentrations. This is evidence for very weak protein—fidoride in—
teractions. With increasing chloride concentrations some fractions with high fluoride con-
centrations are coeluted with protein-containing fractions. Enolase (EC 4.2.1.11) was
identified in the 0.4 M (400 mM) NaCl fraction (Fig. 5). Native~PAGE electropherograms of
corresponding fluoride—-containing and fluéride-free enolase fractions showed the same
band structure. Autoradiograms of thé fluoride-labelled bands could not be obtained. It is
not clear if fluoride dissociates from the proteins during electrophoresis or if the fluoride
radioactivity was not sufficient enough for an autoradiogram because of the short half-life

of 19F,
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FIG. 5: Elution diagram of the cytoplasmic fraction.
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The amount of fluoride eluted at fow NaCl concentrations is smaller in the membrane
fraction than it is in the cytoplasmic fraction. The number of proteins coeluted with fluoride
is also smaller. On the other hand some fluoride—containing fractions do not contain any
ptorein (Fig. 6).
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FIG. 6: Elution diagram of the membrane fraction.
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The major amount of the fluoride in the cell wall fraction was eluted with chloride—free
buffer. The fractions contained also protein. At 0.2 M (200 mM) NaCi two distinct fluoride
peaks without coincident protein appeared. They presumably contain cell wall fragments
(Fig. 7). '

{F~1/cpm

" 400 4
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FIG. 7: Elution diagram of the cell wall fraction.

DISCUSSION

According to eq. 1 the logarithms of the intra/extracellular distribution coefficients of
the anions of weak acids shouid be a linear function of the intra/extracellular pH gradient,
and consequently of the external pH, constant internal pH assumed. The pHe dependency
of the log D values of DMO-is in good correspondence to eq. | (Fig. 2) vor pHe values be-
low 6.0. When the extracellular pH approaches pHi {at about pH 6.5) the distribution coef-
ficients converge to a limit of about 4.0 for whole and about 1.0 for lysozyme treated bac-
teria. The somewhat higher D values of the whole bacteria at neutrai pH are caused possi-

bly by the uptake of minor quantities of DMO molecules by the cell wall.
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By incubating S.mutans with nearly carrier-free solutions of 18F-fluoride (Fig. 1) the
intra/extracellular distribution of the natural background concentrations of the ion can be
studied. Studies at these minute concentrations are necessary, because ppm quantities of
fluoride are reported to interfere wifh cellular functions of oral streptococci*? - 17, Under
these conditions the behaviour of the fluoride distribution coefficents is already divergent
fromthat of DMO-. Atidentical external pH fluoride is accumulated by S.mutans less ef-
fectively than DMO-, the distribution coefficients achieved by lysozyme treated bacteria
beeing far lower than those of whole cells. The log D values in both types of célls can be
approached by linear regression with a slope of about -0.5 (Fig. 2) indicating, that the
fluoride distribution does not follow eq. | and that the pHi cannot be calculated from fluoride
distribution data. From the fluoride distribution behaviour can be deduced, that the intra-
cellular fluoride exists also in a form which is not identical with the undissociated molecule
(HF) of the free fluoride ion. ‘

in order to obtain information about the binding sites of fluoride in the bacterial cell,
the proteins of the cell wall, the cell membrane and the cytoplasma were chromatographi-
cally fractionated after disintegration of bacteria incubated with 18F at pH 7.8. The main
fraction of fluoride (86%) taken up by the celis is located inthe cytoplasma (Fig. 5). About
98% of the fluoride initially adhering to the cytoplasmic proteins are eluted from the
exchange column at low sodium chloride concentrations without large amounts of coeluted
protein. This indicates very weak fluoride—protein interactions. The remaining 2% of fluo-
ride are eluted from the column with increasing sodium fluoride concentrations. In six frac-
tions 18F activity is coeluted with protein, e.g. enolase, which could be identified by
ehzyme test. .

Minor fractions (7%) of fluoride taken up by the-cells are linked to proteins of the
membrane (Fig. 8). Two fiuoride fractions obtained at NaCl concentrations above 0.6 M
(600 mM) are not correlated with protein fractions. These fractions may contain ionic po-
lysaccharides of yet unknown composition. Fluoride—containing cell wall fractions eluted at
higher NaCl concentrations also seem to contain only cell wall fragments, since they do not
show absorption at 280 mn.

The influx of a weak acid into the cell is mediated via the internal alkaline pH
gradient?. It should be independent from the external concentration of the acid, provided
that the coimported protons are extruded. However, in slightly acidic externai solutions, the
fluoride distribution coefficients in S.mutanswhole cells decrease considerably when the
extracellular fluoride concentrations exceed the natural background leve! (Fig. 3). This

decrease is correlated to the fluoride concentration and the external acidity, indicating that
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the influx of protons from slightly acidic solutions containing only 10-¢M fluoride cannot
be compensated completely by the bacteria. Compared with the whole cells, lysozyme
treated cells are far more sensitive to fiuoride.

Additional evidence for the extreme sensitivity of lysozyme treated cells to imported
fluoride is the collapse of the Ay when the external concentrations exceed the natural
background level (Fig. 4). In contrast to the lysozyme treated cells, the Ay of the intact
bacteria increases at higher extracellular fluoride concentrations, thus compensating the

decrease of the pH gradient in the overall balance of the electrochemical potential.

CONCLUSION

Whole and lysozyme treated cells of S.mutans respond differently when incubated
with DMO~ and F~. This is evidence for specific interaction mechanisms of fluoride with the
bacteria. Although both species are transmembrane proton conductors, protons imported
from acidic media in form of H*DMO- are compensated more effectively than those im-
ported in form of H*F-. The proton efflux is mediated via the well known glycolytic pathway -
with lactic acid as final stage1®19 and/or a proton translocating ATPase®:20:21,

The nutrients which propel this process, are taken up via mechanisms located in the
cellmembrane, i.e. the proton—-motive force—driven port and the PEP-phosphotransferase
system. The internal alkaline pH gradient and the internal negative electrical potential are
maintained by these processes. DMO can be assumed not to interfere with the bacterial
metabolism at concentrations used in the present work?2. Therefore protons imported
together with DMO- can be compensated by the cell. The efficacy of proton export de-
creases after treatment of the cells with lysozyme, which possibly affects the PEP-
phosphotransferase mechanism of glucose uptake. The remaining proton~motive force-
driven port is easily deactivated either by direct poisoning!® or by dissipation of the
proton-motive force as a consequence of the inhibition of the glycolytic enzyme enolase.
However, since the streptococcal enolase haé a Ki for fluoride in the range of 4.0 -
8.0«10% M regardiess of the fluoride sensitivity of the strains2?, the assumption of eno-

lase inhibition at fluoride concentrations of 106 M seems not probable.
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NEP IAHWH

H enidpaon moAU xaunAdv ouykevTpwoewvy 16vTwv @Boplou o6T0 nAekTpoxnuiké
duvauiké Tou oTouarikoU Tepndovoyévou BakTnpidlou Streptococcus mutans
N. WAPPOZ kat H.DUSCHNER )

H en(dpaocn Twv 16vTwv ¢Boplou o©TO nAekTpoxnuikd Buvapikd Tou
S.mutans ueAeThBnke pe PAdLOTCOTOMLKS NPOCGSLOPLONS TwV CUVTEAECTOV KATA-—
VOUAC avdueca oTo eowTeplkd xai To €EwTepikd Twv BakTnptdfwv, Tou nAek—
Totko0 Buvauikold Ay TG KUTTApLKAC peuBpdvne kat Tne mpbdoAnwune L16vVTav
@Bopfou ambé TO «kuUTTapikd TelXOog, TNV KUTTApikf) HeuBpdvn Kkat TO.
kuTémAacua Twv BakTnptdiwv.

0 S.mutans oucowpelel L16vTa ¢@Boplou and éva clagpide 6Ei1vo ne-
p1B&AMov. AuEavbueveg ouykevTphoeig 16vTwvy  @Boplou éxouv apvnTikA
en(dpaon oTnv tKavéTATa Twv BakTneidlwv va Statnpolv éva aikaAikd sowte—
pLkb pH kaL éva nhexTpikd Suvauikd. BakTnpidia mou €xouv unootel Siep—
vacia pe TO évZuho Aucoluun -Belyxvouv peyaAlTepn emidekTiké4TATA OTNRV
enldpaon Twv 1évTwv @Boplou amd &BikTa. XpwuaToypapikf avéiucn Tou KuTo-
mAdouaTtog €ixe oav amoTéAeocua TRV CUAAoYA TpWTEiviIKGV KAAOMATWY mnept-—
exbvTuwv ¢Bbplo.

Ta anoTteAéopara Tng epvaciag pag defxvouv O6TL Ta 16vtTa ¢Boplou
emnpedZouv apvnTiké Tov peTaBoAtoud Tou S.mutans Adn oe ouykevTphoeLg

Tne T4ENC Twv ppm.

REFERENCES

1. Duschner H., Bergmann H., and Psarros N.: D. Zahndrztl. Zeitschr., 40, 482
(1985)

2. Padan E., Zilberstein D., and Schuldiner S.: Biophys. Biochim. Acta., 650, 151
{1981)

3. Keevii C.W., and Hamilton \.R.: Anal. Biochem., 139 228(1984)

4, Chassy B. M Biochem. Biophys. Res. Comm., 68,603 (1976)

5. Psarros N.: “Wechselwirkungen von Fluorid mit dem Metabolismus des oralen ka—

riogenen Bakteriums Streptococcus mutans FA-71 (S.rattus)”. Intemann
Gauting/MUlnchen (1988)

6 Riebeling V., Thauer R., and Jungermann K.: Eur. J. Blochem 65,445 (1975)

7. Kashket E.R., and BarkerS L.: J. Bacteriol., 130, 1017(1977)

8. Schild L., and Schénfeid P.: Biomed. Biochim, Acta, 45,1215 (1986)

9 Lowry O.H., Rosenbrough N.J., Farr A.L., and Randall R.J.: J. Biol. Chem., 193,
265 (19561)

10. Bergmeyer H.U.: “Methods in enzymatic analysis” Verlag Chemie Weinheim (1974)

11.  Yotis W.W., and Brennan P.C.: Caries Res., 17,444 (1983)

12. Hamilton{.R.: Can. J. Microbiol., 15, 1013 (1968)

13. Kanapka J.A., Khandelwal R L., and Hamilton |.R.: Archs. Biochem. Biophys., 144,
596 (1971)

14. Kanapka J.A., and Hamilton |.R.: Archs. Biochem. Biophys., 146,167 (1974)

15. Eisenberg A.D., Bender G.R., and Marquis R.E.: Archs. oral Biol., 42, 133 (1980)

16. Bender G.R., Thibodeau E.A., and Marquis R.E.: J. Dent. Res., 64, 90 (1985)

17. Germaine G.R., and Tellefson L.M.: /nfect. Immun., 51,119 (19886)

18. Ten Brink B., and Konings W.N.: Eur. J. Biochem., 111,59 (1980)

19.  Keevil C.W., Williamson M.l., and Marsh P.D.: Archs oralBlol 29,871 (1986)

20. Hamiltonl. R St. Martin E.J.: Infect. Immun., 36,567 (1 986)

21. KobayashiH.: J. Biol. Chem., 260, 72 {1 985)



FLUORIDE UPTAKE BY S.MUTANS 151

22. Harold F.M., Pawlasova E., and Baadra J.R.: Biochim. Biophys. Acta, 196, 235
(1970}
23. BunickF., and Kashket S.: Infect. Immun., 34, 856 (1981)



Chimika Chronika, New Series, 19, 153-164 (1990)

CHEMICAL CONSTITUENTS OF THE ROOT BARK OF GOSSYPIUM HIRSUTUM
L.

P.IOANNIDIS and S.PHILIANOS
Laboratory of Pharmacognosy,University of Athens,
20 Hippocratous Str.,GR 10680 Athens-GREECE

(Received June 8,1989)

SUMMARY

From the root bark of Gossypium hirsutum L.(Malvaceae)
the following chemical constituents were isolated:4-desmethyl-
sterols, methylsterols, triterpene alcohols, fatty acids,gos-
sypol derivatives,sugars,amino acids,serotonin and -mucilage.
In the preliminary pharmacological study, the effect of the
aqueous leaves extract on mice and rabbit uteri was examined.

Key words: Gossypium hirsutum L.,Malvaceae, root bark leaves.
Sterols, gossypol derivatives, serotonin, amino acids,sugars,
_fatty acids,mucilage.

INTRODUCTION

The cotton plant is known world-wide for its oil and its
fibres. In medicine, the root bark of Gossypium was used in
therapeutics since 1840, when Bouchelle demonstrated its use
as a popular abortive3. From experimental study on lower
mammalians it was found that it exerts a slight stimulating
action on the uterus,similar to that of ergot1'3.

Dose: 113.4g of root bark boiled in 946m1 water till
reduced to 473m1;59m1 of infusion taken every 20 or 30 min.,?
As a popular remedy it is reported to be oxytocic, hemostatic
and vasoconstrictorz,the active component of which has not as
yet been isolated4.Externa11y it has been used as a lotion
against hemorroidsz.The scope of this paper is to study the
chemical constituents of this drug and determine the active
component so as to explain its use and its oxytocic action.
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EXPERIMENTAL

Plant material.The cotton root bark and the leaves of the
p1aﬁt were collected respectively in Septemper and June in
the Levadia region (Greece). These samples were dried in a
cool dry place.

1.Preliminary tests

Free amino acid. Root bark material (40g) was finely
powdered and extracted on a steam bath four times with a 8:2
methanol-water volume solution. The combined extracts were
evaporated in vacuo and subsequently dissolved in water. This
solution was analysed according to the Cleaver and Cassidy
methodlZL Free amino acids were detected by Paper Chromato-
graphy and by Thin Layer Chromatography on cellulose p]atesg.

Sugars.Root bark material (120g) was extracted twice with
portions of water (200m1 each) on a steam bath. The extracts
were filtered, concetrated in vacuo and wused for P.C.B’g,
T.L.C. and for the preparation of a clear solution analysed
by High Performance Liquid Chromatographys.

Mucilage. Root bark material (2g) was finé1y powdered and
mixed with water (60m1), ethyl alcohol (480ml) was added to
the filtrate and the precipitate filtered through a Gooch
crucible which was subseqdent1y dried and weighed.This preci-
pitate was hydrolysed.The principal hydrolysis products were
identified®+8°8,

2.Petroleum ether extract ;

Root bark material (500q) was extracted with petroleum
ether. Evaporation of the solvent yelded a residue. The
unsaponified matter17
graphy14 and subsequently by T.L.C.
sponding to the sterols,the methylsterols and the dimethyl-
sterols were scraped extracted and filtered.

was fractionated by Column Chromato-

15. Three bands corre-

Quantitative determination of sterols was effected
througs Gas Chromatography(fF.I.D.,glass column SE-30,carrier
gas nitrogen,flow rate 30ml1/min column temperature 230°C), by
injecting a standard solution of a certain sterol(e.g. chole-
stanol) and then the sterol solutions eluted from the bands.



CHEMICAL CONSTITUENTS OF GOSSYPIUM HIRSUTUM 155

Dimethylsterols were analysed by G.C.16’18’19.Desmethy1ste-

rols and methylsterols were individually analysed as sterol
acetates16 by G.C.-Mass Spectroscopy (beam energy 78eV25_28).
In the saponified matter; fatty acids were characterised as

methyl esters by G.C.ZO.

3.Diethyl ether extract

A sample {(500g) of dried root bark was extracted with di-
ethyl ether.After evaporation of the solvent,a small portion
of the residue was drawn off and then analysed by two-
dimensional T.L.C. and sprayed with the phloroglycine-HCI

reagent23.

Spectrophotometric determination of mized gossypols

This determination was based on the formation of a
colored complex with p-anisidine!3The total gossypols content
was measured at the U.V. absorption maxima of the coloured
complex compared with the observed absorption of gossypol

solution of known concentration.

Isolation of gossypol derivatives
The isolation of the gossypol derivatives and their
purification was based on the formation of their complexes

24. The gossypols with a cis-dihydroxyl group form

with borax
complexes with borax24, which are soluble in water. Thus
gossypol and 6-methoxygossypol migrate from the organic
phase,a mixture of ethyl acetate 1in hexane (1:3), to the
aqueous phase. 6,6 -Dimethoxygossypol with the rest of the
1ipids remains in the organic phase.fFrom the aqueous phase,
the 6-methoxygossypol was extracted with an ethyl acetate-
hexane (1:1) mixture.

Portions (500g) of dried root bark-{drying was carried
out in darkness and at low temperature),were extracted twice
with diethyl ether. The combined extracts were subsequently
evaporated in vacuo and extracted with 200ml1 of a 1:3 ethyl
acetate-hexane mixture21.

Iso]atidn of gossypol from the dry root bark.The solution
of ethyl acetate in hexane was extacted four times with 80m1l

portions of an .aqueous solution containing 9% sodium chloride
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and I%Iborax.The organic phase was kept for the Jsolation
of 6,6 ' -dimethoxygossypol.The aqueous extracts were combined
and extracted (4x) with portions of an ethyl . acetate-
hexane (1:1,150 m1) mixture. The organic phase contained
6-methoxygossypol. The aqueous phase was adjusted to pH 321
and the precipitate of gossypol was dissolved in an ethyl
acetate:petroleum ether (b.p. 40-60°C) mixture (1:3) and
washed with saturated sodium chloride solution to remove the
last traces of acid. The organic phase was then dried over
sodium sulfate,filtered and evaporated in vacuo.The residue
was dissolved in ethyl acetate (20 ml1) and chromatographed
over a silica gel column, eluted with a mixture of ethyl
acetate:petroleum ether (1:3,200 m1).The total eluates were
combined and evaporated in vacuo and the resulting residue
was dissolved in a small volume of chloroform.Recrystal-
lisation of the precipitate was effected from chloroform.
Isolation of 6- methoxygossypo] The organic phase con-

taining the 6-methoxygossypol in ethyl acetate:hexane (1: 1)
was washed twice with a 0.1 N hydrochloric acid and then w1th
a saturated sodium chloride solution to remove the Tlast
traces of the acid. The organic phase was then dried over
sodium sulfate,filtered and evaporated in vacuo.The residue
was dissolved in a small volume of ethyl acetate:petroleum
ether (1:3),which was chromatographed over a column of si-
lica gel, eluting with ethyl acetate:petroleum ether (200ml,
1:3). The eluates were combined and evaporated in vacuo,the
residue was dissolved in a small volume of benzene and
mixed with an equal volume of hexane.Recrystallisation of the
precipitate was effected from benzene:hexane (1:1),

Isolation of 6.6 -dimethoxygossypol. The ethyl acetate:

21 was washed twice with 0.1 N HC1 solution

hexane (1:3) phase
and then with saturated NaCl solution to remove the 1last
traces of the acid.The.organic phase was dried over sodium
sul fate,filtered and finally evaporated in vacuo at 30°C.The
residue was dissolved in benzene and chromatographed over a
column of silica gel.The column was eluted with ethyl acetate

(200m1) and the total eluates were combined and evaporated in
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vacu021.The residue was dissolved in a small volume of
benzene *and mixed with an equal volume of hexane. The
resulting crystals were filtered and washed with hexane. The
precipitate was subjected to T.L.C. on silica gel 'e1uting
with diethyl ether:petroleum ether (1:3). The region betwen
Rf 0.17 and 0.25 was scraped and separately extracted
‘repeatedly with diethyl ether.The extracts were combined and
evaporated in vacuo,the residue was dissolved 1in a small
volume of benzene and then mixed with an equal volume of
hexane.Recrystallisation of the residue was effectedvfrom
benzene:hexane (1:1).

Isolation of serotonin

Samples of the root bark (100g) and leaves (100g) were
extracted separately with a methanol:water solution 9:1 at
59C over a peribd of 14 hrs,the filtrate was purified through
an aluminium oxide column, and concentrated in vacuo at 35°C.

Chromatographic ana]ysiszz. The Teaf and root bark ex-
tracts were separately chromatographed on Whatman NO1 paper
with four different solvent with a parallel standard of sero-
tonin.Subsequently the chromatogramme 1is sprayed with

4-d1'methy1aminobenza1dehyde8 and three other different

reagentzz.

Preparative paper chromatography of the extracts on
Whatman N°3 MM using four different solvents was repeated
many times at a low temperature.

Spectrophotometry.The absorption spectrum was obtained in
the U.V. on a 9:1 methanoi:water solution of serotonin and
also on a solution of the substance isolated from the leaves

and from the root-bark.

Preliminary pharmacological tests

The apparatus for isolated organs using a pH 7 Tyrode
Tiquid at a temperature of 36°C and a wave monitor recorded
the movement of the smooth muscular uterus fibres. The
preliminary study on the effect of the aqueous leaves extract
was carried out on isolated mice and rabbit uteri.

The aqueous extract was prepared by treating 160g of
Teaves according to the procedure described above (isolation
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of serotonin). The total 'column eluates were combined and
condensed under vacuum at 35°C til1 dryness.The residue was
dissolved in a total volume of 2m1 water and used for the
preliminary pharmacological tests.A measured volume of this
aqueous leaves extracts was separately chromatographed by P.C.
with a parallel standard of serotonin at various concen-
trations.

RESULTS

7 10 111

Tests for saponin’ ,flavonoids
negative in the root bark.

~and essential oi were
Amino acids. Leucine,tryptophane,valine, serine, lysine,
alanine,arginine and glutamic acid.
Sugars.Glucose,fructose,saccharose,maltose,raffinose,
Mucilage.The hydroiysis of mucilage revealed the presence
of 559% g1ucose and 30% galactose.
Petroleum ether extract: 2.2% of the dry root bark.
Unsaponified matter: 0.22% of the drug.Comparison of the
analytical data against reference material showed the pre-
sence of the following constituents: . ‘
a.Desmethylsterols. Cholesterol 2.9%, 1.7mg(1), m/e 368,
353,260,247 ,255,228,213,campesterol 6.5%,3.8mg(1.3),m/e 382,
367,274,261,255,228,213,stigma§terol 13.7%,8mg(1.42) ,m/e 394,
379,286,273,253,255,228,213,351,296,3-sitosterol 76.9%,45.1mg
(1.63),m/e 396,381,288,275,255,228,213.
b.Methylsterols.Lophenol 12.6%,0.26mg(1.27),m/e 442,428,
382,367,274 ,329,269,0btusifoliol 10.3%,0.22mg(1.47),m/e 468,
453,408,393,342,425,grammisterol 20.3%,0.43mg(1.16),m/e 454,
439,394,379,327,287,370, cycloeucalenol 4%,0.08mg(1.7),citro-
stadienol 50.1%,1.05mg(2.13),m/e 468,453,408,393,327,301,310.
¢.Dimethylsterols.Lanosterol 2%, 0.09mg (1.54),cyclo-
artenol 17.5%,0.75mg(1.75),24-methylenecycloartanol 46.6%,2mg
(1.98),probably cyclobranol 33.9%,1.46mg(2.28).(Numbers cited
in parentheées indicate the retention time relative to that

of cholesterol acetate. The previous number indicates the
weight of the sterols contained in a 100g of dry root bark.
In the saponified matter: (0.59% of the dry root bark);
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Presence,lauric 0.6%,myristic 1.2%,palmitic 21.1%,palmitoleic
1.9%,stearic 6.4%,0leic 50.4%,1inoleic 11.6%, and 1linolenic
6.8%20 acids.

Diethyl ether extract. After evaporation of the solvent,
the weight of the brownish red residue -represented 1.2% of
the dry weight drug.The investigation of gossypol derivatives
in the ether extract was effected by T.L.C.,where,'after
spraying with the phloroglycine-HC]1 reagent,a light red to
purple colour characteristic of hemigossypol as well as of
the methyl ethers of gossypol and gossypol appeafed.

Spectrophotometric determination of mixed gossypols. The
U.V. absorption curve of the colored complex showed two
characteristic maxima at 440 and 460 nm.The total gossypols
content was measured at the absorption maxima of the coloured
complex compared with the observed absorption of gossypol so-
lTution of known concentration;it was thus found to be 0.8% of
the dried drug.

Isolation of gossypol from the dry root bark.Recrystalli-
sation of the precipitate from chloroform yielded pure cry-
stals m.p.184°C.See table 1 and figures 1,2. ‘

(Chy iy 2

FIG.1: Proton Magnetic Resonance spectrum of gossypol dissol-
ved in deuteriated chloroform.
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TABLE 1: Spectral Data of Gossypol Derivatives.

1.R. u.v. (nm) N.M.R.(DB)
cm-1
CHO C-0OH G. M.G. D.M.G.
G. 1625,3345 a.236,283,239, (Me)2C+ 1.52 1.55 1.51
376. Me-3 2.16 2.15 2.15
b.212,266,404. (Me)ZCH# 3.87 3.92 3.91
c.240,293,386. Me0O-C-6 -- 3.99 4
Me0-C-6" -~ - 4

M.G. 1615,3360 a.235,288,369. HO-C-1 5.67 5.83 5.74
' b.236,265,298, HO-C-1° 5.67 5.77 5.74
391. HO-C-6 6.44 6.41 -
c.240,290,376. HO-C-6' 6.44  -- --
CHO  11.15 11.14 11.16
D.M.G. 1612 a.231,253,287, CHO  11.15 11.11 11.16
' 360. HO-C-7  15.23 15.15 14.59
c.249,296,401. HO-C-7° 15.23 14.54 14.59

a.absorption maxima in methanol (nm), b.absorption maxima
after treatment with a 5% ethanol solution of aluminium chlo-
ride, c. absorption maxima after treatment with a 1% aqueous
borax so]ution21.

G= gossypol ,M.G.= 6-methoxygossypol,D.M.G.=6,6"-dimethoxygos-

sypol.

Isolation of 6-methoxygossypol. Recrystallisation of the
residue from benzene:hexane (1:1),yielded pufe crystals m.p.
1467C.See table 1 and figures 2,3 .

Isolation of 6,6 -dimethoxygossypol.Recrystallisation of
the residue from benzene:hexane (1:1),yielded pure  gold -
yellow crystals m.p. 1810C.See table 1 and figures 2,4.

Isolation of serotonin.The 1leaf and root bark extracts
showed the presence of serotonin after spraying with four
different reagents.Preparative paper chromatography of the
~extracts on Whatman N03MM with four different solvents yielded
a substance displaying the same U.V. spectrum as seroto-
nin ie.,a maximum at 275 nmzz.
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FIG.2: Visible and U.V. absorption spectra of the three gos-
sypols dissolved in methanol as well as of the respective
complexee formed after addition of a few drops of 1% aqueous

borax solution.

= gossypol,---+----= 6-methoxygossypol,-0-0-0-=6,6" -dime-
thoxygossypol,.....= gossypol and borax,----= 6-methoxygossy-

pol and boracx.
159

"% (CH3) c “
ot 2 152 !
HO
i CH3-C,q
2.15

FIG.3: Proton Magnetic Resonance spectrum of 6-methdmygossy-
pol dissolved in deuteriated chloroform,
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FIG.4: Proton Magnetic Resonance spectrum of 6,6 -dimethoxy-
gossypol dissolved in deuteriated chloroform.

Preliminary pharmacological tests.This sfudy showed,that,
the aqueous leaves extract (in which serotonin was present at
a molarity of 4.54x10'4), causes contractions of the smooth
muscular fibres of both mice and rabbit utery, under the
condition that, serotonin is identified in this extract. See
fig. 5,6.

Serotonin free leaves extracts give negative results. The
presence of serotonin was verified by P.C. using the 4-
dimethylaminobenzaldehyde reagent8’22. |
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MEPIANHYH
XHMIKA SYZTATIKA TOY OAQIOY THZ PIZAZ TOY GOSSYPIUM HIRSUTUM
L.

And tov oAoiLd tnc piZac tou Gossypium hirsutum;Malvaceae,
anouovpBnkav Ta Mapakdtw Xnuika@ guotatikd:4-SeoucBulootepbAeg
ugbuhootepdrec,dLucbulogtepdrec, ALnapd oféa,mapdywya TV YyKoO-
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ounoAlv ,0dkxapa,auLvotéa,ocepotovivn kar BAévva.2tn mpokatap-
KTLKh @apuakoAoyikh perétn,efeTt@odnkav ta anoteAéouata Tou u-
Batikol exkxuAlopatoc Twv QUAAWY oTnV amopovwuévn pATPa Tou

MOVTLKOU KAL TOU KOUVEALOU.

pHal

Mofality

FIG.5: Pharmacological action of the aqueous leaves extract
on an isolated mouse uterus.Doubling the dose not result in
a two-fold amplitude and duration of the convulsions since

the smooth muscular fibres are subjeet to fatigue due to the
faet that they belong to small mamals.

! .
02mi L
90920°®  Motality

028

FIG.6: Pharmacological action of aqueous leaves extract on an
tsolated rabbit uterus. The movement of the smooth muscular
fibres of the rabbit uterus were recorded by means of a wave
monitor recorder.Doubling of the dose doubled the duration as
well as the amplitude of muscular fibres contraction.
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SUMMARY

This paper is based on experimental results obtained by different in-
vestigators in an attempt to study the core histone structure. It consti
tutes a theoretical approach of the same problem and makes use of two
postulates: a) That the methyl or/and acetyl substitutions occuring ex-
clusively in the aminoterminal parts of core histone polypeptides are de
stined to inhibit certain inteéractions between neighboring molecules and
b) That the ratio of substituted residues to the total number of corres-
ponding residues offers the possibility to estimate the length of the two
parts of the molecule. The precision of this first approach is increased
by tracing the relative hydropathy of the chain within the estimated
lenght range.

Key words: Amino acid residues, aminoterminal (a/t), cleavage, chromatin,
core histones, core particle, carboxyterminal (c/t), eucaryotic,histones,
hydropathy, linker DNA, nucleosome, nucleosome fiber, nuclecsome train,
postsynthetic modifications, tails, tetrade rule.

INTRODUCTION

It has been generally accepted that the amino@erminal parté of the
core histone polypeptides are situated on the'surface of the molecules
and by many investigators (1-4,11) have been considered to be responsible
for the winding of DNA around the 8meric complex of the four core histo-
nes 2xH2A, 2xH2B, 2xH3 and 2xH&4.

The aminoterminal (a/t) parts of histones are rich in the basic ami-
no acids lysine and arginine(8,10,12-14), their total positive charge

considered as being attracted by an equal negative charge, due to the
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ionized hydroxyls of the DNA phosphate groups. This attraction is suppo-
sed to result in the helicoidal winding of the DNA around the histone
8mer, forﬁing the unit known as "core particle" (20). It seems however
probable that this electrostatic attraction is not the only factor for
the winding of DNA (10,22).

A percentage of the lysines presents their e-amino groups substitu-
ted with acetyl-or methyl groups and, in the case of Lys 9 of H3, with
both of these substituents. Acetyl substituted are also Ser 1 of H2A and
H4 (17-19). The substitutions constitute postsynthetic modifications and
are permanent and fixed (1u).

The substitutions never occur in the interior of the histone mole-
cules,

Roughly speaking the histone molecule can be divided in two distingt
parts:

1. The strongly polar a/t part, very ptobably rather voluminous be-
cause of attraction of water molecules, which, competing with CO< and
NH< groups of the chain for the formation of hydrogen bonds, reduce the
possibility of creation of higher order stuctures.

2. The much less hydrophilic (polar) ¢/t part, having a rather glo-
bular character (8,10,13,14).

However, the strong polarity of the a/t parts is due not only to the

. presence of Lys, Arg, Glu etc. residues, but also to otheramino acids,
which, even to a lesser extent, are considered as polar (for. ex. Gly
or Ser).

On the other hand, polar residues are also abundant in the ¢/t parts
which, by tradition, were always considered as non polar.

We find it therefore rather incorrect to speak of "pdlar a/t and non
polar c/t parts" and would qonsider it more realistic to apply a general
method for the quantitative expression of the degree of polarity of the
two parfs, to evaluate, in other words, their'hydropathy". term suggested
by (31). _

The introduction of such a criterion, combined with the method de-
scribed below, could also provide information on the localization of the
site on the primary sequence where the strongly polar a/t part leaves the

surface of the molecule and continues its conformation as ¢/t part.
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ESTIMATION OF THE LENGTH OF THE A/T PARTS

As mentioned in the summary it ié»postulated that the Me or/and Ac
substitutions of certain Lys and Ser residues are presumably destined to
inhibit sterically,’or in another, yet unknown way, possible interacfions
between the histones themselves or between the histones and the DNA. The
substitutions affect exclusively Lys and Ser residues of the a/t part.
‘Same residues belonging to the c/t part are never modified. On the other
hand Lys residues seem at first look to be randomly distributed over the
whole chain. We shall revert to this point in the discussion at the end
of the paper.

These considerations lead to the assumption that to every Lys (or
Lys + Ser in the case of H2A and H4 where serines are taken also into
account because those under Nr.l in the sequences are also Ac-substitu-
ted) residue "belongs" a fragment of the chain of variable length‘sq that
the ratio of the number of Lys + Ser (modified or not) up to the most
distant modified Lys, to the total number of corresponding residues in
the molecule gives approximately the measure of'"exposure" of the a/t part
on its surface or better, within its surrounding hydration envelope.

This statement can be represented by the simple relation:

= — (1)

where Ry= number 6f a/t residues, L¥*= number of modified Lys and Ser,
Lz= number of unmodified Lys included in the chain section from the NH,-
end up to the most distant modified Lys, L = total number of Lys and Ser
residues and R = total number of residues in the molecule.

The following Fig.1 dep{cts how we imagine this statement:

, 20L
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FIG.1: Schematic representation of the statement (1) as applied to calf
thymus H2B. Only the Lys are depicted as small vertical lines projecting
upwards from the ground line,representing the chain. The modified Lys
‘are symbolized by ? . '
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It has to be emphasized however that the values for R, obtained-
throught formula (;) must be taken as average values (Rs) since, as sta-
ted previously, the distribution of the L's along the polypeptide chains
is considered as random.

Obviously the Ry's thus obtained would be much more reliable if the
distribution of the L's within the sequence were periodic, i.e. if there
was one L every determined set of R'é. For example, in the case of H2B,
if there was one Lys every 125:20= 6,25 residues. Naturally this is not
the case, as seen in the Appendix I.

Therefore relation (1) was revised in order to take into account the

degree of deviation from the periodic distribution and the expression:
. R
Rg= (L* + La)(f * 3) (2)
where

(3)

is suggested.

In case of normal (periodic) distribution, in every set would corre-
spond one Lys (or Lys+Ser). np, is the number of Lys (or Lys+Ser) actually
present in each set. Obviously 0<n;&R/L. For n;= 1 in all the sets we
would have s=0 and the formula (1) would hold.

The ratio R/L gives the number of residues per set and, practically
is not an integer, so that the sequence can not be devided in "equiresi-
dual" sets. It was therefore necessary to consider the nearest smaller
integer and distribute the resulting small difference -if any- proportio-

nally over all the np's present in each set.

TABLE I: Statistical variation of Ry about the average value ﬁa.Based on
the data of 8,12-14 for the calf thymus core histones. ﬁa values compﬁted

according to formula (1). See also Appendix I.

5 R

Histone Ry min a max -A +A
H2A 4 12 17 2 3
H2B 37 33 L1 L 4
H3 62 58 66 L L
Hu w7 42 . 53 "5 6
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There are thus several points within the Ry * A range that can represent
the ending of the a/t and the beginning of the ¢/t part.

In order to localize the point corresponding to this property the
assumption was made that it must lie anyway within the above range, but
at a site where the relative hydropathy "p" attains its highest negative
value. As relative hydropathy is defined the algebraic sum of the hydro-
pathy indices divided by a certain number (span) of residues.

This criterion was chosen because at the site of highest negative
"p" the chain is still "attracted™ by the surrounding water molecules
and this attraction results in a weakening of all the secondary intra-
molecular interactions, whereas after that point, these forces are again
strengthened because of the overall reduced polarity of the ¢/t part,
resulting in expelling of the major part of the water. This is, accor-
ding to the writer's opinion, the site where the a/t chain leaves the
surface of the ﬁolecule and continues its conformation as c/t part,for-
ming the globular c/t body.

The site with highest negative "p" is computed according to the me-
thod described by (31) for spans of 9 residues.

The relative hydropathies for the four calf thymus core histones are
plotted in the'Appendix II. The Ry * A range is marked by two vertical
lines and the point with highest negative hydropathy within this range

by an arrow.

As it can be seen from the plots, these points correspond to:

13 residues for H2A

33 " " H2B
60 "o " H3 and
43 " " Hy

and represent, according to our opinion, the actual lengths (R;) of the

a/t parts of the core histore polypeptides.

DISCUSSION

We remark first of all that the computed a/t lengths give an average
of 37 residues per core histone a/t parts, which is in good agreement
with the results of trypsin cleavage experiments of chromatin (5-7,9),
though somewhat bigger. In any case we observe that H3 and H4 have very

long aminoterminal parts. These parts have been considered by certain
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authors as responsible for the formation of the skeleton of
the nucleosome fibers (20,22,27-28) and by others for the interactions
between 8mer and DNA (23-25). )

. As'suggested previously the a/t parts must be poor in ordered struc-
tures because of attrection of water molecules. This point of view is
" further supported by the fact that, at least in the case of H2B, H3 and
H4 their a/t parts are 3 times as rich in proline residues as are their
¢/t parts (totally 9 a/t against 3 ¢/t prolines) and it is knaewn that the
presence of proline residues in thé chain is not favourable for the for-
mation of o-helices (38). This fact could eventually explain why the core
‘histones are gemerally poor in a-helices (32-33,39) and it could be dedu-
éed that this structure is accumulated rather iﬁ the ¢/t parts. As stated
above, this rule is not valid for H2A, as confirmed by crystallografic
studies (39).

" As previously ‘postulated, the distribution of lysines over the whole
_core histone molecule is random. This postulate seems, howevér, to be in-
correct. In fact we observe that most lysines belonging to the a/t parts
as computed abbve, follow a regular pattern: they are positioned in "such
a way as to occupy every fourth place within the sequence.

We call this regularity: "the tetrade rule'.

In the case of ¢/t parts, as computed gyisubtraction of Ry's from the
total number of residues per molecule, this fule is obeyed sporadically
by very few of the lysines present, if at all.

The following Table II is sufficiently persuasive:

TABLE:II. The tetrade rule in a/t and c/t parts of core histones. Modi-

fied lysines are characterized by the symbol #*,

Aminoterminal part’ Carboxyterminal part
. _ T L .
Histone . Total Lys obeying the . otal ys obeying the .
Lys tetrade rule ¢ * Lys tetrade rule °
H2A 3 5%,9,13 100 11 95,99
125,129 36
H2B 1 11,15 9 116,120 22
12%,16,20%,24,28
23,27 82
H3 .9 4%, 18% 3 -—- 0
23%, 27% 3y

Hu 7 8%,12%, 16%,20% 57 u - 0
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It is interesting to note that in the case of H3 and H4 the a/t ly-
sines obeying the tetrade rule are all modified.
It is obviousjthere can not be a matter of coincidence. We think that
these peculiarities can not be deprived of biological importance and re-

quire a profound investigation.
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H2A
H2B
H3
H4

H2A
H2B
H3
H4

H2A
H2B
H3

H4 |

41
Glu
Val
Tyr
Gly

42
Arg
Tyr
Arg
Val

Arg Gly
Pro Ala
Thr Lys
Arg Gly

23 24
Leu Gln
Lys Lys
LyslAla
Arg Asp

43 44
val Gly
Lys Val
Pro Gly
Lys Arg

Lys

Gln
Lys

25
Phe
Asp
Ala

Asn

45
Ala
Leu
Thr
ATrg

lGln
Lys1

Ser
Thr

1Gly

26
Pro
Gly
Arg
Ile

46
Gly
Lys
Val
Ile

APPENDIX I
AMINO ACID SEQUENCES OF THE
FOUR CALF THYMUS CORE HISTONES*

10

Gly Gly Lys Ala
Ala Pro Ala Pro
Ala Arg Lysaser
Gly LyslGly Leu

27 28
Val Gly
Lys Lys
LySZSer
Gln Gly

47 48
Ala Pro
Gln Val
Ala Leu
Ser Gly

29
Arg
Arg
Ala
Ile

49
Val
His
Arg
Leu

30
Val
Lys
Pro
Thr

50
Tyr
Pro
Glu
Ile

11

Arg
Lys
Thr
Gly

31
His
Arg
Ala
Lys

51
Leu
Asp
Ile
Tyr

12

Ala
Lysl
Gly

Lys

32

Arg

Ser
Thr

Pro

52
Ala
Thr
Arg
Glu

13

Lys
Gly
Gly
Gly

33
Ile
Arg
Gly
Ala

53
Ala
Gly
Arg
Glu

14 15

16

17

Ala Lys Thr Arg

Ser Lyleys Ala

LyslAla

Gly Ala

34 35
Leu Arg
Lys Glu
Gly Val
Ile Arg

54 55
Val Leu
Ile Ser
Tyr Gly
Thr Arg

Pro

Lysl

36
Lys
Ser
Lys
Arg

56
Glu
Ser
Lys
Gly

Arg
Arg

37
Gly
Tyr
Lys
Leu

57
Tyr

18 19

Ser Ser
Val Thr
LyslGln

His Arg

38 39
Asn Tyr
Ser Val
Pro His
Ala Arg

58 59
Leu Thr
Ala Met
Thr Glu
Leu Lys

20
Arg
Ly's
Leu

Ly52

40
Ala
Tyr
Arg
Gly

60
Ala
Gly
Leu
Val

TL1
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H2A
H2B
H3
H4

H2A
H2B
H3
H4

H2A
H2B
H3
H4

H2A
H2B
H3
H4

61
Glu
Ile
Leu
Phe

81
Arg
Ala
Asp
Val

101
Thr
Leu
Val
Gly
121
Glu
Tyr
Pro

62
Ile
et
Ile

Leu

82
His
His
Leu
Thr

102
Ile
Leu
Gly
Gly
122
Ser

Thr
Lys

63
Leu
Asn
Arg
Glu

83
Leu
Tyr
Arg
Ala

103
Ala
Phe

Leu

123
His
Ser
Asp

The indices

* according

64 65 66 67 68 69 70 71 72 73 74 75
Glu Leu Ala Gly Asn Ala Ala Arg Asp Asn Lys Lys
Ser Phe Val Asn Asp Ile Phe Glu Arg Ile Ala Gly
Lys Leu Pro Phe Gln Arg Leu Val Arg Glu Ile Ala
Asn Val Ile Arg Asp Ala Val Thr Tyr Thr Glu His

84 85 86 87 88-89 90 91 92 93 94 95
Gln Leu Ala Ile Arg Asn Asp Glu Glu Leu Asn Lys
Asn Lys Arg Ser Thr Ile Thr Ser Arg Glu Ile Gln
Phe Gln Ser Ser Ala Val Met Ala Leu Gln Glu Ala
Met Asp Val Val Tyr Ala Leu Lys Arg Gln Gly Arg

104 105 106 107 108 109 110 111 112 113 114 115
Gln Gly Gly Val Leu Phe Asn Ile Gln Ala Val Leu
Gly Glu Leu Ala Lys His Ala Val Ser Glu Gly Thr
Phe Glu Asp Thr Asn Leu Cys Alx Ile His Ala Lys

124 125 126 127 128 129 130 131 132 133 134 135
His Lys Ala Lys Gly Lys

Ser Lys
Ile Gln Leu Ala Arg Arg Ile Arg Gly Glu Arg Ala
COOH
1 2 3
represent: “acetyl “methyl, “acetyl+methyl

to (8,12,13,14).

76
Thr
Glu
Gln
Ala

96
Leu
Thr
Cys
Thr
116
Leu
Lys
Arg

Arg
Ala
Asp
Lys

97
Leu
Ala
Glu

Leu

117
Phe
Ala
Val

78
Ile
Ser
Phe
Arg

98
Gly
Val
Ala
Tyr
118
Lys
val
Thr

Ile
Arg
Lys
Lys

99
Lys
Arg
Tyr
Gly
119
Lys
Thr
Ile

80
Phe
Leu
Thr
Thr

100
Val
Leu
Leu
Phe

120
Tyr
Lys
Met
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SUMMARY

An attempt was made to elucidate the reactions of Cd with calcite
(BDH, A.R. grade) by changing the experimental conditions, i.ee.the CO

2
partial pressure from 107349 atm to 10 %atm using 1% CO, and the ionic
strength of the equilibrium solution using 5mM Ca(NO3)2 instead of H,0.

Both these changes resulted in increased Ca levels in solution and
reduced pH values compared with the CaCO3-H20 - Cd system open to the
atmosphere, ("pure system"). ‘

Reduced affinity of Cd for the CaCOB' surface was observed in both

cases (lower Kd values) and this was more pronounced in the system with
5mM Ca(NO3)2 probably because of increased Ca competition.
In the 1% CO2 system deviation from ideal surface solid solution

formation between CdCO3 and CaCO3 was observed probably as a result of

aqueous phase interactions whereas in the 5mM Ca(NO,).system an almost

)
ideal surface solid solution between CdCO3 and CaCO33 veas formed and in
this later case the Thorstenson and Plummer equation for expressing pIAP
values of-solid solutions was valid.

Chemisorption of Cd on CaCO3 surface sites is the dbminant mechanism
for low Cd additions whereas surface precipitation of CdCO3 as a coating
on CaCO3
concentration changes, These experiments clearly indicate the specific

affinity of Cd for the CaCO

is the dominant mechanism for higher Cdadditionswith pH and Ca

3 surface which is expected from theoretical

considerations.
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Key words:Cd sorptionCalcite, Solubility product constant, Surface solid

solution.

INTRODUCTION

- Reactions of Cd with naturally occuring solids continue
to attract research interest beéause they help to a better
understandingof the chemistry of complex natural systems for
this element, for which it is generally accepted that
increased uptake through the soil-plant system can result in
various diseases in human beings.l

Attention has been focused. on Cd reactions with oxide
mineralsz, organic matter3’4, clay minerals 5'6’7. Only
recently the specific role of calcite inCd retention in
calcareous and limed soils and sediments has been examined
in some details'g’lo. ’

A high affinity of Cd for thecalcite surface was found in
accordance with theory10 and for 1low Cd additions in a

preequilibrated CaCO, = H20 system, open to the atmosphere,

an almost ideal surfjce solid solution between €aco, and
CaCO3 was formed., In this case the solubility product
constants obtained from the Thorstenson and Plummerll
eguation derived for magnesian calcites, could‘be a useful
way to relate carbonate reacted Cd with solution composition.

Iticreased ionic strength in a solution usually results in
a lower affinity of an ion for a surface and decreasing
sorption because of lower activity, increased competition
and in some cases complexation, A

So, Garcia and Page12 found a decrease in the amount of
Ccd sorbed an a clay surface with increasing ionic strength.
Cline and Otonnor:3 working with Cd sorption and mdbility. in
sludge amended soils observed reduced metal sorption with
increasing ionic strength. They suggested that this decrease
is the result of réduced metal activity, increased
competition for sorbing sites and complexation. Franklin and

14,15 studied thereactions of Mn and Cu with calcite in

Morse
pure water and seawater and found lower distribution

coefficients for sorption from seawater than from pure water.
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This decrease was attributed. to Mg competition and decreased
metal actiwmity in seawater.

In the present study we tried to elucidate the Cd-CaCO3
reaction by changing the experimental conditions, i.e. the
co, partial pressure from 1073449 o 1072
strength 5mM Ca(N03)2 instead of H,0. Both these cases
result in increased Ca concentrations and reduced pH values
compared with the C€d-CaCO,-H,0 system at 1073°4% atm and

occur under natural soil conditions.

atm and the ionic

MATERIALS and METHODS

A.R. CaCo, (BDH) with a specific surface area of 0.15m2

g"1 measured by krypton adsorption was used throuwhout these

experiments. 4g of CaCO, was placed in a 150ml Azlon high

3
density polypropylene bottle together with 50ml of either

deionized ~-distilled water or 50ml of 5mM Ca(NO3)2 at 25i1°C.
Air -1% CO, mixture saturated with water-was passed through

2

the suspensions for the experiménts with increased CO2

partial pressure and air saturated with water for the
experiments with increased ionic strength by using 5mM

Ca(NO3)2. After this preequilibrium stage which took about

two days, Cd solutions were added as nitrate salts16

6 o 1072 M, gravimetrically.

in the
range of 10~

The same air mixtures were ©passed through the
-suspensions for three more days and the bottles were shaken
by hand from time +to time., The clear solutions after
 centrifugation at 2500g for 20 min and acidification to about
pH ~ 2  with HNO,

3
determinations. Three replicates were run for each level of

(Aristar) were used for metal

added Cd, two for chemical determinations and the other one
for pH measurements.

Reacted Cd was calculated from the difference between
the initial and equilibrium concentrations.,

The pH was measured by using a Radiometer Ion 85
Analyzer with combined electrode and NBS buffers. Cd and Ca

concentrations were measured by AAS using a Perkin Elmer .
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3030 for metal concentrations above 0.0l ug ml-1 combined
with a graphite furnace HGA -500 and AS -40 autosampler for
lower concentrations. More details about experimental
conditions and calculations of metal activities from the
association constants for metal complexes and the Davies

equation 17 by using a computer program are described

elsewhere 18.

RESULTS and DISCUSSION

The results of Cd—CaCO3 interactions were displayed in

sorption isotherms19 using a log-log scale to cover the
whole range of Cd concentrations and - in solubility

diagramszo’ZI.

Effect of increased CO2 partial pressure
It has been showed that Cd is chemiscrbé&éd into calcite
with Cd replacing Ca until the solution has the composition
expected for an equilibrium CdCO3-H29 system, indicating
that the CaCO3 surface has been covered by CdCOB. Further
addition of Cd causes CdCO3 to precipitate with pH -and Ca
. 10
concentration changes™ ",

The adsorption 1limit, i.e. the point where CdcO

3
precipitation appears to become the dominant mechanism is
between 0.6 and 1.2 umol Cd g—l CaCO,, whereas from the

measured calcite specific surface area (%.15 ng—l) and the
unit cell dimensions (arh=6.376 2, Lippmanzz), a value of
about 1.22 umol of surface Ca atoms g“l CaCO3 was found
-available for displacement. This probably‘indicates that the
effective CaCO3 surface area is smaller than that found by
‘krypton adsorption although it is almost impossible from

thermodynamic considerations to be exact regarding the

experimental adsorption limit in agreement with Corey23.

3.49 -2

Increasing CO, partial pressure from 107°° to 10 atm

2
in a CaCO3-C02-H20 system, open to the atmosphere as in the
24

present study, results in increased dissolution of CaCO3

So in the solution there are more Ca ions and total

carbonate (CO +HCO3 +C 3 ") and the pH of the system
decreases from g 30 to about 7.30. If the solubility product
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constant (Kso) of calcite holds in this equilibrium system,
then Ca levels in solution increase from about 17 ug ml"1 to

about 65 ug ml-l. Also, increased CO, partial pressure

results in a four fold increase in CdHCO§:2 and a two - fold
decrease in CdC03O species in solutionl6’25. Total Cd
activity coefficients, (Cd2+)26, decrease

(cd) total

from about 0.70 to 0.55 for the low Cd additions. The above
chemical reactions indicate that increased carbonate levels
in solution probably encourage aqueous phase interactions.

The reaction isotherm (Fig.l,b) follows an almost

straight line up to about 0.14 pymol Cd g-l CaCO3 and then
the slope increases up to about 1.40 umol Cd_1 CaCO3 (Ka

values from Table 1).
This is very close to the point at which precipitation
of CdCO3 begins as indicated from the solubility diagram
(Fig.2,b) and hence Cd activity in solution is controlled by
the CdCO3 solubility line.
Points below 1,40 pmol Cd g-ICaCO

3
sorption part of the isotherm27 and above as the

can be treated as the

precipitation part with +the formation of Cdco, which

controls Cd activity in solution. Values of Kd from Table 1
have a mean value of 7.9 for low Cd additions and 23 for
higher ones. Above 1,40 umol Cd g-l Kd values become less
than 1 because after CaCO3 surface . coverage, CO32- ions
needed for CdCO3 precipitation are depleted.'

Low Kd values probably indicate a reduced affinity of Cd
for the‘CaCO3 surface becausSBKd is a measure of reterntion
of solute by the solid matrix® . At high Cd additions higher
Kd values are observed until surface prédipitation of pure
CdCO3 becomes the dominant mechanism. This surface
precipitaton is indicated by the abrupt pH decrease and Ca
undersaturation with respect to CaCO3 (Fig.2,b), and these
changes are possible to occur only when the CaCO3 surface is
excluded from reaction taking into account the strong buffer

capacity of the CaCO3-C02—H20 system when H+ or OH ions are
24,29
added .
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TABLE I.Kd values in 1lm 2 for Cd-CaCO3 reaction under
. differént experimental conditions.

Pure system with 1% Co, With 5mM Ca(NO3)2
40.0 6.15 4.21
23.3 6.90 4.34
18.6 8.69 - 5.06
17.2 8.95 5.17
15,7 8.89 5,12
17.5 16.15 4.66
18.5 20.50 "3.15
18.9 20.67 3.33
20.7 23.06 3.42
19.3 25.36 2.91
25.9 29.43 0.53
31.1 22.53 0.13
32.0 26.95 0.08
57.8 2.19 0.05
20.8 0.12 0.02

0.91 ° 0.04 0.01
0.31 0.03 0.01
0.05
0.03

The sorption limit for this reaction, 1.40 umol Cd g'-1

CaCOB, seems to be slightly more that the one based on

surface area measurements and unit cell dimensions, as

mentioned before (1,22 umol C4 g"1 CaCO3). The sorption
limit for the pure system is between 0.6-1.2 umol Cd g-l
CaCO3lo and this probably indicates that in the 1% CO2

system Cd is removed from solution in addition to sorption
or by a different mechanism because of complexation. At 1%
CO2 R with more carbonate in solution precipitation
(complexes) rather begins before reaching the €dco,
solubility line.,

Values for thermodynamic distribution coefficients
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FIG.2. Solubility diagrams (pH-pM } for Cd and Ca in

solutions equilibrated with CaCO3. Arrows indicate the
direction of increased Cd additions. Some points are not

plotted for Ca at low additions of Cd.
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Terminology) of solid solutions30 for surface sites only,
D*, have a mean value of about 1000 for low Cd additions and
4200 for higher ones., The homogeneous distribution
coefficient, D, for the CaCO3 system based on the ratio‘of
their solubility products (pksoCaCO3=8.48, pksocdco3=12.00)
is about 3310. The mean values of 1000 and 4200 found in
this study indicate a deviation of this system from ideal
surface solid solution formation probably because of
secondary reactions. At the low Cd additions, D* is smaller
that D indicating that the sclid solution factor based on
activity coefficients on the solid surface29 acts to lower
the solution of CdCO3 in CaCO3 significantly from that.
expected if an ideal surface solid solution has been formed
in’agreement with the Kd wvalues of the reaction isotherm
(Fig.1,Db).

Treatment of the data for low Cd additions using the
Thorstenson and Plummer11 equation derived for magnesian
calcites and converted in its Cd form

24,1
(Keacos-cacos=(Ca” )™ 7
limit of 1.40 umol Cd g CaCO3 produces the Fig.3b. There is

_x.(C62+)x.(CO32-) assuming a sorption

deviation of the points from the straight 1line connecting
the pksO values for «calcite (8.48) and otavite (12.00)
probably as a result of the deviation of this system from
ideal behaviour for the range of Cd concentrations used as

discussed before.

Effect of increased ionic strength

The reaction isotherm and solubility diagram from this
experiment are in Figs. 1lc and 2c¢ respectively. Generally,
the same pattern of reactions as the previous systems
("pure",;with 1% COZ) exists. ,

The reaction isotherm is almost linear up to about 1.25

pmol Cd g—l CaCO3. This is almost identical to the value of

1.22 umol cd g"1 CaCO, as sorption limit based on CaCO,

surface area measurements and unit cell dimensions. Kd

values (Table 1) for this part of the isothérm have a mean

value of about 4.2. This, according to definition of Kd,
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indicates a lower affinity of Cd for the CaCO3 surface under
these conditions compared with the "pure" system (Kd=20.9)
and with 1% co, (Kd=7.9 and 23). Ca concentrations which
were about 17 ug ml—1 for the "pure" system and about 65 ug
m1™! for the system with 13 CO, become about 210 ug mi” ! for
this system. Also, Cd-carbono species are not significant as
they were with 1% CO2. Because total Cd activity coeficients
for this system, at low Cd additions, have a mean value of
about 0.57 (were 0.70 and 0.55 for the "pure" and 1% CO2
systems, respectively), this lower affinity can be
attributed to increased Ca competition with Cd for the same
sites on the surface.

This experiment clearly indicates the specific affinity
of Cd for the calcite surface because Cd reacts with CaCO3
even in the presence of 5000 times more Ca and with a
surface that is positively charged under these conditions
(p.z.c%®3l. The solubility diagram (Fig.2.c) for this system
indicates undersaturation with respect to CdCO3 for low Cd
additions and CdCO3 formation as a surface coiting on CaCO3

CaCo,) .

D* wvalues for this system have a mean value of about

for higher Cd additions (above 1.25 umol Cd g~

3230 which is very close with the wvalue 3310 based on
thermodynamic calculations from the CaCO3 and CdCO3
solubility product constants (pk808.48 and 12 for CaCoq and

OﬂX% respectively). This indicates the formation of an ideal

surface solid solution between CdCO3—CaCO3. Calculations
according to Tho¥stenson and Plummer eguation led to
Fig.3c for a sorption limit of 1.25 umol Cd g_l Caco,.

CONCLUSIONS

The experiments in this study (with 1% CO2 and 5mM
Ca(NO3)2) generally indicate reduced Cd affinity for CaCO5.
surface for low Cd additions (lower Kd values comparing with
the "pure"systemyo. However, the three systems have the same
general pattern of reactions. So, the dominant mechanism for

low Cd additions is chemisorption on CaCO, surface sites
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(Cd2++CaCO3(S)=CdCO3(ads)+Ca2+) withinsignificant pH change,
and’surface precipitation of Cd as CdCO3 on CaCO3 surface
(Cd2++HCO3_=CdCO3(S)Hf>) at the higher Cd additions.

The high affinity of Cd for the calcite surface which is
a specific adsorpticm32 is expected from the following:

a. the Paneth-Fajans rule33

2+

b. the similarity between Cd2+ and Ca effective ionic

radii (0.095 and 0.100 nm respectively)34
c. CdCO, andACaC‘O3 are isotype522

d. the similar electron configuration of Cd and Ca ions35
€ theories about heterogeneous nucleation and
precipitation36.

More details can be found in reference 37.|The concept
of a surface solid solution based on coprecipitation
theories and the Thorstenson and Plummerll equation seems to
be a useful approach in studying Cd mobility and reactivity
in calcareous soils and sediments where calcite 1is a

predominant constituent.

TERMINOLOGY

S=Kd. C,Linear adsorption isotherm

S amount of solute adsor bed at equilibrium, p,mol_m”2

C concentration in solution, umol 1—l
Kd distribution coefficient, lm-2.
(ca®™) *Xcacos Ksocacos
D= ) 5T =
(CA" ) eXcaco;  Ksocacos
distribution coefficient for solid solution of CdCO3 to CaCO3

(Ca2+), (Cd2+) Ca and Cd concentrations in solution

XCdCO3, XCaco3 mole fractions of CdCO3 and CaCO3 in the

sclid solution,
D* homogeneous distribution coefficient for surface sites
onlys: In this case X and X are mole fractions

Cdco3 CaCoOj3
for surface. sites only.

(ca®™). (cog®T)
so = - -

K Solubility product constant

(CaCO3)(S) for CacCoO

3(s)
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(Ca2+), (C032-) ion activities in solution
(caco,) caco, .
When (CaCO3)=1 then K_ =IAP (ion activity product)

activity

Thorstenson and Plummer (1977) equation for magnesian

calcitess:
. 24+, 1=-x : X -2
KMg-calcite_ (ca®™") . (Mg .(CO3 ),

thermodynamic stoichiomentric solubility product for

2+)

magnesian calcitgs
X mole fraction of MgCO3 in calcite
(Ca2+), (Mg2+), (CO32-) activities in solution

This equation in its Cd form is:

_ 2+, 1-x 2+, X 2=~
KCdCO3_CaCO3—(Ca ) . (Ca”7) 7. (co” ).
X mole fraction of CdCO3 on the calcite surface.
NEPIAHYH

EIITAPALH THYX METABOAHE THEX MEPIKHX M[IEZHZ CO2 KAI THZ

IONIKHEZ IZXYOr ZE ANTIAPAXEIZ Cd ME ANOPAKIKO AIZBEZTIO

ITtnv epyacia outh ueAetdOnuav oL aviLdpdoelrg Ttouv €A ue avlpommLud
aoBéotLo (C‘aCO3 BDH AR Babucd eLduufic envopdverag 0.15 02 g'l) n&tw ono
eLdbLuée merpauatirég ouvlfiueg SnAadh ue uetaBoAfl tng uepLuic nfeong Tou
CO2 ano 10—3'49 (mavoviul) atudoparpuuf) nifeon coz) oe 10.2 atm ue 1
xehon 1% CO, mar Tng tovLuic Loxbog touv StoAbuatog toopponlag ue SmM
Ca(NO3)2 ovtl H20.

OL uetaBoAfg awtég eLxav cov anotéAcoua Tnv adENan TwY CUYHMEVTEOTEWY
Ca oto  8LéAvua Loopponfag ualL Tn uelwon Tev Tuwdy pH guympLvSueves e
10 gdotnua Loopponiag CGCO3-C02-H20,GVOLM16 omnv atudogarpa ( "pure"
system).

Kal otLg Svo mepintdoeLe napatnefenue uetwpdvn téon avtispaong touv &
ue v entedveLa tou CaCO3 {xaunAdtepeg TLEEG TOL cuVTEAEOTH Matavoufc
Kd) oe oxfon ue 10 wuabapd ocbotnua  ue xounAdtepn @ Ut Tau cuoThuatog U
5mp Ca(N03)2 nLeavdv Adyw awEnuévou aviayeviouod aro ta Lévita Ca Tou
SLaaduatoc Loopponfog.

Zto obotnua ue 1% co, ropatnefenue anduALon amo Tov oxXnuatLoud
L&avLnol entpaveLomod atepecd SLoAbuartog uetafd CdCO3 uaL CaCoy TLOvdv
oav anotéAeoua avtLdpdoswy otnv vyeh ¢don (oxnuatioude CUUMASUWY MATL) .

210 odotnua ue SmM Ca(N03)2 oxnuat{obnue éva oxedbv L&avLud emnLpoveLomd



190 P.PAPADOPOULOS, D.L. ROWELL

oteped L& U oL otnv nepintwon avth elxe epapuoyfi n eEfowon Thorstenson
uol Plummer yto To yLvduevo SLoAutdtnTag otepedv SLoAvudtwy.

Oyenuupaxé01€pog unxovtoudc vio TLg yaunAfg mpocdbiuneg CAd efvar n
xnueropdenon Twv Ldviwv Cd oe evepvéc Hfoelg Tng emLedveLoag TOU CaCO,,
evd vYio TLg uwbnAéc mpoobfueg Cd o emtupatéotepog unxaviowde efval 1
watapdoLon CdCO3 oov udAvuua oTnv  EMLOAVELQ TOU CacO; ue TOUTSYPOVES
aravég otig TLuég Tou pH nal Twv auyrevtpdoewv Ca ota SLOAOUOT .

Me ta melrpduata autd anodstuvietal n uevdAn tdon ovtispacng tou €4

ue To CaCO3 Yevovdg mou epunvebetal MalL oo OewpnTinig TASUPEC,
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SUMMARY

In the present work a new series of amine derivatives of glycidyl-
esters and alkyl-glycidyl-esters were studied. The ring opening of gly-
cidyl ester epoxides was effected by treatment with diethylamine. The
attack occurs at the terminal carbon of the epoxide and the product
formed was the a isomer. The reaction proceeds in one step with excellent
yields. The compounds studied show satisfactory bacteriocidal activity.
Some of them might be used as food additives and cosmetics.

Key words : Alkyl-glycidyl-esters, Lauric acid-glycidyl-esters, diethy-
Tamine

INTRODUCTION

Studies on the structure and energy strain of ethylene oxide (1),
the smallest member of the epoxides, showed that it is very reactive and
gives easily ring opening reactions, releasing the energy strain of the
ring. The epoxide bonds have substantial ionic character and the oxygen
is easily attacked by electrophiles whereas the carbon atoms are sensi-
tive to nucleophilic attack.

The epoxide entity, one of the most extensively studied ambident
substrates (2), reveals some interesting structural features. The orien-
tation of the nucleophilic ring-opening (2) is controlled. by stereoche-
mical and electronic (inductive, conjugative) effects. Clearly, stereo-
chemical factors direct the attack to the Teast hindered site whereas
electronic factors of the substituents may direct the attack to either
site of the ring. It follows that the nature of the final product will
depend on the prevailance of steric or electronic factors, during the
ring-opening step, in the formation of the intermediate or transition
state involved. Experiments have shown (2) that basic or neutral condi-
tions favour the jsomer formed by attack at the least hindered site as
the major or the sole product.
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Subject to the above considerations is the position of the epoxide
ring in the molecule. Glycidyl esters fall in the category of terminal
epoxides and their ring-opening reaction forms the subject of this paper.

The present study was dictated by the fact that the monoglycerides
of fatty acids exhibit antibacterial properties and as such they find
application as food preservatives (3).

Earlier reports on fatty acids and their monoglycerides have revea-
Ted that the Tatter inhibit bacterial growth in contrast with the digly-
cerides, which are poor inhibitors and the triglycerides, which rather
favour the bacterial growth (4). A report on the antimicrobial action of
the lauric acid monog]yceride has shown that it is very active against
GRAM-(+) bacteria and coliform bacteria but it is inactive against GRAM-
(-) bacteria (5). »

In trying to take advantage of the antibacterial action of monogly-
cerides, it was thought that similar results might be obtained by the
glycidy! esters, as the latter are structural analogues of the former
(one epoxide ring is equivalent to two hydroxy-groups). Furthermore, the
antibacterial action of the glycidyl esters might be further enhanced
by the addition of one molecule of diethylamine, a compound of known bio-
logical significance. It was, thus, anticipated that the resulting mole-
cule would exhibit the combined activity of both.

The ring-opening of epoxides by amines was reported first by Graham
(6). Later Al’bitskaya and Petrov {7) reported the same reaction using
aqueous solutions of the amines. The reaction is complete in 1-2 days
and the yield is 60-70 2. The yield was further improved by carrying out
_the reaction at 120°C with a pressure of 3 bar as reported by Rutzen(8).

C4_C18 straight chain glycidyl esters have been employed for the
present purpose as well as mono-alkyl-substituted phthalic acid glycidyl

- esters.

EXPERIMENTAL

Prineipal starting Materials

Phthalic anhydride : ca 98 % m.p. 130-132°C (Merck)
Diethylamine : ca>98 ¢ (GC); b.p. 55-57° (Fluka)

Phthalic acid monoalkylester : This was prepared from sodium alkoxide
and phthalic acid anhydride. GC of Me-ester showed < 99 ¢ purity. The
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rest of the fatty acids and their salts used in this work were purchased
from Merck.

Preparation of Glycidyl esters

Capryliec acid glycidyl ester:

© A mixture of sodium caprylate 33.8 g (0.2 mole), epichlorhydrin 376g
(4 mole) and tetraethylammonium iodide 0.64g, (= 2 % with respect to the
acid salt) was stirred for 1 h at 115°C. The sodium chloride precipitate
was filtered off, the excess epichlorohydrin was removed by distillation
and the glycidyl ester was extracted from the residue with ether to give
38 g of ester (yield 93 3).

Oleic acid and lauric acid glycidyl esters
Prepared as described above.

Iso-decatrianoic acid glycidyl ester

Isodecatrianoic acid 35.4 g (0.615 mole) was dissolved in a 1:1 etha-
nol-ether solvent mixture and the solution was titrated against ethanolic
sodium hydroxide (phenolphthalein change). Extraction with ether followed
by evaporation of the aqueous layer afforded 39 g (0.165 mole) of the
salt. '

The glycidyl ester was prepared from the salt as described above and
41.3 g of ester (yield 92 %) were obtained.

Isodecaoctaonic acid glycidyl ester

Prepared as described previously.
Butyric acid glycidyl ester

Butyric anhydride 30 g (0.19 mole) was used instead of the acid for
the preparation of the sodium butyrate 40 g (0.36 mole) and 38 g of ester
(yield 73 %) were obtained.

Preparation of mbno‘alkyl—substituted phthalic acid glyeidyl esters
Prepared according to an earlier reported method-(9).

Diethylamine-hydroxy-derivatives of glycidyl esters
2~hydroxy-3 (N, N-diethylamino) propylcaprylate

Caprylic acid glycidyl ester 38 g (0.19 mole) was heated at 66°C and
then diethylamine 16.65 g (0.23 mole) was added dropwise under mechanical
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stirring. The'reaction was slightly exothermic and the temperature rose
to 80°C over a period of 5 1/2 h. Excess diethylamine was then distilled
off in vacuo (at 50°C/5 torr). The residue was repeatedly washed with wa-
ter (ten times with 50 ml portions) to remove traces of diethylamine.

Crystallization from pentane at -20°C resulted in a colourless 1iquid
at room temperature, whose purity was checked by TLC.

Thin Layer Chromatography (TLC)

TLC plates were prepared from silica gel (Merck). The thickness of
the plates was 0.25 mm. The samples were dissolved in chloroform, and
the developing mixture was chloroform, ethyl acetate and methanol (65:10:
25). The visualization of the spots was achieved using a wide—mouth glass
bottle containing a few crystals of iodine.

The product was, then, purified by column chromatography (Kieselgel
60, 70-230 Mesh) using a chloroform:ethylacetate:methanol (6.5:1:2.5)
mixture to afford 46 g (0.19 mole) of pure product.

The rest of the diethylamine derivatives of glycidyl esters were pre-
pared and purified similarly (Table 1).

DATA

Methyl 2-hydroxy-3(N,N-diethylamino)propylphthalate 7.
H nmr: 6(CD2C12)1.0(t,6H,—N(CH2Cﬂ3)2, 2‘6(m,6H,-CﬂzN(Cﬂ2CH3)2, 3.75(m,
2H,CHOH) , 3.85(5,3H,—0CH3), 4.25(t,2H,-C00CH2), 7.6(m,4H,C6H4_),ppm. Ms,
m/Z:3Q9(M+'), 294, 278, 266, 237, 219, 192, 163, 135, 105. Found:C,62.5G
H, 7.61; N,4.45, C16H23N05 requires:C, 62.12; H, 7.49; N, 4.533.

Octyl 2-hydroxy-3(N,N-diethylamino)propylphthalate 10.
I ame: 8(CD,C1,) 5 1.0[t,9H,-N(CH,CHy) 5, and -(CH,)(CH5], 1.3[s,broad,
12H,—(CH2)6], 2.5[m,6H,—Cﬂ2N(Cﬂ2CH3)2], 3.75(m,2H,CHOH) , 4.2[m,4H,-(C0OOC
H2)2], 7.6(m,4H,C6H4_)ppm. Ms, m/z: 407(M+'). 390, 376, 364, 290, 278,
222, 192, 160, 130, 105.

2-Hydroxy-3(N,N-diethylamino)laurate 3.
L nmrs 8(CDCT4) 1.0[t,3H,-(CHy)oCH3], 1.1[t,6H,-N(CH,CH,) ], 1.35
[s,broad,18H,-(CH,)gCH;], 2.6 [m,8H,-CH,N(CH,CH3),,~CH,C00_], 3.8(m,2H,
CHOH) , 4.2(m,2H,-C00CH,) ppm. Ms, m/z: 329(M"*), 312, 300, 296, 272, 257,
230, 216, 202, 189, 183, 157, 146. Found: C, 69.07; H, 12.06; N, 4.38
C19H39N03requires: C, 69.25; H, 11.93; N, 4.25 ¢.

A1l the other compounds of Table 2 gave analogous spectroscopic data.

1
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RESULTS AND DISCUSSION

The glycidyl esters were prepared from their corresponding acid salts
by reactijon with epichlorohydrin while the phthalic acid glycidyl esters
were prepared according to an earlier reported method (9).

The reaction products were analysed for purity by TLC and their stru-
cture was determined by NMR spectroscopy and mass spectrometry.

The reaction of glycidyl esters (I) with diethylamine is shown in

scheme 1.
—H—> RCOOCHZ—CH—CHZOH
|
C2H5 N B isomer
/ -~ AN
RCOOCH.,~CH-CH,+HN — C.H C.H
27\ ; 2 N 25 2'5
0 CHs | 11
1 i———rRCOOCHZ-CH— CH,
[
OH N a isomer
7\
Cotls  CoMg
111

Scheme 1

The best conditions to obtain high yields is to use a molar ratio of
ester to amine equal to 1:1.2 and to keep the temperature constant at 700
C. The reaction was exothermic and the temperature after 5 h rose from 75
to 95°C(Table 1).

The method employed, may be regarded as superior to earlier ones, ta-
king into consideration on the high accessibility of the product amines
(II1)(Scheme 1), in that it involves simple reaction conditions and gives
high yields of the amines (III) (Table 1).

From the experimental results it is clear that the reaction of die-
thylamine with Tauric glycidyl ester leads mainly to the formation of the
a isomer in high yield (Scheme 1).

"The alkyl groups in the diethylamine cause +I inductive effect (elec-
tron donors) increasing the electron density on the nitrogen atom and
consequently its nucleophilic character.

A mechanism that might explain the above reaction is shown in Scheme
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7able 1. Temperature change as a function of reaction time and product
yields of fatty acid glycidyl esters and diethylamine derivati-
ves of monoalkyl-substituted phthalic acid glycidyl esters of
type.
 Cots
RCOOCHZ—ICH-CHZ-N N
OH C,H

25
; ITI

Temperature 0C

Compound R Reaction Time Yield %
o start (To)  End (Tt)

1 n—C3H7- 5 68 77 87
2 n-CyHp5~ 530 66 78 89
_3_ "'CllHZ:!_ 530" 69 94 90
4 n- C17H33— 5 70 80 90
g CHa-?H—(CHZ)g—- 5 68 77 87
CH3
g CHs-?H——(CHZ)M— 5 70 75 88
CH3
CDOCH3 5 30" 70 82 90
r (o)
C[COOCZ 5 5 30’ 68 . 85 a0
@Coocaﬂ9 5 30" 69 84 88
s
10 @COO%H17 5 35’ 70 80 87

-C00i-CgH, 5 5 357 70 86 87
v X
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Table 2. Analytical data of products of the reaction of monoalkylglyci-
dyl-ester of phthalic acid with diethylamine of the type:

_ C2H5
R-COOCHZ-?H-CHZ-N
OH C2H5
Acid number Saponification number 26
Compound NO - "
. Exptl. Calc. Exptl. Calc.
1 - 0.2 0 261.5 258 1.4237
2 0.1 0 206 205 1.4454
3 0 0 171.3 170.2 1.4851
4 0.2 0 134,7 136.2 1.4626
5 0.25 0 166.1 163.2 1.5023
6 0.25 0 137.2 135.6  1.5172
7 0.2 0 359,1 362.4 1.5139
8 0.34 0 343,3 346.7 1.5210
9 0.37 0 324 319 1.5682
10 0.38 0 265 275 1.4985

11 0.3 0 267 275 1.4972
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Under the adopted conditions, the reaction proceeds, most probably,
by the SN2 mechanism. The intermediate A was formed by nucleophilic
attack of a molecule of diethylamine on the carbon atoms of the epoxide.

The major iso]afed a isomer indicated the prefered site of ring-open-
ing. Steric crowding is an important issue in this context.

CZHS‘ r @ H
/ [ 5] T
—
C, 1Hy3CO0CH,~CH-CH,+H-N — | €, Hp3CO0CH,~CH-C
\/ N 2\
C.H :
° 2 oo
-\
ol Cotlg
0 OH
| gt |
C11H23COOCH2-CH-?H2 S N H23C00CH2-CH-(‘JH2
N N
AN PN
CHs CHs CHe CHs

Scheme 2

Besides, five more diethylamine derivatives alkyl-glycidyl-phthalic
esters were prepared analogously. The yields and the analytical data of
the products are shown in Tables 1 and 2. The spectroscopic data showed
that in all cases the main product was the a isomer.

The compounds 3, 7, 10 were tested for antimicrobial activity against
Staphylococcus aureus, E. coli, Ps cepacia, Candida albicans and Asper-
gillus niger at various concentrations (Table 3) 12 solution in preserva-
tive (12 solution means concentrations 1 while 1+1 = 0,5%).

As it can be seen from Table 3 only compounds 3 and 10 were found to
be active.

Compound 3 showed distinct antimicrobial activity whereas 7 was found
to be completely inactive. The sensitivity of the microorganfsms to
compound 3 and 10 followed the order: Ps cepacia = Aspergillus niger >
E.coli = Candida albicans > Staphylococcus aureus.

Compound 3 can be suggested as a good food and perfume preservative
due to its strong bacteriocidal action against E. coli.
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Table 3. Microtests for microbial growth inhibition for food and perfu-
mes preservatives.

e—— - Inhibition Zone (cm)

Staphylococcus Escherichia . Candida As 111us niger
Compound Dilution .. coti Ps. cepacia albicans pergtiius M

NoO

3 1 0.1 0.1 0. 0.2 0.2 0.2 0.3 0.3 0.3 0.2 0.2 0.2 0.3 0,3 0.3

0.1 0.1 0.1 0.2 0.2 o.2 0.3 0.3 0.3 0.2 0.2 0.2 0.3 0.3 0.3

0.1 0.1 0. 0.2 0.2 0.2 0.3 0.3 0.3 0.1 0.1 0.1 0.2 0.2 0.2

1+ 0.1 0.1 0.1 0.2 0.2 0.2 0.3 0,3 0.3 0.1 0.1 0.1 0.2 0.2 0.2

142 0.1 0.1 0.1 0.2 0.2 0.2 0.3 0.3 0.3 <0.1 <0.1 <0.1 0.1 0.1' 0.1

0.1 0.1 0.1 0.2 0.2 0.2 0.3 0.3 0.3 <0.1[ <0.1 <0.1 0.1 0.1 0.1

144 <0,1 <0.1 <0.1 0.1 0.1 0.1 0,2 0,1 0.1 - - - <0.1 <0.1 <0.1

<0.1 <0,1 <0.1 0.1 0.1 0.1 0.2 0.2 0. - - - <0.1 <0,1 <0.1

149 - - - <0.1 <0.1 <0.1 0.1 0.1 0.1 - - - - - -

; - - - 0.1 0.1 <«0.1 0,1 0.1 0.1 - - - - - -

7 1 - - - - - - - - - - - - - - -

141 = - - - - - - - - - - - - - -

142 - - - - - - - - - - - - - - -

144 - - - - - - - - - - - - - - -

149 - - - - - - - - - - - - - - -

10 1 0.2 0.2 0.2 0.1 0.1 0.1 0.2 0.2 0.2 0.1 0.1 0.1 - - -

0.2 0.2 0.2 0.1 0.1 0.1 0.2 0.2 0.2 0.1 0.1 0.1 - - -

141 0.1 0.1 0.1 0.1 0.1 <0.1 01 01 01 . ~ — - - - -

0.1 0.1 0.1 <0.1 <0.1 <0.1 0.1 0.1 0.1 - - - - - -

12 - - - - - - 0.1 0.1 0.1 - - - - - -

- <0.1 <0.1 - - - 0.1 0.1 0.1 - - - - - -

144 - - - - - - - - - - - - - - -

149 - - - - - - - - - - - - - - -

Dilution : 1% solution in preservative (1% solution means concentration 1, while 1+1= 0,5 %)

The dilution of the substance is effected in 1% aqueous solution of Tween 40. This solvent
is not antimicrobial.

Dashes imply no imhibition to microbial growth.
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AMINOMAPAIQrA TQN FAYKIAYAESTEPON : 2YNOEZH KAI TEXNOAQIIKEZ EQAPMOrE2

2 .N.ZAATANOZ

EpyaothpLo Opyavirfis Xnueloag, Noivtexvind IxoAn, NavenuotAuvo Beccarovi-
ung, Becoaiovixn 54006, EAMAAA

" NEPIAHWH

3tnv egpvacia outh éyive n olvBeon koL n MeAETN uLAg vEag OELPGC apL-
voTiapayiywv Twv yAUKLOUAEOTEPWY KaL TwV aAKUAOYAUKLBUAEOTEpwv. H SLdvol-
Zn Tou £mofeLdLKOU BOKTUALOU emMLTUYXAVETAL ME Karepyaoia dLaLBulauivng,
n & mpooBoA yivetal otov TeALkd GvBpaka Tou emofelBlou to BE MPOLGV
nou gynuatiZetalr €lvat To a-toouepéc. H avtispaon €ZeAioctar o’éva otd-
dLo0 pe mapa moAU kaAég amodboeLc.

OL evioeLg mou peAeTABnkav Selxvouv LKAVOTOLNTLKA BAKTNELOCTAT LKA
dpGon, ueplLkég 8¢ an’autéc Ba umopolicav va XpnoiluomoLnBolv oav TPOCBETA
oe TpdQLUA KAL KAAAUVTLKA.
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SUMMARY

Gas oil pyrolysis experimerits in the presence of steam were performed in a laboratory-
scale tubular Inconel 600 reactor of 4 m long and 4 mm diameter. The purpose was to
determine the effect of temperature on the production of olefines and especially on ethylene
and to estimate liquid products composition. The best yield of ethylene , 31% by weight
was obtained at 760°C, residence time 0.33 sec and mass ratio steam to gas oil equal to 2.
Liquid pyrolysis products consist of high carbon aromatics, especially above 700°C
pyrolysis temperature.Coke deposits on the walls and the exit of the reactor was important.

Key words : Gas oil; steam cracking; pyrolysis; olefins; ethylene, liquids.

INTRODUCTION

Energy consumption is a very important problem especially in the field of raw material
cost and petrochemical production. The price icrease of petrochemicals allows to consider
not only light petroleum fractions for petrochemical industry, biit also heavy petroleum
fractions. There is tendency today, to utilize kerosene, gas oil and heavier distillate fractions
as a raw material for ethylene production.

The product distribution in the effluent from a pyrolysis reactor depends on four
principal variables:
1. Feedstock composition
2. Conversion or severity level
3. Temperature and residence time
4. Hydrocarbon partial pressure.

The composition of the products of gas oil pyrolysis is influenced by the distribution of
products from primary decomposition of the saturates in the feed and by the extent to which
this distribution is modified by secondary reactions.
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The present study was undertaken to show the influence of temperature and steam on the
product distribution and composition of gas oil pyrolysis.

EXPERIMENTAL

Raw material.

Gas oil for experiments was supplied by the "Total Company" (HarFleur, France).
Physical characteristics were as follows : boiling range 243-384 C; refractive index
n20p=34.5; density d204=0.8596. Chemical characteristics and composition are presented in
Table L

Apparatus.

Our experiments were conducted with a continuous reactor (3). It is a cracking coil
Inconel 600 reactor 4m long with 4-mm internal diameter. It consists of 3 parts: the first two
parts are the preheating gas oil part and the preheating steam part. The third one is the
cracking zone (3,4). ,

The coil is round on a 18/8 stainless steel pipe of 60/64-mm diameter. The reactor is
heated internally by an electrical resistance coiled on a coralum H threaded tube, of 178/25-
mm diameter. The electrical resistance is protected by a quartz tube 30/33-mm diameter, 30
mm long.

Pyrolysis temperature was measured by means of three Chromel-Alumel thermocouples
inserted in the cracking zone. Two other thermocouples are used to measure temperaturew
of preheating gas oil and steam .

The products of pyrolysis from the reactor were led to the condenser, where they were
ice-cooled to about 0 C. The pyrolysis gases were determined in the MARIOTTE bottles at
atmospheric pressure . '

Experimental method.

The experiments were carried in the range from 600 to 850 °C and at atmospheric
pressure to investigate the effect on the composition of the pyrolysis products.

During the experiment , dilution was made at a constant weight ratio of 2Kg water for
every kilogram of gas oil. Before each experiment the reactor was let to be stabilized for
about 2hr of the experiment temperature. After the stabilization at the pyrolysis temperature
water is pumped through the reactor for 15’ minutes and after that gas oil was let to enter the
reactor. The time of cracking was about 95 minutes. '

After each cracking Nitrogen of 5 1/hr was let to pass the reactor. At the same time, the
gaseous and liquid products were sampled to measure their compositions.
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TABLE I: Characteristics of gas oil used.

Family % wt.
Paraffins 39.0
Uncondensed Naphthenes 20.3
Condensed Naphthenes 10.4
Aromatics
Alkybenzene CHoug 7.0
Indane + tetralin CnHzn_s 3.9
Indene C.Han 10 1.7
Naphtalene C.Hyu 12 52
Acenaphthene + diphenyl CoHop 14 2.0
Acenaphthene + fluorene CHsn16 1.2
Phenathrene + anthracene CoHop1s 1.5
total 22.5
S compounds
Benzothiophene C.Hap 105 5.4
Dibenzothiophene C.Hon 165 2.4
total 7.8
Mean No of C in family : Saturated 16.7
’ Naphthenic 13.3
Aromatic 14.8
Elemental Analysis: C 85.35
H 13.30
N <0.10
(0] <0.10
S 1.40
Mean molecular weight : 238.7
Mean molecular formula:

Ci719H32.43

205
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Effluent gas product analysis was performed by gas chromatography. Table II shows

the analytical conditions of gas chromatography.

TABLE II ;: Gas chromatography analysis of gas oil steam cracking gases.

Objects of analyses H,, CH,

Type of gas chromatographer Hermann-Moritz CPy

Detector Thermal conductivity
Column Molecular sieve SA’
Column length 2m

Column diameter 2.25 mm

Column temperature 45°C

Carrier gas N,

CH,,CoHg, CoHy, C3Hg,
C3Hg, C4Hg, CsHpq-

Gira
Thermal Conductivity

Porasil B (80/100 mesh)
4m

2.25 mm

90°C

N;

TABLE III : Fractional distillation of liquid products of gas oil steam cracking at 650 C.

Fraction B.P(°C) % wt.
Distillate 1 <200 10.98
Distillate 2 200-270 22.25
Residue >270 64.16
Losses 2.61

The condensed liquid products were measured. The separation of water from
hydrocarbons was achieved by centrifugation and addition of salt. The determination of
liquids composition has been carried out by LE.P (French Institute of Petroleum).

The various methods employed were simulated distillation by gas chromatography,

fractional distillation, liquid and gas chromatography coupled with mass spectrometry. The

results of the analysis have been reproducible with an accuracy higher than 5% and are

shown in Tables IIT - X.
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TABLE IV : Mass spectrometry analysis of the distillate 1 from fractional distillation of
the liquid products of gas oil steam cracking at 650 °C.

vol.% of distillate 1 wt. % of liquid products

Paraffins 15.56
Monocycloparaffins 32.00
Dicycloparaffins 17.98
8.86 total
Aromatics 30.70
 Indane + Tetralin 3.90
Naphthalene 0.10
4.71 total
100.00 total 13.57 total

Mean molecular weight : 100.5

In the calculation of residence time (t) the following relation was considered:
te— V.
(Mg+M|+Ms)%-

where:
V=reactor volume
Mg = moles of gaseous products
Ml = moles of liquid products
Ms = moles of steam
R =6.23L/ K.mol
P = pressure, 76 cm
T = temperature
t=residence time, sec.
The yield of each component.in gaseous products was defined as follows:
. Vg.Xi.Pi
Yi= L\N—_
where:
W = Mass flow rate of gas oil, Kg/hr
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Vg = Volumetric flow rate of gaseous products, I/hr
p = density, Kg/m3

X = concentration of products (vol.%, wt%)

Y = yield of products (Wt%)

TABLE V : Mass spectrometry analysis of the distillate 2 from fractional distillation of the
liquid products of gas oil steam cracking at 650 C.

wt.% of distillate 2 wt.% of liquid products
Paraffins 26.05 5.80
Uncondensed Naphthene 21.60 4.81
Condensed Naphthene 13.39 2.98
Alkylbenzene 11.26 2.50
Indane + tetralin 6.50 1.45
Indene 6.96 1.55
Naphthalene 9.22 2.05
Acenaphthene + diphenyl 0.04 0.01
Acenaphthene + fluorene 0.00 0.00
Anthracene 0.02 0.00
Benzothiophene 4.95 1.10
Dibenzothiophene 0.00 0.00

99.99 total 22.25 total
Mean atoms of C: Aromatics 11.6

~ Saturated 13.0
Naphthanic 11.8

Molecular weight 174.0




GAS OIL STEAM CRACKING 209

TABLE VI : Liquid chromatography analysis of the residue from fractional distillation of
the liquid products of gas oil steam cracking at 650 °C.

wt.% of residue Wt.% of liquid products
Saturated hydrocarbons 40.06 25.70
Aromatic hydrocarbons 49.72 31.90
Resins 10.22 6.56
100.00 total 64.16 total
Mean molecular weight : 217.32
TABLE VI : Mass spectrometry analysis of the saturated hydrocarbons of the residue

from fractional distillation of gas oil steam cracking liquid products at 650°C.

Familly ) % vol. % wt. of saturated % wt. of liquid
hydrocarbons . products
Paraffins (mostly -iso) 59.78 23.95 15.36
Naphthene with 1 ring 15.83 6.34 4.06
Naphthene with 2 rings 12.16 4.87 3.12
Naphthene with 3 rings 7.27 291 1.27
Naphthene with 4 rings 4.62 1.85 1.19
Naphthene with 5 rings ) 0.34 0.14 0.09
Naphthene with 6 rings 0.00 0.00 0.00
Monoaromatics 0.00 0.00 0.00
100.00 total 40.06 total 25.69 total

Mean molecular weight : 207.8




TABLEVIIL Mass spectrometry analysis of the aromatic hydrocarbons of the residue from fractional distillation of gas oil stearn
cracking liquid products at 650°C.

0I¢c

Noof C % wt. of % wt. of wt. of
Family CiiCi2 C13 Ciga Ci5 Ci6 C17 Cig Ci9 C0 C21 C2p Co3 Cpg4  aromatics residue liquids

CpHop-32
and, or 042 044 050 024 0.3 0.8 1.61 0.80 0.51
CnH2n-225

CnH2n-30 . .
and, or 040 037 037 028 024 024 024 217 1.08 1.08 0.69
CnH2n-208

CnHon-28 ‘
and, or 0.44 046 048 037 034 027 1025 2.66 1.32 0.85
CnH2p-20S

XNVALOOI'E D ‘NOLOINVEVZ 'V

CoH2a-26 '
and, or 0.54 202 3.08 3.72 230 124 056 044 051 022 022 15.38 7.65 492
CnHon-165

CnHon-24
and, or 023 031 066 066 069 0.53 0.53 0.53 049 040 0.35 5.38 2.67 1.71
CnH2p-145

CnH2p-22 :
and, or 033 051 0.80 090 1.00 0.67 0.65 040 037 034 0.34 6.31 3.14 2.01
CnHl2p-128




TABLE VIIL(cont.)

CpHop-20 .
and, or 131132 133 113 142 097 097 097 064 064 056 0.44 11.71 5.82 3.74
CuHan-108
CrHop-18 049 1.61 217 148 1.08 077 045 035 033 033 025 9.3 4.62 2.97
CnHa2p-16 090 130 130 1235 0.78 077 055 046 046 032 027 8.36 4.16 2.67
CnH2p-14 095 125 135 120 115 1.00 059 052 041 036 0.36 9.14 4.54 291
CnHan-12 2.65 225 1.50 112 0.60 0.54 044 030 038 035 025 0.26 10.72 5.33 3.42
CnH2p-10 . 0.39 045 0.51 041 041 041 041 037 037 037 032 0.21 4.65 2.31 1.48
CnHop-8 0.45 0.55 0.57 079 0.53 0.51 051 049 049 049 044 0.44 6.28 3.12 2.00
CnHan-6 0.35 0.37 040 053 0.62 0.73 058 0.58 .0.58 0.57 049 047 6.31 3.14 2.01
TOTAL 100.00 49.72 31.90

Mean molecular weight : 221

DONIOVIO WVHLS TIO SVD

(R4
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TABLE IX : Comparison of mass spectrometry analysis between gas oil used for the
experiments and liquid products fraction of 200+ obtained from steam cracking at 750 °C.

Composition % wt. Gas oil Liquid preducts
fraction 200+
Paraffins ' 39.0 2856
Uncondensed Naphthene 20.3 14.13
Condensed Naphthene 10.4 7.59
Alkybenzene CoHong 7.0 3.87
Indane + tetralin C,Hn g 3.9 4.86
Indene C.Hyn 10 1.7 4.86
Naphthalene CHyu 12 5.2 9.44
Acenaphthene + diphenyl CoHan 14 2.0 2.10
Acenaphthene + fluorene C.Hpn 16 1.2 ‘ 2.16
Phenathrene + anthracene CHon 1 1.5 2.45
Benzothiophene C.Hp108 5.4 8.37
Dibenzothiophene C.Hpn 165 2.4 5.47

TABLE X : Mass spectrometry analysis of liquid products from gas oil steam cracking at
700°C.

Family type wt. %
Condensed Naphthenes Ci3Hyy 5.0
Aromatics
Alkybenzenes:
C;Hg
CgHjg
CoHyp
CioHia
Ci1Hig 120 (total)
Indane + tetralin: Cistyy 7.6

Indene: Cy5Hyg 7.8
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TABLE X ( cont)

Naphthalene:

CioHsg

CiHyg

CioHyp

Cy3Hyq 26.5 ( total)
Acenaphthene + diphenyl: CisHig 7.0
Acenaphthene + fluorene: CisHyg 8.8
Phenathrene + anthracene: CysHpp . 9.4
Benzothiophenes:

CioH14S

Ci3H;6S

CiqH g8

TOTAL 95.0

Mean Molecular weight : 170

Experimental results.

Figure 1 shows the influence of pyrolysis temperature on liquid and gaseous products
distribution. The optimal gaseous products conversion is about 66% wt. at 760°C pyrolysis
temperature. At the same temperature liquid products conversion is about 16% wt.

Figure 2 shows the evolution of deposits on the walls and the exit of the reactor with
* temperature. After 760°C coke deposits increase monotonically resulting the increasing of
the pressure drop inside the reactor. s

Coke deposits on the reactor walls reducing the overall heat transfer coefficient and
increasing the pressure drop across the reactor are due to the catalytic reactions on the
- metallic walls. Coke deposit contains carbon and hydrogen (5) and is not deposited
' uniformly along the reactor (6).

The gaseous products consist of light paraffins (CH4, C2He, C3H8), olefins (C2H4,
C3Hse, C4Hg, CsH10), diolefin (CaHs) and hydrogen. Oleffins distribution of of the gas oil
pyrolysis is given in Figure 3 and of parafins , CH4 and H2 in Figure 4.
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The optimal yields of C2H4 and C3Hé 31% and 11.4% by weight, were obtained at 760°
C and 700°C respectively ,in the Inconel reactor, for a steam to gas oil mass ratio equal to 2
and a residence time of ~0.33 sec.

100
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Yield (wt. %)
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FIG. 1. Influence of temperature of gas oil steam cracking on Itquzd and gaseous product
yields in an Inconel reactor for a dilution ratio ~2.
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FIG. 2. Deposits versus temperature evolution of atmospheric gas oil cracked in an Inconel
reactor for a dilution ratio ~2.
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FIG 3. Influence of temperature of an atmospheric gas oil steam cracking on yields of
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olefines , in a Inconel reactor for a dilution ratio ~2.
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FIG 4. Influence of temperature on paraffins and H2 distribution of an atmospheric gas oil
cracked in a Inconel reactor for a dilution ratio ~2.

The yield of C4H8 increase with temperature and reach a maximum of 6% at 730°C.

For temperatures higher than the above the yield of C4Hg declined. CsH10 increases

monotonically when the temperature increases.
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As Figure 4 shows, the yield of CHy increases with temperature to a maximum of ~16%
at 740 C. In opposite, H2 shows a high rate increasing in the yield for temperatures >760 C
and allow rate increasing for temperatures <760 C. Yields of C2Hg shows a maximum of
2.2% at 730 C. .

Liquid products yield decreases with temperature as Figure 1 shows. They consist of
high carbon aromatics and their appearance changes with the pyrolysis temperature increase
from transparent become black at higher temperature. At 650 C they consist of paraffins, 27
% of paraffins contained in the raw material are converted in products; of cycloparafins,
30% of condensed naphthenes contained in the gas oil are converted and aromatics. As we
can notice (Table X) ,above 700 C they are mostly consisted of aromatics (95% by weigh),
and all paraffins contained in raw material are converted in products.

MEPIAHVH

AIASAAZH ME ATMO TOY AEPIEAAIOQY

Melpdpata mupdluong twv aepLehalwv mapousia atuold npaypatontoLn-
fnkav o€ €pyacTtnplLakh kAlpaka péoaoe cwAnvwtd avriidpacthpa inconel
600, phkoug 4 pétpwv kar drapétpou 4 XLALOOTOUETPWY.SKOTOC hATav
0 kabopLoudc tng emnidpaocng tng Bepuokpaciag eml Tng napaywyfic oAe=
eLvOV kaL Lditaltepa arBuAeviou KaL va eupeBel n olvBeon Twv LYPOV
npoltévtwv. H kaAh{Tepn andédoon alBuleviou, 31% katd Bapog mpofku-
Ve ge 760°C, xpévoc mapapovic 0.33 devtepbAenta kat oxéon pagag
atpol mpo¢ aegtehalou LooUtal mpo¢ 2. Ta uypd mpoldvia tng mupdhu-
onc ouviotavraL and apwuatLkEC eviosLg uPnAfng meplLekTikdTnTAG OF
dvbpaka, L8Laltepa Gvw Tng Bepupokpaciag mupdAuang 700°C.AnoBépata
KWK EML Twv TOLXWUAT@OV kaL Tng £%6Bou Tou aviidpacThpa ATAvV OU-

pavTLka,

Conclusion.

The aim of this study was to obtain experimental data on the pyrolysis of an
atmospheric gas oil in an Inconel reactor of 4m long. Experiments indicated that the best
yield of C2H4, 31% by weight were obtained at 760 C for a mass ratio of steam to gas oil
equal to 2 and residence time of 0.33 sec. The maximum yield of C3H6 (14%) was obtained
at700 C.
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Yields of H2 , CH4 are important, caused by the secondary reactions. Coke deposits
also, appeared very important on the walls and the exit of the Inconel 600 reactor limiting
the heat transfer and increasing the pressure drop. These deposits produced by the
secondary treactions showed the catalytic role of the metal walls (4,7).

The main component of pyrolysis oil are aromatic hydrocarbons, consisted mostly of
naphthalene, alkylbenzene, indane ,tetralin which are not found in large quantities in the raw
material gas oil.
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RESUME
Les auteurs ont préparé un certain nombre d’aryloxy-acétamides et —propanolamines,
substitués sur ’azote et caractérisés par la présence en position 2- et 6- du noyau d*une

fonction méthyl et d’un groupement méthoxy respectivement, en vue d’étudier leur
action antiarrhythmique éventuelle.

-Key words

Aryloxy-acétamides et -propanolamines substitués sur ’azote.

PARTIE THE ORIQUE

L’action antiarrhythmique du procainamide' et de diverses propano-
lamines telles que le propranolol’, I’aténolol’, le practolol® etc. est bien connue.
Au cours de ce travail nous avons préparé un certain nombre d’aryloxy-
acétamides et -propanolamines, substitués sur 1’azote et caractérisés par la
présence en position 2- et 6- du noyau d’une fonction méthyle et d’un
groupement méthoxy respectivement, en vue d’€tudier leur action
antiarrhythmique éventuelle. Les produits en question correspondent aux
formules générales I et II. ’

ot NN - N.CHyCH),CH, od  R=H
R2 =N-CH2(CH2)2CH2 :CHz-N-CH2CH20CH2CH2
=-N-CH,CH,OCH,CH, -CH,CH,N CH:
=.NH-CH(CH), . CH;

-NH-CH(CH3)CH,C¢Hs

La synthése de ces dérivés a été effectuée suivant le schéma cidessous.
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Comme produit du départ pour les composés des formules I et IT a été
employé le méthyl-6 guaiacol (I), obtenue par réduction de I’o-vanilline, &
I'aide d’hydrazine, suivant le procédé de Wolf-Kishner’.

Le méthyl-6 guaiacol (1) est traité par I’épichlochydrine, en milieu alcalin,
pour obtenir le produit intermédiaire 2 (epoxyéther non is0l€), qui conduit aux
dérivés de formule générale I par action de diverses amines®.

Pour obtenir les dérivés de formule générale II, on traite le guaiacol I par

Pacide chloracétique’, ce qui donne ’acide méthyl-2 méthoxy-6 phénoxyacétique
(3). M Hirota et G. Hirano® mentionnent ce dernier acide sans pourtant
indiquer ni méthode de préparation ni constantes. L’acide 3 est transformé au
chlorure correspondant (4), par action de chlorure de thionyle, puis au produit
de formule générale II, dans lequel R = (CH;).N(CH;)., par action de
diméthylamino-éthylamine’. Le chlorure 4, traité a2 I’ammoniaque, donne
- ’amide 5 (il n’est pas décrit dans la littérature) et ce dernier, par application de’
la réaction de Mannich’, le composé de formule générale II, dans lequel
R = N-CH2CH2-O-CH,CHo. '

PARTIE EXPERIMENTALE

La structure des produits préparés a été vérifiée par l’analyse élémentaire
et les spectres IR et RMN.

Les points de fusion ont été pris sur un appareil Biichi, en capillaires
ouverts et ne sont pas corrigés, les spectres IR au spectrophotometre Perkin-
Elmer 177 et les spectres RMN a I’aide d’un spectrophotomeétre Varian 90
MHz et Varian 60MHz. Les analyses €lémentaires ont été effectuées par le
Service Central de Microanalyse du C.N.R.S. (Paris), que nous remercions
vivement. Les valeurs trouvées étaient conformes a la théorie +4%.

Methyl-6 guaiacol. 11 est préparé par réduction de l’o-vanilline a I'aide
d’hydrazine, suivant le procédé de G. Lock et coll® avec un rendement de 75%.
Avant d’&tre employé pour 1’étape suivante, le produit est purifié par passage a
travers une colonne de Kieselgel 60 et en éluant par le benzéne. F = 42°C (Litt.
F = 42°C).

(Methyl-2 méthoxy-6) phénoxy-1 pipéridino-3 propanol-2. (I, NRiR; =
-N-CH2(CH,);CHs).

A la solution de 6,9g (0,05mole) de méthyl-6 guaiacol et de 2g (0 J05mole)
d’hydroxyde de sodium dans 20ml d’eau, on ajoute, goutte a goutte et sous
agitation, 8, 6ml (0,1 mole) d’épichlorhydrine. L’addition du réactif terminée,
le mélange est chauffé au reflux pendant 3h. Le produit de la réaction est
refroidi, puis extrait a ’éther et les solution éthérées réunies sont lavées avec
une solution d’hydroxyde é de potassium a 10% puis a Peau jusqu’ a

‘neutralisation. La solution éthérée, séchée sur la sulfate de magnésium
anhydre, puis évaporée a sec, abandonne un résidu huileux (époxyéther), qui
est employé tel quel pour 1’étape suivante. Le résidu est dissous dans 30ml de



222 A. PAPADAKI -VALIRAKI, TH. SIATRA-PAPASTAIKOUDI, G. PAPAIOANNOU

benzene anhydre et 1a solution obtenue est additionnée de 12,75g (0,15mole) de
pipéridine. Le mélange est chauffé au reflux pendant 3h, puis lavé a I'ean
jusqu’ & neutralisation, séché sur le sulfate de magnésium anhydre te évaporé a
sec. On obtient 10,5g de produit (rend. 75%),sous forme de base, qui est
transformée en chlorhydrate (crystallin, F = 133°C).
CisH25sNO;: NMR(CDCl3, 60MHz) 3:0,68-1,83 ppm (m, 6H, 3, 4, 5-piperidine-
H), 1,95-2,85 ppm (m, 6H, 2, 6-Piperidine-H, CH:N), 2,25 ppm (s, 3H, CHs-
Ar), 3,10-4,50 ppm (complex m, 4H, OCH>CH, OH), 3,77 ppm (s, 3H, CH;0),
6,40-7, 15 ppm (m, 3H, aromatic).

Suivant ce méme procédé ont été préparés tous les produits, dont les
analyses et constantes sont rassemblées au tableau 1.

Dans le cas du T5145, le produit final a été isolé par chromatographie sur
" colonne d’alumine et en éluant par le mélange éther de pétrole-éther.

Acide méthyl-2 méthoxy-6 phénoxyacétique 3

Dans le mélange de 13,8g (0,1 mole) de méthyl-6 guaiacol et de 45ml de
lessive de soude a 33% (0,5 mole) on ajoute 18,9g (0,2 mole) d’acide
chloracétique et une petite quantité d’eau (jusqu’a dissolution complete du sel
phénolique formé), puis on fait chauffer le tout sur bain marie pendant une
heure (au reflux), on refroidit et on acidifie avec ’acide chlorhydrique
concentré. L’acide (3), qui précipite, est essoré, lavé 4 I’eau et recristallis¢ dans
le mélange benzéne-éther de pétrole. Rend. 82%, F = 102°C.

(Méthyl-2 méthoxy-6 phénoxy) acétamide 5.

Le mélange de 9,8g (0,05 mole) d’acide méthyl-2 méthoxy-6 phénoxyacétique
(3) et de 42g (27ml, 0,35 mole) de chlorure de thionyle est chauffé sur bain
marie pendant 2-3h au reflux. L’éxceés du chlorure de thionyle est ensuite
éliminé par évaporation sous pression réduite a ’aide de benzéne anhydre. Le
chlorure de I’acide 3 ainsi obtenu est ajouté par petites quantités dans un exces
d’ammoniaque et I’amide formé est essoré; lavé et recristallisé dans 1’éthanol.
Rend. 54% (5,5g) F = 99°C.
Analyse C10H13NO3 Calc.% C 61,53 H 6,71

Tr. % 61,38 6,70

a-(Méthyl-2 méthoxy-6 phénoxy)N-morpholinométhyl-acétamide (11, R =
-CH,N(CH.),-O-CH>-CH>). )

On charge un ballon 1,95g (0,01 mole) de ’'amide 5, 0,51g (0,017 mole) de
paraformaldéhyde, 2,1g (0,017 mole) de chlorhydrate de morpholine, 2-3
gouttes d’acide chlorhydrique concentré et 15ml d’éthanol. Le mélange est
chauffé au reflux pentant Sh, puis le solvant est éliminé sous pression réduite et
le residu jaunatre alcalinisé 4 ’aide d’une solution d’hydroxide de sodium a
10% et extrait a I’éther. les extraits éthérés réunis, lavés a Ieau jusqu’ a
¢élimination de I’exces de la morpholine, séchés et évaporés a sec sous pression -
réduite, abandonnent 1,44g de base (rend. 49%), qui est transformée en
chlorhydrate (F = 133°C, acétone).
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C1sH2:N204 RMN (CDCI; 90 MHz) 6:2,30 (s, 3H, CHs), 2,65 (t, 4H, AxX,,
Jax = 5Hz, H morpholiniques-3,5), 3,71 (t, 4H, A:X>, Iax = 4,5 Hz, H
morpholiniques-2,6) 3,88 (s, 3H, CHs0), 4,26 (d, 2H, AX», Iax = 6, 5Hz,
NH-CH;N), 4,45(s, 2H, OCH.CO), 6,70-7,12 (m, 3H, aromatic) 7,35-7,80 (s,
large, 1H, NH).
Analyse CisH:CIN,O4 Calc. % C 54,46 H 7,01

Tr.% 5434 696

a-(méthyl-2 méthoxy-6 phénoxy)-N-diméthylaminoéthyl-acétamide (II,
R=-(CH2)2-N-(CH3)2

La solution de 5,5g (0,026 mole) de chlorure de méthyl-2 méthoxy-6
phénoxy-acétyle dans 20 ml d’acétate d’éthyle, refroidie a -5°C, est
additionnée, goutte & goutte et & une température n’excédant pas le 0°C, d’une
dolution de 3,6g (0,028 mole) de B-diméthylaminoéthylamine dans’ 10ml
d’acétate d’éthyle, puis le mélange est laissé au repos pendant 1-2h 2 la
température ambiante. Le chlorhydrate de I’a mide ainsi formé est essoré et
recristallisé dans le mélange acétone-éther. Rend. 44% (3,4g de sel.). F = 157-
$°C. C14HoN20s NMR (CDCls, 60Mz) : 1,75-2,94 ppm (m, 2H, CH,N CP;IZ* ),
2,25 ppm (s, 6H, (CH;):N), 3, 10-3,65 ppm (m, 2H, CONHCH2>), 3,78 ppm (s,
3H, CH;0), 4,37 (s, 2H, OCH.CO), 6, 5-7, 8 ppm [m, 4H, aromatic, NH)
Analyse C14H23N,0Cl Calc. % C 55,54 H 7,60

Tr. % 55,35 17,43

SUMMARY »
Synthesis of some new N-substituted aryloxy-acetamides and -propanolamines.

In this study some N-substituted (2-methyl-6-methoxy) phenoxy-
axetamides and -propanolamines were prepared. The  acetamides were
prepared from (2-methyl-6-methoxy) phenoxyacetic acid which was converted
into the corresponding chloride. The latter either reacted with dialkylaminoalky-

TABLEAU I (Méthyl-2 méthoxy-6) phénoxy-1 amino-3 propanols-2 substitués
sur I’azote.

Analyses
Calc. Tr.

R] Rendement _i‘———r%_

R N 9% (en base) No Sel Formulebrute F'C C H C H

2
-N-CH(CHz);CH, 75 Tsia Chlorhydrate  CisHasNO;CI 133 60,84 830 60,82 8,23
-N-CH,(CH,),CH, 80 Ts137 Chlorhydrate  CisH:NosCl 78 59,09 8,90 58,80 8,36
-N-CH,CH,OCH.CH, 70 Tz Chlorhydrate  CisH2NO.Cl 88 56,68 7,61 56,60 7,39
-N-CH,CH,OCH,CH; - Tsizr Picrate CartaNiOur 167 49,41 5,13 4945 501
-HN-CH(CHs). 78 Tsizs Chlorhydrate  Ci4HauNO;Cl 93 58,02 835 57,55 841
*C¢Hs-CH,CH-NH- 60 Tsus Chilorhydrate  CioHzsNO;Cl 158 65,65 7,71 65,57 7,70

CH3

(*) La base est purifiée par chromatographie sur colonne d’alumine et en éluant par le mélange éther de petroleéther (2:1).



224 ‘A. PAPADAKI.-VALIRAKI, TH. SIATRA-PAPASTAIKOUDI, G. PAPAIOANNOU

iamine or was conveited into amide which was subjected to the Mannich
reaction. The propanolamines were prepared from 6-methylguaiacol by its
reaction with epichlorhydrin and then with different amines. The above
compounds were synthesized to test for antiarrhythmic action.

INEPIAHYH
Zbvbson pspicdv véov N-vmokateotnuévev apvAobv-axetomdiov kot
TPOTAVOALQULIVAYV.

2NV €pyacio GuTH TOPACKELACTNKAY HEPLKA LTOKOTEGTNUEVE GTO
aloto (2-ueburo-6-uebofv)-povolu aketopidie kol mpomavorauives. Ta
axketopidio. mapacksvdotnray and to (2-peBuro-6-pebdolv)-pavolvoéikd
ofb d1a peToTponic Tov ot YAWPISLo KoL EMEPAcENG HE StakicvAaptvoalky-
hapivn 1 petotpomng tov Ylwpidiov o apidio Ko EQUPPOYIC TG
avtidpdoswg Mannich. Ot mpomavolauiveg TAPACKELAOTNKAY ONO TNV
HeBLLO-6-yOoLOiokdAT, S1° eMdpdoewe pe emyAmpudpivn Kol 6T CUVEYELL
pe d1GQpopeg apiveg.

Ta ropdyoye avtd mapackevdotnkay yio va gEgTacTovV Y1 TUYGV
avTiappuBuiky dpdon. '
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SUMMARY

N-SUBSTITUD 2-AMINO-5{(2-METHOXY-6-METHYLPHENOXY)METHYL]-
1,3,4-THIADIAZOLES.

The synthesis of 'some new N-substituted 2-Amino-5 [(2-methoxy-6-
methylphenoxy) methyl]l,3,4-Thiadiazoles and the synthesis of the 2-[c2-
methyl-6-methoxyphenoxy)methyl]- 6-p-bromopheny-lmldazo-[Z 1-b]1,3,4thia-
diazole are described.

Five from these compounds have been rested for their antimicrobial
activity.

Key Words: activité antlmlcroblenne N-substitué 2 amino-5-alkoxy-thia-
diazoles.

RESUME

Les auteurs décrivent la synthése de quelques amino-2-[(méthoxy-2-
méthyl-6-phénoxy) méthyl]5-thiadiazoles-1,3,4 N-substitués, ainsi que la
synthése du [méthyl-2-méthoxy-6-phénoxy)méthyl]2-p-bromephényl-6-imidazo
[2,1-b]-thiadiazole-1,3,4. Cinqg de ces produits ont &té testés pour leur action
antimicrobienne éventuelle. -

" Le noyau du thiadiazole-1,3,4 bisubstitué en positions 2- et 5-, est
retrouvé dans plusieurs produits dont I’action pharmacologique varie suivant
la nature des substituants (antispasmodique®?, anticholinergique®®,
antimicrobienne®”, antifungorale®”, antivirale®). Ceci nous a incités. 2
préparer une série de dérivés du thiadiazole-1,3,4 qui ont été testés pour leur
action antimicrobienne éventuelle.
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Les produits préparés correspondent a la formule générale:

—N
-—CHZ——ISJ—X
CHy OCH3
dans laquelle X :—NHSOZ—-O—'CHa I
—NHCO —O—R (R=Ql,cHy,0cH;) T[,I0,IV
—NHCO — Adam Y
- N=C H‘% Y[
CH2
-—N=CH—©—OH Al

Comme matieré premitre pour la synthése des produits précédents nous
avons employé I’amino-2-[(méthoxy-2-méthyl-6-phénoxy)méthyl}-5-thiadiazole-
1,3,4 (3), qui n’est pas décrit dans la littérature et dont la préparation a été

réalisée suivant le schema 1:

OH OCHZCOOH
OH C\©,0¢H3 HyNNH, C*’:4\<j°<="'3 CICH, COOH,
1 N—N
NNH(“.—-NH; —c”2_l Ay .
n.Hy SO, - CHy
3

Schéma 1
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La réduction de I’o-vanilline & I’aide d’hydrazine (selon Wolf-Kishner®)
conduit au méthyl-6-guaiacol (1), qui, sous I’action de ’acide chloracétique en
milieu alcalin, donne I’acide méthyl-2-méthoxy-6-phénoxyacétique (2). Ce
derniér, chauffé 2 80-90°C avec le thiosémicarbazide, en présence d’acide
sulfurique cncentré (suivant un procéde de Chubb et Nissenbaum™, qui est
appliqué a des acides aliphatiques), donne I’amino-2-thiadiazole-1,3,4
substitué en position-5 (3). Nous avons préféré ce procédé car il nous
fournissait le produit désiré avec un rendement satisfaisant, ce qui n’était pas le
cas avec les autres procédés consistant au chauffage du chlorure de I’acide avec
le thiosémicarbazide, en présence de trichlorure de phosphore!'>!®,

L’action du p-tolugnesulfochlorure sur le composé 3, en présence de
pyridine, conduit au produit I. Les produits II-V ont été obtenus par action des
chlorures appropriés, fraichement préparés, sur le composé 3, en présence de
triéthylamine dans le chlorure de méthyléne™®. Les produits VI et VII ont été
obtenus selon le procédé de préparation des bases de Shiff, soit, en chauffant le
composé 3 avec les aldéhydes appropriés en présence d’éthanol et ont été isolés
sous forme pure apres passage a travers une colonne de gel de silice (éthanol) et
¢élution au benzéne.

Le fait que quelques dérivés analogues de I’imidazo[2,1-Bj-thiazole
présentent une action antelminthique intéressante’” nous a donné I'idée de .
préparer un dérivé de I'imidazo[2,1-B] thiachiazole-1,3,4 le produit 5 selon le
schéma suivant:

- 4 -
N—N—C CO—@—Br
COCH., Br cH, —U L, k:

2 c S NH. HBr
s v —g™
4
Br -

e —;@1}@—"'
I

Schéma 2
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La synthése du composé 4 a été réalisée suivant un procédé décrit par
M.A. Eldawy et al® pour les produits analogues, tandis que le dérivé 5 est
obtenu en traitant le composé 4 par le corbonate neutre de potassium anhydre.

PARTIE EXPERIMENTALE

La structure des produits préparés a été vérifiée par I’analyse €lémentaire
et les spectres IR et RMN.

Les points de fusion ont été pris sur un appareil Biichi, en capillaires
ouverts et ils ne sont pas corrigeés, les spectres IR au spectrophotometre Perkin-
Elmer 177 et les spectres RMN a I’aide d’un spectrophotomeétre Varian 80MH).
Les analyses élémenttaires ont été effectuées par le Service Central de
Microanalyse du CNRS (Paris) que nous remercions vivement; les valeurs
trouvées étaient conformes a la théorie +49%.

Amino-2-[(méthoxy-2-méthyl-6-phénoxy)méthyl]-5-thiadiazole-1,3,4 (3)

Le mélange de 6g de I’acide 2 (0,03 mole), de 2,28 g de thiosemicarbazide
(0,025 mole) et de 3,15 ml I’acide sulfurique concentré est chauffé pentant 7
heures 2 85-90°C, sous agitation, puis traité 2 chaud avec de petites quantités
d’eau. Les solutions aqueuses réunies sont alcalinisées & I’ammoniaque et 1¢
produit solide, qui se sépare, est essoré, lavé a l’eau et recristallisé dans
I’ethanol. On obtient 4,2 g du produit 3. F° 203-4. Rndt. 56%.

Analyse: C11H13N3SO; Calc. 9% C: 52,57 H: 5,21 N: 16,72
Tr. % C: 53,01 H: 5,28 N: 16,50 .
Spectre IR— Absorption a 3290 cm™}(-NH_).

(p-Toluénesulfonamido)-2-[(méthoxy-2-méthyl-6-phénoxy)méthyl]-5-
thiadiazole-1,3,4 (3a)

La solution de 0,95 g de p-toluénesulfochlorure (0,005 mole) dans 2,5 ml
de pyridine anhydre est ajoutée, lentement et sous agitation, a une solution de
1,25 g de produit 3 (0,005 mole) dans 2,5 ml de pyridine. Le mélange est
abandonné pentant la nuit 4 la température ambiante, puis additionné d’acide
chlorhydrique 6N en excés. Le produit brut qui se sépare est redissous dans
une solution aqueuse d’hydroxide de sodium, précipité de nouveau a ’aide
d’acide chlorhydrique, essoré, lavé et recristallisé dans I’éthanol. On obtient
0,5 g du composé 3F° 119-120. Rndt. 31%.

Analyse: C18H19N3O4S2 Calc. % C: 53,32 H: 4,72 S: 15,81
' Tr. % C: 53,39 H: 4,66 S: 15,61

- (p-Chlorbenzoylamino)-2-[(méthoxy-2-méthyl-6-phénoxy)méthyl]-5-
thiadiazole-1,3,4 (3b).

La solution de 1,25 g (0,005 mole) de produit 3 et de 0,6 g de triéthylamine
(0,006 mole) dans 10 ml de chlorure de méthyléne est additionnée goutte 2
goutte de 1,05 g (0,006 mole) de chlorure de p-chlorobenzoyle 2 la température
ambiante. Le mélange est abandonné pendant 30 min., puis additionné d’une
petite quantité d’eau et agité. Aprés décantation de la couche aqueuse, on
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ajoute sous agitation une nouvelle quantité d’eau, qui est A son tours éliminée
par décantation. L’addition d’une petite quantité de benzéne au résidu
provoque la séparation d’un produit solide, qui est recristallisé (difficilement
car trés peu soluble) dans le mélange méthanol/éthanol. Les produits qui
figurent dans le tableau I ont été obtenus suivant le procédé qui vient d’ étre
décrit.

Les spectres IR de ces produits ont montré des bandes de forte absorption
4 1670-1650 cm ™! (C = O) et 4 3150-3140 cm ! (NH).

C1sH16N3S0;CI1(3b) RMN(CDCls) 8(ppm):2,31(s, 3H, CHs), 3,90(s, 3H,
OCH.), 5,35(s, 2H, CH»0), 6,65-7,64 (m, 8H, H aromatiques, NH).

Le tableau I comprend les constantes, les rendements et les résultats de
P’analyse élémentaire des produits ainsi préparés (3b, 3c, 3d, 3¢).

Base de Schiff du produit 3 avec le méthylénedioxy-3, 4-benzaldéhyde (3a).

Le mélange de 1,25 g de produit 3 (0,005 mole) et de 1,5 g de
méthylénedioxy-3, 4-benzaldéhyde (0,01 mole) dans 100 ml d’éthanol est
chauffé a reflux pentant 6 heures. Aprés ’évaporation de 1’éthanol on fait
passer la solution éthérée du résidu a travers une colonne de gel de silice.
L’€lution est faite & 1’aide de benzéne. On obtient 1 g de produit pur, sous
forme de cristaux jaunes, qui recristallisé dans I’éthanol, fond a 107-8° C.
Rndt. 53%. ’
Analyse: C1sH7N304S Calc. % C: 59,52 H: 4,47

Tr. % C: 59,62 H: 4,75

RMN (CDClL) & 2,22 ppm (S, 3H, CH3), 3,80 ppm (S, 3H, CH30), 5,27 ppm
(S, 2H, OCH>), 5,99 ppm (S, 2H, OCH:0), 6,60-7,80 ppm (dm, 6H, H
aromatiques), 8,73 ppm (S, 1H, CH = N). :

Base de Schiff du produit 3 avec le p-hydroxybenzaldéhyde-(3b’)

Obtenue suivant le procédé décrit plus haut, elle se présente sous forme
d’aiguilles jaunes, qui fondent & 161°C. Rndt. 40%. '
Analyse: Ci1sH7N303S Calc. % C: 60,83 H: 4,82

Tr. % C: 61,35 H: 4,90

Bromhydrate d’imino-2-p-bromophénacyl-3-[(méthyl-2-méthoxy-6-phénoxy)
méthyl]-5-thiadiazole-1,3,4 (4)

La solution de 2,78 g de bromure de p-bromophénacyle (0,01 mole) dans
20 m] d’alcool absolu est additionnée de 2,51 g de produit 3 (0,01 mole) et le
meélange est chauffé a reflux pendant 1 heure. Apres refroidissement, on ajoute
80 ml d’éther anhydre et le précipité formé est essoré, lavé et recristallisé dans
le mélange méthanol/éthanol. On obtient 3,75 g de produit (Rndt 83%), qui
fond 3 194°C. '
Analyse: C19H19N303SBr; Calc. % C: 43,28 H: 3,63 Br: 29,93

Tr. % C: 43,14 H: 3,58 Br: 29,36

Le spectre IR montre une forte absorption & 1710 cm ™' (C = 0).
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[(Méthyl-2-méthoxy-6-phénoxy)méthyl]-2-bromophényl-6-imidazof2, I-f]-
thiadiazole-1,3,4 (5)

1 g du produit précédent (4) est traité avec un exces de carbonate neutre de
potassium anhydre et une pétite quantité d’eau. Le mélange est extrait a ’éther
et au benzéne, les solvants sont éliminés par évaporation et le résidu est
recristallisé dans P’éthanol. F° 155. Le spectre IR a montré ’absence de
groupement cétone.

Analyse: C190H16N302SBr Calc. % C: 53,15 H: 3,76 Br: 18,38

Tr. % C: 53,05 H: 3,78 Br: 18,42
RMN(CDClL;) 3(ppm) 2,30 (s, 3H, CHas), 3,86 (s, 3H, CH:0), 5,23 (s, 2H,
CH;0), 6,58-7,28 (m, 3H, 2-(CH ﬁ6 CH,0) CsH3), 7,35-7 835—? 4H, AA'BB’,
T = Ty = OHz, Jyy=Iaw = 8Hz, P-Br-CeHa), 791 (s, 1H
Action antimicrobienne.

Les composés N° 1L, III, IV, V et VI ont été testés pour leur activité
antimicrobienne vis & vis des espéces suivantes: Staphylococus aureus (ATCC
25923), Esherichia coli (ATCC 25922) et Pseudomonas aeruginosa (ATCC
27853). (Elles sont utilisées comme especes originales pour le test de
sensibilité des différents microbes aux antibiotiques selon la méthode
Bauer-Kirby).

Le teste de Pactivité antimicrobienne a été effectué comme suivant: Des
disques petri (diamétre 9 mm) sont ranplis avec 10 ml de milieu nutritif solide
(Tryptone soya Agar-Oxoid). Le milieu est ensemencé avec une suspension
microbienne qui provient d’une dilution 1/100 d’une incubation de I’espéce
pendant 24 h. A la surface des disques Petri sont déposés des disques de papier
filire Whatman N° 1 diamétre 6 mm préalablement imbibés avec 10 ml de
solution de la substance 4 1’étude dans la diméthylsulfoxyde (DMSO). Apres
incubation pendant 24 h 3 37° C on observe les zones d’inhibition obtenues
autour des disques. "

Résultats:

Aucun de composés étudiés et pour aucune espece utilisée n’adonné une
zone d’inhibition significative. Le composé 3a’ a donné pour la Pseudomonas
aeruginosa une faible zone d’inhibition qui est considerée sans valeur.

IIEPIAHYH

N-Yrnoxateotnpéva-2-Aptvo-5-(2-pebofv-6-peburoparvo&u)peboro-1,3,4-
OsradraloAro.

ITeprypdoetor 7 cuveaon pepticdv véov N-vrokateotnpévev 2-Aptvo-
S[(2-pebou-6-peburoparvov)peburol-1,3,4-0s10d1alorinv kabdE Ko i GUV-
Bgomn tov 2-[(2-pebudo-6-pebolueavov)peBuro]6-p-Bpopoporvuro-pdalo[2,1-
Bl-1,3,4-0c1ad1aloAriov.

[Iévte ond To Tapdyeyo cvtd SokudoTnKoy Y10 Toxdv aviipkpofiaxy
dpdon.
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SUMMARY

In this paper preparation and use of new organoboron complexes of
B-diketones (acetylaceton, 2,4-hexanedione) with dicarbonic-or hydroxy-
acids (citric acid, salicylic acid, oxalic acid) as catalyst in asphalt
oxidation have been described.

Blowing of asphalt sample (Arabian 1ight) treated with catalysts
(Organoboron Complexes) gave interesting results compared to the blowing
of the same sample but in absence of the mentioned catalyst.

The optimisation achieved concerns: reduction of blowing time, re-
duction of losses and also increase of product penetration.

On the other hand, no change in the softening point was observed.

Key words: Asphalt, bitumen, air blowing, oxidation, boron complexes,
catalysts.

IKTRODUCTION

The major objective of this project is optimisation of asphalt pro-
perties in order to receive better and cheeper industrial products.

Today, the largest source of aspha]t1 (bitumen) is crude petroleum
0il (Fig. 1). The crude petroleum enters in a tube at high turbulent
flow and very quickly reaches the appropriate temperature for the initial
distillation processes. It then enters in a fractionating tower where
the lTighter among the volatile components vaporize and aré drawn off for
further refining into naphta, gasoline, kerosene and a wide variety of
other petroleum products.

The described fractionating process gives residue which can also
further be refined by distillation or undergo solvent extraction to pro-
duce asphait. It can also be processed by blowing air2_4 through it at
an elevated temperature to produce air blown asphalt.

The above process produces asphalt with desirable propertiess'6

appropriate for a wide variety of industrial products. These includes
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roofing asphalts, pipe-coating enamels, undersealing asphalts, undercoat-
ings and many other useful products.

PUMPING
nn_n STORAGE STATION

888 LIGHT DISTILLATE PROCESSING
Af - GAsoLINE
———— LIGHT S0t V(NTS

ME DIUM
A ————— DISTILLATE

-y KEROSEN

") £ LIGHT BUFNFR o

——r——m DIESELOL

o mLAhDN e -« {UHRICATING ORS

HER
oiSTILLAT
cuﬂvm FRS
war
HEATER _ rom FRS
E —

RF SIHUUM,

b uu l_l‘"“'i,j
S

e |

T RErmERY

(q ASPHALT CENFNTS

SLOW CURING
CAUTBACK ASPHA1 35
AND #OAD an

SMAY A1SD
PREPARED B DIREC 1
DISTILLATION!

|

BLENDER

i MEQIUM CURING.
\ CUTBACK ASPHALES

AIR
Srmh B oW BLENDER
PIg ! AR —J aspuair
) ‘ g oD, R
§ VL TROLEUM UTHALX ASPHAL TS

BLENDER

ND AND WATER

WATE R@lf%{ EMULSIFIED ASPHALTS

FIG. 1. PETROLEUM ASPHALT FLOW CHART (From "“Introduction to Asphalt"l
Asphalt Institute)

As i11ustrated6 in Fig. 2, air blowing process (continuous or batch)
involves the processing of a vacuum residue (base stock or flux) through
an oxidation tower within the range of 230-270°C while air is passed
through the hot flux.

The batch air blowing we followed for the experimental trials is
graphically illustrated® in Fig. 3.

The properties of produced blown asphalts are discribed by two basic
physical characteristics of asphalt, softening point and penetration.

Softening po1‘nt7 is defined as the temperature at which an asphalt
diskcast in shouldered ring and heated at a controlled rate in a water
or glycerin bath-softens and sags downwards a distance of 25 mm under
the weight of a steel ball of 9.5 mm diameter (Fig. 4). Asphalt does not
have a definite melting point but changes gradually from a solid to a
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Fumes o
Incinerator

Knock-out
Drum

¢ J Asphraet
i
FIG. 2. AIR BLOWING a. Fiuz feed; b. Heat; c. Air; d. Steam; e. Water;

f. Ozidation tower; g. Fumes to incinerator;.h. Knock out drums t. Heat
exchange; J. Blown asphalt.

fluid during an increase in temperature.
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FIG. 3. a. Begin charge and heat; b. End charge; c. Air injection start;
d. Water injection start; e. Air injection reduced, hold test; f. Batch
approved, circulate; g. Air and water off, unload.

8 is defined as the distance in tenths of a millimeter

Penetration
that a standard needle vertically penetrates a properly prepared sample
of asphalt under known conditions of loading time and temperature (Fig.
5). The harder materials are indicated by the Tower number.

The mechanism of oxidation in air blowing of asphalt samples is extre-
mely comph‘catedg'11 and no detailed information is available. As they
believe reactions of the following type can occur:

Air blowing of asphalt in the presence of various catalysts in the
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254mm - .

FIG. 4. SOFTENING POINT TEST FIG. 5. PENETRATION TEST

most of the cases gave: reduction of blowing time and change of the soft-
ening point/penetration ratio compared to that of air blowing in the

12 4 on(111) chlo-
13

absence of catalysts. The most well known catalysts are
ride and phosphorous pentoxide. Boron f]uoridelz, poric acid™~ and acety-
lacetone comp]exes14 had been also used. Working further on air blowing

of asphalt in the presence of catalysts we tested new organoboron comple-

CH2- (C]'Iz) X_R2 R__‘ OH H\
+0, —— + //C— (CH,) R,
0 ,

CH3 CH,

Xes.

1
cp. T2 0 — + H0

Since Dilthey15 and coworkers had studied the reaction of boron com-
pounds with -diketones for the first time, there have been referring ma-
ny corresponding compound516’17. In our study18 for synthesis and techno-
logical applicatiens of new boron complexes with B-diketones and organic
acids (dicarbonic of hydroxy ones) we have synthesized the compounds I,
IT and III. Their synthesis was based19 on the reaction of boric acid
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with B-diketone and a dicarbonic or hydroxyl-acid:

237

acetylacetone + boric acid + citric acid........... I
acetylacetone + boric acid + salicylic acid........ IT
2,4 hexanedione + boric acid + oxalic acid......... II1
CH CH '
3 3
C—0 \\C o} 0
prond = H HO (0]
H ~
c ~— H—C + B + - +2H,0 ———
VAN N\ /' \ ¢ 2 .o
c=o0 C—OH HO OH hno— "¢ 2
/ .
Cotg Ctlg
CH 0] CH O
N 4 N Vi
=0 O~ C C (0] e 0O— C
/ N/ /e \Y
—C B or H-—C ! (:)
N / \ ANEAN
C—0 O0—2¢C C— 0 O0——C
N, N,
CZHS C2H5
II1I 111

These complexes were selected because of their relatively cheep raw

materials, good yields and their different structures.

RESULTS - DISCUSSION

We can summerize-the results of trial application of new organaboron
complexes I, II, III as catalysts in asphalt blowing in the following

table:
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Complex . Blowing time Losses Softening point Penetration

(min) (%) (°c) (0.1 mm,25°C,100g,5sec)
0 44 89 -
* 540 6.8 80 15
I 505 6.5 78 19
11 480 6.3 77 20
111 490 6.5 77 19

* no complex was used

- From the data it is clear that all the three organoborn complexes we
used, gave the same results.

The addition.of 0.5% of a new organoboron complex in asphalt blowing
gives the following results compared with biowing in the abscence of ca-
talysts: ‘

1. reduction of blowing time

2. reduction of losses during blowing

3. increase of penetration of produced blown asphalt

4. no essential difference in softening point of produced blown asphalt.

Consequently we can draw two major considerations:

a. the reduction of blowing time and Tosses give a goed suggestion for
industrial use of new organoboron comp]exes‘in asphait blowing because
of saving energy, increase of produced blown asphalt quantity and reduct-
ion of pollution from the losses.

b. the increase of penetration of produced blown asphalt can give speci-
fied grades of roofing and waterproofing asphalts.

EXPERIMENTAL

A mixture of 80/20: asphalt 80-100 pen (cut 1050-1080), vacuum gas
011 (cut 70-1050) from refining crude oil (Arabian 1ight) in Thessaloniki
ref1nery, was used as f]ux for the trials.

The 0x1dat1on vesse] is 111ustrated in Fig. 6 ;

The 0und1t1ons emp]oyed for the exper1ments are given be]ow
flux quantity for blowing: 25 kg
New organoboron complex (catalyst) quantity: 0,5% in flux;air feeding:
5.3-6.0 cm3 min~! g-!
Temperature during blowing: 235-2400C.
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FIG. 6. OXIDATION VESSEL a. Thermometer; b. Sampling points; c. Air;
d. Air-termperature regulator; e. Losses to knock-out drum for measuring;
fo Fluxs g. Introduction of air into the flux through holes.

PREPARATION OF ORGANOBORON CATALYST

0.67 mol of B-diketone, 0.67 mol of boric acid and 0.67 mol of orga-
nic acid were added together with 500 ml of xylene in a three-necked two-
litre flask. A Dean Stark trap was adjusted to the flask for measuring of
separated water. The mixture was heated under stirring and refluxed until
the total amount of water was separated. Boron complexes were purified by
recrystallization (from acetone for I, from toluene for II, from ether/
acetone for III).

Data for 1 (colorless crystalls):

yield: 68%, m.p.:209-120C.

anal. calc. (%) for C11H13B09: C 44.04, H 4.37, B 3.60; found (%) C 43.85,
H4.30, B 3.50.

IR (in KBr): 1725(C=0), 1575-1540 (C~==C-=C), 1360 (B-0) cm~1l.

UV (in ethanol): Amax(s) = 288 (44.04) nm.

1y NMR (in CD3COCD3): 5 =2.30 (s, CH3CO), 2.72 (s, C(CH2)2), 6.33 (s,
CH) ppm.

Data for II (colorless crystalls):

yield: 67%, m.p. 132-5°C.

anal. calc. (%) for CypH14BO5: C 58.58, H 4.51, B 4.39; found (%) C 58.83,
H 4.55, B 4.28.

IR (in KBr): 1705(C=0), 1575-1550(C+=C===C),1380(B-0) cm™!.
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UV (in ethanol): Amax(e) = 288 (44.01)nm.
1H NMR (in CD3C0CD3): 5 =2.19(s, CH,CO), 6.38 (s, CH of B-dik.)ppm.
Data for III (colorless crystalls):
yield: 38%, m.p. 132-3°C.
anal. calc. (%) for C8H9B06: C 45.33, H 4.28, B 5.10; found (%) C 45.63,
H 4.27, B 5.01. .
IR(in KBr): 1825, 1785 (C=0), 1570-1540(C~=C==C, 1370(B-0) cm
UV(in ethanol): (e) 288 (44.02) nm.
H NMR (in CD COCD ) 9= 1.23(t, 3H, CH3CH2), 2.50(s, CH3C0), 6.62
(s, CH), 9.78 (q, 2H CH CHz)ppm
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NEPIAHUH

NEA OPrANOBOPIKA SYMIIAOKA QX KATAAYTEZ 2THN OzEIAQZH ASQAATOY

2 3

N.A.OIKONOMOY1, B.M.MAMATEQPIIOY™, A.Q.NIKOAAIAHZ

Apuototérero MovenworhuLo Becoaroviung-MoAvtexviri ZxoAR

lTuﬁua MoAuvTLHdy Mnxavundv, Toudag Ervorhiuns & TexvoAoylog Twv Kertaoxeudv
2. . , . . ,

Tunua Xnuureov Mnyaviuwv, TouEag XnuUeLog

3_ ., . . c . ’ .
Tunua ToAuTLxwv Mnyovixwv, Topéoag IZuyxoLvwviwy & Opydvwong

_ 2Tny epyaola authi mepLypdpovtal N mapagkeul kai n xpfion véwv opyavo-
BopLklv ouumAOKwy Twv B-OLKkeTovov (akeTUAAKETOVNG Kal 2,4-gZavodLovng) ue
BLkarBovLKkG i udpuiu- oZéa (KLTpLkd 00, OaALKUALKG 0Z0, oZahikd oEl),
gav kataAlteg otnv ofeldwon tng acgdAtou.

H oZeldwon (plonua pe aépra) delyuatog acedAtou amd Arabian 11ght o=
pougtla Twv ooyuvoBooLva oUUMAOKWY 0av KoToAUTEC,- £300E svaLamepovta Qmno-
TeAEopata oe ouvaLon ue tnv oZeldwon tou (BLou deivpatog aAAd xwplc Tov
KatoAltn.

H BeAtlwon agopd tnv pelwon Tou Xpodvou ofeldwong, tnv pelwon twv anw-
AeLlv kau eniong tnv alinon tng dLeLodutikdTnTag tou TMpoldvtog.

AvtiotoLxa 3ev mapatnenénke aAlayh oto onue(o pudABwong.
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2,3- DISPHOSPHOGLYCERATE; A POTENT PHYSIOLOGICAL
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PLATELET ACTIVATING FACTOR. (PAF), IN VITRO.
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INTRODUCTION

There are evidences that 2,3-disphosphoglycerate (2,3 DPG), an
organic phosphate of the erythrocytes, is a potent in vitro inhibitor of
platelet aggregation induced by ADP, epinephririe, norepinephrine and
collagen (1). On the other hand, 2,3 DPG, acting in concert with
Phospholipase-A, enhances in vitro, platelet aggregation, induced by
ADP, epinephrine and norepinephrine, as well as, induces in vitro
platelet agrregation, in the presence of suboptimal concentration of
Na-arachidonate (2,3).

Platelet Aggregating Factor (PAF), is a potent mediator of
inflammatory and allergic reaction, which induces an irreversible
aggregation of platelets, acting in a very different way than the above
mentioned aggregatory substances (4). There are no, as well, sufficient
evidences for any physiological inhibitor of PAF, so far (5).
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MATERIALS AND METHODS

Rabbit patelets rich plasma (PRP) was prepared according to
methods previously described (4). PRP was aspirinated in order to
inhibit cycloxygenase and treated by CP/CPK a cleavage of ADP. With
this procedure PRP is a very good model for in vitro study of PAF.
action. (4). PAF was diluted in a solution of BSA/saline in
concentrations of 5mg/ml and 10 mg/ml and platelet aggregation was
measured in aliquots of 0.5 ml PRP in a platelet ligh transmission
aggregometer (model 330, Chrono-log Corp) in 370 C under stirring at
1200 rpm. 2,3 DPG was dissolved in Tris buffer (IM, pH 7.4).

Results and discussion

Results are shown on figure 1 and table 1.

2, 3 DPG, inhibited platelet aggregation induced by 25 pg and
50pg of PAF to a degree proportional to the cocentration of the
substance. (Figure 1).
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Inhibition of the aggregatory effect of PAF, was manifested from
concentrations of 18uM of 2,3 DPG, while complete inhibition was
succeeded in concentrations of 60uM of 2,3 DPG. ( Fig. 1, table 1).

SUBSTANCE CONCENTRATION AGGREGATION
2,3 DPG 6uM 0
2,3 DPG 18uM 0
2.3 DPG ~ 30uM 0
2,3 DPG 60uM 0
PAF 5pg 3
PAF 15pg 39
PAF 25pg 66
PAF 50pg 100
PAF 50pg + 2,3DPG 6uM 8
PAF 50pg + 2,3DPG 18uM 48
PAF 50pg + 2,3DPG 30uM 19
PAF 50pg + 2,3DPG 60uM 0
PAF 50pg + 2,3DPG 6uM 66
PAF 50pg + 2,3DPG 18uM 35
PAF 50pg + 2,3DPG 30uM 14
PAF 50pg + 2,3DPG 60uM 0

Table I:  Percentenge of rabbit platelet aggregation induced by
various concentations of 2,3 DPG and PAF and by
simultaneous administration of the two substances.

Inhibition of Paf induced platelet aggregation by 2,3 DPG, remains
to be explained.

Suggestions concerning action of 2,3 DPG  on cycloxygenase
and/or thromboxane synthetase (3) can not explain our results since in
aspirinated platelets cycloxygenase has been inhibited by aspirin (4).

It is possible that 2,3 might interact with heme proteins on the
outside of platelets plasma membrane. This interaction might be critical
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to platelet responsivenes and be influenced to a significant extend by
2,3 DPG. On the other hand 2,3 DPG may as well, inhibit intraplatelet
glycolysis, which is a very important proccess for platelet aggregation,
induced by PAF (6). There are evidences that PAF plays a role in
thrombosis of vascular disease (7) and platelets of patients with B-
Thalassemia are very sensitive to PAF induced aggregation (8). Since
during hemolysis plasma 2,3 DPG is increased our findings are
indicating that this substance may be a key component, in preventing
PAF induced thrombosis, during such episodes.

SUMMARY

The aggregatory effect of Platelet Activating Factor (PAF) on
rabbit’s platelets rich plasma (PRP), was tested in the presence of
various concentriations of 2,3-diphosphoglycerate, (2,3 DPG).-
2,3-DPG inhibited the aggregatory effect of 25 pg and 50pg of PAF,
in a degree proportional to its concentration, from slight, up to
complete inhibition when concentration of 2,3 DPG reached 60puM.

2,3 DPG may, thus, be a key component, in preventing thrombosis
during intravascular hemolysis.

MEPIAHWH

2,3-Nigwogoyiuvrepird of0: Evag 10xvpbdbs @uoikdés avactodéaé ng
ouykROAANONng aiponeradiwv mov mnpokaiAsitar andé tov [lapayovia
gvepyonoinong aiponetadiov (PAF).

Ayyedog Evayyédov, ZnOpog Kaprapmobvag kai Anpbkpitog
Toouvkdarog *.

Epyacthpia Tleip. Puvoiodoyiag, latpikod Tunpatrog kar Bioxnpeiag *
Xnmrot Tunparog, tov NMavemompiov Imavvivev.

O mnapdyoviag Evepyonoinong Aiponeradiov (PAF) eivar pia and ug
10XVPOTEPES OLOieg MPOKANONG CLOGMPELONS AlponeIaAinv, yia v
onoia 8ev éxer PBpeBei péxpr onpepa amotedeopankdg evBoyevig
avaoctodéag. ‘ o

H np6obeon 2,3-S19magoyiukepikod oféos (2,3-DPG), oe ndolbowo oe
aponetdhia mAdopa  xovikdov (PRP) &Siamotdbnke 6u  mporadef
814@opov -Babyod avactodh Tng GuyKOAANTIKAG Spdong tov PAF ota
Qipomnerdia.
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H avactadukh 8pbon tov 2,3-DPG oin ovoowpevurh &pdon tov PAF
paivetar va eival noootikh, eupavizeta andé cuykevipooeis 6 pM 2,3 -
DPG ka1 yivetar nmdApng ot ouvykevipooseig 60 uyM 2.3-DPG. Ta
gupApaTa auid  gvvnyopodv yia Tnv mOavA NpoCTATELTIKA 8pdon 1oV
2,3-DPG omv npérAnon Bpoppodcswv and 1o PAF, katd mv &idpkeia
QIHOAVTIKOV €NEIC0Sinv.
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