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ON THE INTERACTION OF ADJACENT CYANO AND NITROSO GROUPS 

V .  PAPAGEORGIOU and S. ZLATANOS 

Laboratory of Organic Chemistry, CO Z Zege of Engineering,. University of 
ThessaZoniki, ThessaZoniki 54006, GREECE 

(~ece i ved  June 30, 1986) 

SUMMARY 

The subs t i t u t i on  o f  the halogen atom by a cyano group i n  l -halo-2- 
n i t r oso  compounds and the subsequent i n t e r a c t i o n  o f  the  adjacent cyano 
and n i t r o s o  groups have been invest igated.  Evidence i s  suppl ied t h a t  
hydrogen atoms geminal t o  the halogen and the n i  t roso  groups in f luence  
the mechanism o f  the subs t i t u t i on  reac t ion  t o  the ex ten t  t h a t  i n  t h e i r  
absence a pinacol rearrangement takes place. I n t e rac t i on  o f  the v i c i n a l  
cyano and n i t r oso  groups occurs whenever these groups are no t  bonded t o  
terminal carbon atoms. The i n t e r a c t i o n  leads t o  a py razo l i c  r i n g  as a 
s tab le  intermediate which subsequently rearranges t o  5-amino-isoxazole 
der i va t i ves .  Attempts t o  form l-cyano-2-ni troso compounds i n  one-step 
1,2-addi t i o n  employing n i  t r o s y l  cyanide af forded oxazet idine de r i  v a t i -  
ves. Mechanism i s  proposed t o  account f o r  the products obtained. 

Key words : Cyano and Ni t roso  groups, N-cyano-oxaze-tidine, Ni  t rosy lcya-  

nide. 

INTRODUCTION 

The reac t ion  o f  o l e f i n s  w i t h  n i t r o s y l  conta in ing inorganic  and orga- 

n i c  compounds concerns pure and app l ied  chemistry. The 1,2-addition o f  

NOCl t o  carbon-carbon double bond and the subsequent replacement t o  the 

ch lo r ine  atom by the cyano group may induce rearrangementsly2 and could 

lead t o  isoxazole der i va t i ves  and o ther  important heterocycl  i c  com- 

pounds3~4 paving the way f o r  two-step la rge  scale product ion o f  pharma- 

ceu t i ca l s  from o l e f i n s .  Per t inen t  t o  the i ne rac t i on  o f  the -NO and -CN 

groups i n  adjacent carbon atoms i s  the.presence o f  hydrogen atoms since 

they appear t o  have a profound in f luence  on the mechanism o f  the rea- 

c t i on .  The use o f  ONCN i n  syn the t i c  organic m k t h ~ d s ~ ' ~  opens up the. pos- 

s i b i l i t y  o f  synchronous 1,2-addi t i o n  o f  the -NO and -CN groups sugge- 

s t i n g  poss ib le  e l im ina t i on  o f  undesirable e f f e c t s  by o ther  reactants. 

This paper i s  a  con t inua t ion  o f  previous inves t iga t ions  on the sub- 

s t i t u t i o n  o f  halogen atoms by the cyano group i n  l -ha lo-2-n i t roso com- 

pounds and the i n t e r a c t i o n  of v i c i n a l  n i t r o s o  and cyano I n  

t h i s  i t  i s  a lso  inves t iga ted  the add i t i on  reac t ion  o f  n i t r o s y l  cyanide 

t o  o l e f i n s .  
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EXPERIMENTAL 

Reagents 

The experimental de t a i l s  of the reactions of l-halo-2-nitroso cyclo- 

hexane and 2-halo-3-nitroso-2,3-dimethyTbutane with KCN have been descri- 

bed previousl y 1 r 2 .  l-Chloro-2-ni troso-l,2-diphenylethane was prepared 

by l i t e r a t u r e  methods3. 

Preparation of 2,2-3,s-tetramethy 2-N-cyano-oxazetidine 

Nitrosyl chloride was added5 t o  a s t i r r e d  suspension of dry s i l v e r  

cyanide (2 mol) in dichloromethane a t  -30•‹c. After about 4 min, when the 

reaction f lask  was f i l l e d  with a bluish gas, 2,3idimethyl-2-butene was 

added. The reaction mixture was allowed t o  warm u.p 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 t o  purify fu r the r  the 

pale yellow viscous l iqu id  by fract ional  d i s t i l l a t i o n  f a i l ed  s ince the 

heat applied enhanced i t s  tendency t o  polymerise even under reduced pres- 

sure. IR (Nujol ) :2260 (CZEN), 1360 cm-l 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 A N D  DISCUSSION 

I n i t i a l l y  cyclohexene was selected as an appropriate unsaturated sy- 

stem t o  form the l-cyano-2-nitroso derivat ive in order t o  invest igate  

the interact ion of these groups in adjacent carbon atoms. The f i r s t  step, 

the formation of l -ha lo-2-n i t rosocyc lohexane i s  a straiqhtforward pro- 

cess7. Two reports appeared almost simul taneouslyl,4 deal ing with the 

reaction of l-chloro-2-ni trosoc.vclohexane dimer with KCN. A1 though the 

invest igators  supply evidence t h a t  the chlorine atom i s  replaced by the 

cyano group, the intermediacy of l-cyano-2-nitrosocyclohexane has not 

been proved. Dines and ~cheinbaum4 suqgested tha t  in the presence of 

triethylamine the reaction proceeds via an oxime which then readi ly iso- 

merises t o  3,4-cyclohexano-5-amino-isoxazole (VIII,). However, the conve- 

rsion of l -cyano-2-oximinocyclohexane ( I  I I )  t o  the isomeric forms o f  

3,4-cyclohexeno-5-amino-isoxazole was already reported in the l i t e r a t u -  

re8. 
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The experimental evidence we have on the interact ion of 

vicinal - C N  and -NO groups bonded ' to  carbon with l a b i l e  hydrogen atoms 

favours the formation of a pyrazole derivat ive of polar s t ruc ture  V 1  which 

i s  subsequently converted t o  isomers VIII,,B (Scheme 1).  The formation 

of the pyrazolic r ing bears an analogy with the well-documented in te ra-  

ct ion between pairs  of adjacent - N = N -  and -NO 

Scheme 1 

Furthermore the fragmentation pat tern in the mass s ~ e c t r u m  of the i -  

somers V I I I a , ~  d i f f e r s  subs tan t ia l ly  from t h a t  of the so l id  which. how- 

ever ,  converts t o  VIIIa,a when l e f t  in  the dark f o r  several days. Since 

Dines and scheinbaum4 did not obtain compound V1 when they t rea ted  1- 

chl oro-2-ni troso-cyclohexane with KCN in  the presence of triethylamine, 

i t  i s  suggested t h a t  the reaction miqht uroceed via a l t e rna t ive  routes 

(Scheine i j  . 
Dines and ~cheinbaum4 s t r a t i n g  from e i t h e r  cis o r  trans 2-butene 

obtained 3,4-dimethyl-5-amino-isoxazole in  two steps.  However, t h e i r  a t -  

tempts t o  convert l-cyano-2-methyl - ~ r o ~ i o n a l  dioxime t o  the desired 3,3- 

dirnethyl-5-amino-isoxazole did not prove successful.  On the basis of 
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these observations they sugqested t h a t  an obvious cond i t i on  f o r  the 

format ion o f  5-amino-isoxazoles i n  the presence o f  hvdrogen on the v i c i -  

na l  carbon atoms bear ing the -CN and -NO groups provided t h a t  the carbon 

atoms are n o t  terminal .  I n  order  t o  t e s t  the v a l i d i t y  o f  the above sug- 

gest ion we have chosen t r a m - s t i  l bene and 2,3-dimethyl-2-butene. Treat- 

ment o f  t r a m - s t i l b e n e  w i t h  NOCl and subsequently w i t h  KCN a f fo rded  com- 

pound x , ~  The complete conversion o f  X t o  3,4-diphenyl-5-amino-isoxa- 
+ 

zo le  took several  days, the mass spectrum o f  which lacked the [M-281 

peak. 

1. N O C l  

2. KCN 

The con f i rmat ion  o f  the impor tant  r o l e  o f  the l a b i l e  hydrogen atoms 

suggested t h a t  the py razo l i c  r i n g  s t r uc tu re  might be more s t ab l e  i n  the 

absence o f  hydrogen such as i n  the case o f  2,3-dimethyl-2-cyano-3-nitro- 

sobutane. 

The mode o f  ac t i on  o f  the cyanide i o n  an4 the f a i l u r e  t o  form the 

2-cyano-3-nitroso de r i va t i ve  o f  2,3-dimethyl-butane suggested t h a t  o ther  

r eac t i on  pathways should be sought f o r  i t s  preparat ion. K i rby  and CO- 

 worker^^.^ prepared ONCN and estab l ished t h a t  i t  i s  a powerful e l ec t r o -  

p h i l i c  d ienophi le .  However, as f a r  as we know, no repor ts  e x i s t  desc r i -  

b i n g  1,2-addit ion al though there i s  such a p o s s i b i l i t y  i n  vi:ew o f  the 

s t r u c t u r a l  s i m i l a r i t i e s  (12-14) o f  t h i s  compound w i t h  NOCl and, more 

important,  w i t h  CF3N0. Thus, the r eac t i on  o f  2,3-dimethyl-2-butene w i t h  

ONCN a f fo rded  a ye l low ish  product i n  the mass spectrum of which appear 
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peaks a t  mlz=l40 [M]', 125 [M-cti31 +, 110 [ M - ~ c H ~ ] '  and 84 [M-2cH3-CN]'. 

The presence o f  cyano-group i s  revea led by the  s t rong  absorpt ion a t  

2260 cm-l  w h i l e  t h e  band i n  the f i n g e r p r i n t  reg ion  a t  1360 cm-l i s  a t -  

tri buted t o  t h e  oxaze t id ine  r ing15.  Contrary t o  expecta t ions,  t h e  e v i -  

dence suggests t h a t  the  most l i k e l y  s t r u c t u r e  i s  t h a t  o f  2,2,3,3-tetra- 

methyl-M-cyano-1,2-oxazetidine (XVI). Thus, a1 though an 1,2-addi t i o n  

takes p lace  i t  o n l y  i nvo lves  t h e  NO group. A p l a u s i b l e  exp lana t ion  i s  

the  o u t l i n e d  mechanism. 

Me 
/ Me 

Me Me Me Me 
\ \ 

__* C - C  - ' C - C  
/ / 

-A /TF\ 
Me +N: Me Me' 1 f P M e  Me 'I . N = o :  I \  Me 

II " / 'A+ 
: 0: :Or 

X I  I XI11 X I V  

Me Me Me Me 
\ / \ / 

C - C  CN- - C - C  

'I I \  
Me :N-0;  Me Me N-0. 

+ 
I 

The v i s c o s i t y  o f  t he  l i q u i d  increased a f t e r  a few hours w i t h  subse- 

quent l o s s  o f  i n t e n s i t y  o f  t h e  1350 cm-l band, w h i l e  no change was e v i -  

dent i n  t h e  absorp t ion  in tens it.^ o f  the  - C s N  band. Changes were a l s o  

observed i n  the  mass spectrum which, when considered i n  c o n j u c t i o n  w i t h  

t h e  i r  spectrum, suggest t h a t  d i s t r u c t i o n  o f  t h e  o x a z e t i d i n e  r i n g  occurs 

and a polymer i s  formed w i t h  -N(CN)-0-C-C backbone. Although t h e  oxaze- 

t i d i n e  d e r i v a t i v e  and t h e  polymer m e r i t  f u r t h e r  i n v e s t i g a t i o n ,  i t  i s  

beyond t h e  scope o f  t h e  present  study. 
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M&h&TfiBq~av q av r~~a -cao raon  ahoydvou an6 Tnv Kuavo oua6a a& l-ahovo- 

vo-2-v~rpw60 & v h o & ~ g  KaL q ~ E T ~ ~ E L T ~  ahhqheni6paoq rwv Y E L ~ O V L K ~ V  KUQVO- 

KaL V L T P W ~ O -  O U U ~ W V .  I I ap i~ovra t .  o r o ~ x ~ i a  ~ T L  q napouaia u6povdvou ora 

6ropa avBpa~a nou ixouv ahoy6vo fi r qv  Kuavo- opa6a & n n ~ e a T & ~  rov  vqxa- 

ouabwv & n ~ - c & h a i r a ~  ~ ~ 6 o d v  6&v & i v a ~  npooaprnuivsg o& a ~ ~ a i a  broua Uv8pa- 

Ka. And rqv  ahhrlh~ni6paoq ~ ~ O K ~ T E L  n u ~ a < o h ~ ~ d c  ba~r15h~og wg ota8&gb 

av6~husoo npoxdv nou o rq  o u v i x ~ ~ a  u & r a o x q ~ a r i T & r a ~  a& napbvwya rou  5-a- 

ULVO ~ooE,a<ohiou. IIpoon$3&~a a x ~ u a r ~ o ~ o O  l -~uavo-2 -v~ tpw6o-~vboswv  o~ 

i v a  o s d 6 ~ o  BE 1 ,P-npooefi~n rou  ONNC t6woe napaywya rqg  oE,aS&r~6ivqf. flpo- 

- c& l vov ra~  vqxav~ouo i  o ~ q p a t ~ o y o ~  rwv Aa~Bavouivwv npoL6vrwv. 
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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 

Depaatment of Chemistry, University of Ioannina, Ioannina 451 10, 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, M'n, Sr, AI, Pb, Ba, and As, using ICP-emission spectroscopy, were 
determined in industrial wheys from feta and kefalograviera cheeses as well as ir~ 
myzithra (cheese from whey) serum. The two cheese wheys did not show significant 
differences in composition between them. The myzithra serum contained essentiaIly 
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 poUution3. 

The various methods of whey utilization2.4, especially the current trends 
employing microorganisms, such as those producing single cell proteinSJj, ethan017~8 
and other productsg9l0 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 "DODONI' 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 I. Spectral lines and detection limits in sample using ICP-emission 
spectroscopy. 

Element Spectral lines Detection limit in sample 

(m) @pm) 

The solid residue was determined gravimetrically at 100-1050C 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 method11 for milk using chloramine T 

after deproteination. Ash was determined by dry ashing at 5500C12. Elements were 
determined by ICP-emission spectrometry. This method which provides an excellent 
sensitivity along with multielement determination capabilitiesl3, has been previously 

applied to milk analysisl4.15. A Philips ICP-source model PV 8490 was used. 
Spectrometric conditions were as follows: 

burner: Universal type 

Plasma Argon: 21 llmin 
carrier Argon: 1.2 llmin 
sample uptake: 1.9 mllmin 
nebulizer: cross-flow with peristaltic pump 

Spectral lines ind 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 11. Data reported for the two wheys (Table 11) are within the range of values 
reported in the literature2J6-18. Above values indicate no statistically significant 

differences between feta and kefalograviera wheys (p=0.20). 

TABLE 11. Solid residue, ash, lactose, fat and nitrogen content of wheys and serum of 
myzithra. 

Whey of Feta Whey of Kefalograviera Serum of myzithra 

(WF) % @.W.) (WK) % @W.) (SM) % @.W.) 

Constituent average m average m average 

solid 

residue % 7.79+-0.39* 7.4828.34 7.63k0.17 7.37-7.74 7.5Ok0.22 7.24-7.76 

Ash % 0.49f0.02 0.4820.53 0.5Ok0.02 0.48-0.53 0.50f0.01 0.4 1-0.64 

Lactose % 4.75f 0.21 4.63fi.07 4.8W0.11 4.75-5.00 4.87k0.08 4.77-4.97 

Fat % 0.52k0.23 0.25-0.80 0.42k0.12 0.23-0.55 . 0.0620.04 0.02-0.10 

Nitrogen % 0.232+0.009 0.223-0.245 0.224k0.012 0.212-0.237 0.144k0.024 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 curd2. 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). Howevq 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 11 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 mdk 
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 111. Data indicated similar values of elements for the two cheese 
wheys and the myzithra serum. Results shown in Table 111 

TABLE 111. Elements of wheys and serum of myzithra. 

Whey of Feta Whey of Kefalograviera Serum of myzithra 
(WF) PPm (WK) Ppm ( Q 4  PPm 

Element 
K 
Na 
Ca 
Mg 
P 
Cu 
Fe 
Zn 

average 
124M64.6" 
426.35 43.4 
3 1 1.7k50.5 
90.M16.4 
441.3k49.7 
4.4f 1.1 
16.35 8.7 
108f 61.7 

average 
1127.6k30.6 
442fZ26 
31!&325 
86k6.2 
424.3529.8 
3.43k0.4 
13.7k1.2 
61.3fl8.5 

average 
1235207.6 
468.W369 
284.7k40.4 
95k11.8 
416.7k30.3 
2.45k0.07 
<2 
61.3k25.5 

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

I P P ~ .  
*Errors given are the standard deviation for n=3. 
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are generally within the range of those reported in the literature2J*,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 Hailk used for cheesemaking, on 
seasonal variation, lactation, etc. while possible contamination of milk from the 
containers should not be excluded23.24. 

With regards to the pollution potential of the examined waste by-products, 
preliminary BOD5 detemhations using the Winkler azide modification method25 
gave values in the range of 30,000-80,000 mgA 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 all the three cheese waste by- 
products show that these are good sources of carbon, nitrogen and inorganic 
elements for the growth of appropriate microorganisms. 

ZY2TmH TOY OPOY TQN TYPIQN @ETA KAI KE@AAOI'PABIEPA 
KAOQZ KAI TOY OPOY THE MYZHOPm 

ITEPIAHYH 
IIgou6~oeiuzqxav za: uzeeeb vn6he~ppa, ztcpea, Iaxz6<q, h~no5, a<mo xab za 

cno~x~ ia  K, Na, Ca, Mg, P, Cu, Fe, Zn, Mn, Sr, AI, Pb, Ba xaL As uzov o@ zov T V Q L ~ ~ Y  

q6za xaL xecpahoyeap~bga xa€ lh~  xal uzov og6 z q ~  p,v<t'@~a~ pe cpaapazouxonia 
~ x r c o p j l ~  ICP. H u6uzaoq TOV oewv zov 660 zve~hv+ev epq&v~ue uqpavt~xts 
G~arpoe65. 0 0 ~ 6 5  z95 pvt$ea~ ~ E Q L ~ X E L  ap&h~%ba nou6zqza h h o v ~  xab uqpavc~xfi 
nou6zq~a acdnov av xaL xapqhwzeeq w ' 6 n  OL oeoi zov 660 ZVQL~IV. 0 0 ~ 6 5  z q ~  
pvr;ileea~ ~ E Q L E ~ X E  U~CM[WLX& noua K, Na, Ca, Mg, P xaL Zn av&hoya exeivov zov 
oehv ~ o v  61jo zv~bcbv. ITgozeiveza~ 6 % ~  o 0 ~ 6 5  zq; p,v<q€leag pxoesi va evuopazo~~ i  
azovg o p 6 ~  zov 660 T V Q L ~ V  yla neeatxtgo fhopqxav~xfi aE~onoiqaq Z.X. vx6uzppa 
avhzvEq5 p~xeooeyav~uphv. 
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EFFECT OF VERY LOW FLUORIDE CONCENTRATIONS ON THE ELECTROCHEMICAL 

POTENTIAL OF THE ORAL CARlOGENlC BACTERIUM STREPTOCOCCUS MUTANS - 

A RADIOTRACER STUDY 

N. PSARROS and H. DUSCHNER 

Fachbereich Physikalische Chemie - Kernchemie, Philipps-Universitat, Hans-Meerwein- 
Strape, W-3550 Marburg 

(Received March 3, l 991 ) 

SUMMARY 

The effect of fluoride on the metabolism of S.mutans was studied by radiotracer de- 
terminations of the intra/extracellular 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 cells. 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 low concentrations, beginning in the ppm range. 

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

INTRODUCTION 

The radiotracer isotope leF can be obtained in ionic form, carrier free or with high 

specific activity. The production is based on specific nuclear reactions and subsequent 

radiochemical separation1. Because of the relatively short half-life of the nuclide 

(1 09 min), the prpduction 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 

natural background concentrations found in physiological media (some 0.01 ppm). Con- 

sequently, the addition of 1aF tracer is without effect on the natural background 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 Smutans, the intra/extracellular distribution data obtained under 

these conditions are inevitable for better understanding fluoride interactions at higher 

concentrations. 

Fluoride is assumed to interfere 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/extracellular distribution of selected 14C-labelled indicator ions, which should be 

taken up by the cell non-specifically. Consequently, these ions should have large solvation 

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 qnion of the weak 

acid 5,5-dimethyloxazolidine-2,4-dion (DMO-) as indicator for the pH gradient and the 

tetraphenylphosphonium cation (TPPt) as indicator for the electrical gradient (Ay) Be- 

cause of its lipophilic characterthis cation penetrates the boundary between extracellular 

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 Smutans. 

MATERIALS AND METHODS 

Growth of the bacteria 

Smutans FA-l (serotyp'e b; S.rattus) obtained in lyophilized form (Behring-Werke, 

Marburg) was grown as described previouslyl. 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 experiment1. 

Lysozyme treatment 

Lysozyme treated cells were obtained according to Chassys. Bacteria were incuba- 

ted with a solution containing 0.1 M Tris-buffer (pH 8.2), l mg/ml lysozyme (20,000 

U/mg) and 12% polyethyleneglykol (MW 200) for stabilization. Lysis was not observed du- 

ring this process. 
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lntracellular water volume 

The intracellular water volume was determined by the HT0/14C-dextrane exclusion 

method3. It was 47.5 k 8% of the cell wet weight for whole bacteria and 47 + 6% for lyso- 

zyme treated bacteria. 

Determination of  the pH gradient 

Cells were incubated for 5 minutes at 37OC with buffered solutions (pH 3.4 - 9.2) 

containing glucose (8*10-4 M), 4.51 1 0-2 M NaCl (whole cells) or 0.38 M polyethylene- 

glykol (lysozyme treated cells) and the radioactive labelled species. The concentrations of 

fluoride (added as NaF) used for the incubations were: natural background (approx. 1 0- 

8 M), 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 tw3 acids are 3.2 and 6.2 respectively. Nearly carrier free f8F in 

ionic form was obtained by a procedure developed in this this laboratoryl. All other radio- 

active species were used in commercially avail?ble form (Amersham-Buchler). 

After equilibration (5 min), cells and supernatant were separated by centrifugation 

(1 1,000 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 21 2R). The remaininig 

supernatant was removed by sucking with a water jet pump. The pellets were then sus- 

pended in 1 ml 0.1 5 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-cellular distribution coefficients of the ionic species 

were calculated from these data using the Henderson-Hassdbalch equation6. 

Determination o f  the gradient o f  the electrical potential (by) 

The electrical potential (Ay) between intra- and extracellular spaces of whole and 

lysozyme treated cells was evaluated from the distribution coefficients of the 1%-labelled 

tetraphenylphosphonium cation. Bacteria were incubated (20 min; 37OC) with 1 0-4 M SO- 

lutions of 14C-labelled tetraphenylphosphonium chloride containing none, 1 0-6 M and 

1 0-4 M fluoride. Ay  values were calculated from the distribution data with a modified form 

of the Nernst equation3~7. Problems arise in estimating the amount of the non-specifically 

accumulated TPPt in the lipid layer of the membrane and in other lipophilic compartments 

of the cell378. These amounts of TPPt were assumed to be constant during the present 
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expreriments, so that the data obtained indicate relative differences of Ayr 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; 370C) with 18F labelled solutions of sodium fluoride 

(1 0-4 M; 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 a Sephadex G-25 co- 

lumn (Pharmacia) with 0.5~10-2M Tris-buffer pH 7.6. The '8F-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 

0.5*10-2 M Tris-buffer pH 7.6). the eluate was collected in fractions of 2 ml. The 18F ac- 

tivities were monitored by liquid scintillation counting of 0.5 ml 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 method9. Thus, the determined optical densities are a measure for the total 

protein concentration. In a similar experiment performed without previous fluoride incuba- 

tion, the fractions of the eluent were tested for enolase activity using the assay described 

by Sergmeyerlo. 

For the determination of fluoride bound to membrane proteins, the membrane frac- 

tlon was dissolved in 0 . 5 1  0-2 M Tris-buffer pH 7.6 containing 0.1 % Triton-X-100 and 

processed as described above. In this case 0.1% Triton was also added to the eluent. 

The cell wall fraction was obtained from the supernatant remaining after the lysozyme 

treatments. For this experiment whole cells were incubated with 10-4 M laF-labelled 

NaF. Lysozyme was nearly completely removed from the supernatant by precipitation with 

ammonium sulfate (half-saturated solution). After centrifugation (1 0 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/extracellular 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 values. These are between 3 and 4 for whole cells and between 1 and 2 

for lysozyme treated cells. 

dlmtribution cooff~clont (D) dirtrlbution coefficlont (D) 

IF- tracer 
-,MO- 10- n 

FIG. 1 : ktra/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 equation% 

[A-li 
log D = - = pHi - pHe = BpH (1) 

[A-le 

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

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

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

log D 

FIG. 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 I. As expected for 

monobasic acids the slope of the linear regression is about -1 . Also according to eq. I the 

log D values should equal zero when the pH of the external solution approaches the intra- 

cellular pH (i.e. when ApH = 0) The experimental results show, however. that log O values of 

about zero are observed only for lysozyme treated cells. Whole cells seem to accumulate 

fluoride 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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slope 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/extracellular distribution of fluoride 

cannot be described by equation I. 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). 

dlmtrlbutlon coofflclent 

FIG . 3: Intra/extracellular distribution coefficients (D) of fluoride varsus external pH at va- 
rious external fluoride concentrations (linear plot; pH range: 4.0 - 9.2). Left: whole 
bacteria; right: lysozyme treated bacteria. 

Already at an external fluoride concentration of 1 0-6 M, lysozyme treated bacteria 

are unable to accumulate fluoride. The distribution coefficients are close to 1. The capacity 

of the whole cells to accumulate fluoride decreases when the extracellular concentrations 

increase from the natural background level to 1 0 - 6  or 1 0 - 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 Ayr 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 seems to affect the Ayr in whole cells. Without added fluoride (i.e. at 

natural background concentrations) the A y  value is about -20 mV at a pHe of 4.0. Alt- 

hough the values are fluctuating, a slightlty decreasing tendency is observed when the pHe 

grows basic (Fig. 4). At constant pHe tqc Ayr increases significantly with increasing ex- 

tracellular fluoride concentrations. At pHe 4.0 the A y  of lysozyme treated cells is identical 

to that of whole cells, when the external solution is free of fluoride (about -20 mV). In 

contrast to 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 (1 0-6 M), the electrical 

potential collapses to values below -1 0 mV irrespective of the external pH. 

FIG. 4: Electrical potential (Bp) versus external pH at various external fluoride concentra- 
tions. Leff: who!e 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 f8F activity taken up by the cells at pHe 7.6, about 

2% were found in the cell wall, 1 2% 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-fluoride in- 

teractions. With increasing chloride concentrations some fractions with high fluoride con- 

centrations are coeluted with protein-containing fractions. Enolase (EC 4.2.1 .l 1)  was 

identified in the 0.4 M (400 mM) NaCl fraction (Fig. 5). Nativs-PAGE electropherograms of 

corresponding fluoride-containing and fluoride-free enolase fractions showed the same 

band structure. Autoradiograms of the 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 

nsc l 

FIG. 5 : Elution diagram of the cytoplasmic fraction. 
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The amount of fluoride eluted at low 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). 

100 200 eluatton vol./ml 

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) NaCl two distinct fluoride 

peaks without coincident protein appeared. They presumably contain cell wall fragments 

(Fig. 7). 

FIG. 7: Elution diagram of the cell wall fraction. 

DISCUSSION 

According to eq. I the logarithms of the intra/extracellular distribution coefficients of 

the anions of weak acids should 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. I (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 lysomyme treated bac- 

teria. The somewhat higher D values of the whole bacteria at neutral 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.mutanswith nearly carrier-free solutions of 18F-fluoride (Fig. l )  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 with cellular functions of oral streptococci12 - 17. Under 

these conditions the behaviour of the fluoride distribution coefficents is already divergent 

from that of DMO-. At identical 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 cells can be 

approached by linear regression with a slope of about -0.5 (Fig. 2) indicating, that the 

fluoride distribution does not follow eq. I 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 a!so 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 cytoplasrna were chromatographi- 

cally fractionated after disintegration of bacteria incubated with 18F at pH 7.6. The main 

fraction of fluoride (86%) taken up by the cells is located in the cytoplasrna (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 

enzyme test. 

Minor fractions (7%) of fluoride taken up by the cells are linked to proteins of the 

membrane (Fig. 6). Two fluoride 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 

gradient2. It should be independent from the external concentration of the acid, provided 

that the coimported protons are extruded. However, in slightly acidic external solutions, the 

fluoride distribution coefficients in S.mutanswhole cells de6rease considerably when the 

extracellular fluoride concentrations exceed the natural background level (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 1 0-6 M fluoride cannot 

be compensated completely by the bacteria. Compared with the whole cells, lysozyme 

treated cells are far more sensitive to fluoride. 

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 HtDMO- 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 stageleJ9 and/or a proton translocating ATPase6~zo~zi. 

The nutrients which propel this process, are taken up via mechanisms located in the 

cell membrane, 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 work22. 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 poisoning16 or by dissipation of the 

proton-motive force as a consequence of the inhibition of the glycolytic enzyme enolase. 

However, since the streptococcal enolase has a K i  for fluoride in the range of 4.0 - 
8.0*103 M regardless of the fluoride sensitivity of the strains23, the assumption of eno- 

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

From t h e  r o o t  bark o f  Gossypium hirsutum L.(Malvaceae) 
t h e  fo l l owing  chemical c o n s t i t u e n t s  were i so la ted :4-desmethy l -  
s t e r o l s ,  m e t h y l s t e r o l s ,  t r i t e r p e n e  a l c o h o l s ,  f a t t y  a c i d s  ,gos- 
sypol d e r i v a t i v e s  , sugars  ,amino a c i d s  , s e r o t o n i n  and m u c i l a g e .  
In t h e  p r e l im ina ry  pharmacological  s t u d y ,  t h e  e f f e c t  o f  t h e  
aqueous l e a v e s  e x t r a c t  on mice and r a b b i t  u t e r i  was examined. 

Key words: Gossypium hirsutum L.,Malvaceae, r o o t  bark l e a v e s .  
S t e r o l s ,  gossypol d e r i v a t i v e s ,  s e r o t o n i n ,  amino a c i d s  , s u g a r s ,  
f a t t y  a c i d s  ,muci lage.  

INTRODUCTION 

The c o t t o n  p l a n t  i s  known world-wide f o r  i t s  o i l  and i t s  

f i b r e s .  In medic ine ,  t h e  r o o t  bark of  Gossypium was used i n  

t h e r a p e u t i c s  s i n c e  1840, when Bouchel le  demonstra ted i t s  use  
3  a s  a  popula r  a b o r t i v e  . From exper imenta l  s t udy  on lower 

mammalians i t  was found t h a t  i t  e x e r t s  a  s l i g h t  s t i m u l a t i n g  
1-3  a c t i o n  on t h e  u t e r u s , s i m i l a r  t o  t h a t  o f  e r g o t  . 

Dose: 113.49 of  r o o t  bark b o i l e d  i n  946m1 wate r  t i l l  
2 reduced t o  4731111 ;59ml o f  i n f u s i o n  taken every 20 o r  30 min. ,  . 

As a  popula r  remedy i t  i s  r e p o r t e d  t o  be o x y t o c i c ,  hemos t a t i c  

and v a s o c o n s t r i c t o r 2 , t h e  a c t i v e  component of which has no t  a s  

y e t  been i s o l a t e d 4 . ~ x t e r n a l l y  i t  has been used a s  a l o t i o n  

a g a i n s t  hemorroids2.The scope of  t h i s  paper  i s  t o  s t udy  t h e  

chemical c o n s t i t u e n t s  o f  t h i s  drug and de te rmine  t h e  a c t i v e  

component so  a s  t o  e x p l a i n  i t s  use  and i t s  o x y t o c i c  a c t i o n .  



EXPERIMENTAL 

P l a n t  m a t e r i a l . T h e  c o t t o n  r o o t  b a r k  and  t h e  l e a v e s  o f  t h e  

p l a n t  w e r e  c o l l e c t e d  r e s p e c t i v e l y  i n  Sep tempe r  and  June  i n  

t h e  L e v a d i a  r e g i o n  ( ' ~ r e e c e ) .  These samples  w e r e  d r i e d  i n  a  

c o o l  d r y  p1 ace .  

1. PreZiminary tests ' 

F r e e  amino  a c i d .  Roo t  b a r k  m a t e r i a l  ( 4 0 9 )  was f i n e l y  

powde red  a n d  e x t r a c t e d  on  a  s team b a t h  f o u r  t i m e s  w i t h  a  5 : 2  

m e t h a n o l - w a t e r  vo l ume  s o l u t i o n .  The c o m b i n e d  e x t r a c t s  we re  

e v a p o r a t e d  i n  vacuo  and  s u b s e q u e n t l y  d i s s o l v e d  i n  w a t e r .  T h i s  

s o l u t i o n  was a n a l y s e d  a c c o r d i n g  t o  t h e  C l e a v e r  and  C a s s i d y  

method".  F r e e  amino  a c i d s  w e r e  d e t e c t e d  b y  p a p e r  Ch roma to -  
9 g r a p h y  and  by  T h i n  L a y e r  Ch roma tog raphy  on c e l l u l o s e  p l a t e s  . 

Suga rs .Roo t  b a r k  m a t e r i a l  ( 1 2 0 9 )  was e x t r a c t e d  t w i c e  w i t h  

p o r t i o n s  o f  w a t e r  (200ml  e a c h )  on a  s team b a t h .  The e x t r a c t s  

w e r e  f i l t e r e d ,  c o n c e t r a t e d  i n  vacuo  and  u s e d  f o r  P.C. 8 9 
Y 

T.L.C. a n d  f o r  t h e  p r e p a r a t i o n  o f  a  c l e a r  s o l u t i o n  a n a l y s e d  
6  b y  H i g h  P e r f o r m a n c e  L i q u i d  Ch roma tog raphy  . 

M u c i l a g e .  R o o t  b a r k  m a t e r i a l  ( 2 9 )  was f i n e l y  powde red  and  

m i x e d  w i t h  w a t e r  ( 6 0 m l ) ,  e t h y l  a l c o h o l  ( 4 8 0 m l )  was added  t o  

t h e  f i l t r a t e  a n d  t h e  p r e c i p i t a t e  f i l t e r e d  t h r o u g h  a  Gooch 

c r u c i b l e  w h i c h  was s u b s e q u e n t l y  d r i e d  and  w e i g h e d , T h i s  p r e c i -  

p i t a t e  was h . yd ro l ysed .The  p r i n c i p a l  h y d r o l y s i s  p r o d u c t s  we re  
5,6,8 i d e n t i f i e d  

2.PetroZeum ether extract 

R o o t  b a r k  m a t e r i a l  ( 5 0 0 9 )  wa's e x t r a c t e d  w i t h  p e t r o l e u m  

e t h e r .  E v a p o r a t i o n  o f  t h e  s o l v e n t  y e l d e d  a  r e s i d u e .  The 

u n s a p o n i f i e d  m a t t e r ' '  was f r a c t i o n a t e d  b y  Column Chromato-  

g r a p h y 1 4  and  s u b s e q u e n t l y  b y  T.L.C. 15, T h r e e  bands c o r r e -  

s p o n d i n g  t o  t h e  s t e r o l s , t h e  m e t h y l s t e r o l s  and  t h e  d i m e t h y l -  

s t e r o l s  w e r e  s c r a p e d  e x t r a c t e d  and  f i l t e r e d .  

Q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  s t e r o l s  was e f f e c t e d  

t h r o u g s  Gas Chromatography(F.I.D.,glass co lumn  S E - 3 0 , c a r r i e r  

gas n i t r o g e n  , f l o w  r a t e  30ml l m i n  c o l u m n  t e m p e r a t u r e  230• ‹c ) ,  b y  

i n j e c t i n g  a  s t a n d a r d  s o l u t i o n  o f  a  c e r t a i n  s t e r o l ( e . g .  c h o l e -  

s t a n o l )  a n d  t h e n  t h e  s t e r o l  s o l u t i o n s  e l u t e d  f r o m  t h e  bands .  
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D i m e t h y l s t e r o l s  w e r e  a n a l y s e d  b y  G . C .  1 6 9 1 S , 1 9 . ~ e s m e t h y l s t e -  

r o l s  and  m e t h y l s t e r o l s  we re  i n d i v i d u a l l y  a n a l y s e d  as s t e r o l  

a c e t a t e s 1 6  b y  G.C.-Mass S p e c t r o s c o p y  (beam e n e r g y  78eV 25 -28  
) * 

I n  t h e  s a p o n i f i e d  m a t t e r ;  f a t t y  a c i d s  w e r e  c h a r a c t e r i s e d  as 
2  0  m e t h y l  e s t e r s  b y  G . C .  . 

3.DiethyZ e t h e r  e x t r a c t  

A samp le  ( 5 0 0 9 )  o f  d r i e d  r o o t  b a r k  was e x t r a c t e d  w i t h  d i -  

e t h y l  e t h e r . A f t e r  e v a p o r a t i o n  o f  t h e  s o l v e n t , a  s m a l l  p o r t i o n  

o f  t h e  r e s i d u e  was d rawn  o f f  and  t h e n  a n a l y s e d  by  t w o -  

d i m e n s i o n a l  T.L.C. and  s p r a y e d  w i t h  t h e  p h l o r o g l y c i n e - H C 1  
2  3  r e a g e n t  . 

S p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  o f  mixed g o s s y p o t s  

T h i s  d e t e r m i n a t i o n  was based  o n  t h e  f o r m a t i o n  o f  a  

c o l o r e d  comp lex  w i t h  p - a n i s i d i n e ? 3 ~ h e  t o t a l  g o s s y p o l s  c o n t e n t  

was measu red  a t  t h e  U . V .  a b s o r p t i o n  maxima o f  t h e  c o l o u r e d  

c o m p l e x  compared  w i t h  t h e  o b s e r v e d  a b s o r p t i o n  o f  g o s s y p o l  

s o l u t i o n  o f  known c o n c e n t r a t i o n .  

I s o l a t i o n  o f  gossypol  d e r i v a t i v e s  

The i s o l a t i o n  o f  t h e  g o s s y p o l  d e r i v a t i v e s  and  t h e i r  

p u r i f i c a t i o n  was based  on  t h e  f o r m a t i o n  o f  t h e i r  comp lexes  

w i t h  b o r a x 2 4 .  The g o s s y p o l s  w i t h  a  c i s - d i h y d r o x y l  g r o u p  f o r m  

comp lexes  w i t h  b o r a x 2 4 ,  w h i c h  a r e  s o l u b l e  i n  w a t e r .  Thus 

g o s s y p o l  and  6 - m e t h o x y g o s s y p o l  m i g r a t e  f r o m  t h e  o r g a n i c  

phase,a m i x t u r e  o f  e t h y l  a c e t a t e  i n  hexane  ( 1 : 3 ) ,  t o  t h e  

aqueous phase .  6 , 6 ' - D i m e t h o x y g o s s y p o l  w i t h  t h e  r e s t  o f  t h e  

l i p i d s  r e m a i n s  i n  t h e  o r g a n i c  phase .From t h e  aqueous  phase ,  

t h e  6 - m e t h o x y g o s s y p o l  was e x t r a c t e d  w i t h  an e t h y l  a c e t a t e -  

hexane  ( 1 : l )  m i x t u r e .  

P o r t i o n s  ( 5 0 0 9 )  o f  d r i e d  r o o t  b a r k , ( d r y i n g  was c a r r i e d  

o u t  i n  d a r k n e s s  an.d a t  l o w  t e m p e r a t u r e ) , w e r e  e x t r a c t e d  t w i c e  

w i t h  d i e t h y l  e t h e r .  The c o m b i n e d  e x t r a c t s  w e r e  s u b s e q u e n t l y  

e v a p o r a t e d  i n  vacuo  and  e x t r a c t e d  w i t h  2001111 o f  a  1 :3  e t h y l  
2  1 a c e t a t e - h e x a n e  m i x t u r e  . 

I s o l a t i o n  o f  g o s s y p o l  f r o m  t h e  d r y  r o o t  b a r k . ~ h e  s o l u t i o n  

o f  e t h y l  a c e t a t e  i n  hexane  was e x t a c t e d  f o u r  t i m e s  w i t h  801111 

p o r t i o n s  o f  an .aqueous s o l u t i o n  c o n t a i n i n g  9 %  s o d i u m  c h l o r i d e  



and 1% bo rax .The  o r g a n f c  phase  was k e p t  f o r  t h e  l s o l a t f o n  

o f  6,6'-dimethoxygossypol.The aqueous e x t r a c t s  w e r e  comb ined  

a n d  e x t r a c t e d  ( 4 x )  w i t h  p o r t i o n s  o f  an e t h y l  a c e t a t e -  

hexane  (1 :1 ,150  m l )  m i x t u r e .  The o r g a n i c  phase  c o n t a i n e d  

6 - m e t h o x y g o s s y p o l .  The aqueous  phase  was a d j u s t e d  t o  pH 3  2  1 

a n d  t h e  p r e c i p i t a t e  o f  g o s s y p o l  was d i s s o l v e d  i n  an e t h y l  

a c e t a t e : p e t r o l e u m  e t h e r  ( b . p .  4 0 - 6 0 ' ~ )  m i x t u r e  ( 1 : 3 )  and  

washed w i t h  s a t u r a t e d  s o d i u m  c h l o r i d e  s o l u t i o n  t o  remove t h e  

l a s t  t r a c e s  o f  a c i d .  The o r g a n i c  phase  was t h e n  d r i e d  o v e r  

s o d i u m  s u l f a t e , f i l t e r e d  and  e v a p o r a t e d  i n  vacuo .The  r e s i d u e  

was d i s s o l v e d  i n  e t h y l  a c e t a t e  ( 2 0  m l )  and  c h r o m a t o g r a p h e d  

o v e r  a  s i l i c a  g e l  co lumn,  e l u t e d  w i t h  a  m i x t u r e  o f  e t h y l  

a c e t a t e : p e t r o l e u m  e t h e r  (1 :3 ,200 m l ) . T h e  t o t a l  e l u a t e s  we re  

c o m b i n e d  and  e v a p o r a t e d  i n  vacuo  and  t h e  r e s u l t i n g  r e s i d u e  

was d i s s o l v e d  i n  a  s m a l l  vo lume o f  c h l o r o f o r m . R e c r y s t a 1 -  

l i s a t i o n  o f  t h e  p r e c i p i t a t e  was e f f e c t e d  f r o m  c h l o r o f o r m .  

I s o l a t i o n  o f  6 - m e t h o x y g o s s y p o l  .The o r g a n i c  phase  c o n -  
2 1 t a i n i n g  t h e  6 - m e t h o x y g o s s y p o l  i n  e t h y l  a c e t a t e : h e x a n e  ( 1 : l )  , 

was washed t w i c e  w i t h  a  0 . 1  N  h y d r o c h l o r i c  a c i d  a n d  t h e n  w i t h  

a  s a t u r a t e d  sod ium c h l o r i d e  s o l u t i o n  t o  remove  t h e  l a s t  

t r a c e s  o f  t h e  a c i d .  The o r g a n i c  phase  was t h e n  d r i e d  o v e r  

s o d i u m  s u l  f a t e  , f i l  t e r e d  a n d  e v a p o r a t e d  i n  vacuo.The r e s i d u e  

was d i s s o l v e d  i n  a  s m a l l  vo l ume  o f  e t h y l  a c e t a t e : p e t r o l e u m  

e t h e r  ( 1 : 3 ) , w h i c h  was c h r o m a t o g r a p h e d  o v e r  a  co l umn  o f  s i -  

l i c a  g e l ,  e l u t i n g  w i t h  e t h y l  a c e t a t e : p e t r o l e u m  e t h e r  (200m1, 

1 : 3 ) .  The e l u a t e s  we re  comb ined  and  e v a p o r a t e d  i n  v a c u o , t h e  

r e s i d u e  was d i s s o l v e d  i n  a  s m a l l  vo l ume  o f  benzene  and  

m i x e d  w i t h  an e q u a l  vo l ume  o f  hexane.Recrystallisation o f  t h e  

p r e c i p i t a t e  was e f f e c t e d  f r o m  benzene :hexane  ( 1 : l ) .  

I s o l a t i o n  o f  6 . 6 ' - d i m e t h o x y g o s s y p o l .  The e t h y l  a c e t a t e :  

hexane  ( 1 : 3 )  phase21 was washed t w i c e  w i t h  0 . 1  N  HC1 s o l u t i o n  

and  t h e n  w i t h  s a t u r a t e d  NaCl s o l u t i o n  t o  remove  t h e  l a s t  

t r a c e s  o f  t h e  a c i d . T h e  o r g a n i c  phase  was d r i e d  o v e r  s o d i u m  

s u l  f a t e , f i l  t e r e d  and  f i n a l l y  e v a p o r a t e d  i n  vacuo  a t  3 0 • ‹ c . ~ h e  
C 

r e s i d u e  was d i s s o l v e d  i n  benzene  a n d  c h r o m a t o q r a p h e d  o v e r  a  

co l umn  o f  s i l i c a  g e l . T h e  co l umn  was e l u t e d  w i t h  e t h y l  a c e t a t e  

( 2 0 0 m l )  and  t h e  t o t a l  e l u a t e s  w e r e  comb ined  and  e v a p o r a t e d  i n  
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v a c u o Z 1 . ~ h e  r e s i d u e  was d i s so lved  i n  a  small  volume o f  
benzene * a n d  mixed with  an equal volume of  hexane. The 

r e s u l t i n g  c r y s t a l s  were f i l t e r e d  and washed with hexane.  The 

p r e c i p i t a t e  was s u b j e c t e d  t o  T . L . C .  on s i l i c a  gel  e l u t i n g  

with d i e t h y l  e t he r : pe t ro l eum e t h e r  ( 1 : 3 ) .  The reg ion  betwen 

Rf 0.17 and 0 .25 was sc raped  and s e p a r a t e l y  e x t r a c t e d  

r epea t ed ly  with d i e t h y l  e ther .The  e x t r a c t s  were combined and 

evapora ted  i n  vacuo, the  r e s i d u e  was d i s so lved  i n  a  smal l  

volume of benzene and then mixed with an equal  volume o f  

hexane.Recrystallisation of  t h e  r e s i d u e  was e f f e c t e d  from 

benzene:hexane ( 1 : l ) .  

Isolation of serotonin 

Samples of t h e  r o o t  bark (1009)  and l e aves  (1009)  were 

e x t r a c t e d  s e p a r a t e l y  wi th  a  methano1:water s o l u t i o n  9 : l  a t  

5 ' ~  over  a  per iod  of  14 h r s , t h e  f i l t r a t e  was p u r i f i e d  through 

an aluminium ox ide  column, and concen t r a t ed  in  vacuo a t  3 5 ' ~ .  

Chromatographic a n a l y s i s z 2 .  The l e a f  and r o o t  bark ex- 

t r a c t s  were s e p a r a t e l y  chromatographed on Whatman ~ ' 1  paper  

wi th  f o u r  d i f f e r e n t  s o l v e n t  wi th  a  p a r a l l e l  s t a n d a r d  o f  sero- .  

ton in .Subsequent ly  t h e  chromatogramme i s  sprayed with  

4-dimethyl aminobenzal dehyde8 and t h r e e  o t h e r  d i f f e r e n t  
2 2 reagen t  . 

P r e p a r a t i v e  paper chromatoqraphy of  t h e  e x t r a c t s  on 

bJhatman ~ ' 3  Y Y  using f o u r  d i f f e r e n t  s o l v e n t s  was r epea t ed  

many t imes a t  a  low tempera ture .  

Spectrophotometry.The abso rp t i on  spectrum was ob t a ined  i n  

t h e  U . V .  on a  9 : l  methano1:water s o l u t i o n  of  s e r o t o n i n  and 

a l s o  on a  s o l u t i o n  of t h e  subs t ance  i s o l a t e d  from t h e  l e a v e s  

and from t h e  roo t -ba rk .  

Preliminary pharmacological tests 

The appa ra tu s  f o r  i s o l a t e d  o rgans  us ing  a  pH 7 Tyrode 

l i q u i d  a t  a  t empera ture  o f  3 6 ' ~  and a  wave moni tor  recorded -. 
t h e  movement of  t h e  smooth muscular u t e r u s  f i b r e s .  The 

p r e l im ina ry  s t udy  on t h e  e f f e c t  of t h e  aqueous l e a v e s  e x t r a c t  

was c a r r i e d  o u t  on i s o l a t e d  mice and r a b b i t  u t e r i .  

The aqueous e x t r a c t  was prepared by t r e a t i n g  1609 of  

l e a v e s  accord ing  t o  t h e  procedure  de sc r i bed  above ( i s o l a t i o n  



of serotonin). The total column eluates were combined and 
condensed under vacuum at 35'~ till dryness .The residue was 
dissolved in a total volume of 2ml water and used for the 
preliminary pharmacological tests.8 measured volume of this 
aqueous leaves extracts was separately chromatographed by P.C. 
with a parallel standard of serotonin at various concen- 
trations. 

RESULTS 

Tests for saponin7 ,fl avonoids10 and essential oil 'l were 
negative in the root bark. 

Amino acids. Leucine,tryptophane,valine, serine,--lysine, 
alanine,arginine and glutamic acid. 

Mucilage.The hydrolysis of mucilage revealed the presence 

of 55% glucose 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 fol lowing constituents : 

a.Desmethylsterols. Cholesterol 2.9%, 1.7mg(l), mle 368, 

353,260,2473255,228,213,campesterol 6.5%,3.8mg(1.3) ,m/e 382, 
367,274,261,255,228,213,stigmastero1 13.7%,8mg(1.42),mle 394,, 

379,286,273,253,255,228,213,351,296,8-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,obtusifoliol 10.3%,0.22mg(1.47),m/e 468, 
453,408,393,342,425,grammisterol 20.3%,0.43mg(l.l6),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. 
c.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).(Nurnbers cited 
in parentheses indicate the retention time relative to that 
of cholesterol acetate. The previous number indicates the 

weight of the sterols contained in a lOOg of dry root bark. 
In the saponified matter: (0.59% of the dry root bark); 



CHEMICAL CONSTITUENTS OF GOSSYPIUM HIRSUTUM 159 

l . g % , s t e a r i c  6 . 4 % , o l e i c  5 0 . 4 % , l i n o l e i c  11 .6%,  and  l i n o l e n i c  

6 .8z20  a c i d s .  

D i e t h y l  e t h e r  e x t r a c t .  A f t e r  e v a p o r a t i o n  o f  t h e  s o l v e n t ,  

t h e  w e i g h t  o f  t h e  b r o w n i s h  r e d  r e s i d u e  r e p r e s e n t e d  1 .2% o f  

t h e  d r y  w e i q h t  d rug .The  i n v e s t i g a t i o n  o f  g o s s y p o l  d e r i v a t i v e s  

i n  t h e  e t h e r  e x t r a c t  was e f f e c t e d  b y  T.L.C.,where, a f t e r  

s p r a y i n g  w i t h  t h e  p h l o r o g l y c i n e - H C l  r e a g e n t , a  l i g h t  r e d  t o  

p u r p l e  c o l o u r  c h a r a c t e r i s t i c  o f  h e m i g o s s y p o l  as w e l l  as o f  

t h e  m e t h y l  e t h e r s  o f  g o s s y p o l  a n d  g o s s y p o l  appea red .  

S p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  o f  m i x e d  g o s s y p o l s .  The 

U . V .  a b s o r p t i o n  c u r v e  o f  t h e  c o l o r e d  c o m p l e x  showed t w o  

c h a r a c t e r i s t i c  maxima a t  440 a n d  460  nm.The t o t a l  g o s s y p o l s  

c o n t e n t  was measu red  a t  t h e  a b s o r p t i o n  maxima o f  t h e  c o l o u r e d  

comp lex  compared  w i t h  t h e  o b s e r v e d  a b s o r p t i o n  o f  g o s s y p o l  s o -  

l u t i o n  o f  known c o n c e n t r a t i o n ; i t  was t h u s  f o u n d  t o  b e  0.8% o f  

t h e  d r i e d  d r u g .  

I s o l a t i o n  o f  g o s s y p o l  f r o m  t h e  d r y  r o o t  b a r k . R e c r y s t a 1  l i- 

s a t i o n  o f  t h e  p r e c i p i t a t e  f r o m  c h l o r o f o r m  y i e l d e d  p u r e  c r y -  
0  s t a l s  m.p.184 C.See t a b l e  1 and  f i g u r e s  1,2. 

'X' 
U 

FIG.l: Proton Magnetic Resonance spectrum of gossypoz dissot- 
ved in deuteriated chZoroform . 



TABLE 1: S p e c t r a l  Data  o f  Gossypol  D e r i v a t i v e s .  

I  . R .  U . V .  (nm) 

C M - '  

CH0 C - O H  

G .  1625 ,3345  a . 2 3 6 , 2 8 3 , 2 8 9 ,  (!4e)2C+ 

376.  Me-3 

b .212 ,266 ,404 .  (Me)2CH* 

c .240 ,293 ,386 .  MeO-C-6 

MeO-C-6' 

M . G .  1615 ,3360 a . 2 3 5 , 2 8 8 , 3 6 9 .  H O - C - 1  

b . 236 ,265 ,298 ,  H O - C - 1 '  

391.  HO-C-6 

C . 240 ,290 ,376 .  HO-C-6' 

CH0 

D . M . G .  1612 a . 2 3 1 , 2 5 3 , 2 8 7 ,  C H  0  

360.  HO-C-7 

~ . 2 4 9 , 2 9 6 , 4 0 1 .  HO-C-7' 

G .  M . G .  D . M . G .  

1 . 52  1 . 5 5  1 . 5 1  

2 .16  2 . 1 5  2.15 

3 . 8 7  3 .92  3 . 9 1  
- - 3 . 9 9  4  

- - - - 4  

5 .67  5 .83  ' 5.74  

5 .67  5.77 5 .74  

6 . 4 4  6 . 4 1  - -  
6 . 4 4  - -  - m 

1 1 . 1 5  11 .14  1 1 . 1 6  

1 1 . 1 5  11.11 11 .16  

1 5 . 2 3  15 .15  14 .59  

1 5 . 2 3  14 .54  14 .59  

a . a b s o r p t i o n  maxima i n  methanol  (nm) ,  b . a b s o r p t i o n  maxima 

a f t e r  t r e a t m e n t  w i t h  a  5% e t h a n o l  s o l u t i o n  o f  a luminium c h l o -  

r i d e ,  c .  a b s o r p t i o n  maxima a f t e r  t r e a t m e n t  w i t h  a  1% aqueous  
2  1 b o r a x  s o l u t i o n  . 

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

s y p o l  . 
I s01  a t i o n  o f  6-methoxygossypol . R e c r y s t a l  l i s a t i o n  o f  t h e  

r e s i d u e  from benzene :  hexane  ( 1 : l )  , y i e l d e d  p u r e  c r y s t a l  s m.p. 
0  146  C.See t a b l e  1 and f i g u r e s  2,3 . 

I s o l a t i o n  o f  6 , 6 ' - d i m e t h o x y g o s s y p o l  . R e c r y s t a l l  i s a t i o n  o f  

t h e  r e s i d u e  from benzene :hexane  ( l :  l )  , y i e l d e d  p u r e  g o l d  - 
0  y e l l o w  c r y s t a l s  m.p. 1 8 1  C.See t a b l e  1 and f i g u r e s  2 ,4 .  

I s o l a t i o n  o f  s e r o t o n i n . T h e  l e a f  and r o o t  b a r k  e x t r a c t s  

showed t h e  p r e s e n c e  o f  s e r o t o n i n  a f t e r  s p r a y i n g  w i t h  f o u r  

d i f f e r e n t  r e a g e n t s - P r e p a r a t i v e  p a p e r  chromat.ography o f  t h e  

. e x t r a c t s  on Whatman N O S M M  w i t h  f o u r  d i f f p r e n t  s o l v e n t s  y i e l d e d  

a  s u b s t a n c e  d i s p l a y i n g  t h e  same U . V .  s p e c t r u m  a s  s e r o t o -  
2  2  n i n  i e .  , a  maximum a t  275 nm . 
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F I G . 2 :  V i s i b l e  and U . V .  absorp t ion  s p e c t r a  o f  t h e  t h r e e  qos- 
s y p o t s  d i s s o l v e d  i n  methanol as  w e l l  a s  o f  t h e  r e s p e c t z v e  
complexes formed a f t e r  a d d i t i o n  o f  a  few drops o f  1% aqueous 
borax so Zut ion.  -- - gossypo2 , - - - . - - -=  6-methoxygossypoZ,-o-o-o-=6,6'-dime- 
t hoxygossypo l ,  ..... = gossypol  and borax,----= 6-methaxygossy- 
pol and borax. 

F I G . 3 :  Proton Magnetic Resonance spectrum o f  6-methoxygossy- 
poZ dissoZved i n  Beu t e r ia t ed  c h Z o r o f o m .  



FIG.4: Proton Magnetic Resonance spectrum o f  6 ,6 ' -d imethosy-  
gossypo l  d i s s o l v e d  i n  d e u t e r i a t e d  c h l o r o f o r m .  

Pre l im ina ry  pharmacological  t e s t s . T h i s  s t udy  showed , t ha t ,  

the  aqueous l e aves  e x t r a c t  ( i n  which s e r o t o n i n  was p r e s e n t  a t  
a  m01 a r i  t y  of  4 . 5 4 ~ 1 0 - ~ ) ,  causes  c o n t r a c t i o n s  of t h e  smooth 
muscular  f i b r e s  of  both mice and r a b b i t  u t e r y ,  under t h e  
cond i t i on  t h a t ,  s e r o t o n i n  i s  i d e n t i f i e d  i n  t h i s  e x t r a c t .  See 
f i g .  5,6. 

Se ro ton in  f r e e  l e a v e s  e x t r a c t s  g i v e  n e g a t i v e  r e s u l t s .  The 

presence of  s e r o t o n i n  was v e r i f i e d  by P . C .  u s ing  t h e  4 -  
d i m e t h y l a m i n o b e n z a l d e h y d e  r e agen t  8,22 
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F I G . 5 :  PharmacoZogicaZ action of the aqueous Zeaves extract 
on an isolated mouse uterus.DoubZing the dose not result in 
a two-fold ampzitude and duration of the convutsions since 
the smooth muscutar fibres are subject to fatigue due to the 
fact that they beZong to smaZZ mamats. 

F I G . 6 :  PharmacoZogicaZ action of aqueous Zeaves extract on an 
isotated rabbit uterus. The movement of the smooth muscutar 
fibres of the rabbit uterus were recorded by means of a wave 
monitor recorder.Doubling of the dose doubted the duration as 
we22 as the amplitude of muscuZar fibres contraction. 
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SUMMARY 

This paper is based on experimental r e s u l t s  obtained by d i f f e r en t  in- 
ves t iga tors  i n  an attempt t o  study t h e  core histone s t ruc ture .  It cons t i  
t u t e s  a  t heo re t i ca l  approach of t he  same problem and makes use of two 
postulates:  a )  That the  methyl or/and ace ty l  subs t i tu t ions  occuring ex- 
c lus ive ly  i n  t he  aminoterminal pa r t s  of core his tone polypeptides a r e  de 
s t ined  t o  i nh ib i t  cer ta in  in te rac t ions  between neighboring molecules and 
b )  That t he  r a t i o  of subs t i tu ted  residues t o  t h e  t o t a l  number of corres- 
ponding residues o f f e r s  t h e  poss ib i l i t y  t o  estimate t he  length of t h e  two 
pa r t s  of the  molecule. The precis ion of t h i s  f i r s t  approach is increased 
by t rac ing  the  r e l a t i v e  hydropathy of t he  chain within t h e  estimated 
lenght range. 

Key words: Amino acid residues,  aminoterminal ( a / t ) ,  cleavage, chromatin, 
core his tones,  core pa r t i c l e ,  carboxyterminal ( c / t ) ,  eucaryotic,histones, 
hydropathy, l i nke r  DNA, nucleosome, nucleosome f i b e r ,  nucleosome t r a i n ,  
postsynthet ic  modifications, t a i l s ,  t e t r ade  ru l e .  

INTRODUCTION 

It has been general ly accepted t h a t  t he  aminoterminal pa r t s  of t h e  

core histone polypeptides a r e  s i t ua t ed  on the ' sur face  of t h e  molecules 

and by many inves t iga tors  (1-4 , l l )  have been considered t o  be responsible 

f o r  t h e  winding of DNA around the  8meric complex of t h e  four core his to-  

nes 2xH2A, 2xH2B, 2xH3 and 2xH4. 

The aminoterminal ( a / t )  pa r t s  of his tones a r e  r i c h  i n  t h e  bas ic  ami- 

no ac ids  lys ine  and arginine(8,10,12-141, t h e i r  t o t a l  pos i t ive  charge 

Considered a s  being a t t r ac t ed  by an equal negative charge, due t o  t h e  
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ionized hydroxyls of t h e  DNA phosphate groups. This a t t r ac t i on  is suppo- 

sed t o  r e s u l t  i n  t h e  he l ico ida l  winding of t h e  DNA around t h e  his tone 

8mer, forming t h e  un i t  known a s  "core par t ic le"  (20). It seems however 

probable t h a t  t h i s  e l e c t r o s t a t i c  a t t r a c t i o n  is not t h e  only fac tor  f o r  

t h e  winding of DNA (10,221. 

A percentage of t he  lys ines  presents  t h e i r  €-amino groups subs t i tu -  

ted with acetyl-or methyl groups and, i n  t h e  case of Lys 9 of H3, with 

both of these subst i tuents .  Acetyl subs t i tu ted  a r e  a l s o  Ser 1 of H2A and 

H4 (17-19). The subs t i tu t ions  cons t i t u t e  postsynthet ic  modifications and 

a r e  permanent and f ixed (14). 

The subs t i tu t ions  never occur i n  t he  i n t e r i o r  of  t h e  histone mole- 

cules .  

Roughly speaking t h e  histone molecule can be divided i n  two d i s t i n g t  

pa r t s  : 

1. The strongly polar a / t  pa r t ,  very ptobably r a the r  voluminous be- 

cause of a t t r a c t i o n  of water molecules, which, competing with CO< and 

NH< groups of t h e  chain f o r  t he  formation of hydrogen bonds, reduce the  

poss ib i l i t y  of creat ion of higher order  s tuc tures .  

2. The much l e s s  hydrophilic (polar)  c / t  pa r t ,  having a r a the r  glo- 

bular  character  (8,10,13,14). 

However, t h e  strong po la r i t y  of t h e  a / t  p a r t s  is due not only t o  t he  

presence of Lys, Arg, Glu e t c .  residues,  but a l s o  t o  otheamino ac ids ,  

which, even t o  a l e s se r  extent ,  a r e  considered a s  polar ( for .  ex. Gly 

o r  Ser).  

On the  other  hand, polar  residues a r e  a l s o  abundant i n  t he  c / t  pa r t s  

which, by t r ad i t i on ,  were always considered a s  non polar.  

We f ind  it therefore r a the r  incorrect  t o  speak of "polar a / t  and non 

polar  c / t  parts1'  and would consider it more r e a l i s t i c  t o  apply a general 

method f o r  t h e  quant i ta t ive  expression of t h e  degree of  po l a r i t y  of t h e  

two pa r t s ,  t o  evaluate, i n  other  words, theirt1hydropathy". term suggested 

by (311, 

The introduction of such a c r i t e r ion ,  combined with t h e  method de- 

scribed below, could a l s o  provide information on t h e  loca l iza t ion  of t he  

s i t e  on the  primary sequence where t h e  s trongly polar  a / t  par t  leaves t h e  

surface of t h e  molecule and continues its conformation a s  c / t  pa r t .  
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ESTIMATION OF THE LENGTH OF THE A/T  PARTS 

As mentioned i n  t he  summary it is postulated t h a t  t he  Me or/and Ac 

subs t i t u t i ons  of c e r t a i n  Lys and Ser residues a r e  presumably dest ined t o  

i n h i b i t  s t e r i c a l l y ,  o r  i n  another,  yet  unknown way, possible  in te rac t ions  

between t h e  h i s tones  themselves o r  between t h e  his tones and the  DNA. The 

subs t i t u t i ons  a f f e c t  exclusively Lys and Ser res idues  of  t h e  a / t  pa r t .  

Same res idues  belonging t o  t h e  c / t  pa r t  a r e  never modified. On t h e  o ther  

hand Lys residues seem a t  f i r s t  look t o  be randomly d i s t r i bu t ed  over t h e  

whole chain. We s h a l l  r eve r t  t o  t h i s  point i n  t h e  discussion a t  t h e  end 

of t h e  paper. 

These considerat ions lead  t o  t h e  assumption t h a t  t o  every Lys (o r  

Lys + Ser i n  t he  case of H2A and H4 where se r ines  a r e  taken a l s o  i n t o  

account because those under N r . 1  i n  t h e  sequences a r e  a l s o  Ac-substitu- 

t e d )  res idue  "belongs" a fragment of t h e  chain of var iab le  length so, t h a t  

t he  r a t i o  of t he  number of Lys + Ser (modified o r  no t )  up t o  t he  most 

d i s t a n t  modified Lys, t o  t he  t o t a l  number of corresponding res idues  i n  

t he  molecule gives approximately t h e  measure of"exposureff of t he  a / t  pa r t  

on i ts surface o r  b e t t e r ,  within its surrounding hydration envelope. 

This statement can be represented by t h e  simple r e l a t i on :  

where R,- number of a / t  res idues ,  L*= number of modified Lys and Ser ,  

La= number of unmodified Lys included i n  t he  chain sec t ion  from the  NH2- 

end up t o  t h e  most d i s t a n t  modified Lys, L = t o t a l  number of Lys and Ser 

res idues  and R a t o t a l  number of res idues  i n  t he  molecule. 

The following Fig.1 dep i c t s  how we imagine t h i s  statement: 

FIG.1; Schematic representation of the statement (1) as applied t o  calf 
thymus H2B. GnZy the Lys are depicted as smaZZ vertical  t ines  projecting 
upuizrds from the ground Zine,representi@ the chain. The modified L y s  
are symboZized by ? . 
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It has  t o  be emphasized however t h a t  t h e  values  f o r  Ra obtained 

throught  formula (1 )  must be taken a s  average values  (&) s i n c e ,  a s  s t a -  

t e d  previously ,  t h e  d i s t r i b u t i o n  o f  t h e  L ' s  a long t h e  polypeptide cha ins  

i s  considered a s  random. 

Obviously t h e  ga's t h u s  obtained would be much more r e l i a b l e  i f  t h e  

d i s t r i b u t i o n  of t h e  L ' s  wi'thin t h e  sequence were pe r iod ic ,  i . e .  i f  t h e r e  

was one L every determined s e t  of  R ' s .  For example, i n  t h e  case  of  H2B, 

i f  t h e r e  was one Lys every 125:20= 6,25 res idues .  Natural ly  t h i s  i s  not 

t h e  c a s e ,  a s  seen i n  t h e  Appendix I. 

Therefore r e l a t i o n  ( 1 )  was rev i sed  i n  o rder  t o  t a k e  i n t o  account t h e  

degree  of  dev ia t ion  from t h e  pe r iod ic  d i s t r i b u t i o n  and t h e  express ion : 

R 
Ra= (L* + La)(r + S )  (2 

where 

is suggested. 

In  case  of normal ( p e r i o d i c )  d i s t r i b u t i o n ,  i n  every s e t  would cor re -  

spond one Lys ( o r  Lys+Ser). nL is rht. number o f  Lys ( o r  L y s t ~ e r )  a c t u a l l y  

p resen t  i n  each s e t ,  Obviously O<nL<R/L. For nL= 1 i n  a l l  t h e  s e t s  we - 
would have s = O  and t h e  formula (1) would hold.  

The r a t i o  R/L g ives  t h e  number of  r e s i d u e s  per  s e t  and, p r a c t i c a l l y  

i s  no t  an i n t e g e r ,  s o  t h a t  t h e  sequence can no t  be devided i n  "equires i -  

d u a l w  s e t s .  It was t h e r e f o r e  necessary t o  consider  t h e  n e a r e s t  smal ler  

i n t e g e r  and d i s t r i b u t e  t h e  r e s u l t i n g  smal l  d i f f e r e n c e  - i f  any- proport io-  

n a l l y  over a l l  t h e  n L t s  present  i n  each s e t .  

TABLE I: S t a t i s t i c a l  v a r i a t i o n  of Ra about t h e  average va lue  %.Based o n "  

t h e  d a t a  of 8,12-14 f o r  t h e  ca l f  thymus core  h i s tones .  Q values  computed 

according t o  formula (1) .  See a l s o  Appendix I. 

Histone Fa -A +A 
m i n  Ra 

max 
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There a r e  thus  s e v e r a l  p o i n t s  wi thin  t h e  i&, 2 A range t h a t  can represen t  

t h e  ending of t h e  a / t  and t h e  beginning of t h e  c / t  p a r t .  

In order  t o  l o c a l i z e  t h e  point  corresponding t o  t h i s  proper ty  t h e  

assumption was made t h a t  it must l i e  anyway within  t h e  above range, but 

a t  a s i t e  where t h e  r e l a t i v e  hydropathy "p" a t t a i n s  i t s  highest  negat ive 

value. A s  r e l a t i v e  hydropathy is def ined t h e  a l g e b r a i c  sum of t h e  hydro- 

pathy ind ices  divided by a c e r t a i n  number (span) of res idues .  

This c r i t e r i o n  was chosen because a t  t h e  s i t e  of highest  negat ive 

ltpll t h e  chain is  s t i l l  "a t t rac ted"  by t h e  surrounding water molecules 

and t h i s  a t t r a c t i o n  r e s u l t s  i n  a weakening of a l l  t h e  secondary i n t r a -  

molecular i n t e r a c t i o n s ,  whereas a f t e r  t h a t  po in t ,  these  f o r c e s  a r e  again 

strengthened because of t h e  o v e r a l l  reduced p o l a r i t y  of t h e  c / t  p a r t ,  

r e s u l t i n g  i n  expe l l ing  of t h e  major p a r t  of t h e  water. This is, accor- 

ding t o  t h e  w r i t e r ' s  opinion, t h e  s i t e  where t h e  a / t  chain l eaves  t h e  

sur face  of t h e  molecule and cont inues  i ts conformation a s  c/ t  par t , fo r -  

ming t h e  g lobu la r  c / t  body. 

The s i t e  with highest  negat ive "pt1 is computed according t o  t h e  me- 

thod descr ibed by (31) f o r  spans of 9 res idues .  

The r e l a t i v e  hydropathies f o r  t h e  f o u r  c a l f  thymus core  h i s tones  a r e  

p l o t t e d  i n  t h e  Appendix 11. The + A range is marked by two v e r t i c a l  

l i n e s  and t h e  po in t  with highest  negat ive hydropathy within  t h i s  range 

by an arrow. 

A s  it can be seen from t h e  p l o t s ,  t h e s e  p o i n t s  correspond t o :  

13  r e s i d u e s  f o r  H2A 

3 3 I t  
l1 H2B 

60 11 H3 and 

4 3 I1 H4 

and r e p r e s e n t ,  according t o  our opinion,  t h e  a c t u a l  l eng ths  (Ra) of t h e  

a / t  p a r t s  of t h e  core  histofie polypeptides.  

DISCUSSION 

We remark f i r s t  of a l l  t h a t  t h e  computed a / t  l eng ths  g ive  an average 

o f  37 r e s i d u e s  per  core  h i s tone  a / t  p a r t s ,  which is i n  good agreement 

with t h e  r e s u l t s  of t r y p s i n  cleavage experiments o f  chromatin (5-7,9), 

though somewhat bigger.  In any case  we observe t h a t  H3 and H4 have very 

long aminoterminal p a r t s .  These p a r t s  have been considered by c e r t a i n  
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a u t h o r s  a s  r e s p o n s i b l e  f o r  t h e  f o r m a t i o n  o f  t h e  s k e l e t o n  o f  

t h e  nucleosome f i b e r s  (20,22,27-28) and by o thers  f o r  t h e  i n t e r ac t i ons  

between h e r  and DNA (23-25). 

A s  suggested previously the  a / t  pa r t s  must be poor i n  ordered strue- 

t u r e s  because of a t t r e c t i o n  of water molecules. This point of view is 

fur ther  supported by t he  f a c t  t h a t ,  a t  l e a s t  i n  t h e  case of H2B, H3 and 

H4 t h e i r  a / t  p a r t s  a r e  3 times a s  r i c h  i n  prol ine res idues  a s  a r e  t h e i r  

c / t  p a r t s  ( t o t a l l y  9 a / t  against  3 c / t  p ro l ines )  and it is k n m  t h a t  t h e  

presence of prol ine res idues  i n  t he  chain is not  favourable f o r  t he  for -  

mation of a-helices (38).  This f a c t  could eventual ly explain why t h e  core 

his tones y e  general ly  poor i n  a-hel ices  (32-33,391 and it could be dedu- 

ced t h a t  t h i s  s t r uc tu re  is accumulated r a t h e r  i n  t he  c / t  par t s .  A s  s t a t ed  

above, t h i s  r u l e  is not va l i d  f o r  H2A, a s  confirmed by c ry s t a l l og ra f i c  

s t ud i e s  (39). 

AS previously postulated, t he  d i s t r i b u t i o n  of lys ines  over t h e  whole 

core his tone molecule is random. This pos tu la te  seems, however, t o  be in- 

cor rec t .  In f a c t  we observe t h a t  most lys ines  belonging t o  t he  a / t  p a r t s  

a s  computed above, follow a regular  pa t te rn :  they a r e  positioned in 'such 

a way a s  t o  occupy every four th  place within t h e  sequence. 

We c a l l  t h i s  r egu l a r i t y  : "the t e t r ade  rule" .  

In  t he  case of c / t  pa r t s ,  a s  computed by subtract ion of R a t s  from the  

t o t a l  number of res idues  per molecule, t h i s  r u l e  is obeyed sporadical ly  

by very few of t h e  lys ines  present ,  i f  a t  a l l .  

The following Table 11 is s u f f i c i e n t l y  persuasive: 

TABLE.=II. The t e t r ade  r u l e  i n  a / t  and c / t  p a r t s  of core his tones.  Modi- 

f  ied lys ines  a r e  characterized by t h e  symbol *. 
Aminoterminal p a r t  Carboxyterminal p a r t  

To ta l  Lys obeying t h e  Tota l  Lys obeying t h e  Histone o o 
0 

Lys t e t r a d e  r u l e  Lys t e t r a d e  r u l e  
0 
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It is in t e r e s t i ng  t o  note  t h a t  i n  t he  case of H3  and H4 the  a / t  ly -  

s i ne s  obeying t h e  t e t r a d e  r u l e  a r e  a l l  modified. 

It is obvious ; there  can not be a matter of coincidence. We th ink  t h a t  

these  p e c u l i a r i t i e s  can not be deprived of b io log ica l  importance and r e -  

quire  a profound invest igat ion.  
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APPENDIX I 

AMINO ACID SEQUENCES OF THE 

FOUR CALF THYMUS CORE HISTONES* 

1 1 Ser Gly Arg Gly Lys Gln Gly Gly Lys Ala Arg Ala Lys Ala Lys Thr Arg Ser Ser Arg 
1 1 1 Pro Gln Pro Ala Lys Ser Ala Pro Ala Pro Lys Lys Gly Ser Lys Lys Ala Val Thr Lys 

1 

3  1 1 Ala Arg Thr Lys Gln Thr Ala Arg Lys Ser Thr Gly Gly Lys Ala Pro Arg Lys Gln L ~ u  
1 1 1 1 1 Ser Gly Arg Gly Lys Gly Gly Lys Gly Leu Gly Lys Gly Gly Ala Lys Arg His Arg Lys 

2  

2 1  2 2  23 24 2 5  26 2 7  28 29 30 31 32 33  34 35 36 37  38  39  4 0  

Ala Gly Leu Gln Phe Pro Val Gly Arg Val His Arg Ile Leu Arg Lys Gly Asn Tyr Ala 

Ala Glu Lys Lys Asp Gly Lys Lys Arg Lys Arg Ser Arg Lys Glu Ser Tyr Ser Val Tyr 
1 2  Ala Thr Lys Ala Ala Arg Lys Ser Ala Pro Ala Thr Gly Gly Val Lys Lys Pro His Arg 

Val Leu Arg Asp Asn Ile Gln Gly Ile Thr Lys Pro Ala Ile Arg Arg Leu Ala Arg Gly 

4 1  4 2  43 44 45 46 4 7  48  49  50 51 5 2  53 5 4  55  5 6  5 7  58 59  6 0  

Glu Arg Val Gly Ala Gly Ala Pro Val Tyr Leu Ala Ala Val Leu Glu Tyr Leu Thr Ala 

Val Tyr Lys Val Leu Lys Gln Val His Pro Asp Thr Gly Ile Ser Ser Lys Ala Met Gly 

Tyr Arg Pro Gly Thr Val Ala Leu Arg Glu Ile Arg Arg Tyr Gly Lys Ser Thr Glu Leu 

Gly Val Lys Arg Arg Ile Ser Gly Leu Ile Tyr Glu Glu Thr Arg Gly Val Leu Lys Val 



6 1  6 2  6 3  64 65  66 6 7  68 6 9  70  7 1  52 73 74 75 76 77 78 59 8 0  

H2A Glu  I l e  Leu Glu  Leu Ala  Gly  Asn A l a  Ala  Arg Asp Asn Lys Lys T h r  Arg I l e  I l e  Phe 

H28 I l e  Met Asn S e r  Phe Val  Asn Asp I l e  Phe Glu Arg I l e  Ala Gly Glu  Ala S e r  Arg Leu 

H3 Leu I l e  Arg Lys Leu P r o  Phe Gln Arg Leu Val  Arg Glu I l e  Ala  Gln Asp Phe Lys T h r  

H4 Phe Leu Glu Asn Val  I l e  Arg Asp Ala V a l  T h r  T y r  T h r  Glu  H i s  Ala  Lys Arg Lys T h r  

8 1  8 2  8 3  84 85 86  8 7  8 8  89  9 0  9 1  92 9 3  94 95  96 9 7  98 99 100 

H2A Arg H i s  Leu Gln Leu Ala  I l e  Arg Asn Asp Glu Glu  Leu Asn Lys Leu Leu Gly Lys Val  

H2B Ala  H i s  T y r  Asn Lys Arg S e r  T h r  I l e  T h r  S e r  Arg Glu I l e  Gln T h r  Ala  V a l  Arg Leu 

H3 Asp Leu Arg Phe Gln S e r  S e r  Ala V a l  Met Ala Leu Gln Glu Ala Cys Glu Ala  T y r  Leu 

H4 V a l  T h r  Ala  Met Asp V a l  V a l  T y r  A l a  Leu Lys Arg Gln Gly Arg T h r  Leu T y r  Gly Phe 

101 1 0 2  1 0 3  1 0 4  1 0 5  1 0 6  1 0 7  1 0 8  1 0 9  110 111 1 1 2  1 1 3  1 1 4  1 1 5  1 1 6  1 1 7  1 1 8  1 1 9  1 2 0  

H2A T h r  I l e  A l a  Gln Gly Gly Val  Leu Phe Asn I l e  Gln Ala  Val  Leu Leu Phe Lys Lys T y r  

H2B Leu Leu Phe Gly G l u  Leu Ala Lys H i s  Ala  V a l  S e r  Glu Gly T h r  Lys  Ala  Val  T h r  Lys  

H3 V a l  Gly  Leu Phe Glu  Asp T h r  Asn Leu Cys A l i  I l e  H i s  A la  Lys Arg V a l  T h r  I l e  Met 

H4 Gly Gly 

1 2 1  1 2 2  1 2 3  1 2 4  1 2 5  1 2 6  1 2 7  1 2 8  1 2 9  1 3 0  1 3 1  1 3 2  1 3 3  1 3 4  1 3 5  

H2A Glu S e r  H i s  H i s  Lys Ala  Lys Gly Lys 

H2B T y r  T h r  S e r  S e r  Lys 

H 3  P r o  Lys Asp I l e  Gln Leu Ala Arg Arg I l e  Arg Gly Glu Arg A l a  

H 4  

COOH 

The i n d i c e s  r e p r e s e n t :  'acety], ' m e t h y l ,  3 a c e t y l + r n e t h y l  

* a c c o r d i n g  t o  ( 8 , 1 2 , 1 3 , 1 4 ) .  
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SUMMARY 

An attempt w a s  made t o  elucidate the reactions of Cd with calci te  

(BDH, A.R. grade) by changing the experimental conditions, i.e .the CO2 

par t ia l  pressure from 10 -3e49 atm t o  10-~atm using 1% CO2 and the ionic 

strength of the equilibrium solution using 5 M  Ca(NO3I2 instead of H20. 

Both these changes resulted i n  increased Ca levels i n  solution and 

reduced pH values compared w i t h  the CaC03-H20 - Cd system open t o  the 

atmsphere, ("pure system" ) . 
Reduced aff ini ty  of Cd for  the CaC03 surface was observed i n  both 

cases (lower Kd values) and th i s  w a s  more pronmnced i n  the system with 

5 M  C a ( ~ 0 ~ ) ~  probably because of increased Ca competition. 

In the 1% CO system deviation from ideal surface solid solution 2 
formation between CdC03 and CaC03 was  observed probably as a result  of 

aqueous phase interactions whereas i n  the 5 M  Ca(N03)2system an almost 

ideal surface solid solution between CdC03 and CaC03 w a s  formed and i n  

t h i s  later case the Thorstenson and P l m e r  equation for  expressing pIAP 

values of.solid solutions was valid. 

Chemisorption of Cd on CaC03 surface s i t e s  & the dominant mechanism 

for  low Cd additions whereas surface precipitation of CdC03 as a coating 

on -CO3 is the dominant mechanism for  higher Cdadditionswith pH and Ca 

concentration changes. These experiments clearly indicate the specific 

aff ini ty  of Cd for  the CaC03 surface which is expected from theoretical 

considerations. 



Key words:~dsorption~alcite, Sdubility product constant, Surface solid 

solution. 

INTRODUCTION 

Reactions of Cd with naturally occuring solids continue 

to attract research 'interest because they help to a better 

understandhgof 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. 1 

Attention has been focused. on Cd reactions with oxide 
2 minerals , organic clay minerals 5 p 6 r 7 .  Only 

recently the specific role of calcite inCd retention in 

calcareous and limed soils and sediments has been examined 

in some detail 8,9,10 . 
A high affinity of Cd fol: the calcite surface was found in 

accordance with theory1' and for low Cd additions in a 

preequilibrated CaC03 - H 0 system,open to the atmosphere, 2 
an almost ideal surface solid solution between CdC03 and 

CaC03 was formed. In this case the solubility product 

constants obtained from the Thorstenson and Plummer 
11 

equation derived for magnesian calcites, could be a useful 

way to relate carbonate reacted Cd with solution composition. 

Ihcreased ionic strengfh 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. 

So, Garcia and page12 found a decrease in the amount of 

Cd sorbed an a clay surface with increasing ionic strength. 

Cline and dconnor13 working with Cd sorption and md65lity in 

sludge amended soils observed reduced metal sorption with 

increasing ionic strength. They suggested that this decrease 

is the result of reduced metal activity, increased 

competition for sorbing sites and complexation. Franklin and 

Morse 14'15 studied thereactions of Mn and Cu with calcite in 

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 actiyky in seawater. 

In the present study we tried to elucidate the Cd-CaC03 

reaction by changing the experimental conditions, i.e. the 

CO2 partial pressure from 10 -3.49 to 10-2 atm and the ionic 

strength 5mM Ca(NO3I2 instead of H20. Both these cases 

result in increased Ca concentrations and reduced pH values 

compared with the Cd-CaC03-H20 system at 10 -3*49 atm and 

occur under natural soil conditions. 

MATERIALS and METHODS 

A.R. CaC03 (BDH) with a specific surface area of 0.15m 
2 

-1 - g measured by krypron adsorption was used throughout these 

experiments. 4g of CaC03 was placed in a 150ml Azlon high 

density polypropyLene bottle together with 50ml of either 
0 deionized -distilled water or 50ml of 5mM Ca(NO3I2 at 2521 C. 

Air -1% ~0~ mixture saturated with water-- passed through 

the suspensions for the experiments with increased C02 
partial pressure and air saturated with water for the 

experiments with increased ionic strength by using 5mM 

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

two days, Cd solutions were added as nitrate salts16 in the 

range of 10-~ to 10"~ M, gravimetrkaPly. 

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 HN03 (Aristar) were used for metal 

determinations. Three re.p!L'icates were run for each level of 

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 e1ectrd.e and NBS bu6Eers. Cd and Ca 

concentrations were measured by AAS using a Perkin Elmer 



3030 for metal concentrations above 0.01 pg ml-I 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 l7 by using a computer prograhi are described 
18 elsewhere . 

RESULTS and DISCUSSION 

The results of Cd-CaC03 interactions were displayed in 

sorption isotherms19 using a log-log scale to cover the 

whole range of Cd concentrations and in solubility 

diagrams 20,21 . 
E f f e c t  o f  i n c r e a s e d  C O  p a r t i a l  p r e s s u r e  

2 
It has been showed that Cd is chemiscjirbed into calcite 

with Cd replacing Ca until the solution has the composition 

expected for an equilibrium CdCO -H 0 system, indicating 
3 e 

that the CaC03 surface has been covered by CdC03. Further 

addition of Cd causes CdC03 to precipitate with pH and Ca 
10 concentration changes . 

The adsorption limit, i.e. the point where CdC03 

precipitation appears to become the dominant mechanism is 

between 0.6 and 1.2 pm01 Cd g-l CaC03 whereas from the 
2 -1 measured calcite specific surface area (0.15 m g ) and the 

unit cell dimensions (arh=6.376 A, ~ i ~ ~ m a n ~ ~ ) ,  a value of 

about 1.22 pm01 of surface Ca atoms 9-l CaC03 was found 

available for displacement. This probably indicates that the 

effective CaC03 surface area is smaller than that found by 

krypton adsorption although it is almost impossible from 

thermodynamic considerations to be exact regarding the 
2 3 experimental adsorption limit in agreement with Corey . 

Increasing CO2 partial pressure from 10 -3.49 to 10-2 atm 

in a CaC03-CO -H 0 system, open to the atmosphere as in the 2 2 
present study, results in increased dissolution of CaCO 2 4 3 
So in the solution there are more Ca ions and total 

carbonate (CO2, +HCO; + c o ~ ~ - )  and the pH of the system 
decreases from 8.30 to about 7.30. If the solubility product 
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c o n s t a n t  ( K ~ ~ )  o f  c a l c i t e  ho lds  i n  t h i s  equ i l i b r ium system, - 1 
then  Ca l e v e l s  i n  s o l u t i o n  inc rease  from about 17 fig m 1  t o  

about  65 m l - l .  Also, i nc reased  CO2 p a r t i a l  p re s su re  
+ 

r e s u l t s  i n  a  f o u r  f o l d  i n c r e a s e  i n  CdHC03 and a  two - f o l d  

dec rease  i n  C ~ C O ~ O  s p e c i e s  i n  s o l u t i o n  16f25.  T o t a l  Cd 

a c t i v i t y  c o e f f i c i e n t s ,  ( cd2+)  26, decreaee  

( Cd ) to ta l  

from about  0.70 t o  0.55 f o r  t h e  low Cd a d d i t i o n s .  The above 

chemical r e a c t i o n s  i n d i c a t e  t h a t  i nc reased  carbonate  l e v e l s  

i n  s o l u t i o n  probably encourage aqueous phase i n t e r a c t i o n s .  

The r e a c t i o n  isotherm (F ig . l , b )  fo l lows  an almost  - 1 
s t r a i g h t  l i n e  up  t o  about  0.14 umol Cd g  CaC03 and then  

- 1 
t h e  s lqpe  i n c r e a s e s  up t o  about  1.40 fimol Cd CaC03 (Kd 

va lues  from Table 1). 

This  i s  ve ry  cSose t o  t h e  p o i n t  a t  which p r e c i p i t a t i o n  

of CdC03 begins  a s  i n d i c a t e d  from t h e  s o l u b i l i t y  diagram 

(Fig.2,b)  and hence Cd a c t i v i t y  i n  s o l u t i o n  i s  c o n t r o l l e d  by 

t h e  CdC03 s o l u b i l i t y  l i n e .  

p o i n t s  below 1.40 umol Cd ~ " c ~ c o ~  can be t r e a t e d  a s  t h e  

s o r p t i o n  p a r t  of t h e  isotherm 2 7  and above a s  t h e  

p r e c i p i t a t i o n  p a r t  w i th  t h e  formation of CdC03 which 

c o n t r o l s  Cd a c t i v i t y  i n  s o l u t i o n .  Values of Kd from Table 1 

have a  mean va lue  of 7.9 f o r  low Cd a d d i t i o n s  and 23 f o r  

h ighe r  ones. Above 1.40 pm01 Cd g - l  Kd va lues  become l e s s  

t han  1 because a f t e r  CaC03 s u r f a c e  coverage, ~ 0 ~ ~ '  i o n s  

needed f o r  CdC03 p r e c i p i t a t i o n  a r e  deple ted .  

Low Kd va lues  probably i n d i c a t e  a  reduced a f f i n i t y  of Cd 

f o r  t h e  CaC03 s u r f a c e  because Kd i s  a  measure of r e t e n t i o n  

of s o l u t e  by t h e  s o l i d  matrix2*. A t  h igh Cd a d d i t i o n s  h igher  

Kd va lues  a r e  observed u n t i l  s u r f a c e  p r & i p i t a t i o n  of pure 

CdC03 becomes t h e  dominant mechanism. This  s u r f a c e  

p r e c i p i t a t o n  i s  i n d i c a t e d  by t h e  ab rup t  pH dec rease  and Ca 

u n d e r s a t u r a t i o n w i t h  r e s p e c t  t o  CaC03 (Fig .2 ,b) ,  and t h e s e  

changes a r e  p o s s i b l e  t o  occur  only  when t h e  CaCO s u r f a c e  i s  
3  

excluded from r e a c t i o n  t a k i n g  i n t o  accounk t h e  s t r o n g  b u f f e r  
+ 

c a p a c i t y  of t h e  CaC03-CO2-H20 system when H o r  OH- i ons  a r e  

added 24,29 
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TABLE I.Kd values in 1m-2 for Cd-CaCOg reaction under 
different experimental conditions. 

Pure system With 1% CO2 With 5mM Ca(No3I2 

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

CaC03, seems to be slightly more that the one based on 

surface area measurements and unit cell dimensions, as 

mentioned before (1.22 umol Cd g-l caC03). The sorption 

limit for the pure system is between 0.6-1.2 pm01 Cd g-1 

CaC03 l0 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, with more carbonate in solution precipitation 

(complexes) rather begins before reaching the CdC03 

solubility line. 

Values for thermodynamic distribution coefficients 
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T "pure systex" 

-9 -8 -7 -6 -5 -4 -3 -2 

Log cd2' activity i n  solution 

Log cd2+ activity in solution 

FIG.1. T h e  r e a c t i o n  i s o t h e r m  o f  C d  a n d  C a C O  3  u n d e r  d i f f e r e n t  
2 + 

e x p e r i m e n t a l  c o n d i t i o n s .  V e r t i c a l  l i n e s  r e p r e s e n t  t h e  C d  

a c t i v i t y  in e q u i l i b r i u m  w i t h  C d C 0 3  a t  d i f f e r e n t  p H  v a l u e s .  



101- "pure system" fa 
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Surface mole fraction of C d m 3  

0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0 

Surface mole fraction of C d m 3  

F I G . 3 :  T h e  r e l a t i o n s h i p  b e t w e e n  p l A P  a n d  m o l e  f r a c t i o n  o f  

Cd  o n  t h e  s u r f a c e  o f  CaCO 
3 
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('Yerminology) 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 homogenreuus distribution 

coefficient, D, for the CaC03 system based on the ratio of 

their solubility products (pksOCaCo3 =8.48, pkso~d~03 =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 solid solution factor based on 

activity coefficients on the solid surface29 acts to lower 

the solution of CdC03 in CaC03 significantly from that 

expected if an ideal surface solid solution has been formed 

in agreement with the Kd values of the reaction isotherm 

(Fig.l,b). 

Treatment of the data for low Cd additions using the 

Thorstenson and ~lummer" equation derived for magnesian 

calcites and converted in its Cd form 
2+ X 

(Kcdco3-caco3= (~a~+)'-~. ( ~ d  ) . ( c o ~ ~ - )  assuming a sorption 

limit of 1.40 pm01 Cd g'1~a~03 produces the Fig.3b. There is 

deviation of the points from the straight line 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. 

E f f e c t  o f  i n c r e a s e d  i o n i c  s t r e n g t h  

The reaction isotherm and solubility diagram from this 

experiment are in Figs. lc and 2c respectively. Generally, 

the same pattern of reactions as the previous systems 

( "p~re"~with 1% CO2) exists. 

The reaction isotherm is almost linear up to about 1.25 

Cd g-l CaC03. This is almost identical to the value of 

1.22 Pm01 Cd g-1 CaC03 as sorption limit based on CaC03 

surface area measurements and unit cell dimensions. Kd 

values  able 1) for this part of the isothkrm 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 CaC03 surface under 

these conditions compared with the "pure" system (~d=20.9) 

and with 1% CO2 (~d=7.9 and 23). Ca concentrations which 
- 1 were about 17 v3 m1 for the "pure" system and about 65 Ug 

rn l - l  for the system with 1% CO2 become about 210 ~g ml-l for 

this system. Also, Cd-carbon0 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% C02 
systems, respectively), this lower affinity can be 

attfibuted to increased Ca competition with Cd for the same 

sites on the surface. 

This experiment clearly icCicates the specific affinity 

of Cd for the calcite surface because Cd reacts with CaC03 

even in the presence of 5000 times more Ca and with a 

surface that is positively charged under these conditions 

(p.z.c-9) 31. The solubility diagram (~ig. 2.c) for this system 

indicates undersaturation with respect to CdC03 for low Cd 

additions and CdC03 formation as a surface coating on CaCO 3 
for higher Cd additions (above 1.25 urn01 Cd g-1 C ~ C O ~ )  . 

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

3230 which is very close with the value 3310 based on 

thermodynamic calculations from the CaC03 and CdC03 

solubility product constants (pk 8.48 and 12 for CaC03 and 
S 0 

C d C 4  respectively). This indicates the formation of an ideal 

surface solid solution between CdC03-CaC03. Calculations 

according to Thorstenson and ~lummer'' equation led to 

Fig.3~ for a sorption limit of 1.25 pm01 Cd g'1 CaC03. 

CONCLUSIONS 

The experiments in this study (with 1% CO2 and 5mM 

C~(NO ) ) generally indicate reduced Cd affinity for CaC03 3 2 
surface for low Cd additions (lower Kd values comparing with 

the llpure"system$lD. 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 



i cd2++ca,o3 ( =C~CO, (ads) +ca2') with insignificant pH change, 

and surface precipitation of Cd as CdCO on CaC03 surface - i 3 
IC~'++HCO~ =CdC03(s)iH ) at the higher Cd additions. 

The high affinity of Cd for the calcite surface which is 

a specific adsorptioz2 is expected from the following: 

a. the Paneth-Fajans rule 3 3 

b. the similarity between cd2+ and ca2+ effective ionic 

radii (0.095 and 0.100 nm respectively) 3 4 

c. CdC03 and CaC03 are isotypes 2 2 

d. the similar electron configuration of Cd and Ca ions 3 5 

e. theories about heterogeneous nucleation and 
3 6 precipitation . 

More details can be found in reference 37. The concept 

of a surface solid solution based on coprecipitation 

theories and the Thorstenson and ~lummer" equation seems to 

be a useful approach in studying Cd mobility and reactivity 

in calcareous soils and sediments where calcite is a 

predominant constituent. 

TERMINOLOGY 

S=Kd. C,Linear adsorption isotherm 

S amount of solute adsor bed at equilibrium, umol m - 2 

C concentration in solution, m01 1-l 
- 2 Kd distribution coefficient, lm . 

2 + 
)*Xcd~03 K s o ~ a ~ 0 3  

distribution coefficient for solid solution of CdC03 to CaC03 
2 + 2 + 

(C? ) ,  (Cd ) Ca and Cd concentrations in solution 

'c~co~, 'C~CO~ mole fractions of CdCO and CaC03 in the 
3 

solid solution. 

D* homogeneous distribution coefficient for surface sites 

only; In this case XCdCO3 and X CaC03 are mole fractions 

for surface sites only. 

KSO = 
(ca2i) Solubility product constant 

(CaC03) for CaC03 
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2+ 
(Ca , ( c o ~ ~ - )  i o n  a c t i v i t i e s  i n  s o l u t i o n  

( c ~ c o ~ )  CaC03 a c t i v i t y  

When ( c ~ C O  )=l t hen  K =IAP ( i o n  a c t i v i t y  product )  
3 S 0 

Thorstenson and Plummer (1977) equa t ion  f o r  magnesian 

thermodynamic s to i ch iomen t r i c  s o l u b i l i t y  product  f o r  

magnesian c a l c i t & s  

X mole f r a c t i o n  of  MgC03 i n  c a l c i t e  
2 + (ca2+),  (Mg , ( ~ 0 ~ ~ ' )  a c t i v i t i e s  i n  s o l u t i o n  

This  equa t ion  i n  i t s  Cd form is: 

x molk f r a c t i o n  of  C ~ C O  on t h e  ca lc i t e  su r f ace .  
3 

EnIAPACH THC METABOAHC THC MEPIKHC lTIECHC CO2 K A I  THC 

I O N I K H Z  IZXYOC CE ANTIAPACEIZ G3 ME ANOPAKIKO AZBECTIO 

Zrqv ~pyacjia aurfi ~~~Asrfiequav OL ~ T L & & E L S  TOU C d  FLE ~€IPc[uL) .LZ)  
2 

a&or~o ( W O 3  BDH A.R Daed  E L B L U ~ ~ C  E ~ L & E L K  0.15 m g-l) u&ro am 

ELGLUES n s ~ p a l z a t ~ u 6 ~  m 8 f i u s ~  6qhabji us ysraPoAfi t q ~  FLEPLU~~S n i ~ a q ~  TOU 

co2 am 10 -3'49 (uawu~ufi a&cpa~p~ufi .ntecq C O ~ )  as 10'~ atm us rq 

Xpfi~q 1% CO2 uaL r q ~  LOVLU~S. L O - X ~ ) ~  TOU G~ah61.lar~ ~aopponiq pc 5mM 

Ca(N03)2 a v t i  H ~ O .  

OL F L E - c ~ ~ ~ A E s  mrEg E L X ~  m u  anot6hso~~a rqv dSqaq rw ouyumrphsw 

KaL ~ T L S  duo ~ E P L ~ T C ~ E L S  napatqpij8que I L E L O ~ V ~  r h  a v r i 6 p o ~ q ~  tou (23 

FLE rqv E T I L ~ ~ E L ~  TOU C~wqh6tsps~  TL$S aou csuvr~h~atfi uaravoufj~ 
3 

Kd) oe o~Eorl FLE TO used d m q w  UE xwoh6r~pq B S L ~  T W  ~ a r ~ w r o c  UE 

5mM ~ a ( N 0 ~ ) ~  n ~ 8 d v  A6yo aucq$vou a v r a y w ~ d  am ta ~ 6 v r a  Ca rou 

am amdhsqm avr~&&sov arov uypfi &q (o~qwr~q.I.6~ a u u d m v  uhn) . 
Cro d a r q w  PE %M C ~ ( N O ~ ) ~  o~qwria8que 6va ~XEGV ~Gav~u6 E ~ L W E L ~  
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SUMMARY 

I n  t h e  p resen t  work a  new s e r i e s  of  amine d e r i v a t i v e s  o f  g l y c i d y l -  
e s t e r s  and a l k y l - g l y c i d y l - e s t e r s  were s tud ied.  The r i n g  opening o f  g l y -  
c i  dy l  e s t e r  epoxi  des was e f f e c t e d  by  t reatment  w i t h  d i e t h y l  amine. The 
a t t a c k  occurs a t  t h e  te rm ina l  carbon o f  t he  epoxide and t h e  p roduc t  
formed was t h e  a  isomer. The r e a c t i o n  proceeds i n  one s t e p  w i t h  e x c e l l e n t  
y i e l d s .  The compounds s t u d i e d  show s a t i s f a c t o r y  b a c t e r i o c i  dal a c t i v i t y .  
Some o f  them m i g h t  be used as food  a d d i t i v e s  and cosmet ics.  

Key words : A1 k y l  -g1 y c i  d y l  -es te rs ,  L a u r i c  a c i  d - g l y c i d y l  -es ters ,  d i e t h y -  

l ami rie 

INTRODUCTION 

Stud ies  on t h e  s t r u c t u r e  and energy s t r a i n  o f  e thy lene  ox ide  ( l ) ,  

t h e  s m a l l e s t  member o f  t h e  epoxides, showed t h a t  i t  i s  ve ry  r e a c t i v e  and 

g i ves  e a s i l y  r i n g  opening r e a c t i o n s ,  r e l e a s i n g  t h e  energy s t r a i n  o f  t h e  

r i n g .  The epoxide bonds have s u b s t a n t i a l  i o n i c  cha rac te r  and the  oxygen 

i s  e a s i l y  a t tacked  b y  e l e c t r o p h i l e s  whereas the  carbon atoms a re  sens i -  

t i v e  t o  n u c l e o p h i l  i c  a t t a c k .  

The epoxide e n t i t y ,  one o f  t h e  most e x t e n s i v e l y  s t u d i e d  ambident 

subs t ra tes  ( 2 ) ,  revea ls  some i n t e r e s t i n g  s t r u c t u r a l  f e a t u r e s .  The o r i e n -  

t a t i o n  o f  t h e  n u c l e o p h i l i c  r ing-open ing ( 2 )  i s  c o n t r o l l e d  by stereoche- 

mica1 and e l e c t r o n i c  ( i n d u c t i v e ,  con juga t i ve )  e f f e c t s .  C l e a r l y ,  s te reo -  

chemical f a c t o r s  d i r e c t  t h e  a t t a c k  t o  t h e  l e a s t  h indered s i t e  whereas 

e l e c t r o n i c  f a c t o r s  o f  t he  s u b s t i t u e n t s  may d i r e c t  t h e  a t t a c k  t o  e i t h e r  

s i t e  o f  t h e  r i n g .  It f o l l o w s  t h a t  t h e  na tu re  o f  t h e  f i n a l  p roduc t  w i l l  

depend on t h e  p reva i l ance  o f  s t e r i c  o r  e l e c t r o n i c  f a c t o r s ,  du r ing  t h e  

r ing-open ing s tep,  i n  t h e  fo rma t ion  o f  t h e  i n te rmed ia te  o r  t r a n s i t i o n  

s t a t e  i nvo l ved .  Experiments have shown ( 2 )  t h a t  b a s i c  o r  n e u t r a l  cond i -  

t i o n s  f a v o u r  t h e  isomer formed by  a t t a c k  a t  t h e  l e a s t  h indered s i t e  as 

t h e  major  o r  t h e  s o l e  product .  
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Subjec t  t o  the  above cons ide ra t i ons  i s  t he  p o s i t i o n  o f  t h e  epoxide 

r i n g  i n  the  molecule.  G l y c i d y l  e s t e r s  f a l l  i n  t h e  category  o f  t e rm ina l  

epoxides and t h e i r  r ing-open ing r e a c t i o n  forms the s u b j e c t  o f  t h i s  paper. 

The present  s tudy was d i c t a t e d  by  the f a c t  t h a t  t h e  monoglycerides 

o f  f a t t y  ac ids  e x h i b i t  a n t i b a c t e r i a l  p r o p e r t i e s  and as such they  f i n d  

a p p l i c a t i o n  as food  p rese rva t i ves  ( 3 ) .  

E a r l i e r  r e p o r t s  on f a t t y  ac ids  and t h e i r  monoglycerides have revea- 

l e d  t h a t  t he  l a t t e r  i n h i b i t  b a c t e r i a l  growth i n  c o n t r a s t  w i t h  t h e  d i g l y -  

ce r ides ,  which a r e  poor  i n h i b i t o r s  and t h e  t r i g l y c e r i d e s ,  which r a t h e r  

favou r  the  b a c t e r i a l  growth ( 4 ) .  A  r e p o r t  on t h e  a n t i m i c r o b i a l  a c t i o n  o f  

t h e  l a u r i c  a c i d  monoglycer ide has shown t h a t  i t  i s  very  a c t i v e  aga ins t  

GRAM-(+) b a c t e r i a  and co l  i f o r m  b a c t e r i a  b u t  i t  i s  i n a c t i v e  aga ins t  GRAM- 

( - )  b a c t e r i a  ( 5 ) .  

I n  t r y i n g  t o  take  advantage o f  t h e  a n t i b a c t e r i a l  a c t i o n  o f  monogly- 

ce r ides ,  i t  was thought  t h a t  s i m i l a r  r e s u l t s  m igh t  be ob ta ined  by  t h e  

g l y c i d y ?  e s t e r s ,  as t h e  l a t t e r  a r e  s t r u c t u r a l  analogues o f  t h e  former  

(one epoxide r i n g  i s  equ iva len t  t o  two hydroxy-groups) . Furthermore, t h e  

a n t i b a c t e r i a l  a c t i o n  o f  t h e  g l y c i d y l  e s t e r s  m igh t  be f u r t h e r  enhanced 

by t h e  a d d i t i o n  o f  one molecule o f  d ie thy lamine,  a  compound o f  known b i o -  

l o g i c a l  s i g n i f i c a n c e .  I? was, thus,  a n t i c i p a t e d  t h a t  t h e  r e s u l t i n g  mole- 

c u l e  would e x h i b i t  t h e  combined a c t i v i t y  o f  bo th .  

The r ing-open ing o f  epoxides by  amines was repo r ted  f i r s t  by  Graham 

( 6 ) .  L a t e r  A1 ' b i t skaya  and Pet rov  (7 )  r e p o r t e d  the  same r e a c t i o n  us ing 

aqueous s o l u t i o n s  o f  t h e  amines. The r e a c t i o n  i s  complete i n  1-2 days 

and t h e  y i e l d  i s  60-70 %. The y i e l d  was f u r t h e r  improved by c a r r y i n g  o u t  

t h e  r e a c t i o n  a t  1 2 0 ' ~  w i t h  a  pressure  o f  3 b a r  as r e p o r t e d  by  Rutzen(8). 

C4-C18 s t r a i g h t  cha in  g l y c i d y l  e s t e r s  have been employed f o r  t h e  

present  purpose as w e l l  as mono-a1 k y l - s u b s t i t u t e d  ph tha l  i c  a c i d  g l y c i d y l  

e s t e r s  . 

EXPERIMENTAL 

PrincipaZ starting Materials 

P h t h a l i c  anhydr ide : ca 98 % m.p. 130-132'~ (Merck) 

D ie thy l  ami ne : ca>98 % (GC); b.p. 55-57' (F1 uka) 

P h t h a l i c  a c i d  monoalky les ter  : Th is  was prepared f rom sodium a l k o x i d e  

and p h t h a l i c  a c i d  anhydr ide.  GC o f  Me-ester showed < 99 % p u r i t y .  The 
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r e s t  o f  the  f a t t y  acids' and t h e i r  s a l t s  used i n  t h i s  work were purchased 

f r o m  Merck. 

Preparation of GZycidyZ es ters  

CapryZic acid gZycidyZ e s t e r :  
I A m ix tu re  of sodium capry la te  33.8 g (0.2 mole), ep ich lo rhydr in  3769 

( 4  mole) and tetraethylammonium iod ide  0.649, (= 2 % w i t h  respect t o  the 

ac i d  s a l t )  was s t i r r e d  f o r  .l h a t  115'~. The sodium ch lo r i de  p r e c i p i t a t e  

was f i l t e r e d  o f f ,  the excess ep ich lo rohydr in  was removed by d i s t i l  l a t i o n  

and the g l y c i d y l  e s t e r  was ex t rac ted  from the  residue w i t h  e ther  t o  g ive  

38 g o f  e s t e r  ( y i e l d  93 %). 

OZeic acid and Zauric acid gZycidyZ es ters  

Prepared as described above. 

Iso-decatrianoic acid gZy cidyZ es ter  

Isodecat r ianoic  a c i d  35.4 g (0.615 mole) was d isso lved i n  a  1:l etha- 

no l -e ther  so lvent  m ix tu re  and the s o l u t i o n  was t i t r a t e d  against  e thano l i c  

sodi um hydroxide (phenol ph tha le in  change) . Ex t rac t ion  w i t h  e ther  fo1  lowed 

by evaporat ion o f  the  aqueous l a y e r  a f fo rded  39 g (0.165 mole) of the 

s a l t .  

The g l y c i d y l  es te r  was prepared from the s a l t  as descr ibed above and 

41.3 g o f  es te r  ( y i e l d  92 %) were obtained. 

Isodecaoctaonic acid gZycidy2 e s t e r  

Prepared as described p rev ious ly .  

Butyric acid g ZycidyZ e s t e r  

B u t y r i c  anhydride 30 g (0.19 m01 e) was used i nstead o f  the  a c i d  f o r  

the  preparat ion o f  the  sodium bu ty ra te  40 g (0.36 mole) and 38 g o f  e s t e r  

( y i e l d  73 %) were obtained. 

Preparation of monoaZkyZ-substituted phthaZic acid gZycidyZ es ters  

Prepared according t o  an e a r l i e r  repor ted method.(9). 

DiethyLamine-hydroxy-derivatives of  gZycidyZ es ters  

2-hydroxy-3 (N, N-diethylamino) propy Zcapry Zate 

Capryl i c  a c i d  g l y c i d y l  es te r  38 g (0.19 mole) was heated a t  6 6 ' ~  and 

then diethylamine 16.65 g (0.23 mole) was added dropwise under mechanical 



s t i r r i n g .  The r e a c t i o n  was s l i g h t l y  exothermic and t h e  temperature rose 

t o  8 0 ' ~  o v e r  a p e r i o d  o f  5 1/2 h .  Excess d i e t h y l  amine was then d i s t i l l e d  

o f f  i n  vacuo ( a t  50•‹c/5 t o r r ) .  The res idue was repea ted ly  washed w i t h  wa- 

t e r  ( t e n  t imes w i t h  50 m1 p o r t i o n s )  t o  remove t races  o f  d ie thy lamine.  

C r y s t a l l i z a t i o n  f rom pentane a t  - 2 0 ' ~  r e s u l t e d  i n  a c o l o u r l e s s  l i q u i d  

a t  room temperature, whose p u r i t y  was checked by  TLC. 

Th'hin L a y e r  Chromatography (TLC) 

TLC p l a t e s  were prepared f rom s i l i c a  ge l  (Merck).  The th i ckness  o f  

t h e  p l a t e s  was 0.25 mm. The samples were d i s s o l v e d  i n  ch loro form,  and 

the  developing m i x t u r e  was chloroform, e t h y l  ace ta te  and methanol (65:lO: 

25). The v i s u a l i z a t i o n  o f  t h e  spots  was ach ieved us ing a wide-mouth g lass  

b o t t l e  c o n t a i n i n g  a few c r y s t a l s  o f  i o d i n e .  

The p roduc t  was, then, p u r i f i e d  by  c o l  umn chromatography (K iese lge l  

60, 70-230 Mesh) us ing  a chloroform:ethylacetate:methanol (6.5: 1:2.5) 

m i x t u r e  t o  a f f o r d  46 g (0.19 mole) o f  pure product .  

The r e s t  o f  t h e  d ie thy lam ine  d e r i v a t i v e s  o f  g l y c i d y l  e s t e r s  were pre-  

pared and p u r i f i e d  s i m i l a r l y  (Table 1 ) .  

DATA 

Methyl 2-hydroxy-3(N,N-diethy1amino)propyl phtha l  a t e  7. 
'H nmr: 6(CD2C12)1.0(t,6H,-N(CH2C13)2, ~ . ~ ( I ~ , ~ H , - C $ N ( C ~ I ~ C H ~ ) ~ ,  3.75(m, 

2H ,CHOH) , 3.85(s ,3H,-OCH3), 4 .25 ( t  ,2H ,-COOCH2) , 7 .6(m94H ,C6H4-) ,ppm. MS, 

m/z:309(~+'), 294, 278, 266, 237, 219, 192, 163, 135, 105. Found:C,62.50; 

H, 7.61; N,4.45. Cl6HZ3NOj requires:C, 62.12; H, 7.49; N, 4.53%. 

Oc ty l  2-hydroxy-3(N,N-diethyl amino)propyl  p h t h a l a t e  10. 
'H nmr: 6(CD2C12), 1.0 [t,9H,-N(CH2Cs)2, and -(CH2)6C13], 1.3 [s,broad, 

12H,-(CH2)6] , 2.5 [m,6H,-C$N(CH2CH3)2], 3.75(m,2H9CHOH), 4.2 [ni,4H,-(COOC 

H2)2], 7.6(m,4H,C6H4-)pp.. MS, m/z: 4 0 7 ( ~ + ' ) ,  390, 376, 364, 290, 278, 

222, 192, 160, 130, 105. 

2-Hydroxy-3(N,N-diethy1amino)laurate 3. 
'H nmr: 6(CDC13) 1.0[t,3H,-(CH2)gCL3], 1.1 [t,6H,-N(CH2Cli3)2] , 1.35 

[~,broad,l8H,-(C~~)~~H~], 2.6 [ m , 8 ~ , - C t i ~ N ( C t i ~ ~ ~ ) ~ , - C t l ~ C O O - ] ,  3.8(m,2H, 

CHOH), 4.2(m,2H,-COOCH2) 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 %. 

A l l  t h e  o t h e r  compounds of  Table 2 gave ana10gouS s ~ e c t r o s c o p i c  data. 
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RESULTS AND DISCUSSION 

The g l y c i d y l  e s t e r s  were prepared f rom t h e i r  corresponding a c i d  s a l t s  

by r e a c t i o n  w i t h  e p i c h l o r o h y d r i n  w h i l e  the ph tha l  i c  a c i d  g l y c i d y l  e s t e r s  

were prepared accord ing t o  an e a r l i e r  r e p o r t e d  method ( 9 ) .  

The r e a c t i o n  products  were analysed f o r  p u r i t y  by TLC and t h e i r  s t r u -  

c t u r e  was determined by NMR spectroscopy and mass spectrometry.  

The r e a c t i o n  o f  g l y c i d y l  e s t e r s  ( I )  w i t h  d ie thy lam ine  i s  shown i n  

scheme 1. 

B isomer 

a isomer 

Scheme 1 

The b e s t  c o n d i t i o n s  t o  o b t a i n  h i g h  y i e l d s  i s  t o  use a  mo la r  r a t i o  of  

e s t e r  t o  amine equal t o  1:1.2 and t o  keep t h e  temperature cons tan t  a t  70' 

C. The r e a c t i o n  was exothermic and t h e  temperature a f t e r  5  h  rose f rom 75 

t o  9 5 O c ( ~ a b l e  l ) .  

The method employed, may be regarded as s u p e r i o r  t o  e a r l i e r  ones, t a -  

k i n g  i n t o  cons ide ra t i on  on t h e  h i g h  a c c e s s i b i l i t y  o f  t h e  p roduc t  amines 

( I I I ) (Scheme l ) ,  i n  t h a t  i t  i n v o l v e s  s imple r e a c t i o n  c o n d i t i o n s  and g i v e s  

h i g h  y i e l d s  o f  t h e  amines (111) (Table 1). 

From t h e  exper imental  r e s u l t s  i t  i s  c l e a r  t h a t  t h e  r e a c t i o n  o f  d ie -  

thy lamine w i t h  l a u r i c  g l y c i d y l  e s t e r  leads m a i n l y  t o  the  fo rma t ion  o f  t h e  

a isomer i n  h i g h  y i e l  d  (Scheme 1 ) .  

The a1 k y l  groups i n  t h e  d ie thy lamine cause +I i n d u c t i v e  e f f e c t  ( e l e c -  

t r o n  donors) i n c r e a s i n g  t h e  e l e c t r o n  dens i t y  on t h e  n i t r o g e n  atom and 

consequent ly i t s  nuc leoph i  l i c  

A  mechanism t h a t  m igh t  exp 

2. 

character .  

l a i n  the above r e a c t i o n  i s  shown i n  Scheme 



, a b l e  1. Temperature change as a  f u n c t i o n  o f  r e a c t i o n  t ime  and p roduc t  
y i e l d s  o f  f a t t y  a c i d  g l y c i d y l  e s t e r s  and d ie thy lam ine  d e r i v a t i -  
ves o f  monoal k y l - s u b s t i t u t e d  ph tha l  i c  a c i d  g l y c i d y l  e s t e r s  o f  
t Y  Pe 

C H  
/ 2 5 

RCOOCH2-CH-CH -N 
1 2 \  
OH C2H5 

I I I 

Temperature OC 
Co~npound R 

NO 
Reaction Time Y ie ld  % 

S t a r t  (To) End ( T t )  
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Table 2. A n a l y t i c a l  data o f  products o f  the  r e a c t i o n  o f  monoal k y l g l y c i -  
d y l - e s t e r  o f  p h t h a l i c  a c i d  w i t h  diethylamine o f  the  type: 

/ 'zH5 
R-COOCH2-CH-CH2-N 

I \ 
OH C2H5 

Ac id  number Sapon i f i ca t ion  number 20 
Compound No 

Expt l .  Calc. Exp t l .  Cal c. "D 



Under the  adopted condi t ions,  the r e a c t i o n  proceeds, most probably, 

by the SN2 mechanism. The in termediate  A was formed by n u c l e o p h i l i c  

a t t a c k  o f  a  molecule o f  diethylamine on t h e  carbon atoms o f  t h e  epoxide. 

The major  i s o l a t e d  a isomer i n d i c a t e d  t h e  p re fe red  s i t e  o f  r ing-open- 

ing.  S t e r i c  crowding i s  an impor tant  issue i n  t h i s  context .  

Scheme 2 

Besides, f i v e  more d i e t h y l  amine d e r i v a t i v e s  a1 k y l  -g l yc idy l -ph tha l  i c  

es te rs  were prepared analogously. The y i e l d s  and the  ana ly t i ca l '  data o f  

the  products a r e  shown i n  Tables 1 and 2. The spectroscopic data showed 

t h a t  i n  a l l  cases the main product was t h e  a isomer. 

The compounds - 3, 7, 10 were t e s t e d  f o r  a n t i m i c r o b i a l  a c t i v i t y  aga ins t  

Staphylococcus aureus, E. co l  i , PS cepacia, Candi da a1 bicans and Asper- 

g i l l u s  n i g e r  a t  var ious concent ra t ions (Table 3) 1% s o l u t i o n  i n  preserva- 

t i v e  (1% s o l u t i o n  means concent ra t ions 1 w h i l e  1+1 = 0,5%). 

As i t  can be seen f rom Table 3  o n l y  compounds 3 and 10 were found t o  

be a c t i v e .  

Compound 3 showed d i s t i n c t  a n t i m i c r o b i a l  a c t i v i t y  whereas 7 was found 

t o  be completely i n a c t i v e .  The s e n s i t i v i t y  o f  the microorganisms t o  

compound 3 and 10 f o l l owed  the order:  PS cepacia = Asperg i l l us  n i g e r  > 

E .co l i  - Candida a lb i cans  > Staphylococcus aureus. 

Compound - 3 can be suggested as a  good food and perfume p reserva t i ve  

due t o  i t s  s t rong b a c t e r i o c i d a l  a c t i o n  aga ins t  E. c o l i .  
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APPLICATIONS 

Table 3. M i c r o t e s t s  f o r  m i c r o b i a l  g rowth  i n h i b i t i o n  f o r  f o o d  and p e r f u -  
mes p r e s e r v a t i v e s .  

I n h i b i t i o n  Z o n e  (cm) 

Staphylococcus 
Compound D i l u t i o n  aureus 

N" 

Escherichia 

c 0 l i  PS. cepacia 
Candida 

albicans 
Aspergil lus n i g e r  

D i l u t i o n  : 1% solution i n  preservative (1% solu t ion  means concentration 1, whi le  1tl= 0.5 9 )  

The d i l u t i o n  of the substance i s  effected i n  1% aqueous so lu t ion  o f  Tween 40. This solvent 

i s  n o t  ant imicrob ia l .  

Dashes imply no i n h i b i t i o n  t o  microbial  growth. 
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SUMMARY 

Gas oil pyrolysis experiments 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, bui 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 dismbution 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 
n2%=34.5; density d204=0.85%. Chemical characteristics and composition are presented in 

Table I. 

Apparatus. 

Our experiments were conducted with a continuous reactor (3). It is a cracking coil 
Incone1600 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 1818 stainless steel pipe of 60164-mm diameter. The reactor is 
heated internally by an electrical resistance coiled on a coralum H threaded tube, of 178125- 
mm diameter. The electrical resistance is protected by a quartz tube 30133-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 MARIOTI'E 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 ltlhr 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 
Akybenzene cnH2n-6 
Indane + tetralin %H2n-8 
Indene CnH2n-IO 
Naphtalene cnH2n-12 
Acenaphthene + diphenyl GH2n-14 
Acenaphthene + fluorene qH2n-16 
Phenathrene + anthracene cnH2n-18 

total 22.5 

Sulfur com~ounds 
Benzothiophene cnH2n-1~S 
Dibenzothiophene cnH2n-16S 

total 7.8 

Mean No of C in family : Saturated 

Naphthenic 
Annnatic 

Elemental Analysis: 

Mean molecular weight : 
Mean molecular formula: 
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Effluent gas product analysis was performed by gas chromatography. Table I1 shows 
the analytical conditions of gas chromatography. 

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

Objects of analyses 

Type of gas chromatographer 

Detector 

Column 
Column length 
Column diameter 

Column temperature 
Carrier gas 

Herrnann-Moritz CP3 

Thermal conductivity 

Molecular sieve 5A" 
2m 

2.25 mm 

4 9 c  

N2 

Gira 

Thermal Conductivity 

Porasil B (801100 mesh) 
4m 

2.25 mm 

90•‹C 

N2 

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

Fraction B.P ('C) % wt. 

Distillate 1 

Distillate 2 
Residue 

Losses 

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 1.F.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 III - X. 
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TABLE IV : Mass spectrometry analysis of the distillate l from fractional distillation of 
the liquid products of gas oil steam cracking at 650 "C. 

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

Paraffins 
Monocycloparaffins 
Dicyclopantffins 

Aromatics 

Indane + Tetralin 
Naphthalene 

Mean molecular weight : 100.5 

15.56 

32.00 
17.98 

8.86 total 

30.70 

3.90 

0.10 
4.71 total 

100.00 total 13.57 total 

h the calculation of residence time (t) the following relation was considered: 

where: 
V= reactor volume 
Mg = moles of gaseous products 
M1 = moles of liquid products 

MS = moles of steam 
R = 6.23 L/ K.mol 

P = pressure, 76 cm 
T = temperature 
t = residence time, sec. 

The yield of each component.in gaseous products was defined as follows: 

where: 
W = Mass flow rate of gas oil, K m  
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Vg = Volumetric flow rate of gaseous products, Vhr 

p = density, Kglm3 
X = concentration of products (vol.%, wt%) 

Y = yield of products (W[%) 

TABLE V : Mass spectrometry malysis of the distillate 2 from fractional distillation of the 

liquid products of gas oil steam cracking at 650 C. 

Paraffins 

Uncondensed Naphthene 

Condensed Naphthene 

Alkylbenzene 

Indane + tetralin 

Indene 

Naphthalene 

Acenaphthene + diphenyl 

Acenaphthene + fluorene 

Anthracene 

Benzothiophene 

Dibenzothiophene 

Mean atoms of C: 

wt.% of distillate 2 wt.% of liquid products 

99.99 total 22.25 total 

Aromatics 

Saturated 
Naphthanic 

Molecular weight 174.0 
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TABLE V1 : 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 
Aromatic hydrocarbons 49.72 
Resins 10.22 

100.00 total 64.16 total 

Mean molecular weight : 217.32 

TABLE VII : Mass spectrometry analysis of the saturated hvdrocarbons 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 -is0 ) 59.78 
Naphthene with 1 ring 15.83 
Naphthene with 2 rings 12.16 
Naphthene with 3 rings 7.27 
Naphthene with 4 rings 4.62 
Naphthene with 5 rings 0.34 
Naphthene with 6 rings 0.00 

Monoaromatics 

100.00 total 

0.00 

40.06 total 25.69 total 

Mean molecular weight : 207.8 



TABLEMII: Mass spectrometry analysis of the aromatic hydrocarbons of the residue from fractional distillation of gas oil steam 
cracking liquid products at 650•‹C. 

No of C % wt. of % wt. of wt. of 
Famiry C11C12 C13 C14 C15 C16 C17 C18 c19 c20 C21 c22 c23  c24 aromatics residue liquids 

CnH2n-32 
and or 0.42 0.44 0.50 0.24 0.13 0.08 1.61 0.80 0.51 
c n k - 2 2 s  

CnHzn-30 
and, or 0.40 0.37 0.37 0.28 0.24 0.24 0.24 2.17 1.08 1.08 0.69 
CnH2n-20S 

cnH2n-28 
and, or 0.44 0.46 0.48 0.37 0.34 0.27 10.25 2.66 1.32 0.85 
CnH2n-20S 

CnH2n-26 
and, or 0.54 2.02 3.08 3.72 2.30 1.24 0.56 0.44 0.51 0.22 0.22 15.38 7.65 4.92 
CnH2n-16s 

CnH2n-24 
and, or 0.23 0.31 0.66 0.66 0.69 0.53 0.53 0.53 0.49 0.40 0.35 5.38 2.67 1.71 
CnH2n-14s 

CnHZn-22 
and, or 0.33 0.51 0.80 0.90 1.00 0.67 0.65 0.40 0.37 0.34 0.34 6.3 1 3.14 2.01 
CnU2n- 12s 



TABLE VIIL(cont.) C] 
9 

CnH2n-20 
W 

and, or 1.31 1.32 1.33 1.13 1.42 0.97 0.97 0.97 0.64 0.64' 0.56 0.44 11.71 5.82 3.74 . 
CnH2n- 10s 

8 
CnH2n- 18 0.49 1.61 2.17 1.48 1.08 0.77 0.45 0.35 0.33 0.33 0.25 9.3 4.62 2.97 

3 

Mean molecular weight : 221 

TOTAL 100.00 49.72 31.90 
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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 750i%. 

Composition 5% wt. Gas oil Liquid products 
fraction 200+ 

Paraffins 

Uncondensed Naphthene 

Condensed Naphthene 

Allcybenzene 

Indane + tetralin 

Indene 

Naphthalene 

Acenaphthene + diphenyl 

Acenaphthene + fluorene 

Phenathrene + anthracene 

Benwthiophene 

Dibenwthiophene 

TABLE X : Mass spectrometry analysis of liquid products from gas oil steam cracking at 

7Oo0 C. 

Family tYPe wt.% 

Aromatics 
Alkybenzenes: 

Indane + tetralin: 

Indene: 

12.0 (total) 
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TABLE X ( cont) 

Naphthalene: 

Acenaphthene + diphenyl: C15H16 

Acenaphthene + fluorene: C,,H,, 
Phenathrene + anthracene: C15H12 

26.5 ( total) 

9.4 (total) 

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 760T 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 
i 

the pressure drop inside the reactor. 

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, C2H6, C3H8), olefins (C2H4, 

C3H6, C4H8, C ~ H ~ O ) ,  diolefin (C4H6) 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 C3H6 31% and 11.4% by weight, were obtained at 760" 
C and 700T 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 

80 

5 60 
3 
V 

-a 
40 * 
20 

0 
680 700 720 740 760 780 800 

Temperature ( C) 

FIG. I .  Influence of temperature of gas oil steam cracking on liquid and gaseous product 
yields in an Inconel reactor for a dilution ratio -2. 

680 700 720 740 760 780 800 

Temperature ( C) 

FIG. 2. Deposits versus temperature evolution of amspheric gas oil cracked in an Inconel 
reactor for a dilution ratio -2. . 
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720 740 760 
Temperature ( C) 

FIG 3. Influence of temperature of an atmospheric gas oil steam cracking on yields of 
olejines , in a Inconel reactor for a dilution ratio -2. 

680 700 720 740 760 780 800 
Temperature ( C )  

FIG 4.  Influence of temperature onpar@ns 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 73U'C. 

For temperatures higher than the above the yield of a H 8  declined. CsHio increases 

monotonically when the temperature increases. 
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As Figure 4 shows, the yield of CH4 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 1760 C. Yields of C2H6 shows a maximum of 

2.2% at 730 C. 

Liquid products yield decreases with temperature as Figure 1 shows. They consist of 

high cabon 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. 

nEPIAHUJH 

bIAXnA2H ME ATMO TOY AEPIEAAIOY 

n s i p 6 u a ~ a  nup6huoqc t w v  a s p ~ ~ h a i w v  n a p o u o i a  a r u o b  n p a y u a r o f i o l h -  

8qKav DE s p y a o r q p ~ a ~ f i  K h i ~ a K a  ~ k o a o s  owhqvwt6 a v ~ i 6 p a o r f i p a  inconel  

600, p t i ~ o u c  4 ~ & T ~ W V  K a i  ~ L U I J ~ T ~ O U  4 ~ i h ~ o a r o y k r p w v . Z ~ o n ~  4 r a v  

o ~ a O o p ~ o u 6 c  t q c  ~ n i 6 p a a q c  r q c  8 ~ p ~ o ~ p a o i a c  s n i  r q c  napavwytic ohs: 

q i v h v  K a i  ~ 6 i a i ~ ~ p a  a i 0 u A ~ v i o u  KaL va E U P E ~ E ~  q adv8soq T W V  uvphv 

npoL6v tov .  H ~ a h h t r s p t l  an66ooq a ~ O u h e v i o u ,  31% ~ a r 6  P6poc n p o k ~ u -  

$ E  OE 760•‹c, X P ~ V O C  n a p a ~ o v f i c  0.33 6 ~ u r ~ p 6 A e n r a  KaL oxkoq ~ 1 6 ~ a c  

U T ~ O B  npoc a s p ~ ~ h a i o u  ~ o o B r a i  npoc 2.  Ta uyp6 npoU6vra  r q c  nup6hu- 

oqC o u v i a T a v r a L  an6 apwJ.IariK&c E V ~ ~ E L C  u$qhfic n ~ p l ~ ~ ~ l ~ 6 r q T a c  U& 

a v 8 p a ~ a ,  i 6 ~ a i ~ G p a  6vw r r t c  8 s p u o ~ p a a i a c  nup6huoqc 7 0 0 ~ ~ . ~ n o 8 6 1 ~ a r a  

K W K  ~ n i  T W V  T O L X W ~ ~ T W V  K Q L  T ~ C  sS660u T O U  a v r i 6 p a o ~ t i p a  f izav au-  

y a v r t ~ b .  

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 

at 700 C. 
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Yields of H2 , CH4 are important, czused by the secondary reactions. Coke deRosits 

also, appeared very important on the walls and the exit of the Incone1600 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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SYNTHESE DE QUELQUES NOUVEAUX ARYLOXY -ACETAMIDES 
ET- PROPANOLAMINES SUBSTITUTES SUR L'AZOTE. 
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Les auteurs ont prepare un certain nombre d'aryloxy-acetamides et -propanolamines, 
substitues sur l'azote et caracterises par la presence en position 2- et 6- du noyau d'une 
fonction methyl et d'un groupement methoxy respectivement, en vue d'etudier leur 
action antiarrhythmique eventuelle. 

Key words 

Aryloxy-acetamides et -propanolamines substitues sur l'azote. 

L'action antiarrhythmique du procainamide' et de diverses propano- 
lamines telles que le propranolo12, l'atenolo13, le practolo14 etc. est bien connue. 
Au cours de ce travail nous avons prepare un certain nombre d'aryloxy- 
acetamides et -propanolamines, substitues sur l'azote et caracterises par la 
presence en position 2- et 6- du noyau d'une fonction methyle et d'un 
groupement methoxy respectivement, en vue d'etudier leur action 
antiarrhythmique eventuelle. Les produits en question correspondent aux 
formules generales 1 et II. 

La synthese de ces derives a ete effectuee suivant le schema cidessous. 



on ( N a )  

CICH2COOH 

,CH3 
O C H ~ C O N H C H ~ C H ~ N \  

OCHZCOOH OCHZCOCl CH3 

H3 m30&, "3 H2~CH2CH'Nkn3 CH" / - OCH3 
I l a  3 4 



Comme produit du depart pour les composes des formules 1 et II a ete 
employe le methyl-6 guaiacol (l),  obtenue par reduction de l'o-vanilline, a 
l'aide d'hydrazine, suivant le procede de ~ o l f - ~ i s h n e r ~ .  

Le methyl-6 guaiacol(1) est traite par l'epichlochydrine, en milieu alcalin, 
pour obtenir le produit intermediaire 2 (epoxyether non isole), qui conduit aux 
derives de formule generale 1 par action de diverses amines6. 

Pour obtenir les derives de formule generale II, an traite le guaiacol 1 par 
l'acide chloracetique7, ce qui donne l'acide methyl-2 methoxy-6 phenoxyacetique 
(3). M Hirota et G. Hirano8 mentionnent ce dernier acide sans pourtant 
indiquer ni methode de preparation ni constantes. L'acide 3 est transforme au 
chlorure correspondant (4), par action de chlorure de thionyle, puis au produit 
de formule generale II, dans lequel R = (CHz)zN(CH3)2, par action de 
dimethylamino-ethylamine7. Le chlorure 4, traite a l'ammoniaque, donne 
l'amide 5 (il n'est pas decrit dans la litterature) et ce dernier, par application de, 
la reaction de  ann ni ch^, le compose de formule generale II, dans lequel 
R = N-CHzCHz-O-CH2CH2. 

PARTIE EXPERIMENTALE 

La structure des produits prepares a ete verifiee par l'analyse elementaire 
et les spectres IR et RMN. 

Les points de fusion ont ete pris sur un appareil Buchi, en capillaires 
ouverts et ne sont pas corriges, les spectres IR au spectrophotometre Perkin- 
Elmer 177 et les spectres RMN a l'aide d'un spectrophotometre Varian 90 
MHz et Varian 60MHz. Les analyses elementaires ont ete effectuees par le 
Service Central de Microanalyse du C.N.R.S. (Paris), que nous remercions 
vivement. Les valeurs trouvees etaient conformes a la theorie +4%. 

Methyl-6 guaiacol. 11 est prepare par reduction de l'o-vanilline a l'aide 
d'hydrazine, suivant le procede de G. Lock et col16 avec un rendement de 75%. 
Avant d'etre employe pour l'etape suivante, le produit est purifie par passage a 
travers une colonne de Kieselgel60 et en eluant par le benzene. F = 4 2 ' ~  (Litt. 
F = 42'~). 

A la solution de 6,9g (0,05mole) de methyl-6 guaiacol et de 2g (0,05mole) 
d'hydroxyde de sodium dans 20ml d'eau, on ajoute, goutte a goutte et sous 
agitation, 8,6ml(0,1 mole) d'epichlorhydrine. ~'addition du reactif terminee, 
le melange est chauffe au reflux pendant 3h. Le produit de la reaction est 
refroidi, puis extrait a l'ether et les solution etherees reunies sont lavees avec 
une solution d'hydroxyde e de potassium a 10% puis a l'eau jusqu' a 
neutralisation. La solution etheree, sechee sur la sulfate de magnesium 
anhydre, puis evaporee a sec, abandonne un residu huileux (epoxyether), qui 
est employe tel quel pour l'etape suivante. ~e residu est dissous dans 30ml de 
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benzene anhydre et la solution obtenue est additionnee de 12,758 (0,15mole) de 
piperidine. Le melange est chauffe au reflux pendant 3h, puis lave a l'eau 
jusqu' a neutralisation, seche sur le sulfate de magnesium anhydre te evapore a 
sec. On obtient 10,5g de produit (rend. 75%),sous forme de base, qui est 
transformee en chlorhydrate (crystallin, F = 133'~). 
CisHzsN03: NMR(CDC13,60MHz) 6:0,68-1,83 pprn (m, 6H, 3,4,5-piperidine- 
H), 1,95-2,85 pprn (m, 6H, 2, 6-Piperidine-H, CHzN), 2,25 pprn (s, 3H, CH3- 
Ar), 3,lO-4,50 pprn (complex m, 4H, OCHzCH, OH), 3,77 pprn (s, 3H, CH30), 
6,40-7, 15 pprn (m, 3H, aromatic). 

Suivant ce meme procede ont ete prepares tous les produits, dont les 
analyses et constantes sont rassemblees au tableau 1. 

Dans le cas du T5145, le produit final a ete isole par chromatographie sur 
colonne d'alumine et en eluant par le melange ether de petrole-ether. 

Acide methyl-2 methoxy-6phenoxyacetique 3 
Dans le melange de 13,8g (0,l mole) de methyl-6 guaiacol et de 45ml de 

lessive de soude a 33% (0,5 mole) on ajoute 18,9g (0,2 mole) d'acide 
chloracetique et une petite quantite d'eau Cjusqu'a dissolution complete du sel 
phenolique forme), puis on fait chauffer le tout sur bain marie pendant une 
heure (au reflux), on refroidit et on acidifie avec l'acide chlorhydrique 
concentre. L'acide (3), qui precipite, est essore, lave 5 l'eau et recristallise dans 
le melange benzene-ether de petrole. Rend. 82%, F = 102'~. 

(Methyl-2 methoxy-dphenoxy) acetamide 5. 
Le melange de 9,8g (0,05 mole) d'acide methyl-2 methoxy-6 phenoxyacetique 

( 3 )  et de 42g (27m1, 0,35 mole) de chlorure de thionyle est chauffe sur bain 
marie pendant 2-3h au reflux. L'exces du chlorure de thionyle est ensuite 
elimine par evaporation sous pression reduite a l'aide de benzene anhydre. Le 
chlorure de l'acide 3 ainsi obtenu est ajoute par petites quantites dans un exces 
d'ammoniaque et l'amide forme est essore; lave et recristallise dans l'ethanol. 
Rend. 54% (5,5g) F = 9 9 ' ~ .  
Analyse C I O H I ~ N O ~  Calc.% C 61,53 H 6,71 

Tr. % 61,38 6,70 

a-(Methyl-2 methoxy-6 phenoxy)N-morpholinomethyl-acetamide (II, R = 
-CH2N(CH2)2-O-CH2-CH2). 

On charge un ballon 1,95g (0,Ol mole) de l'amide 5,0,51g (0,017 mole) de 
paraformaldehyde, 2,lg (0,017 mole) de chlorhydrate de morpholine, 2-3 
gouttes d'acide chlorhydrique concentre et 15ml d'ethanol. Le melange est 
chauffe au reflux pentant 5h, puis le solvant est elimine sous pression reduite et 
le residu jaunatre alcalinise a l'aide d'une solution d'hydroxide de sodium a 
10% et extrait a l'ether. les extraits etheres reunis, laves a l'eau jusqu' a 
elimination de l'exces de la morpholine, seches et evapores a sec sous pression 
reduite, abandonnent 1,44g de base (rend. 49%), qui est transformee en 
chlorhydrate (F = 133'~,  acetone). 
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C15HnN204 RMN (CDC13 90 MHz) F:2,30 (s, 3H, CH3), 2,65 (t, 4H, A2X2, 
JAX = 5Hz, H morpholiniques-3,5), 3,71 (t, 4H, AzX2, IAX = 4,5 Hz, H 
morpholiniques-2,6) 3,88 (s, 3H, C&O), 4,26 (d, 2H, AX2, IAX = 6, ~ H z ,  
NH-CHzN), 4,45(s, 2H, OCHZCO), 6,70-7,12 (m, 3H, aromatic) 7,35-7,80 (s, 
large, lH, NH). 
Analyse CisH23CIN204 Calc. % C 54,46 H 7,01 

Tr. % 54,34 6,96 

a-(methyl-2 meth oxy-6 phenoxy)-N-dimethylaminoethyl-acetamide (II, 
R=-(CHZ)~-N-(CH~)Z 

La solution de 5,5g (0,026 mole) de chlorure de methyl-2 methoxy-6 
phenoxy-acetyle dans 20 ml d'acetate d'ethyle, refroidie a - 5 ' ~ ,  est 
additionnee, goutte a goutte et a une temperature n'excedant pas le O'C, d'une 
dolution de 3,6g (0,028 mole) de $-dimethylaminoethylamine dans lOml 
d'acetate d'ethyle, puis le melange est laisse au repos pendant 1-2h a la 
temperature ambiante. Le chlorhydrate de l'a mide ainsi forme est essore et 
recristallise dans le melange acetone-ether. Rend. 44% (3,4g de sel.). F = 157- 

soc.  C~H22N203 NMR (CDC13,60Mz) 6: 1,75-2,94 ppm (m, 2H, CH2N CH3 
 CH^)' 

2,25 ppm (s, 6H, (CH&N), 3, 10-3,65 ppm (m, 2H, CONHCHz), 3,78 ppm (s, 
3H, CH30), 4,37 (s, 2H, OCHICO), 6, 5-7, 8 ppm [m, 4H, aromatic, NH). 
Analyse C14H23N203Cl Calc. 9% C 55,54 H 7,60 

Tr. % 55,35 7,43 

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 1: (Methyl-2 methoxy-6) phenoxy-1 amino-3 propanols-2 substitues 
sur l'azote. 

Analyses 

Calc. % 
RI Rendement 

Tr. % 

N %(en base) Sel Formule brute FOC C H C H 
R2 

- - 

-N-CHz(CH2),CH2 75 T1121 Chlorhydrate CiaHzsN01Cl 133 60,84 8,30 60,82 8,23 
-N-CH~(CH~)ZCH~ 80 Tsiv Chlorhydrate Ci~HrrNoiCl 78 59,09 8,90 .58,80 8,36 
-N-CHZCHIOCH~CHZ 70 Trisa Chlorhydrate CtrHuN01Cl 88 56,68 7,61 56,60 7,39 
-N-CH~CH~OCHICHZ - Tsn? Picrate C Z I H ~ ~ N ~ O L I  167 49,41 5.13 49.45 5.01 
-HN-CH(CH3)~ 78 Trur  Chlorhydrate Ci4Hz4NOIC1 93 58,02 8,35 5735 8,41 
*CsH<-CHICH-NH- 60 T s ~  Chlorhydrate CzoH~sN0,Cl 158 65,6S 7,71 65,57 7,713 

CH, 

(*) La base est purifiee par chromatographie sur colonne d'alumine et en eluant par le melange ether de petroleether (21). 



lamine or was converted 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 io test for antiarrhythmic action. 

Z q v  ~pyao ia  auzfi n a p a o ~ s u a o ~ q ~ a v  pspt~ci uno~azsoqpEva ozo 
6Qmo (2-p~uuho-6-psuo~u)-cpatvo~u a ~ s ~ a p i 6 t a  K a t  nponavohapivsq. Ta 
a~szapi6ta x a p a o ~ s u c i o q ~ a v  an6 zo (2-p~Buho-6-ps6o{u)-cpatvo~~o{t~6 
O@ 6ia pszazponqc zou os  xhopi6to Kat &nt6paosw~ ps Ftah~uhaptvoah~v- 
hapivq fi pezazponfiq zou xhopt6iou os  api6to ~ a t  scpappoyfiq ~ q c  
avdpciosoc Mannich. Ot npoxavohapivsc mpao~suciozq~av an6 zqv 
pauuho-6-youaia~6?~q, 6t ' &nt6p&osoc ps snt~hopu6pivq K a t  (3217 ouvEpta 
p~ 616cpop~q apivq. 

Ta napciyoya auzci napao~svciozq~av yta va stszaozoUv yta 2 ~ x 6 ~  
avztappuupt~q 6paoq. 
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SUMMARY 
N-SUBSTITUD 2-AMINO-5-[(2-METHOXY-6-METHYLPHEN0XY)METHYLl- 
1,3,CTHIADIAZOLES. 

The synthesis of isome 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-imidazo-[2,l-b] 1 ,3,4thia- 
diazole are described. 

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

Key Words: activite antimicrobienne, N-substitue 2 amino-5-alkoxy-thia- 
diazoles. . 

Les auteurs decrivent la synthese de quelques amino-2-[(methoxy-2- 
methyl-6-phenoxy) methyll5-thiadiazoles-1,3,4 N-substitues, ainsi que la 
synthese du [methyl-2-methoxy-6-phenoxy)methyl]2-p-bromephenyl-6-imidazo 
[2,l-b]-thiadiazole-1,3,4. Cinq de ces produits ont ete testes pour leur action 
antimicrobienne eventuelle. 

Le noyau du thiadiazole-1,3,4 bisubstitue en positions 2- et 5-, est 
retrouve dans plusieurs produits dont l'action pharmacologique varie suivant 
la nature des substituants (antispasmodiq~e('~~), anti~holinergique'~), 
antimi~robienne'~,~), antif~ngorale(~,~), antivirale@)). Ceci nous a incites a 
preparer une serie de derives du thiadiazole-1,3,4 qui ont ete testes pour leur 
action antimicrobienne eventuelle. 
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Les produits prepares correspondent a la formule generale: 

Comme matiere premiere pour la synthese des produits precedents nous 
avons employe l'amino-2-[(methoxy-2-methyl-6-phenoxy)methyl]-5-thiadiazole- 
1,3,4 (3) ,  qui n'est pas decrit dans la litterature et dont la preparation a ete 
realisee suivant le sch'ema 1: 

O H  OCH2COOH 

"3 H 2 N N Y  ~ i * 2 r a X < ~ ~ %  
\ 

1 -  

S - ' N-N 2 - 
5 5-(z 

C 

Schema 1 
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La reduction de 1'0-vanilline a l'aide d'hydrazine (selon W~lf-Kishner(~)) 
conduit au methyl-6-guaiacol ( l ) ,  qui, sous l'action de l'acide chloracetique en 
milieu alcalin, donne l'acide methyl-2-methoxy-6-phenoxyacetique (2). Ce 
dernier, chauffe a 80-90'~ avec le thiosemicarbazide, en presence d'acide 
sulfurique cncentre (suivant un procede de Chubb et Nissenbaum(ll), qui est 
applique a des acides aliphatiques), donne I'amino-2-thiadiazole-1,3,4 
substitue en position-5 (3). Nous avons prefere ce procede car il nous 
fournissait le produit desire avec un rendement satisfaisant, ce qui n'etait pas le 
cas avec les autres procedes consistant au chauffage du chlorure de l'acide avec 
le thiosemicarbazide, en presence de trichlorure de phosphore(12~13). 

L'action du p-toluenesulfochlorure sur le compose 3, en presence de 
pyridine, conduit au produit 1. Les produits II-V ont ete obtenus par action des 
chlorures appropries, fraichement prepares, sur le compose 3, en presence de 
triethylamine dans le chlorure de methylene(14). Les produits VI et VI1 ont ete 
obtenus selon le procede de preparation des bases de Shiff, soit, en chauffant le 
compose 3 avec les aldehydes appropries en presence d'ethanol et ont ete isoles 
sous forme pure apres passage a travers une colonne de gel de silice (ethanol) et 
elution au benzene. 

Le fait que quelques derives analogues de I'imidazo[2,1-Pl-thiazole 
presentent une action antelminthique interessante('') nous a donne l'idee de 
preparer un derive de l'imidazo[2,1-P] thiachiazole-1,3,4 le produit 5 selon le 
schema suivant: 

Schema 2 
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La synthese du compose 4 a ete realisee suivant un procede decrit par 
M.A. Eldawy et a1(16) pour les produits analogues, tandis que le derive 5 est 
obtenu en traitant le compose 4 par le corbonate neutre de potassium anhydre. 

PARTIE EXPERIMENTALE 

La structure des produits prepares a ete verifiee par l'analyse elementaire 
et les spectres IR et RMN. 

Les points de fusion ont ete pris sur un appareil Buchi, en capillaires 
ouverts et ils ne sont pas corriges, les spectres IR au spectrophotometre Perkin- 
Elmer 177 et les spectres RMN a l'aide d'un spectrophotometre Varian 80MH1. 
Les analyses elementtaires ont ete effectuees par le Service Central de 
Microanalyse du CNRS (Paris) que nous remercions vivement; les valeurs 
trouvees etaient conformes a la theorie f 4%. 

Amino-2-[(methoxy-2-methyl-6-phenoxy)methyl]-5-thiadiazole-ly394 (3) 
Le melange de 6g de l'acide 2 (0'03 mole), de 2,28 g de thiosemicarbazide 

(0,025 mole) et de 3,15 ml l'acide sulfurique concentre est chauffe pentant 7 
heures a 85-90•‹c, sous agitation, puis tralte a chaud avec de petites quantites 
d'eau. Les solutions aqueuses reunies sont alcalinisees a l'ammoniaque et le 
produit solide, qui se separe, est essore, lave a l'eau et recristallise dans 
l'ethanol. On obtient 4,2 g du produit 3. FO 203-4. Rndt. 56%. 
Analyse: CllH13N3SOz Calc. % C: 52,57 H: 5,21 N: 16,72 

. Tr. % C: 53,Ol H: 5,28 N: 16,50 L 

Spectre I R  Absorption a 3290 cm-'(-NHz). 

(p- Toluenesulfonamido)-2-[(meth oxy-2-methyl-6-ph6noxy)m ethyll-5- 
thiadiazole-1,3,4 (3a) 

La solution de 0,95 g de p-toluenesulfochlorure (0,005 mole) dans 2,5 ml 
de pyridine anhydre est ajoutee, lentement et sous agitation, a une solution de 
1,25 g de produit 3 (0,005 mole) dans 2,5 ml de pyridine. Le melange est 
abandonne pen th t  la nuit a la temperature ambiante, puis additionne d'acide 
chlorhydrique 6N en exces. Le produit brut qui se separe est redissous dans 
une solution aqueuse d'hydroxide de sodium, precipite de nouveau a l'aide 
d'acide chlorhydrique, essore, lave et recristallise dans l'ethanol. On obtient 
0,5 g du compose 3 ~ '  119-120. Rndt. 31%. 
Analyse: C18H19N304S2 Calc. % C: 53,32 H: 4'72 S: 15,81 

Tr. % C: 53,39 H: 4,66 S: 15,61 

(p- Chlorbenzoy1amino)-2-[(meth oxy-2-m ethyl-6-ph enoxy)m ethyll-5- 
thiadiazole-1,3,4 (3b). 

La solution de 1,25 g (0,005 mole) de produit 3 et de 0,6 g de triethylamine 
(0,006 mole) dans 10 ml de chlorure de methylene est additionnee goutte a 
goutte de 1,05 g (0,006 mole) de chlorure de p-chlorobenzoyle a la temperature 
ambiante. Le melange est abandonne pendant 30 min., puis additionne d'une 
petite quantite d'eau et agite. Apres decantation de la couche aqueuse, on 
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ajoute sous agitation une nouvelle quantite d'eau, qui est a son tours eliminee 
par decantation. L'addition d'une petite quantite de benzene au residu 
provoque la separation d'un produit solide, qui est recristallise (difficilement 
car tres peu soluble) dans le melange methanoVethano1. Les produits qui 
figurent dans le tableau 1 ont ete obtenus suivant le procede qui vient d' etre 
decrit. 

Les spectres IR de ces produits ont montre des bandes de forte absorption 
a 1670-1650 cm-' (C = O) et a 3150-3140 cm-' (NH). 

ClsH~N3S03C1(3b) RMN(CDCl3) F(ppm):2,31(s, 3H, CH3), 3,90(s, 3H, 
OCH3), 5,35(s, 2H, CHiO), 6,65-7,64 (m, 8H, H aromatiques, NH). 

Le tableau I comprend les constantes, les rendements et les resultats de 
l'analyse elementaire des produits ainsi prepares (3b, 3c, 3d, 3s). 

Base de Schiff du produit 3 avec le methylenedioxy-3, Cbenzaldehyde (3a). 
Le melange de 1,25 g de produit 3 (0,005 mole) et de 1,5 g de 

methylenedioxy-3, Qbenzaldehyde (0,Ol mole) dans 100 ml d'ethanol est 
chauffe a reflux pentant 6 heures. Apres l'evaporation de l'ethanol on fait 
passer la solution etheree du residu a travers une colonne de gel de silice. 
L'elution est faite a l'aide de benzene. On obtient 1 g de produit sous 
forme de cristaux jaunes, qui recristallise dans l'ethanol, fond a 107-8' C. 
Rndt. 53%. 
Analysc: ClgH17N304S Calc. % C: 59,52 H: 4,47 

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

RMN (CDCL) F 2,22 pprn (S, 3H, CH3), 3,80 pprn (S, 3H, CH30), 5,27 pprn 
(S, 2H, OCHi), 5,99 pprn (S, 2H, OCH2O), 6'60-7;80 pprn (dm, 6H, H 
aromatiques), 8,73 pprn (S, lH, CH = N). 

Base de Schiff du produit 3 avec le p-hydroxybenzaldehydo(3b3 
Obtenue suivant le procede decrit plus haut, elle se presente sous forme 

d'aiguilles jaunes, qui fondent a 161'~. Rndt. 40%. 
Analyse: ClsHl7N303S Calc. % C: 60,83 H: 4,82 

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

Bromhydrate d 'imino-2-p-bromophenacyl-3-[(methyl-2-methoxy-6-phenoxy) 
methyll-5-thiadiazole-1,3,4 (4) 

La solution de 2'78 g de bromure de p-bromophenacyle (0,Ol mole) dans 
20 ml d'alcool absolu est additionnee de 2,51 g de produit 3 (0,Ol mole) et le 
melange est chauffe a reflux pendant 1 heure. Apres refroidissement, on ajoute 
80 ml d'ether anhydre et le precipite forme est essore, lave et recristallise dans 
le melange methanoVethano1. On obtient 3,75 g de produit (Rndt 83%), qui 
fond a 194'~. 
Analyse: C19HlgN303SBr2 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 a 1710 cm-' (C = 0). 
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[(Methy1-2-methoxy-6-phenoxy)methy1]-2-broophny1-6-iidazo[2,1-~]- 
thiadiazole-1,3,4 (5) 

1 g du produit precedent (4) est traite avec un exces de carbonate neutre de 
potassium anhydre et une petite quantite d'eau. Le melange est extrait a l'ether 
et au benzene, les solvants sont elimines par evaporation et le residu est 
recristallise dans l'ethanol. FO 155. Le spectre IR a montre l'absence de 
groupement cetone. 
Analyse: C19H1&02SBr Calc. 9% C: 53,15 H: 3,76 Br: 18,38 

Tr. % C: 53,05 H: 3,78 Br: 18,42 
RMN(CDCl3) G(ppm) 2,30 (s, 3H, CH3), 3,86 (s, 3H, CH30), 5,23 (s, 2H, 
CHzO), 6,58-7,28 (m, 3H, 2-(CH3 6- CH30 CsH3 , 7  35-7 83 4H, AA'BB', - 4 , b-Br-d*H<), 7),9!.(s, l k ,  !%5). JAA' =X JBB' - OHZ, JAB z J ~ ' ~ '  - 

Action antimicrobienne. 
Les composes NO II, III, IV, V et VI ont ete testes pour leur activite 

antimicrobienne vis a vis des especes suivantes: Staphylococus aureus (ATCC 
25923), Esherichia coli (ATCC 25922) et Pseudomonas aeruginosa (ATCC 
27853). (Elles sont utilisees comme especes originales pour le test de 
sensibilite des differents microbes aux antibiotiques selon la methode 
Bauer-Kirby). 

Le teste de l'activite antimicrobienne a ete effectue comme suivant: Des 
disques petri (diametre 9 mm) sont ranplis avec 10 ml de milieu nutritif solide 
(Tryptone soya Agar-Oxoid). Le milieu est ensemence avec une suspension 
microbienne qui provient d'une dilution 11 100 d'une incubation de l'espece 
pendant 24 h. A la surface des disques Petri sont deposes des disques de papier 
filtre Whatman NO 1 diametre 6 mm prealablement imbibes avec 10 ml de 
solution de la substance a l'etude dans la dimethylsulfoxyde (DMSO). Apres 
incubation pendant 24 h a 37' C on observe les zones d'inhibition obtenues 
autour des disques. 
Resultats: 

Aucun de composes etudies et pour aucune espece utilisee n'adonne une 
zone d'inhibition significative. Le compose 3a' a donne pour la Pseudomonas 
aeruginosa une faible zone d'inhibition qui est consideree sans valeur. 

IIEPIAHYH 



1,3,4 - THIADIAZOLES 2,5-DISUBSTITUTED 

U I J I  



232 A. PAPADAKI-VALIRAKI, TH. SIATRA-PAPASTAIKOUDI, P. TSITSA, A. DELITHEOS 

BIBLIOGRAPHIE 

1. Capleo B.C., Myers, M., Myers L.P. Saville J.E., Smith A.C.B., Stillings 
M.R., Tulloch I.F., Walter D.S., Welbourn A.P. J. Med. Chem. 1986,29, 
2273. 

2. Stillings M.R., Welbourn A.P., Walter D.S. J. Med. Chem. 1986 29, 2280. 
3. Muhi-Eldeen Z., Ali-Hadi, Ali Al-Shamma, Salman S.R., Sameh I., Falih 

N. Eur. J. Med. Chem-Chim. Ther. 1986,219. 
4. Joshi N.N., Nadkarmy V.V. J. Ind. Chem. Soc. 1977,54, 1081. 
5. Ovsepyan T.R., Avetisyan A.Kh., Aroyan A.A., Paronikyan, R.V. Arm. 

Khim Zhr 1977, 30,70. 
6.  Shams-El Dine S.A., Hazzaa AAB, Pharmazie 1974,29, 761. 
7. Singh, N.B., Singh, H., Singh, S. J. Ind. Chem. Soc. 1975,52, 1200. 
8. Tonevo. M., Eleke K., Chemotherapy (Basel) 1974,20, 350. 
9. Lock, G. Monatsh 1954, 85, 802. 

10. Guioca-Dedopoulou V., Tsatsas G., Papaioannou G., Zarolinski JP., 
Browne R.K., Possley, L.H.,. Ann. Pharm. Fr., 1970,28, 707. 

11. Chubb L.F., Nissenbaum J. Can. J.  Chem. 1959,37, 1121. 
12. Ishikawa M., Kikkawa I., Ann. Repts. Shionogi Research Lab. 1954, 

1,416. 
13. Takatori K., Fuzise S., Nippon Kagaku, C.A. 54, 515, (1960). 
14. Ogata M. Matsumoto H., Shimizu S., Kida S., Wada T., Sato K., J. Med. 

Chem. 1986,29,417. 
15. Hashimoto Y., Kanos, Jap. 7406099 (1974) CA 82 11375v (1975). 
16. Eldawy, M.A., Shams et-Dine S.A. El-Brembaly K.M., Pharmazie 1979, 

34(3) 144. 



Chimika Chronika, New Series, 19, 233-241 (1990) 

SHORT PAPER 

NEW ORGANOBORON COMPLEXES AS CATALYSTS I N  ASPHALT BLOWING 

N. D. ECONOMOU', V.  F. PAPAGEORGIOU~, A.  F. NI COLAIDES' 

Aris to t le  U n i v e ~ ~ s i t y  of Thessaloniki-SchooZ of Er~gineering 
1 Dept. of Civi l  Engineemkg, Division of StmicturaZ Engineering 
L Dept. of Chec~icul Engineering, Division of Chemistry 

' ~ e ~ t .  of Civ i l  Er~gineering, Division of T~axspor t  and.0rganization 

(Received June 17 ,  1983) 

I n  t h i s  paper p repara t ion  and use o f  new organoboron complexes o f  
B-di  ketones ( a c e t y l  aceton, 2 ,Ghexanedione) w i t h  d i ca rbon ic -o r  hydroxy- 
ac ids  ( c i t r i c  acid,  s a l i c y l i c  ac id ,  o x a l i c  ac id )  as c a t a l y s t  i n  aspha l t  
o x i d a t i o n  have been described. 

Blowing o f  aspha l t  sample (Arab ian l i g h t )  t r e a t e d  w i t h  c a t a l y s t s  
(Organoboron Complexes) gave i n t e r e s t i n g  r e s u l t s  compared t o  t h e  b lowing 
of t h e  same sample b u t  i n  absence o f  t h e  mentioned c a t a l y s t .  

The o p t i m i s a t i o n  achieved concerns: reduc t ion  o f  b lowing t ime, r e -  
duc t ion  o f  losses and a l s o  increase o f  product  pene t ra t i on .  

On the  o t h e r  hand, no change i n  t h e  so f ten ing  p o i n t  was observed. 

Key words: Asphal t ,  bitumen, a i r  b lowing, o x i d a t i o n ,  boron complexes, 
c a t a l y s t s .  

II~TRODUCTIOI~ 
-. Ine major  o b j e c t i v e  o f  t h i s  p r o j e c t  i s  o p t i m i s a t i o n  o f  aspha l t  pro- 

p e r t i e s  i n  o r d e r  t o  rece ive  b e t t e r  and cheeper i n d u s t r i a l  products.  

Today, t h e  l a r g e s t  source o f  asphal t1  (bitumen) i s  crude petroleum 

o i l  ( F i g .  1). The crude petroleum en te rs  i n  a  tube a t  h ig i l  t u r b u l e n t  

f low and very q u i c k l y  reaches t h e  appropr ia te  temperature f o r  t h e  i n i t i a l  

d i s t i l 1  a t i o n  processes. I t then enters  i n  a  f r a c t i o n a t i n g  tower where 

t h e  l i g h t e r  among t h e  v o l a t i l e  components vapor ize and are  drawn o f f  f o r  

f u r t h e r  r e f i n i n g  i n t o  naphta, gaso l ine,  kerosene and a  wide v a r i e t y  o f  

o t h e r  petroleum products.  

The descr ibed f r a c t i o n a t i n g  process g i ves  res idue which can a l s o  

f u r t h e r  be r e f i n e d  by d i s t i l l a t i o n  o r  undergo s o l v e n t  e x t r a c t i o n  t o  pro-  

duce aspha l t .  I t can a l so  be processed by b lowing a i r Z m 4  thmugh  i t  a t  

an e leva ted  temperature t o  produce a i r  blown aspha l t .  

The above process produces aspha l t  w i t h  des i rab le  p r o p e r t i e s  5 -6 

appropr ia te  f o r  a  wide v a r i e t y  o f  i n d u s t r i a l  products.  These inc ludes 
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r o o f i n g  aspha l ts ,  p ipe -coa t ing  enamels, undersea1 i n g  aspha l ts ,  undercoat- 

i ngs  and many o t h e r  use fu l  products.  

F1 G .  1. PEyROLEUM ASPHALT FLOW CHART (From "Introduction t o  ~ s ~ h a ~ t " ' ,  

Asphalt I n s t i t u t e )  

As ill us t ra ted6  i n  F i g .  2, a i r  b low ing  process (cont inuous o r  batch)  

i n v o l v e s  t h e  process ing o f  a  vacuum res idue  (base s tock  o r  f l u x )  through 

an o x i d a t i o n  tower w i t h i n  t h e  range  o f  230-270'~ w h i l e  a i r  i s  passed 

through t h e  h o t  f l u x .  

The batch a i r  b lowing we f o l l o w e d  f o r  t h e  exper imenta l  t r i a l s  i s  
6 g r a p h i c a l l y  i l l u s t r a t e d  i n  F ig .  3. 

The p r o p e r t i e s  o f  produced blown aspha l t s  a re  d i s c r i b e d  by  two b a s i c  

phys i ca l  c h a r a c t e r i s t i c s  of  aspha l t ,  s o f t e n i n g  p o i n t  and pene t ra t i on .  

So f ten ing  p o i n t 7  i s  de f i ned  as t h e  temperature a t  which an aspha l t  

d i skcas t  i n  shouldered r i n g  and heated a t  a  c o n t r o l l e d  r a t e  i n  a  water  

o r  g l y c e r i n  ba th -so f tens  and sags downwards a d is tance o f  25 mm under 

t h e  weight  of  a  s t e e l  b a l l  o f  9.5 mm diameter ( F i g .  4 ) .  Aspha l t  does n o t  

have a  d e f i n i t e  m e l t i n g  p o i n t  b u t  changes g r a d u a l l y  f rom a  s o l i d  t o  a  



NEW ORGANOBORON COMPLEXES AS CATALYSTS I N  ASPHALT BLOWING 235 

Q 
r 

Feed b 

FIG. 2 .  AIR BLOWING a. FZux feed; b. Heat; c .  A i r ;  d. Steam; e .  Water; 
f. O~zklation tower; g. Fumes t o  incinerator;  h. Knock out drlm; i. Heat 
exchange; j .  Blown asphalt. 

f l u i d  dur ing an increase i n  temperature. 

l . , , , , , , , , ,  l , ,  

0 2 4 6 8 1 0 1 2 1 4  

FIG. 3. a. Begin charge and heat;  b. End charge; c. A i r  in jec t ion  s t a r t ;  
d. Water in jec t ion  s t a r t ;  e .  A i r  i n j ec t ion  reduced, hoZd t e s t ;  f. Batch 
approved, c ircula te;  g. ~ i r  and water o f f ,  unzoad. 

penet ra t ion8 i s  def ined as the  d is tance i n  tenths o f  a m i l l  imeter  

t h a t  a standard needle v e r t i c a l l y  penetrates a p roper l y  prepared sample 

o f  asphal t  under known cond i t i ons  of load ing t ime and temperature ( ~ i g .  

5 ) .  The harder  m a t e r i a l s  are i n d i c a t e d  by the  lower  number. 

The mechanism o f  o x i d a t i o n  i n  a i r  b lowing of  asphal t  samples i s  ex t re -  

mely compl i ca ted9- l '  and no d e t a i l e d  in fo rmat ion  i s  a v a i l a b l e .  As they 

b e l i e v e  react ions o f  t h e  f o l l o w i n g  type can occur: 

A i r  b lowing o f  asphal t  i n  t h e  presence o f  var ious c a t a l y s t s  i n  the  
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F I G .  4 .  SOFTENING POINT TEST FIG. 5 .  PENETRATION TEST 

most of the cases gave: reduction of blowing time and change of  the so f t -  

ening point/penetration r a t i o  compared t o  t h a t  of a i r  blowing in the  

absence of ca t a ly s t s .  The most we1 l known ca t a ly s t s  are12 i ron(II1) chlo- 

r ide  and p h o s p h o r ~ ~ s  pentoxi de. Bomn f l  uori del2,  boric  aci d13 and acety- 

lacetone complexes14 had been a l so  used. Working fu r the r  on a i r  blowing 

of asphal t  in  the  presence of ca t a ly s t s  we t e s t ed  new organoboron comple- 

xes. 

Since ~ i l  they15 and coworkers had studied the  reaction of boron com- 
pounds w i t h  -diketones f o r  the  f i r s t  time, there  have been referr ing ma- 

ny corresponding compounds 16'17. In our study18 f o r  synthesis  and techno- 

logical appl i cations of new boron complexes with B-di ketones and organic 

acids (dicarbonic of hydroxy ones) we have synthesized the  compounds I ,  

I1 and 111. Their synthesis was based1' on the reaction of boric  acid 
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with B-di ketone and a di carbonic o r  hydroxyl -acid: 

acetylacetone + boric  acid + c i t r i c  acid ... . .. ..... I 
acetylacetone + boric  acid + s a l i c y l i c  ac id . .  . . . . . . I1  

2 ,4  hexanedione + boric ac id  + oxal ic  acid ......... I11 

These complexes were selected because of t h e i r  re1 a t i  vely cheep r a w  
materials ,  good y ie lds  and t h e i r  d i f f e r en t  s t ruc tures .  

RESULTS - DISCUSSION 

We can summerize-the r e su l t s  of t r i a l  application of new organaboron 

complexes I ,  11, I11 as  ca t a ly s t s  i n  asphal t  blowing in  the  following 

tab1 e : 



238 N.D. ECONOMOU , V.P.PAPAGEORGIOU , A.F. NICOLAIDES 

Complex Blowing t ime Losses Sof ten ing p o i n t  Pene t ra t i on  

(mi n) (Oc> ( 0 . 1  mm,25•‹~,100g ,5sec) 

0  44 89 

* 540 6.8 80 15 

I 505 . 6.5 78 19 

I I 48 0 6.3 77 20 

I11 490 6.5 77 19 

* no complex was used 

From t h e  data i t  i s  c l e a r  t h a t  a l l  t h e  t h r e e  organoborn complexes we 

used, gave t h e  same r e s u l t s .  

The a d d i t i o n  o f  0.5% o f  a  new organoboron complex i n  aspha l t  b lowing 

g i ves  t h e  fo l l ow ing  r e s u l t s  compared w i t h  b l o w i n g ' i n  t h e  abscence o f  ca- 

t a l y s t s  : 

1. reduc t ion  o f  b lowing t ime 

2. reduc t ion  o f  losses dur ing b lowing 

3. increase o f  p e n e t r a t i o n  o f  produced blown aspha l t  

4. no e s s e n t i a l  d i f f e r e n c e  i n  s o f t e n i n g  p o i n t  o f  produced blown asphal t .  

Consequently we can draw two ma jo r  cons ide ra t ions :  

a. t h e  reduc t ion  o f  b lowing t ime and losses g i v e  a  good suggest ion f o r  

i n d u s t r i a l  use o f  new organoboron complexes i n  aspha l t  b lowing because 

o f  saving energy, increase o f  produced blown aspha l t  q u a n t i t y  and reduct -  

i o n  o f  p o l l u t i o n  from t h e  losses.  

b. t h e  increase o f  p e n e t r a t i o n  o f  produced blown aspha l t  can g i v e  spec i -  

f i e d  grades o f  r o o f i n g  and wa te rp roo f ing  asphal ts .  

EXPERIMENTAL 

A m i x t u r e  o f  80/20: aspha l t  80-100 pen ( c u t  1050-1080), vacuum gas 

o i l  ( c u t  70-1050) from r e f i n i n g  crude o i l  (Arab ian l i g h t )  i n  Thessa lon ik i  

r e f i n e r y ,  was used as f l u x  f o r  t h e  t r i a l s .  

The o x i d a t i o n  vessel i s  i l l u s t r a t e d  i n  F ig .  6. 

The c o n d i t i o n s  employed f o r  t h e  experiments are  g i ven  below: 

F l u x  q u a n t i t y  f o r  b lowing: 25 kg 

New organoboron complex ( c a t a l y s t )  q u a n t i t y :  0,5% i n  f1ux;a i r  feeding: 

5.3-6.0 cm3 min-1 g - l  

Temperature du r ing  b lowing : 235-2400C. 
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FIG. 6. OXIDATION VESSEL a.  Thermometer; b. Sampling points;  c .  ~ i r ;  
d.  Air-temrrperature regulator; e. Losses t o  knock-out drum for measuring; 
f. Flux; g. Introduction of a i r  i n t o  the  f l ux  through holes. 

PREPARATION OF ORGANOBORON CATALYST 

0.67 m01 o f  B-diketone, 0.67 m01 o f  b o r i c  a c i d  and 0.67 m01 o f  orga- 

n i c  a c i d  were added toge the r  w i t h  500 m1 o f  xy lene i n  a three-necked two- 

l i t r e  f l a s k .  A Dean Stark  t r a p  was ad jus ted  t o  t h e  f l a s k  f o r  measuring o f  

separated water.  The m i x t u r e  was heated under s t i r r i n g  and r e f l u x e d  u n t i l  

t h e  t o t a l  amount o f  water  was separated. Boron complexes were p u r i f i e d  by 

r e c r y s t a l l  i z a t i o n  ( f rom acetone f o r  I, from to1  uene f o r  11, from e t h e r /  

acetone f o r  111). 

Data f o r  I ( c o l o r l e s s  c r y s t a l l s ) :  

y i e l d :  68%, m.p.:209-lZ•‹C. 

ana l .  c a l c .  ( % )  f o r  Cl1Hl3BOg: C 44.04, H 4.37, B 3.60; found (%)  C 43.85, 

H 4.30, B 3.50. 

I R  ( i n  KBr): 1725(C=0), 1575-1540 (C-C-C), 1360 (B-0) cm'l. 

UV ( i n  e thanol ) :  hmax(&) = 288 (44.04) nm. . 
'H NFlR ( i n  CD3COCD3): 6 = 2.30 (S, CH3CO), 2.72 (S ,  C(CH2)2), 6.33 (S, 

CH) ppm. 

Data f o r  I 1  ( c o l o r l e s s  c r y s t a l  1s): 

y i e l d :  67%, m.p. 132-5OC. 

ana l .  c a l c .  (%)  f o r  CI2Hl1BO5: C 58.58, H 4.51, B 4.39; found (%)  C 58.83, 

H 4.55, B 4.28. 

I R  ( i n  KBr) : 1705(C=0), 1575-1550(C~C-C) ,  1380(B-0) cm-l. 
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UV ( i n  e thanol ) :  Amax(s) = 288 (44.01)nm. 

'H NMR ( i n  CD3COCD3): 6 = 2.19(s, CH3CO), 6.38 (S, CH o f  P-dik.)ppm. 

Data f o r  I 1 1  ( co l o r l ess  c r y s t a l l s ) :  

y i e l d :  38%, m.p. 132-3'~. 

anal.  ca lc .  ( % )  f o r  C8HgBO6: C 45.33, H 4.28, B 5.10; found (%)  C 45.63, 

H 4.27, B 5.01. 

I R ( i n  KBr): 1825, 1785 (C=O), 1570-1540LC-C-C, 1370(B-0) cm-'. 

UV(in e thanol ) :  Amax(&) = 288 (44.02) nm. 

'H NMR ( i n  CD3COCD3): b = 1.23(t, 3H, CH3CH2), 2.50(s, CH3CO), 6.62 

(S, CH), 9.78 (q, 2H, CH3CH2)ppm. 
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SHORT PAPER 

2,3- DISPHOSPHOGLYCERATE; A POTENT PHYSIOLOGICAL 
INHIBITOR OF PLATELET AGGREGATION, INDUCED BY 
PLATELET ACTIVATING FACTOR (PAF) , IN VITRO. 

ANGHOS EVANGELOQ SPfROS KARKABOUNAS AND DEMOS 
TSOLrKA TOS*. 

Laboratories of Exp. Physiology, Faculty of Medicine and 
*Biochemistry, School of Sciences, University of Ioannina, P.O. Box 
1186, GR-45110 Ioannina Greece. 

(~eceived March 8,  1989.) 

Key words : Platelet aggregation, Rabbit Platelet Rich Plasma,' 
Aggregatory effect PAF, 2,3 DPG. 

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, epinephrine, 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 physiobgical 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 5mgIml and 10 mglml and platelet aggregation was 
measured in aliquots of 0.5 m1 PRP in a platelet iigh transmission 
aggregometer (model 330, Chrono-log Corp) in 370 C under stirring at 
1200 rpm. 2,3 DPG was dissolved in Tris buffer (lM, 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). 

l 50P9 PAF 

Figure 1: Inhibition by 
various concentrations of 
2 ,3  DPG, of rabbit 
platelet  aggrega t ion  
induced by 50  pg of 
PAF. Note the complete 
inhibition by 6OpM of 2,3 
DPG. 
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inhibition of the aggregatory effect of PAF, was manifested from 
concentrations of 18pM of 2,3 DPG, while complete inhibition was 
succeeded in concentrations of 60pM of 2,3 DPG. ( Fig. 1, table 1). 

SUBSTANCE CONCENTRATION AGGREGATION 
2,3 DPG @M 0 
2,3 DPG 18pM 0 
2,s DPG 30pM 0 
2,3 DPG 60pM 0 

PAF 
PAF 
PAF 
PAF 

PAF 50pg + 2,3DPG 6pM 
PAF 50pg + 2,3DPG 18pM 
PAF 50pg + 2,3DPG 30pM 
PAF 50pg + 2,3DPG 6OpM 

PAF 50pg + 2,3DPG 6lJM 
PAF 50pg + 2,3DPG 18yM 
PAF 50pg + 2,3DPG 30pM 
PAF 50pg + 2,3DPG 60pM 

TahleI: 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 
andlor 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,s 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 6 0 m .  
2,3 DPG may, thus, be a key component, in preventing thrombosis 
during intravascular hemolysis. 

2,3-~1cpoocpoyhu~&p1~6 oS6 : - E v a ~  ioxup6s cpuoi~6s avaarohr5a< mS 
ouy~6hhnons  a~ponerahiov nou npo~aheirai  an6 rov napbyovra 
~v~pyor ro inan~  a lpon~~ahiov  (PAF) . 
Ayyshos EuayyEAou, EnGpo~ Kap~apno6vas  K a l  Anp6~p1ros 
T o o u ~ 6 r o ~  *. 
Epyaorrip~a l k p .  Qua~oAoyia~, Iarp1~06 Tpliparos K a l  Bioxnpeias * 
Xnpi~od Tpripaq,  rou navemmpfou Ioavvivov. 

0 nap&yov~as Evepyonoinon~ Aiponeahiov (PAF) ~ i v a l  pia an6 TIC 

i a x u ~ r e p s ( ;  ouaies np6~hnans  ouoahpeuon~ aiponerahiov, yia m v  
onoia ~ E V  CXEI Bpe&i pr5xp1 oripepa a n o r ~ h e o p a n ~ 6 ~  evGoyeviis 
ava<nohias. 
H rrpci&eon 2,~-6lrpoacpoyhu~~pI~o6 O ~ C K  (2,3-DPG), a& n h o h o  U& 

a~pon~rClhia nh6opa ~ o v f ~ A o u  (PRP) 6 1 a m o ~ h e n ~ e  6n npo~ahe i  
&i&cpopou Baepod avamohh rns o u y ~ o h h n r ~ ~ f i s  GMons rou PAF ora 
alponer6 ha. 
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H avaorahri~h &&on IOU 2,3-DPG ocn ouooopeuri~h 6p6on rou PAF 
cpaiv~rai va &bat nooorl~h, ~ p q a v i z ~ ~ a i  an6 OU~KEVT~&EIS 6 FM 2,3 - 
DPG K a l  yivaai nhhpnq oe ouy~evrphoe~q 60 pM 2,3-DPG. Ta 
~uphpara aur& ouvnyopdv yia mv n10avh n p w c a ~ ~ u r i ~ f i  GpClon rou 
2,3-DPG omv np6~hnan Bpoppho~ov an6 ro PAF, ~ a r 6  mv 6 i a p ~ ~ 1 a  
a ipoh~nK6~ &n&1(306h~. 
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