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SUMMARY 

Experimental white wines were made with the Cddition in the must 
casein hydrolysate (CH), cysteine (Cys), sodium diethyldithiocarbarnate 
(DDC), sodium diethyldithiocarbamate plus casein hydrolysate (DDC + C H 1, 
and sodium diethyldithiocarbamate plus cysteine (DDC + Cys) 

Color evaluations and chemical analyses (the absorbance at 420 nm, total 
phenolics, Cu content and UV spectrum) were made with the 
experimental wines in relation to control wines 

The DDC experimental wines (DDC, DDC + CH, DDC + Cys) had initially 
retained a non-oxidized color, but after four-six months they developed a 
red-brown color Control and casein hydrolysate experimental wines had 
always a brown color while the cysteine experimental wines developed a 
more complicated behavior 

Color evaluation along with analytical results indicated that the three 
DDC experimental wines developed both browning and pinking 
phenomena while control and casein hydrolysate experimental wines only 
the first one 

The control wines, after four-six months developed better color in 
relation to experimental wines 

Key words: White wine, oxidation. 

INTRODUCTION 
The ox~dation of white wines includes mainly the browning but also the 

pinking phenomena, especially in the case of well prepared and 
preserved white wines 1,23 
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Browning is caused by oxidative polymerization of flavonoid 
polyphenols which can react either enzymically (polyphenoloxidase 
activity) or chemically with oxygen to produce quinones, which can further 

react to form brown polymeric pigments3. The main difference between 
enzymic and nonenzymic browing lie in the much faster rate of quinone 
production by the former.at acidic p ~ l .  

Polyphenoloxidase which accurs naturally in the must, and laccase, which 

is produced by BotryOs cmerea (rotten grapes), appear to have oxidative 

activity on polyphenols. 
Pinking is believed to be  caused by the fast conversion of flavenes to 

red flavylium salts in the presence of oxygen. These flavenes can be 

formed by the slow dehydration of leucoanthocyanidins3. 

In this study, sensory and chemical properties of white wines, produced 
from must in which reagents for the inhibition of polyphenoloxidase 
activity or for the enhancement of the browing phenomenon were added, 
are examined. 

EXPERIMENTAL 
Must preparation: 

Grapes used were Debina variety. Debina is a late ripening easily 
oxidizable variety which is cultivated at Zitsa (Epirus, Greece). 

Handmade preparations (destemming, chrushirig and juice extraction) 

were applied and so the free-van juice was used. 

This, as determined by a digital refractometer, contained 181 g/l reducing 

sugars. The total acidity was 7.5 g/l as tartaric acid and the pH 3.1. 

Must vinification: 
Must was divided into six portions: the first was used as control [al and 

in the rest casein hydrolysate CH.)  0.1 g/l [bl, cysteine (Cys) 0.1 g/l [cl, 
sodium diethyldithiocarbamate (DDC) 1.0 g/l [dl, sodium 

diethyldithiocarbamate 1.0 g/l plus casein hydrolysate 0.1 g/l (DDC + CH) 
re1 and sodium diethyldithiocarbamate 1.0 g/l plus cysteine 0.1 g/l (DDC + 
Cys) [fl were added. But SO2 was not used. 

The fermentation was carried out into 2 lit green glass bottles at 18-20•‹C. 

It was not applied initial racking and yeast culture was not used except in 
the cases of DDC addition, where 3% must .being in vigoroukly 
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fermentation by industrial selected yeast (Saccharomyces cerevisiae) was 
added because of the delay of fermentation start. 

After fermentation was accomplished (variable duration) the wines were 

cooled for the required period and the lees was separated by sunction. 
After clarification the bottles stored in a dark place of about 150C. 

The produced wines had 5.5-6.5 g/l total acidity as tartaric acid. The 
fermentation leads to dry wines (<l g/l reducing sugars) except in the, 
cases of cysteine containing wines which retained reducing sugars (DDC + 
Cys wine 2.21 g/l and Cys wine 7.0 g/l). 

Color evaluation and chemical analyses: 
The analyses and color evaluation were made a) after the clarification, 

b) four months after the starting of fermentation, and c) six months after 

the starting of fermentation 

The absorbance values at 420 nm were taken using a Milton and Roy 
comp spectroning 1001 spectrophotometer Total phenolics were 
determined by Folin-Ciocalteu method4 The UV spectra were taken using 
a Perkin-Elmer Lambda 15 UV/Vis spectrophotometer with a Perkin-Elmer 
FX-85 prlnter Copper was determined by atomlc absorption 

spectrophotometry using a Perkin-Elmer model 560 A A S 
All experiments were run in duplicate and results reported here are the 

mean values of two runs 

RESULTS AND DISCUSSION 
Color evaluation and analytical results after clarification: 

The a and b lees developed brown color whereas c, d ,  e ,  and f lees had 

a light grey-white color. Similary only the a and b wines developed brown 

color while the others had a light yellow nonoxidized color. 
The wine adsorbances at 420 nm are given in Table I. It is shown that 

the absorbance values of a and b wines were higher than those of the 
rests. As it is known the absorbance at 420 nm is an index of browning 

development in white wined. 

Subsequently from all the above is concluded that the browning 

phenomenon was developed into the control and casein hydrolysate 

experimental wines but not into the others, which can be attributed to 
polyphenoloxidase inhibition. 
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TABLE I. Absorbances at 420 nm of experimental wines (a,b,c,d,e,f) after 
clarification (I), four (11) and six (111) months after the starting of 
fermentation 

Experimental I A 420 nm 

* Errors given are the standard deviation of the mean for n=2. 

wine 

Color evaluation and analytical results four months after the starting of 
fermentation: 

A, b, and c wines appeared to b e  brown while d, e and f had a red 

color wlth brown hue 

The control wmes had a better color m relation to b and c experimental 
wines which 1s also supported by the absorbances at 420 nm (Table I) It 1s 

noticeable that the oxidized red-brown color of d, e and f expenmental 

wines can not be clamed by the absorbance at 420 nm 

TABLE 11. Total phenollcs of experimental wines (a,b,c,d,erf) four (11) and S ~ X  

(111) months after the startmg of fermentation. 

I I 

I11 I 

* Errors given are the standard deviation of the mean for n=2 

I1 

Experimental wlne Total phenolics, mg/l galllc acid 

1 
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Total phenolic values of a, b and c wines were lower than those of the 
others (Table 11) This may indicates that the browning phenomenon was 

developed in a, b, and c wines in a greater extent than in the other wines, 
slnce part of the browning products removed as prec1pitatel.5 Similarly a, 
b and c wines gave lower peaks than d,  e and f experimental wines at 
-280 nm and -320 nm (Figure l), where it is known that the phenolic 

compounds (benzene ring) absorb2ne 
Color evaluation, total phenolic values and profiles of UV spectra seem 

to suggest that a, b and c wines developed the browning phenomenon 
whereas d, e and f both browning and pinking phenomena. 

Color evaluations and analytical results six months after the starting of 
fermentation: 

Observations and measurements of six months wines were complying 

with those of four months wines. 

FIG. 1 UV spectra of experimental wrnes four months after the srarting of 
fermentation 
(a) control wine, (b) CH wme, (c) Cys wine, (d) DDC wine, (e) DDC+CH 
wine, (f) DDC + Cys wine 
The samples were diluted 12 times with distilled H20 
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A, b and c wines appeared brown color whereas d ,  e and f wines a redish 

brown color Also A, b and c wines also contained lower total pheolics 
than the others (Table 2, Figure 2) 

Consequently it seems that a,  b and c six months wines also developed the 
browning phenomenon whereas d,  e and f both browning and pinking 
phenomena 

After clarifications a, b and c wines contamed 0 60, 0 35 and 0 25 ppm Cu 
respectively, whereas the Cu content of DDC (d, e, f )  wines was 
approximately zero The Cu content progressively decreased and six 
months after the starting of fermentation the a, b and c wines contamed 
approximately zero copper The above can be explamed by the 
precipitation of copper complexes7 The approximate zero copper content 
in the DDC experimental wines probably indicated that the redish-brown 
color of these wines can't be attributed to a copper casse haziness 

FIG. 2 UV spectra of experimental wines six months after the srarting of 
fermentation 
(a) control wine, (b) CH wine, (c) Cys wine, (d) DDC wine, (e) DDC+CH 
wine, (f) DDC + Cys wine 
The samples were diluted 12 times with distilled HzO 
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It is remarkable noticing the behavior of cysteine experimental wines. 
The retardation bf the oxidation can be explained by the inhibition of 

polyphenoloxidase activity, for the -SH group formes stable complexes 

with CU*,~. The following enhancement of the browning development, in 
relation to the control wines , may be due to the reaction of the -NH2 of 

cysteine with qumones (schiff base)l. On the contrary it is known that the 

-SH group reduces the quinones8 

The casein hydrolysate experimental wines had always a deeper brown 

color than the control wlnes It can be  attributed to the formation of 
compounds, by the reactlon of amino acids and peptides (-NH2 group) with 

quinones , whose molar extinction coefficients are much higher than those 

of quinones or their polymerization products alonel. 
The addition of DDC in the three DDC experimental wines retarded the 

development of browning by the inhibition of the polyphenoloxidase 
activity lOJlJ2. 

Consequently the high amount of remained unpolymerized phenolics in the 
DDC wines may be related with the development of pink color. 

It is obvious, comparing the control with DDC experimental wines, that the 

inhibition of polyphenoloxidase activity although initially had a better color 

effect in follow led to worse color in wines. This can be attributed to a 

higher browning capacity of DDC wines (higher phenolic content) and to 

the development of pinking phenomenon. 

CONCLUSIONS 
The inhibition of the polyphenoloxidase activity by the addition of 

diethyldithiocarbamate leads to 'the development of a red-brown color. 

This probably indicates that nonenzymic browning and pinking may 
coexist and that the usual brown color of oxidized wines is due to the fast 
action of polyphenoloxidases. 

The better color of control in relation of DDC wines leads to the 
suggestion that the initial accelaration of the browning by must 

oxygenation may results, via the removal of phenolic compounds, in white 
wines of a better color and a low browning capacity. 
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AIEPEYNHCH OZEIAQCHC AEYKQN KPACIQN 

l 7 a p a a ~ ~ u a a r n ~ a v  n e i p a p a r l ~ a  ~ E U K ~  ~ p a a i a  p s  npoael i~n aro pouaro 
u8pohuparog ~ a q e i v n g  (CH), ~uora ivng  (Cys), Giai6uho8iBeio~ap@oplBi~ou 
varpiou (DDC), DDC paci pe  CH, K a i  DDC paqi p& Cys 

Ta DDC n a i p a p a r i ~ a  ~ p a a i a  (DDC, DDC+CH, DDC+Cys) a p x i ~ a  
Giampoiraav Cva pn o@iBopCvo xphpa, opog per6 a n 6  4-6 pnvsg 
~pcpavi<av dva KOKK~VO-~acperi xphpa Ta ~ p a a i a  paprupag K a i  CH 
epcpavi<av owexhq Cva ~ a q e r i  xphpa, r v h  ra  Cys ~ p a o l a  napouoia<av 
nepinho~n aupnepicpopa 

01 naparnpfiaei~ rou xphparog K a i  o; xnpi~Cg avahiraeig u n C 6 ~ i ~ a v  or1 
a r a  rpia DDC n e i p a p a r i ~ a  ~ p a o ~ a  ~ h a p p a v a v  xbpa r a  cpaivopeva 
browning K a i  pinklng evh a r a  ~ p a o i a  paprupag K a i  CH povo ro brownmg. 

Ta ~ p a o i a  paprupsg &pcpavi<av, pera 4-6 y n v e ~ ,  ~ a h b r e p o  xphpa oe 
oxdan p s  oha r a  n e i p a p a r i ~ a  ~ p a a i a .  
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ABSTRACT 

This article is a brief review of mixed complexes of metals with ami- 
noacids or peptides and nucleobases-nucleosides or nu-cleotides as ligands. 
The bonding sites of these ligands with biological importance in the mi- 
xed complexes are described. Particular emphasis is also given to the 
interactions between the side chains of the aminoacids (peptides) and the 
aromatic rings or the phosphate groups of the nucleobases,nucleosides or 
nucleotides bo-ch coordinated to the same metal ion,as studied with various 
spectroscopic and physicochemical techniques. The stabilities of the mixed 
complexes are due to various forces and are greater than those of the 
simple complexes of the metal with one of the two groups of ligands. Fi- 
nally the prystal structures of the mixed complexes in the solid state 
confirm the existence of inter- or intra-molecular interactions between 
the side chains of the aminoacids (peptides) and the aromatic rings of 
the nucleosides (nucleotides) , as well as hydrogen bondings between these 
ligands . 
Key words: Mixed complexes,nucleotides,nucleosides,aminoacids,peptides, 
stability constants,ligand-ligand interactions. 

INTRODUCTION 

The interaction between nucleic acids and proteins usually lead to the 

formation of stable complexes. Their stability is due to vari0u.s forces 

exarcised between the side chain of the aminoacids and the peptide bonds 

of the proteins on the one hand, and the aromatip rings or the phosphate 

groups of the nucleic acid chain, on the other. Such are electrostatic 

*Author to whom correspondence should be addressed 



forces,hydrophobic interactions,hydrogen bonds etc. 

It is also known, that such nucleic acid-protein interactions may be 

created in biological systems, with intervention of metal ions to form 

ternary complexes'-3. The .ternary systems of the type metal-nucleoside(- 

tide)-amino acid (peptide) therefore, constitute the simplest models for 

the study of the more complex metal-DNA-protein interactions. 

The use of the anticancer drug czs-DDP is known to be followed by va- 

rious toxic side effects. These are believed to be due to the interaction 

of the drug with various other biologically important molecules, especi- 

ally sulfur containing proteins. The possible formation on the other hand 

of crosslinks of the type DNA-Pt-proteins of c~s-DDF in the body, were 

proposed to be the cause of the toxicological side effects of the drug, 

since they constitute the 0.15% of its total action4. The trans-DDP on 

the other hand, not possessing antitumor properties, forms DNA-Pt-protein 

crosslinks in a much larger proportion and has greater toxicity than the 

cis-analog5.1t is highly unlike that the antitumor action of as-DDP is 

due to such a crosslink, although it was proposed as a possible such mo- 

del earlier6-8. 

The present paper is a brief review of studies in vitro of ternary 

complexes of the type metal ion-nucleoside(-tide}-amino acid(-~eptide) 

that were studied as models for the more general DNA-protein interactions 

mediated by metals with more emphasis to these of Pt(I1) and Pd(I1) ana- 

logs. 

COORDINATION SITES. 

The postulated coordination sites of Pt(II), in the DNA-Pt-protein 

crosslinks, are most propably the sulfur atoms of cysteine or methionine 

'in the proteins, since the Pt-S bonds are more stable and fa~ored'-~.~he 

coordination sites of DNA on the other hand, are solely the purine and 

pyrimidine bases. 

Studies on the simple ternary systems of the type Pt(I1)-nucleoside(- 

-tide)-amino acid (peptide) are very limited. Pd(I1) has been used inste- 

ad as a possible model, because it aquates and reacts 705 times faster 

than P~(II), though it has generally a similar chemistry, forming square 

planar complexes. 

In this respect, the reaction of the complex Pd(G1y-L-Asp acid) with 
1 ATP was studied with Hnmr spectroscopy. The purine base was found to 
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coordinate through either the NI or N7 atoms of its ringi0. These coordi- 

nation sites of adenine were also found in the study of the reactions of 

a complex of Pd(I1) with the dipeptide (Gly-L-Tyr) and ATP or ADP. An in- 
teraction of the purine ring with the aromatic ring of ty$osine was also 

11 observed in this system . 
Hadjiliadis and ~newnatikakis'~ studied the interaction of binucle- 

ar complex of Pt(I1) wizh the O-Me ester of cysteine of the type [P~(O-M~C~S) 

C1I2 with various nucleosides and found that the purine bases coordinate 

with Pt(I1) through N or N1 whenever both sites were available (e. g. a- 7 
denine and guanine at high pH values), while cytidine coordinates through 

N3. In all cases, the Pt-N bond was weak, due to the high trans influence 

of the opposite to them Pt-S bonds. The reactions of the complex PtLCl 
2' 

where L is S-EtCys or S-MeCys, with nucl=inosine and guanosine prodused 

complexes of the type [P~(L) (nu~l)~]Cl~ in which the bases coordinate a- 
gain through their N a toms13. 7 .  

In reactions on the other hand, of cis-DDP with nucleobases and amino- 

acids the ternary complexes c m -  [ (NH ) ~t(nuc1eobases) (amacH) 1 were ? 2 
isolated with the aminoacids coordinated through the -NH group in strong- 2 
ly acidic aqueous solutions and the -COO- group in weakly acidic ones 

14 (Nuc1eobase:l -MeC or 9-MeG, amacH:Gly , L-Ala) . 
Vestues and Martin9 studied a series of ternary complexes of Pd(I1) 

with the dipeptides Gly-L-Phe,Gly-L-Tyr,Gly-L-Ala and ATP or ADP. Pd(I1) 

was reacting with both W and NI of the purine rings of ATP and ADP with 
7 

a ratio of 1:3 at the pH range 3 to 8. The H8 of ATP was shifted more do- 
wnfield in the complex of the base with Pd(G1y-L-Ala) than in its complex 

with Pd(G1y-L-Phe). This is due to the short distances between the aroma- 

tic rings of the Phe and purine especially when the latter coordinates 

through N with the metal. 7 
In the ternary complexes between Pd(I1) , Gly-GlyOEt ,Gly-L-Tyr-L-Asp 

and cytidine, cytidine coordinates through N and the oligopeptides are 3 
tridentate (-NH2 terminal, -NH peptide, -COO- termikal) l '. 

The reaction of the dimeric complex of Pd(I1) with proline [P~(L-P~o) 

Cl$ with guanpsine and inosine yielded ternary complexes in which the 
16 . purines coordinate again through N with Pd(1I) . 7 

Ternary complexes of Pt (11) containing guanine, adenine, pyrimidine 

and various amino acids studied by Khan et all7, showed again the N7 atom 

of the purines and the N3 of the pyrimidine to coordinate with the metal. 



The amino acids were b?und through their terminal -% group with the metal 
On the other hand the solid adducts of Ni (11) , Cu(I1) , CO (11) and 

zn(II) with glycine and uracil or thiouracil, were characterized with ele- 

mental analysis, conductivity and magnetic susceptibily measurements and 

ir spectra1 8. Thus the 1 : 1 : 1 complexes of Ni(I1) and ~n(11) with glycine 

and thiouraci.1, as well as the ones of the same stoichiometry of Cu(II), 

Co(I1) and Zn(1I) with glycine and uracil had octahedral geometry. The 

corresponding Ni(I1) complex of glycine and uracil however was distorted 

tetrahedral and the one of Co(1I) with glysine and thiouracil square pla- 

nar. In all these complexes18, glycine was bidentate (-m2, -COO-), uracil 

monodentate coordinated through N except the case of Cu(I1) where it co- 3 
ordinates through both N and the carbonyl group. Thiouracil in its comp- 

3 
lexes of Cu(I1) and Ni(I1) coordinates through the carbonyl group and N 

3 
again, in its complex with Co(II), through the thiocarbonyl group and N 3 
and in its complex with z~(II), through the thiocarbonyl and carbonyl 

groups as well as N3 , most propably thiouracil being tridentate. 
In a series of papers, the synthesis of Cr(111)-nucleotide-amino acid 

complexes were recently repdrted19-22. These were including SLAMP, 5LCIP, 

5'IMP, 5LGMP, 5LUMP/cysteine ,L-:is, L-Glu, L-Ser , L-Met and Gly. The coordi- 
nation sites of the aminoacids inciuded the -NH2 and -COO- groups and the 

ones of the nucleotides the phosphate oxygens. 
2+ Phosphate coordination of metals was also found in the cases of Mn , 

cu2+ and zn2+ in the M-ATP-Trp system2'. ~u~~ and ~n~~ coordinate to the 

B- and y- phosphate group of PTP, while Mn2t coordinates to all three 

phosphate groups. Also phosphate coordination of was found in the 
24 case Mg-ATP-Trp . 

LIGAND-LIGAND INTERACTIONS IN THE METAL-NUCLEOSIDE (-TIDE)-AMINO ACID ( -  

PEPTIDE) SYSTEM. 

According to ~ i ~ e l ~ ~ , ~  the stability of ternary complexes of Cu(I1) 

with nucleotides and amino acids depend upon the 'following factors: (i) 

neutralization of the charge in the mixed complexes, (ii) steric factors 

due to either, the presence of bulky substituents or to large chelate 

rings, (iii) statistical reasons, (iv) formation of n back bonds between 

the rilled d orbitals of the metal and the empty I T  orbitals or empty d 

orbitals of the ligands; this being the most important factor, and (v) 

the stabllit) in such systems is increased in the case of a strong inte- 



TERNARY COMPLEXES OF Pt (11) . 

raction between the two ligands,both coordinated to the same metal. 

Ternary systems of Zn(I1) , Cu(I1) or Mn(I1) with ATP and tryptophane 
were more stable than the ones containing alanine alone, by 0.2 to 0.6 

logarithmic units, due to a stacking interaction between the aromatic 

rings2'. Also the ternary systems containing ATP and tryptophan were more 

stable than the binary OheS containing only tryptophan, since the logK= 

[logKM(ATP) -logKM(L-Trp) 1 had always positive values, due to the 
same type of stacking in the former, not existing in the latter24. A new 

band in the W spectra of the ternary systems not found in the binaryones, 
24 may be due to such ligand-ligand interactions . 

Also the stability constants in the case of AMP, CMP/Ni (11) /L-Ala, 

L-Trp systems were measured by Orenberg et In the 1 :2 complex of the 

Ni-AMP binary system, the stability constant was higher than in the Ni- 

CMP one. This was also true in the 1 :2 Ni-(L-Trp) system, compared to Ni- 

(L-Ala) ,due to the autostackingexisting in the former purely aromatic sy- 

stemsz6. In the ternary systems, the stability constants followed the or- 

der: Ni/M/L-Trp>Ni/AMP/L-Ala>Ni/CMP/L-Trp>Ni/CMP/L-Ala. 

Davidenko and ~ a r o n i k ~ ~  measured potentiometrically, the formation 

constants of ternary complexes of Co(I1) with histidine, ATP,ADP and AMP, 

as well as purine and pyrimidine bases. The stability of these ternary 

systems increases in the sequence, adenine>uracil>cytosine>guanine for 

the bases and in the sequence, nucleotide triphosphate>nucleotide diphos- 

phatehucleotide rnonophosphate>nucleoside . The same authors28 also calcu- 
lated the formation constants of ternary complexes of Cu(I1) and Ni(I1) 

with ATP and Gly and compared them with the ones the literature for the 

corresponding ATP-(L-Ala) and ATP-(L-Try) systems. It was found that they 

were increasing in the order Gly<L-Ala<L-Try. They also calculated the 

formation constants of the ternary complexes of histidine, ATP, ADP and 

AMP, by varying the metal ion, Mn(II), Ni(II), Cu(II), Co(I1) and 

Z~(II)~~-'~. The positive values of l ~ g K = l o g K ~ ( ~ - ~ ~ ~ )  (A)-logKM(A)'k show 

the greater stability of the ternary than the binary systems of the metal 

and adenosine alone. The stability follows the order Mn(11) <CO (11) <z~(II) 
<N~(II)<c~(II) for the metals and ATP>ADP>AMP for the nucleotides. 

Glycine, not possessingaside chain, is not ecpected to show intera- 

*K is the equilibrium constant of the reaction 



ctions with a nucleotide. It was therefore used for comparison purposes 

in te'mary systems with Mn(II), Co(II), Zn(I1) and ATP, ADP and AMP to 
the corresponding ones with histidine. The latter were 2 to 3 times more 
stable than the former, due to the existing ligand-ligand stacking intera- 

31 ctions . 
Complexes of Cu(I1) with a series of dipeptides with systematically 

increased aliphatic side chains, were used to study their hydrophobic in- 

teractions with ATP in aqueous solutions32. It was found that the stabi- 

lity of the ternary systems increases with increasing the aliphatic side 

chain of the amino acids. Also, the interaction of ATP with the system 

~u(di~e~tide)' , to form the ternary system, decreases the pKa value of 

the protonation of the amide hydrogens of the peptides. Deprotonation of 

the latter modifies the structure of the complex (FIG. 1 ) .  

FIG. l  :Rearrangement o f  t h e  ~ u ( d ~ ~ e ~ t i d e ) '  a f t e r  d e p r o t o n a t i o n  of t h e  
32 

amide n i t r o g e n  o f  t h e  d i p e p t i d e  . 
W-Vis spectroscopy was used to calculate the formation constants of 

complexes of Zn(I1) and Co(I1) with aspartic acid, glutamic acid, histidi- 

ne and ATP. The constants followed the order L-H~S>L-G~U>L-AS~~~ ,e.g. , 
were larger in the case of a stronger ligand-ligand interaction. 

Vlasova and ~avidenko~~ studied the mixed ~ ~ ( 1 1 )  complexes of the ty- 

p? Cu(0R) (Aa) , with OR= orotic acid and Aa the anions of the aminoacids 
Gly, L-Ala, L-Ser, L-n-Val, L-Val, L-n-Leu, L-Pro, L-Phe, L-Tyr and L-Trp 

and found that the logK of the formation constants of the ternary minus 

the binary ones, are linear functions of their hydrophobic character 

(FIG. 2). 

Reddy and ~ e d d g ~  calculated the formation constants of the mixed 

complexes of CMP/CU(II), N~(II), z~(II), Co(I1) , ~(II), Mg(II), c~(II)/ 

Gly, His, oxalic acid and histamine in aqueous solutions. They found that 

the formation constants of 1:l : l  mixed complexes were greater than the 
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34 FIG. 2:Plot of AlogK versus AG of the mixed complexes of Cu . 

binary ones, whenever the second ligand possessed an aromatic ring, due 

to the stacking interaction between the aromatic rings of the two ligands. 

Similar results were also found by the same authors 36-37 in ternary sy- 
stems containing cu2+, ~i~', ~ n ~ ~ ,  co2+, Mn2+, and ca2+ and xantho- 

sine, inosine as well as histidine, histamine, catechol, glycine and ala- 

nine, phenylalanine and tryptophan. 

Friedman et a1j8 studied finally, with pHmetric titrations , the stabi- 
lity constants of mixed complexes of Cu(II), with thymine and glycine, a- 

lanine, serine, aspartic acid, phenylalanine, tryptophan and histidine, 

and of Co(I1) and Ni(I1) with thymine and glycine alone. They found that 

the stability of the mixed complexes of Cu(I1) with thymine and various 

amino acids had almost the same order of magnitude (logB=l 2.16-13.31 ) . 
The equilibrium constants of a "closed" and an :openedn forln (FIG. 3) 

due to stacking interactions, in the ternary complexes of ATP, ITP, UTP/ 

Zn(I1) , Mg(I1) and L-Tryptophane, bipyridyl and 1 ,10-phenanthroline, were 
1 calculated from the Hnmr spectra by Mitcell et .l2'. The percentage of 

the "closed" form decreases as follows : Zn(~hen) (ATP) 2-(>95%) > ~ n  ( b i p y ~ ~ ~ ~ f -  
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1~nmr40. Intramolecular hydrophobic interactions between the methylenic 

groups of the aliphatic side chains of the amino acids and the purine 

rings, were detected in the "closedu form of the complex, being in equi- 

librium with the "opened" form (FIG. 4). In the "closed" form, the closed 
approach of the aliphat& side chain of the amino acids and the aromatic 

ring of purine is the consequence of a strong interaction between them, 

while the llopposite" is true in the "opened" formL0. The strength of the- 
40 se interactions was increasing with increasing the aliphatic side chain , 

which also favor the llclosedll form in the equilibrium of FIG. 4. 

a: closed h: Opened 

FIG. 4: ( a )  The " c l o s e d "  form o f  t e r n a r y  complexes o f  m e t a l s  w i t h  n u c l e -  
o t i d e s  and aminoac ids ,  p r e c e n t i n g  a  l i g a n d - l i g a n d  i n t e r a c t i o n . ( b )  The c o r -  
responding  "openedN form w i t h  no l i g a n d - l i g a n d  i n t e r a c t i o n .  

Adenine-tryptophan stacking interactions were found to exist in the 
41 ternary system ATP/Mn(II)/L-Trp with e. s .r. spectroscopy . 

Intramolecular interactions between the indol ring of tryptophan and 

ATP were also observed by Naumann and ~ i ~ e l ~ ~ ,  when both coordinate with 
1 Zn(1I) to form ternary systems, with Hnmr spectroscopy. 

Krattiger et alA3 investigated the relative position of the side 

chains, in a series of dipeptides like Gly-L-Asp, Gly-L-Val, Gly-L-Ileu, - 

Gly-L-Tyr and Gly-L-Phe, in ternary square planar complexes of Pd(I1) , 
1 inosine, IMP and GMP, with Hnmr. It was found that the percentage of the 

h rotamer was increasing in the complexes of the peptides with aliphatic 

side chain compared with t and g rotamers (FIG. 5). In the h rotamer, the 
aliphatic chain of the peptide is directed towards the metal ion, above 

the plane of the square planar complex. In the two other rotarners, this 

chain is far from the'metal ion. It should be noted that in t,he free di- 
44 peptides, the h rotamer was found in smaller percentages . 



FIG. 5:The (h), (t) and (g) rotamers around the C ca,-Cta, bonds of the 

aminoacids. 

Studies of aqueous solutions of the ternary system of Pd(Gly-L-His) 
1 and ATP with Hnmr and I3cnrnr, showed that a stacking interaction between 

the purine ring and the imidazole ring of histidine existedL5. The same 

was also true for the system ATP/Pd/Gly-L-Phe, investigated by Vestues 

and  arti in^, where the two aromatic rings of the dipeptide and the nucle- 
oside are almost perpendicular to the square plane of the metal. 

Monodentate complexes of glycine and L-alanine with Pt(I1) , (coordi- 
nated through -NH2 ) and guanosine, inosine (through N ) or cytidine 7 
(through N ) of the type as-[Pt(amac)(nucl)]C12 were isolated and chara- 

3 
cterized as solid adductsh6. The a-protons of glycine were shifted dowi- 

1 field in the Hnmr spectra of the Pt-glycine system (0.22 ppm) but did not 

change significantly when guo was addsd (0.04 ppn), as compared to the 

free ligand, showing a guo-glycine interaction. 

The systems as-[ (guoj2Pd(amac) ]Cl, c E-[ (q~)~Pd(am&cH)CLiCl and 

trais-[ (nucl)$d(dipeptide) ]Cl2, with amacH: Gly, L-Ala, L -iIal, L-Ileu, 

L-Pro and L-Phe , dipeptide : Gly-Gly , Gly-L-Ala, G19-L-Val and Gly-L-Leu 
and nucl: ino, guo, were studied as models for the DNA-Pt-protein cross- 

links, formed In v1 tro, in the presence of both cls- and t r a n s - ~ ~ ~ ~ ~ - ~ ~ .  

The aminoacids were -M2, -COO- coordinated in the first series and only 

-NH coordinated in the second series of complexes. The dipeptides were 2 
also -NH coordinated, and the nucleosides through N 2 7' 

Two main isomers with strong and weak ligand-ligand interactions cal- 
l led I1cLmed" and "opened" forms respectively, were observed with Hnmr in 

D2C s o l u t i ~ n s ~ ~ - ~ ~ .  In DMSO-d solutions where diminishing hydrogen bonding 6 
and stacking interactions occured, the "opened" form was the only or the 
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major isomer.The anti conf'ormation of the sugar moiety of the nucleosides 

was found to increase in the ternary systems than the binary Pd-nucleoside 

ones and even more in the trans analogu. It was thus concluded that the 
47 toxicity of the platinum drugs might be due to DNA-Pt-protein crosslinks. 

The analogous complexes cis- [ (ino ) 2 ~ d  (amac ) l Cl, cis- [ (ino) 2Pt (amacH) C1 1 
Cl and trans- [ ( guo ) Pt (ama~H)~ 1 Cl2, with amacH: the same aminoacids as a- 2 
bove, coordinated in the same way, were studied with the same aim49-51. 

Only one isomer was found in the cis series of complexes at room tempera- 

tur;, while in the trans analog, two forms of non equivalent aminoacids 

coordinated to Pt(I1) were observed. A higher percentage of the anti con- 

formation of the sugar moiety of the nucleoside was also found in the 

trans ternary systems, compared to the cis onesor the binary systems, in 

accordance with the higher toxicity of the trans-DDP, compared to the cis- 

. 
Ligand-ligand interactions between the aliphatic part of the aminoa- 

cids and the aromatic rings of the guo molecules were observed in all the 

cis- and trans-Pd(I1) and Pt(I1) These however were strong- 

er near the bonding sites in the trans analogs, and far from the coordi- 

nation sites in the cis  one^'^-^'. 
In a systematic study of the interactions of cis and trans-DDP with 

the aminoacids Gly, L-Ala, L-Val, L-Aba, L-Leu and the nucleobases 1-MeC 

(l-Methylcytosine) and 9-MeG (9-Methylguanine) of the type cis-, trans- 

[(NH ) Pt(amacH) (nucleobase) 1 (NO ) (with the aminoacids NH coordinated 3 2 3 2 2 
and 1-MeC through N and 9-MeG through N7) hydrophobic ligand-ligand inte- 3 
ractions of the two ligands were again detected in solution 52, though we- 

aker than in the previous ternary systems of Pt(I1) and Pd(I1) described 

above. No indications however, of such interactions could be observed in 

the crystal structures of cls-[Pt(NH ) ( ~ 1 ~ )  (l-M~C) 1 ( ~ 0 ~ ) ~ ~  and trans- 
3 2 

[ (CH3NH,),Pt(l-M&) (Cly) ] ( ~ 0 ~ ) ~ ~ .  This was expected with Gly as ligand. 

However since the -COO- group of Gly was found to point out the pyrimidine 

plane, the situation might be the same if Gly was replaced in this Pt 

ternary complex, by other aminoacids, which would refain the same confo- 

rmation. This remains to be seen in future crystal structure determinati- 

ons of similar complexes. (See FIG. 6). 
In the above system a hindered rotation around-the Pt-N(3) bond was 

1 found by Hnmr in the series of the complexes with 1-MeC persisting up to 

9 O o C ,  but not in the series with 9-MeG, because the -NH2 and -C=O groups 



(55%)>zn(bipy) (1~~)~-(~8%)>zn(bip~) (uTP)~-(40%). This sequence coincides 

with that of the binary adducts without the metal ion, where only an aro- 

matic stacking interaction exists. In the case of the Mg(I1) complexes, 

this stacking interaction is the only factor for the observed sequence of 

the equilibrium constants, whilst other factors mgy become also important 

in the case of Zn(I1). 

closed 

Opened 0 

FIG. 3:(a) The "closed" form of the complex of metals ( M ~ ~ + , Z ~ ~ + )  with 
tryptophan and ATP. ( b )  The corresponding "opened" form. 

Arena et a139 calculated the thermodynamic barameters of binary com- 

plexes of zn2+ and cuZt with ATP and of ternary complexes of these systems 

with L-AlaO- and L-TrpO-. They found larger positive AHo and less positi- 

ve ASo accompanying formation of [M(ATP) (L-T~~o-)]~- compared with [M(ATP) 

(L-AlaO-)l3- which they attributed to the presence of ligand-ligand inte- 

ractions in the former complex. 

The influence of the increasing aliphatic side chain in a series of 

amino acids in their complexes with ATP and ~ ( I I ) ,  CU(II), z~(II), ~d(11) 

and Pb(I1) was also studied with various spectroscopic techniques and 



FIG. 6:~he crystal structures of the complexes: 

MeC) J(Ko~)~' (b) tr-ans-[(~~~~~~)~~t(l-~eC)(~ly) 

of the former are ortho to the metal position 52 

merization (2.8-13.5%) was also observed in the 
52 temperature . 

.,!! slight cisptrans .iso- 

se systems increasing with 

The comparison of the cis- and trans-[Pt(NH ) (amac) (nucleobase) l (NO ) 3 2 3 
complexes showed the existence oE a m~ch weaker ligand-ligand interaction 

53 in the trans than the cls isomers . 
54 In attempts to prepare ternary complexes according to the scheme , 

CIS- [(Mg2P(~rnac)](?) f nucleobase-, czs-[(W 3 ) 2 ~t(nuc1eose)ama ](NO3) 

where, nucleobase=9-MeG, 9-MeA, amac=-W*, -COO- chelated aminoacids it 

was found that the chelated arninoacid could be replaced in many cases, re- 

sulting to the isolation of the 1 :2 complexes of the type as-[ (NH3)2Pt 

(nucleoba~e)~] Thus, the complex cls-[ (M 3 ) 2 P~(~-M~A)~](No~)~ with 

both adenine rings coordinated through N was isolated for the first time 
55 

7 
and its crystal structure solved . 

It should be noted here that in the vibrational spectra56 (IR-Raman) 

of the series of complexes of the type cls-[(M ) Pt(amac)](N03), it was 
a s 3 2 

Sound that the v ~ ~ ~ - v ~ ~ ~  (difference of the asymmetric and symrn etric -COO- 

stretching) of the aminoacids was increased gradually in the series Gly< 
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L-Ala<2-L-Aba<L-Val<L-n-Val. This propably reflect the stability of the 
corresponding complexes. If this were true, then the hydrophobic ligand- 

ligand interactions existing in the ATP-metal-aminoacids systems should 

not be the only reason for the larger stability constants observed with 

increasing aliphatic side chains of the amino but also the 

bulkiness of the side chain itself. 

Very strong stacking interaction's between the purine rings and the i- 

midazole ring of histidine were observed ih the ternary system GHL(G1y- 

L-His-L-Lys) with Pd(I1) and the nucleotides 5LIMP and ILGMP~~. The CZ-H 

proton of imidazole shifts upfield by about 1 ppm in the ternary systems, 

as compared to the Pd-GHL binary system 57958. The tripeptide was bound 

to Pd(I1) through the a-amino group, the N of imidazole of histidine and 1 
the imino nitrogen atom of the peptide and the nucleotides through N 57,58 

Yamauchi and Odani studied the ligand-ligand interactions with and 

I3Cnmr spectroscopies and circular dichroism in mixed complexes of Pd(I1) 

with various amino acids 59960. Hydrophobic interactions of the aromatic 

rings and the aliphatic chains of the amino acids were detected and resu- 

lted at the greater stabilities of the ternary systems as compared to the 

binary ones. 

Electrostatic interactions between the oppositely charged groups on 

the side chains of coordinated amino acids, as well as hydrogen bonds be- 

tween the -COO- group of histidine and the -OH or -CONH2 groups of aspa- 
1 ragine, threonine etc., were detected with Hnmr and circular dichroism, 

61 in complexes of Cu(I1) and Pd(II), containing these amino acids . 
Also in complexes of the type CU(A)(L-B), where A=L, D-His, L-Tyr and 

B=L-Lys, L-Tyr, L-Trp, L-Phe, L-Ala, L-lal, L-Arg, L-Glu, L-Asn, L-Gln, 

L-Ser, L-Thr, ligand-ligand interactions ye?e studied. These were detected 

in the case A=L-His, L-TV and B=L-Tyr, L-Trp. Thus, the equilibrium con- 

stant of the reaction, 

Cu(A) (L-Ala) + Cu(en) (L-B) -f ,u(A) (L-B) + Cu(en) (L-Ala) 

had positive values, due to such ligand-ligand interactions. The same was 
62 true for the complex Cu(D-His) (L-Phe) . 

TERNARY SYSTEMS OF METALSIAMINO ACIDS-PEPTIDESINUC~EOBASES-NUCLEOSIDES, IN 
THE SOLID STATE. 

There are not many crystal structures known of mixed complexes of me- 



tals with amino acids-peptides and nucleobases-nucleosides. Gly-Gly was 

the peptide in most of them. Thus, the structure of the complex (Gly-Gly) 

Cu(Cyt) .2H O was elucitated with X-ray diffraction 2 63164. The dipeptide was 
a tridentate ligand (-NH2, -NH, -COO-) and cytosine was coordinated to the 

metal through N3. Two weak interactions of the oxygen atoms at C2 of cyto- 

sine and ~ ~ ( 1 1 )  were found, one intramolecular and one intermolecular. 

Various hydrogen bonds between the dipeptide and cytosine, nitrogen and 

oxygen atoms were also f o ~ m d ~ ~ ' ~ ~ ( ~ 1 ~ .  7). 

6 4  FIG. 7: Crystal structure of the ternary system Cu(Gly~ly)(Cyt) . 

Tornita et elucidated also the structure of the ternary complex 

(Gly-Gly)Cu(Ado), with the adenine coordinated through N8 and the dipepti- 

de acting again as a tridentate ligand. A strong intermolecular stacking 

interaction was found between the adenine rings of adjacent molecules. 

The distance between such rings was 3.8 A (FIG. 8). 

Similarly the structures of the complexes (Gly-Gly)Cu(S)-MeAdo (X20). 

u2Ob6 and (Kty-Gly)Cu(Cyt) . ~ H ~ O ~ ~  were also elucidated with X-ray diffra- 

ction. In both, GlyGly acted as a tridentate ligand, coordinated to Cu(I1) 

via the terminal amino group, the deprotonated nitrogen of the peptide 

bond and the deprotonated carboqlate group. The C6-m2 group was partici- 

pating in a strong hydrogen bonding in the crystalstructure of the %Me- 
66 Ado derivative . 

The crystal structure of a ternary complex of Pd(I1) with G l y L - T y r  and 
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65 FIG. 8: Crystal s t ruc ture  o f  the  complex Cu(GlyGly)(Ado) . 

Cyd was also elucidated. The dipeptide was again coordinated through -M2, 

-COO- and the deprotonated peptide nitrogen and cytidine through N3. Inter- 

and intramolecular stacking interactions were also observed between the 

aromatic rings of cytidine and tyrosine. 

The structures of the ternary complexes cis- (NH3)2~t(l -MeC) (Gly) 1 
( ~ 0 ~ )  52, rims-[ (cH3NH2)Pt (l -MeC) (Cly) ](No3) 53 were also recently reported. 
(See page 11 )- 

The isolation of a ~ ~ ( 1 1 )  complex with GlyGly and 5-fluorouracil was 

also reported69. The dipeptide was again tridentate, bonded through its 

usual sites, while 5-fluorouracil was bridging two Cu(I1) units through 

its carbonyl groups, as esr, electronic spectra and other techniques re- 
69 vealed . 

Finally the complexes of Cu(I1) with GlyGly and ~racil and 6-methyl- 

uracil were reported in the solid state, with the N1 of the lx-acils and 
the -m2, -COO- and peptide nitrogen of Gly as the suggested coordination 
sites7'. 
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CONCLUDING REMARKS. 

All the simple modds ternary complexes of the type aminoacids (peptide) - 

M-nucleobase ( ,-side ,-tide), can only roughly represent the more general 

~~i-~-~rotein interactions. However conclusions such as the binding sites 

and the detection of li'gand-ligand interactions even in these very simple 

systems can easily be extended to the more complex systems and distribute 

towards their understanding. The binding sites they are surely the same 

while the ligand-ligand interactions exist. 

Thus the limited studies performed on ternary metal complexes of amino 

acids or peptides and nucleobases, nucleosides or nucleotides, allow by 

far the following conclusions to be made: (i) The bonding sites of both 

series of ligands (e.g. aminoacids etc and nucleobases etc) are the usual 

ones, found also in binary systems. Sulfur is a potential binding site in 
2s the sulfur containing amino acids, especially with heavy metals (Pt , 

pd2+ etc) besides the -NH and -COO- terminal groups. The peptides act in 2 
a tridentate fashion, using the -NH peptide nitrogen (deprotonated or not) 

also as a binding site together with the -NB2 and -COO- groups. The nucleo- 

bases on the other hand, use the N site in guanine derivatives, the NI 7 
and N in adenine derivatives and the N in the pyrimidines. Oxygen carbo- 7 3 
nyls of pyrimidines can also be used as ligation sites. Finally hard Lewis 

acid e.g. Mg(II), Zn(I1) prefer the phosphate groups of the nucleotides 

as binding sites. (ii) The simoultaneous coordination of an amino acid etc. 

or a nucleobase etc. with a metal ioq allows strong interactions between 
1 

them to take place. These were detected mainly with Hnmr spectra and 

stability constant determinations. These interactions are; stacking, hy- 

drophobic or electrostatic (hydrogen bonds etc.), with stronger the former. 

These exist when the ternary systems contain an aromatic amino acid and 

manifested with an upfield shift of the protons of the interacting rings, 
1 in their Hnmr spectra and with the greater stability constants of the 

complexes, measured. The stability constants are generally greater in the 

case of the ternary systems with the ligand-ligand interactions present, 

than in the binary ones. The hydrophobic interactions of the aliphatic 

chains of the amino acids and the aromatic rings of the nucleobases were 

stronger near the coordination sites in the trans- ternary complexes of 

Pd(I1) and Pt(I1) with aminoacids and nucleobases and far from the coor- 

dination sites in the c ~ s -  analogs. Linear relationships were found in 
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the strength of these interactions and the number of the -CH2-methylenic 

groups of the aliphatic side chains of the aminoacids. The presence of the 

amino acids and peptides increases the percentage of the anti conformations 

of the sugar moieties in the ternary cis- and trans- systems of Pd(1I) 

and ~t(11) with amino acids-peptides and nucleosides and more in the case 

of the trans analogs, thus propably accounting for the greater toxicity 

of trans-DDP than its congener cis-DDP (anticancer drug), forming DNA- 

protein crosslinks to a larger extent. 

TIEPIAHYH 

REFERENCES. 

Marnirot.H.C., J. C. Crit.Rev.Biochem.,ll, 213 (1981). 
Eichhorn G.L., Metal Ions in Biological Systems, Edit. H.Sige1, M.D. 
Inc. New York, Basel, 10, 1 (1981). 
Khaled M.A., Watkins C.L. and Hasey J.C., Bioch. Biophys. Res. Commun., 
106, 1426 (1982). 
Sherman S. and Lippard S.J.,Chem. Rev.,87, 1153 (1987). 
Banjar Z.M., Hnjlika L.S., Briggs R.C., Stein J. and Stein G.,Biochem., 
23, 1921 (1984). 
Ciccarelli R.B., Solomon M.J., Varshavsky A. and Lippard S.J., Biochem., - - 
2-4, 7533, (1985). 
ZwellingLA., Michaels S., Schwartz H., Dobson P.P. and Kohn K.W., 
Cancer Res .,,!+l, 640 (1983). 
Zwelling L.A., Braddey M.O., Sharkey N.A., Anderson T. and Kohn K.W., 
Mut. Res., 67, 271 (1979). 
Vestues P.I. and Martin R.B., Inorg. Chm. Acta,55, 99 (1981). 
Kozlowski H., Inorg. Chim. Acta, 2-4, 215 (1977). 
Kozlowski H., Wolowiek S.andJezowska-Trzebiatowska B.,Bioch. Blophys 
Acta, 562, 1 (1979). 



12. Hadjiliadis N. and Pneumatikakis G., Inorg. Chim. Acta, 46, 255 (1980). 
13. Theodorou V. and Hadjiliadis N. ,Polyhedron,.!+, 1283 (1985). 
14. Schwartz F., Lippert B., Iakovidis A. and Hadjiliadis N.,Inorg. Chim. 

Acta, 168, 275 (1990). 
15. Jezowska-Trzebiatowska B. and Wolowiek S.,Bioch. Biophys. Acta,708, 12 

(1982). 
16. Pneurnatikakis G. ,Polyhedron , 3, 9 (1 984) . 
17. Khan B.T., Kurnari S.V. and Goud G.N., J. Coord. Chem., 12, 19 (1982). 
18. Kupta M. and Srivastava M.N. ,Polyhedron:4, 475 (1985). 
19. Vicens M.. Prats M.. Fiol J.J.. 'L'erYon A. and Moreno V.,Inorg. Chim. 

Acta, 158; 59 (1989j. 
- 

20. Vicens M.,Fiol J.J.,Terron A.,Moreno V. and Goodgarne G.L., Inorg. Chm. 
Acta, 157, 127 (1989). 

21. Vicens M., Fiol J.J., Terron A. and Moreno V.,Inorg. Chm. Acta, 165, 
131 (7989). 

22..Calafat A.M., Fiol J.J., Terron A.,Moreno V., Goodgame D.M. and Hussain 
I., Inorg. Chm. Acta, 169, 133 (1990). 

23. Sigel H. and Naumann C.F., J. Am. Chem. Soc., 98, 730 (1976). 
24. Mitchell P.A., Prijs B. and Sigel H., Helv. Chim. Acta, 62, 1723, (1979). 
25. Sigel H., Angew. Chem. Intern. Edit., 14, 394 (1975). 
26. Orenberg B.,Fischer B.E. and Sigel H, J. Inorg. Nucl. Chem.,42, 785 

(1980). 
27. Davidenko N.K. and Maronik P .A. , ~uss . J. Inorg . Chem. , 25, 247 (1 980) . 
28. Davidenko N.K. and Maronik P.A., Russ. J. Inorg. Chem., 25, 239 (1980). 
29. Davidenko N.K., Maronik P.A.andYatsimirskii K.B., Russ. J. Inorg. 

Chem., 25, 491 (1980). 
30. Maronik P .A. , Bliznynkova E. I. and Fedorenko M. A. , Koord. Chm. ,15(9), 

1168 (1989). 
31 . Maronik P.A. and Davidenko N.K. , Russ . J. Inorg . Chem. ,28, 1450 (1 983) . 
32. Yatsimirskii K.B.,Maronik P.A., Davidenko N.K., Lopotina E.I. and Fe- 

dorenko M.A., Dokl. Akad. Nauk. SSR, 23y, 654 (1984). 
33. Davidenko N.K. and Raspopina Y .A. , Russ. J. Inorg. Chem. ,32, 695 (1987). 
34. Vlasova N.N. and Davidenko N.K., Koord. Khrm., 9, 1470 (1983). 
35. Reddy P.R. and Reddy B.M., Polyhedron. 5, 1947 (1986). 
36. Reddy P.R., Reddy V.K., Reddy M.H. and Sudhakar K., Indian J. Chem., 

Sect. A, 29 A, 686 (1990). 
37. Reddy P.R. and Reddy M.R., Indian J. Chem., Sect A, 29A, 1008 (1990). 
38. Fridman D .Y. , Pulatova M. and Levina M.G. , Koord. Khim. , 7, 78 (1 981 ) . 
39. Arena G., Cali R., Cucinotta V., Musumeci S., Rizarelli E. and Samarta- 

no S., J. Chem. Soc. Dalton, 1271 (1983). 
40. Sigel H., Fischer B.E. and Farkas E., Inorg. Chem., 22, 925 (1983). 
41. Basoli R., Gaggelli E and Tiezzi E., J. Chem. Res., 32, 695 (1977). 
42. Naumann C.F. and Sigel H., F.E.B.S. Letters, 47, 122 (1974). 
43. Krattiger V.S., Scheller K.H. and Martin R.B., Inorg. Chzm. Acta, 59, 

281 (1982). 
44. Vestues P.I. and Martin R.B., J. Am. Chem. Soc.,l02, 7906 (1980). 
45. Kozlowski H. and Matczak-Jon E., Inorg. Chun. Acta, 32, 143 (1979). 
46. Khan B.T., Goud G.N. and Kumari S.V. ,Inorg . Chm. Acta ,80, 145 (1983). 
47. Kasselouri S., Laussac J.P. and Hadjiliadis N., Inorg. Chm. Acta, 

166, 239 (1989). 
48. Kasselouri S. and Hadjiliadis N., Inorg. Chm. Acta, 168, 15 (1990). 
49. Kasselouri S., Garoufis A. and Hadjiliadis N., Inorg. Chlm. Acta, 135, 

L23 (1987). 
50. Garoufis A., Hararl R., Pasdeloup Pi., Laussac J.P. and Hadjiliadis N., 

3. Inorg. Bloch., 31, 65 (1987). 



51. Garoufis A., Hatiris and Hadjiliadjs N., J. Inorg. Bfqch., 41(3), 
195 (1991). 

52. Iakovidis A., Hadjiliadis N., Britten J.F., Butler I.S., Schwarz F. 
and Lippert B., Inorg. Chim. Acta, 184, 209 (1991). 

53. Pesch F.J., Preut H. and Lippert B., Inorg. Chim. A~ka, 169, 195 (1999). 
54. (a) Aletras V., Iakovidis A. and Hadjiliadis N., 13= Panhellenic Che- 

mistry Conference, Athens, Greece, October (1 991 ) , Proceed. page 409. 
(b) Aletras V., Hadjiliadis N. and Lippert B. , Polyhedron, accepted 
for publication. 

55. Iakovidis A., Hadjiliadis N., Dahan F., Laussac J.P. and Lippert B., 
Inorg. Chim. Acta, 175, 57 (1990). 

56. Iakovidis A., Hadjiliadis N. and Butler I.S., Spectrochim. Acta, Part 
A, in press. 

57. Laussac J.P., Pasdeloup M. and Hadjiliadis N., J. Inorg. Biochem., 30, 
227, '1987). 

58. Laussac J.P., Haran R. and Hadjiliadis N.,C.R. Acad. SCL. Paris,3OO, 
137 (1985). 

59. Odani A. and Yamauchi O., Inorg. Chim. Acta, 66, 163 (1982). 
60. Yamauchi 0. and Odani A., J. Am. Chem. Soc., 103, 391 (1981). 
61. Yamauchi O., J. Mol. Catal., 23, 225 (1984). 
62. Yamauchi 0 and Odani A., Inorg. Chim. Acta, 100, 165 (1985). 
63. Saito K., Terashima R., Sakaki T. and Tomita K., Bioch. Biophys. Res. 

Comm.,61, 83 (1974). 
64. Kistenmacher T.J., Szalda D.J. and Marzilli L.G., Acta Cryst., B31, 

2416 (1975). 
65. Tomita K., Iznno T. and Fujiwara T., Biocbem. Biophys. Res. Comm., . . 

54, 96 (1973). 
66. Kistenmacher T.J., Marzilli L.G. and Szalda D.J. ,Acta Cryst., B32, 

186 (1 976) . 
67. Szalda D.J. and Kistenmacher T.J., Acta Cryst. ,B33, 865 (1977). 
68. Sabat M., Satyshur K.A. and Sundaralingam M., J. Am. Chem. Soc., 105, 

976 (1983). 
69. Villa J.F., Gelber J., KhoeN.and Cepeda J., J .  Am. Chem. Soc., 100, 

4305 (1978). 
70. Fujita T., Masuno H. and Sakaguchi T., Chem. Pharm. Bull., 26, 2886 

(1978). 

GLOSSARY 

ino: inosine 
ado: adenine 
cyt: cytosine 
9-MeG: 9-Methyl-guanine 
amacH: aminoacid ( zwiterion form) 
AMP: Adenine monophosphate 
ADP: Adenine diphosphate 
IMP: Inosine monophosphate 
GMP: Guanosine monophosphate 
UTP: Uracil triphosphate 
bipy: bipyridyl 
L-Ala: L-alanine 
L-Val: L-valine 
L-Ileu: L-Isoleucine 
L-Ser: L-serine 

guo: guanosine 
cyd: cytidine 
1 -M&: l -Methyl-cytosine 
9-MeA: (-Methyl-adenine 
amac: aminoacid (anionic form) 
ATP: Adenine triphosphate 
Cm: Cytidine monophosphate 
ITP: Inosine triphosphate 
W: Uracil monophosphate 
phen: 1 ,l0 pherianthroline 
Gly: glycine 
L-Pro: L-proline 
L-n-Val: L-nor-valine 
L-n-Leu: L-nor-leucine 
L-His: L-histidine 



L-Tyr: L-tyrosine L-Lys: L-lysine 
L-Arg: L-arginine L-Glu: L-glutamic acid 
L-Asp: L-aspartic acid L-Phe: L-phenylalanine 
L-Thr: L-threonine L-Met: L-methionine 
L-Gln: L-glutamine L-Asn: L-asparagine 
L-Aba: L-amino butyric acid L-Trp: L-tryptophan 
0-MeCys: 0-Methyl-cysteine S-MeCys: S-Methyl-cysteine 
S-EtCys: S-Ethyl-cysteine Gly-Gly: glycyl-glycine 
Gly-L-Ala: glycyl-L-alanine Gly-L-Phe: glycyl-L-phenylalanine 
Gly-L-Tyr: glycyl-L-tyrosine Gly-L-Asp: glycyl-L-aspartic acid 
Gly-L-Val: glycyl-L-valine Gly-L-Leu: glycyl-L-leucine 
Gly-L-Ileu: glycyl-L-isoleucine Gly-L-His: glycyl-L-histidine 
K: stability constant Gly-GlyOEt: glycyl-glycyl ethyl ester 
Gly-L-Tyr-L-Asp: glycyl-L-tyrosyl-L-aspartic acid 
GHL: Gly-L-His-L-Lys: glycyl-L-histidyl-L-lysine 
cis or tram DDP: cis or trans-(NH ) PtC12. 3 2 
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Pm JDMCATALYTIC REACTION O F  DOXYCYCLINE ON Z I N C  OXIDE POWDER 
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SURESH C. AMETA 

Department o f  Chemistry,  U n i v e r s i t y  all pge o f  Sc ience ,  
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SUMNARY 

P h o t o c a t a l y t i c  r e a c t i o n  o f  d o x y c y c l i n e  h a s  been  c a r r i e d  

u n d e r  v a r i o u s  r e a c t i o n  c o n d i t i o n s .  The p r o d u c t  was i s o l s t e d  

and c h a r a c t e r i z e d ,  A t e n t a t i v e  mechanism h a s  been p roposed  

f o r  t h i s  r e a c t i o n  i n v o l v i n g  s u p e r o x i d e  i o n  a s  a n  o x i d a n t .  

Key wsrds  : P h o t o c a t a l y t i c  oxic2ation, P h o t o c a t a l y t i c  
r e a c t i o n ,  Doxycycline,  Z i n c  ox ide .  

INTRODUCTION 

I h x y c y c l i n e  i s  an  a n t i b i o t i c  d r u g  and f a l l s  u n d e r  t h e  

b r o a d  spect rum o f  t e t r a c y c l i n e s .  I t  i s  a c t i v e  a g a i n s t  b o t h  

g ram-pos i t i ve  and  gram-negat ive  b a c t e r i a ,  mycobac te r i a ,  

mycoplasma, t reptonemas .  I t  f i n d s  common u s e  i n  t'ne t r e a t -  

ment o f  r e s p i r a t o r y  t r a c t  i n f e c t i o n s  s u c h  a s  pneumonia and 

e s p e c i a l l y  c h r o n i c  b r o n c h i t i s  and mycoplasma pneumonia. I t  

i s  a l s o  u sed  i n  the t r e a t v e n t  o f  u r j n a r y  t r a c t ,  minor  

s t a p h y l o c o c c a l ,  b i l i a r y  t r a c t s  i n f e c t i o n s  and p e r i t m n i  t is .  

A g r e a t  d e a l  o f  l i  t e r a t u r e  s u r v e y  r e v e l s  t i l a t  photo- 

c a t a l y t i c  ox ic l a t ion  o f  some o r g a n i c  compounr3s have  been 

i n v e s t i g a t e d  i n  t h e  p r e s e n c e  o f  z i n c  b u t  n i l  

a t t e n t i o n  h a s  been p a i d  on p h o t o c a t a l y t i c  r e a c t i o n  o f  p h a n a -  

c e u t i c a l  d r u g s  i n  p a r t i c u l a r ,  doxycyc l ine .  i,or:@ver, r e c e n t l y  
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photc-oxygena t i o n  of doxycycline has been ca r r i ed  o u t  by 

6 s i n g l e t  oxygen . Therefore, t h e  present  work hs s  been 

undertaken. 

0.30 g o f  doxycycline was d isso lved  i n  d i s t i l l e d  water  

(30 m l )  i n  a beaker. 0.25 g pho toca t a ly s t  was added to t h i s  

so lu t ion .  The so lu t ion  was then i r r a d i a t e d  with a tungsten 

lamp (200 watt)  kept  a t  a d i s t ance  of  20  cm from t h e  upper 

sur face  of t h e  reac t ion  vesse l  f o r  v i s i b l ~  l i g h t  and a U.V. 

lamp ( ~ o s h n i w a l  366 nm, 125 W) was used f o r  U.V. l i g h t .  The 

progress  o f  t h e  r eac t ion  was checked with t l c ,  us ing  t h e  

so lvent  system (n-Butanol : Formic ac id  : Water = 15:2:3 

(v/v) a s  e l u t e ,  a t  r egu la r  i n t e r v a l s .  Af t e r  t h r e e  hours 

o f  i r r a d i a t i o n ,  it was found t h a t  t h e  t l c  o f  t he  so lu t ion  

gave two spots ;  one corresponding t o  t h e  o r i g i n a l  doxycycline 

(rif = 0.29) and another  corresponding t o  t h e  product 

( R • ’  = 0.14). The r eac t ion  was allowed to proceed to  comple- 

t ion .  The l i g h t  source was removed, when t l c  p l a t e  showed 

on ly  one s p o t  CO~iXSpOnding t o  t h e  product.  The so lu t ion  w a s  

then f i l t e r e d  and t h e  f i l t r a t e  was l e f t  f o r  evaporation. A 

s o l i d  product  was obtained and it was c r y s t a l l i z e d  from 

water. 

The e f f e c t  of  na tu re  of  t h e  photoca ta lys t  on photo- 

c a t a l y t i c  reac t ion  was s tudied  by us ing  d i f f e r e n t  photo- 

c a t a l y s t s  such a s  t i t an ium dioxide, t u n g s t i c  oxide, f e r r i c  

oxide, s t a n n i c  oxide etc .  The r e s u l t s  a r e  reported i n  

tab1 e-1. 
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Table 1 : Effec t  of  na ture  o f  photoca ta lys t  

Doxycycline = 0.30 g Time of i r r a d i a t i o n  = 180 min. 

Photoca ta lys t  = 0.25 g 

Photocatal  y s t  Band gap 'max Yield of photoproduct 
(ev) '(nm) % 

V i s i b l e  u.V. 

Fe203 2.2 564 21.0 1.0 

*O3 2.6 477 14.0 3.0 

Ti02 3.1 400 8.0 8.0 

ZnO 3.2 388 6.0 12.0 

SnO 3.5 35 4 2.0 16 ..O 

Keeping a l l  o t h e r  f a c t o r s  i d e n t i c a l ,  t h e  e f f e c t  of  

amount of z inc  oxide (photoca ta lys t )  has a l so  been observed. 

A l l  t h e  r e s u l t s  a r e  reported i n  t a b l e  2. 

Table 2 : Effec t  o f  amount of photoca ta lys t  -- 
Doxycycline = 0.30 g Time of i r r a d i a t i o n  = 180 min. 

Amou t of ZnO 
?g) 

Yield of  photoproduct 
% 

Vis ib l e  U.V. 
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The e f f e c t  o f  v a r i a t i o n  o f  p o l a r i t y  o f  t h e  s o l v e n t  on 

t h e  y i e l d  o f  t h e  photoproduct  has  been observed and r e s u l t s  

a r e  r e p o r t e d  i n  t a b l e  3. 

Table 3 : _Effect of p o l a r i t y  o f  s o l v e n t  

Doxycycline = 0.30 g Time of i r r a d i a t i o n  = 180 min. 

ZnO = 0.25 g 

S o l v e n t  Dielectric Yield o f  photoproduct  
c o n s t a n t  % 

( D )  V i s i b l e  U.V. 
- 

Benzyl a lcohol  

Su tano l  

Isopropanol  

Pmpanol  

Ethanol 

Nethanol 

A c e t o n i t r i l  e 

5Ja ter 

RESULTS AND DISCUSSION 

m e  photoproduct  ob ta ined  i n .  t h e  p h o t o c a t a l y t i c  

r e a c t i o n  o f  doxycycl ine w a s  c r y s t a l l i s e d  and c h a r a c t e r i s e d  

b y  i t s  elemental  a n a l y s i s ,  p h y s i c a l ,  chemical and s p e c t r a l  

d a t a .  

( i )  m.p. = 2 1 5 O ~  (decompose) 

( i i )  Oslour = Orange 

( i i i )  a e m f n t a l  a n a l y s i s  = Found C = 61.58%, H = 4.45%, 

Calculared f o r  C19i~1608 ; C = 61.12%, H = .4.55%. 

( i v )  The produc t  gave n m a t i v e  test for n i t r o g e n  and arrido 

group b u t  t h e s e  groups were p r e s e n t  i n  t h e  o r ig ins1  

subs t r a  te. 



(v )  u.v. - The s t r o n g  a b s o r p t i o n  band a t  275 nm h a s  been 

a t t r i b u t e d  to t h e  p r e s e n c e  o f  t h e  s u b s t i t u t e d  enone 

m o i e t y  i n  t h e  p r o d u c t .  

( v i )  i.r. - The bands  a t  3458, 1314 and 1153 cm-' h a v e  been 

a t t r i b u t e d  to t h e  p r e s e n c e  o f  t h e  0-I-! group i n  t h e  

p roduc t .  The bands  a t  2962-2853 and 1452 cm-' a r e  d u e  

to C-H s t r e t c h i n g  and bend ing  v i b r a t i o n s  o f  a l k y l  

group,  r e s p e c t i v e l y .  An i n t e n s e  band a t  1631 cm-' may 

b e  a t t r i b u t e d  to  t h e  s t r e t c h i n g  v i b r a t i o n  of C-0 i n  

t h e  enone m o i e t y . O G o .  The a b s o r p t i o n  bands  a t  

1 1690, 3504 and 3403 cm- , which a r e  due  to -0 stret- 

c h i n g  and N-H s t r e t c h i n g  v i b r a t i o n s  o f  amido group,  h a v e  

been  d i s a p p e a r e d  i n  t h e  o r i g i n a l .  Th i s  i n d i c a t e s  t h a t  

amido group h a s  been  l o s t  d u r i n g  t h e  p h o t o c a t a l y t i c  

o x i d a t i o n  o f  doxycyc l ine .  The p r e s e n c e  o f  t h e  s t r o n g  

bands  a t  1722 and 1634 cm-' i n d i c a t e  t h e  p r e s e n c e  o f  

t h e  c y c l i c  k e t o n e  and c y c l i c  a l k e n e ,  r e s p e c t i v e l y .  

Whereas, t h e  bands  a t  1990,  1605, 1567, 750 and 705 

- 1 c m  have  been a s s i g n e d  to t'ne p r e s e n c e  o f  t h e  

a r o m a t i c  moie ty  i n  t h e  p roduc t .  

v m .  - The s i n g l e t  and t r i p l e t  a t  0.88 and 

1 . 4 8 6  a r e  d u e  t o  methyl  and methylene  p r o t o n s ,  

r e s p e c t i v e l y  whereas  t h e  s i g n a l s  c e n t r e d  a t  1.98 and 

2.28 6 a r e  d u e  to t h e  me th ine  p r o t o n s .  The d o u b l e t  a t  

3.15 6 shows t h e  p r e s e n c e  of t h e  m e t h i n e  p r o t o n  i n  

. .pH) fj 
-C- -C- s k e l e t o n .  The s i n g l e t  a t  4.52, 5.19, 5.34 and 

6.72 6 a r e  due  t o  t h e  p r e s e n c e  o f  t h e  a l c o h o l i c  
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presence  o f  Ti02, ZnO and SnG2. f i e  r e v e r s e  t r e n d  was 

observed i n  U.V. source.  I n  t h i s  case ,  t h e  y i e l d  was h i g h e r  

i n  t h e  presence o f  Ti02, ZnO and Sn02 and r e l a t i v e l y  lower  

i n  t h e  o f  t h e  Fe203 and MO3. This  shows t h a t  t h e  

f i r s t  two semiconductors a r e  more e f f i c i e n t  i n  t h e  v i s i b l e  

region,  whereas, t h e  l a s t  t h r e e  p h o t o c a t a l y s t s  work more 

e f f i c i e n t l y  i n  t h e  U.V. region. I t  can e x p l a i n  on t h e  b a s i s  

t h a t  ox ides  having t h e i r  k a x  > 400 nm absorb  more e f f e c t i -  

X 
v e l y  i n  v i s i b l e  range and o x i d e  w i t h  max (400 nm absorb 

e f f i c i e n t l y  i n  U.V. region.  

The e f f e c t  o f  amount o f  p h o t o c a t a l y s t  h a s  a l s o  been, 

s t u d i e d  on t n i s  reac t ion .  I t  h a s  been observed t h a t  a s  the 

amount o f  p h o t o c a t a l y s t  was i n c r e a s e d ,  t h e  y i e l d  o f  t h e  

photoproduct  was a l s o  found to i n c r e a s e .  kbwever, t h i s  

i n c r e a s e  i n  t h e  y i e l d  was observed o n l y  up to  a c e r t a i n  a m u n t  

o f  t h e  p h o t o c a t a l y s t .  I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  t h e  

maximum y i e l d  was o b t a i n e d  f o r  0.25 g o f  t h e  p h o t o c a t a l y s t .  

Any f u r t h e r  i n c r e a s e  i n  t h e  amount o f  p h o t o c a t a l y s t  showed 

no i n c r e a s e  i n  t h e  y i e l d  o f  the photoproduct.  I t  i n d i c a t e s  

t h a t  there i s  a l i m i t i n g  v a l u e  of p h o t o c a t a l y s t  above which, 

t h e  i n c r e a s e  i n  t h e  amount o f  t h e  ~ h o t o c a t a l y s t  w i l l  n o t  

a f f e c t  t h e  ~ ' i e l d  of photoproduct  apprec iab ly .  This  observa- 

t i o n '  may b e  exp la ined  on t h e  b a s i s  t h a t  i n  t h e  i n i t i a l  s t age ,  

even a small  a d d i t i o n  o f  p h o t o c a t a l y s t  w i l l  i n c r e a s e  t h e  

y i e l d  o f  photoproduct  a s  t h e  s u r f a c e  a r e a  of t h e  photo- 

c a t a l y s t  i n c r e a s e s ,  b u t  a f t e r  a c e r t a i n  amount (0.25 g ) ,  

a d d i t i o n  of pho tc ,ca ta lys t  do n o t  a f f e c t  t h e  v i p l d  of t h e  



pro tons  i n  t h e  product.  The s i g n a l s  a t  7.17, 7.28 and 

7.36 6 have been ass igned to t h e  a romat ic  p ro tons  o f  t h e  

phenyl ring. A broa'd s i g n a l  which was p r e s e n t  i n  t h e  n.m.r. 

spectrum o f  t h e  r e a c t a n t  a t  7.75 6, d i k p p e a r e d  i n  t h e  

n.m.r. spectrum of t h e  product.  This  i n d i c a t e s  t h a t  -CONH2 

group has  been l o s t  d u r i n g  t h e  p h o t o c a t a l y t i c  r e a c t i o n  o f  

doxycycline.  This  has  a l s o  been i n d i c a t e d  b y  t h e  appearance 

o f  a new s i g n a l  a t  5.70 6 ,  which i s  due to t h e  o l e f i n i c  

p ro ton  i n  t h e  enone r ing .  A broad s i n g l e t  a t  1.24 6 which 

i s  due to methyl p ro tons  o f  -N cCH3 group has  disappeared 

CH3 
i n  t h e  n.m.r. spectrum of  t h e  product .  This  i n d i c a t e  t h e  

l o s s  o f  t h e s e  two methyl groups a t t a c h e d  t o  t h e  n i t rogen  

atom. 

On t h e  b a s i s  o f  t h e  above d a t a ,  the fo l lowing  

s t r u c t u z e  may b e  ass igned t o  t h e  p roduc t  o f  t h e  photocataly-  

t i c  r e a c t i o n  of doxycycline.  

The e f f e c t  of n a t u r e  o f  p h o t o c a t a l y s t  on t h e  y i e l d  o f  

t h e  photoproduct  has  been obsarved. I t  was observed t h a t  

when t h e  source  o f  v i s i b l e  l i g h t  was employed f o r  i r r a d i a -  

t i o n ,  t h e  y i e l d  o f  photoproduct i n c r e a s e s  with  t h e  i n c r e a s e  

i n  t h e  band gap of semiconductor. The y i e l d  of  photoproduct  

was h i g h e r  i n  Fe203 and ?a3 a s  compared to t h e  y i e l d  i n  



38 P H O T O C A T A L Y T I C  R E A C T I O N  O F  D O X Y C Y C L I N E  ON Z I N C  O X I D E  P O W D E R  

product,  because of  t h e  f a c t  t h a t  a t  t h i s  l i m i t i n g  amount, 

t h e  su r f ace  a t  t h e  bottom o f  t h e  reac t ion  vesse l  becomes 

completely covered with photocatalyst .  Now inc rease  i n  t he  

amount o f  photoca ta lys t  w i l l  only i nc rease  t h e  th ickness  o f  

+ t h e  l a y e r  o f  t h e  pho toca t a ly s t .  

The e f f e c t  of  - so lvent  on t h e  r a t e  of  photoca ta ly t ic  

r eac t ion  was a l s o  observed and f o r  this purpose var ious  

so lvents  of  d i f f e r e n t  d i e l e c t r i c  cons tan ts  were used. I t  

was observed t h a t  t h e  r a t e  of  t h e  reac t ion  increased with 

t h e  i nc rease  i n '  t h e  p o l a r i t y  o f  the solvent .  This suggests  

t h a t  some p o l a r  species  i s  involved i n  t h i s  photoca ta ly t ic  

reac t ion  a s  an intermediate .  However, i n  presence of 

a c e t o n i t r i l e  ( i n s p i t e  o f  i t s  high p o l a r i t y ) ,  t h e  r a t e  o f  

t h e  reac t ion  was found to b e  much lower. This may bk due to 

one  o f  t h e  following reasons : ( i )  A c e t o n i t r i l e  may be  

adsorbed on t h e  photocatalyst ,  thereby preventing doxycyc- 

l i n e  from g e t t i n g  adsorbed on t h e  su r f ace  of  t h e  photo- 

c a t a l y s t  and/or (ii) A c e t o n i t r i l e  may form a  hydrogen bond 

with t h e  s u b s t r a t e  and t h i s  prevents  it from occupying an 

a c t i v e  s i t e  on the photoca ta lys t  i n  des i red  time l i m i t .  

On  t h e  b a s i s  of the above r e s u l t s  and discussions,  t h e  

following t e n t a t i v e  mechanism has been proposed f o r  the 

photoca t a l  y t i c  ox ida t ion  of  doxycycline. 
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SUMMARY 

The 1H and 1% NMR spectra of the title compounds show that the 
presence of the methylamino group in the pyridine ring causes an upfield 
shift for all the aromatic protons especially in positions o- and p- to this 
group. However, it causes a downfield shift (10.5 - 23.9 ppm) for the 
aromatic carbons bearing the group and an upfield shift (11.4 - 20.4 ppm) 
for the carbons o- and p- to it. Carbons m- to this group are only slightly 
affected either way. 

Upon nitrosation the aromatic protons are shifted downfield (0.4 - 1.4 
ppm). The aromatic carbons bearing the nitrosated methylamino group are 
shifted upfield (3.4 - 10.7 ppm) whilst the carbons o- and p- to the 
nitrosated group show a downfield shift (3.3 - 18.1 ppm). Carbons m- to this 
group are only slightly affected. Nitrosation causes also a downfield shift 
(0.53 - 0.73 ppm) for the methyl protons but for the methyl carbons it 
causes a small shift either upfield or downfield. 

Formation of the l-oxide derivatives causes an upfield shift for the a- 
and y- and a small downfield shift for the p- aromatic carbon atoms. 
These effects become more pronounced when the l-oxide derivatives are 
nltrosated. 

Key words: l H  and 13C NMR spectra, N-heteroaromatic amines, l-oxide 
derivatives, N-nitroso derivatives. 

INTRODUCTION 

Aliphatic nitrosamines were shown, mainly by 'H NMR studies, to have 
a restricted rotation about the N-N bond and to exist in two geometric 
isomers.' The simple aromatic analogues, eg. N-methyl-N-nitrosoaniline, were 

shown to exist mainly as the one isomer.1-3 Similar conclusions were also 

reached from a study of the 15N and 13C NMR spectra of N-nitroso alipha- 
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tic and aromatic amines.4 

In view of the interest in the carcinogenic properties of the secondary 

nitrosaminess and following our work on the formation and reactions of N -  
niiroso derivatives of heterocyclic atnines6 the effect of the N-nitroso group 

on the l H  and 13C.NMR spectra of 2-, 3- and 4-methylaminopyridine and 
their l -oxide derivatives was examined. 

RESULTS 

'H Spectra: The 1H NMR spectra of the methylaminopyridines under 
study show one absorption peak (2.6 - 3.5 ppm) in the aliphatic region 
corresponding to the methyl protons. In the aromatic region they are of a 
higher order (6.4 - 8.9 ppm) due to coupling between the aromatic protons. 
In the case of the 2- and 3-isomers the spectra were analysed as ABCD 
spin systems whilst in the case of the 4-isomers as A2B2 spin systems. 

Theoretical spectra were calculated by using the computer program 

LAOCOON Ill based on the work of Castellano and Bothner-by7 as modified 

by Coopera. However, some subroutines were introduced for the graphic 
representation of the results. 

Chemlcal shifts and coupling constants of similar corn pound^^-^^ were 
taken as approximate values in order to calculate theoretical spectra, 
bearing in mind that, due to the -I effect and the magnetic anisotropy of 
the ring nitrogen,lO the a-protons have chemical shifts at lower fieldg than 
the other ring protons. Moreover, in the 2-isomers the coupling constant 
between H-5 and H-6 is expected to be about 5 Hz whilst that between 

H-3 and H-4 is expected to be about 8.5 H Z . ~  In the case of the 3- 

Isomers, the coupling constant between H-5 and H-6 is expected to be 
about 5 Hz whilst the coupling constants between H-2 and the other 
protons are expected not to exceed 3 Hz since no proton is present in 

position ortho to H-2.11 Also, a coupling constant of about 8 Hz is 

expected betweeen H-4 and H-5.11 

These considerations permitted the assignment of the chemical shifts 
and the calculation of the coupling constants for all protons in the aromatic 
region of the methylaminopyridines under study (Tables I, II and Ill). 
Chemlcal shifts of methyl protons have also been recorded. 
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TABLE I : l H  Chemical shifts in ppm (6) and coupling constants in Hz of 2- 

methylaminopyridine (2-NHMePy), 2-methylaminopyridine l-oxide (2-NHMePy- 
Ox) and their N-nitroso derivatives (2-N(N0)MePy and 2-N(N0)MePy-Ox 
respectively). 

2-NHMePy 2-NHMePy-Ox 2-N(N0)MePy 2-N(N0)MePy-Ox 
Solvent a b a b a b a b 

H-3 6.47 6.12 6.68 6.42 7.86 7.73 7.80 7.56 
H-4 7.35 7.13 7.19 7.06 7.83 7.56 7.61 7.43 
H-5 6.48 6.29 6.57 6.40 7.27 7.00 7.55 7.41 
H-6 8.07 7.87 8.08 7.96 8.43 8.23 8.50 8.36 
CH3 2.87 2.66 2.85 2.85 3.39 3.33 3.32 3.46 

TABLE II : 'H Chemical shifts in ppm (6) of 4-methylaminopyridine (4- 
NHMePy), 4-methylaminopyridine I-oxide (4-NHMePy-Ox) and their N-nltroso 
derivatives (4-N(N0)MePy and 4-N(N0)MePy-Ox respectively). 

4-NHMePy 4-NHMePy-Ox 4-N(N0)MePy 4N(NO)MePy-Ox 
Solvent a b  a b a b a b 

H-2 8.02 8.16 7.95 7.86 8.70 8.67 8.34 8.28 
H-3 6.44 6.40 6.60 6.46 7.73 7.53 7.74 7.53 
CH3 2.68 2.84 2.74 2.83 3.44 3.40 3.41 3.40 
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TABLE Ill : 'H ,Chemical shifts in pprn (6) and coupling constants in Hz of 
3-rnethylarninopyridine (3-NHMePy), 3-rnethylaminopyridine l-oxide (3- 
NHMePy-Ox) and their N-nitroso derivatives (3-N(N0)MePy and 
3-N(N0)MePy-Ox respectively). 

~ - N H M ~ P ~  3-NHMePy-Ox 3-N(N0)MePy 3-N(N0)MePy-Ox 
Solvent a b a a b a 

H -2 8.20 7.99 7.65 8.93 8.83 8.56 

1% Spectra: Assignment of the chemical shifts of the carbons of the 
methylamino pyridine nucleus was done using the fully coupled spectra 
since the magnitudes of the 13C-lH coupling constants in other pyridine 

systems are already known.12 The assignment was based on the 
observation that whilst the coupling constants in the aromatic systems along 
two or four bonds (2~CCH or 4JCCCCH) are relatively small (1 - 2 Hz), the 

coupling constants along three bonds (3JCCCH) are much larger (7 - 12 

Hz).13 In the N-heteroarornatic systems, such as pyridine derivatives, the 

coupling constants along two bonds ( 2 ~ ~ ~ ~ )  can also become significant 

especially when they are near the ring nitrogen12 (e.g. 2JCpHa). For 
example, in the case of 3-methylaminopyridine, apart from a direct coupling 
of C-2 with H-2, coupling of C-2 with H-4 (3JC2H4 = 4.4 Hz) and with H-6 

= 11.2 Hz) was also observed in agreement with previous observa- 

tions on similar compounds.12 However, C-2 shows no  coupling with H-5 

(<l Hz). 
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On the other hand, the more complex group of absoptions was 
attributed to C-6 which is expected to show an additional splitting because 
of coupling with H-5 = 4 Hz). Likewise C-5 is coupled with H-6 

(3JC5H6 = 8.1 Hz) and shows no detectable coupling with H-4 or H-2 (c1 

Hz) whilst C-4 is coupled with H-2 (3JC4H2 = 4.8 Hz) and with H-6 (3JC4Hs 

= 6 Hz). Thus the 13C chemical shifts of 3-methylaminopyridine follow the 
order 63>66>62>65>64 which is in agreement with that found for 3- 

In some cases difficulties in assigning chemical shifts can arise when 

coupling with longer distance hydrogen can be stronger than expected. For 
example, in the case of 2-methylaminopyridine l-oxide, although C-6 can be 
differentiated from C-4 because of its more complex appearance, C-5 
cannot be easily differentiated from C-3 because they both show similar 
splittings. Therefore, assignment of the chemical shifts was based on the 
assumption that the order of absorptions for C-3 and C-5 (P-carbons) in the 
case of 2-methylarninopyridine l-oxide is similar to that of 2-methylamino- 
pyridine, since the introduction of an oxygen on the ring nitrogen has very 
little effect on the chemical shifts of p-carbons of the pyridine nucleus.15 

Assignment of the chemical shifts of the aromatic carbons of the 

methylaminopyridines under study (Tables IV, V and VI) was based on the 
above considerations. Chemical shifts of methyl carbons have also been 
recorded. 

TABLE IV : 1% Chemical shifts in ppm (6) of 2-methylaminopyridine 
derivatives 

2-NHMe- 2-N(N0)Me- 2-NHMe- 2-N(N0)Me- 
PY PY Py-Ox Py-Ox 



46 E. KALATZIS, L. KIRIAZS 

TABLE V : 13C Chemical shifts in ppm (6) of 4-methylaminopyridine 
derivatives. 

TABLE VI : 13C Chemical shifts in ppm (6) of 3-methylaminopyridine 
derivatives. 

DISCUSSION 

The N-nitroso-N-methylaminopyridines, like the N-nitroso-N-methyl- 

anillne,1~2~4b are expected to exist in the form of one isomer only with the 
methyl group cis- to the nitroso oxygen. Th~s is evidenced by the single line 
resonance of the methyl protons or the methyl carbons and by the obser- 
vation that proton al,d carbon resonances in the aromatic region correspond 
to those of one isomer only. 

The inductive and the mesomeric effects of the substituents are 

considered to be mainly respons~ble for the 1 3 ~  chemical shift differences 
observed between the amlnopyridines under study. These differences can be 

d i scus~ed '~  in terms of equation (1) were 61, is the 1 3 ~  chemical shift of 
carbon k,Ck Is the 1% chemical shift corresponding to the parent corn- 
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pound (pyridinel5 or pyridine l-oxide15), Aik is the chemical shift increment 
to carbon k due to the substituent (i.e. methylamino- or N-nitrosomethyl- 
amino-) in position i. 

6k = Ck + 4k(zi) (1 ) 

In the case of the methylaminopyridines the values of Aik (Table VII) 
are strongly negative (strong shielding) for carbons in the o- and the p- 
position relative to the methylamino group (for which the -I and +M effects 
are operative) whilst for carbons in the m- position the values are slightly 
positive or negligible (slight deshielding). For example, in the case of 2- 
methylaminopyridine C-3 and C-5 are strongly shielded (Table VII). 

TABLE VII : Empirical parameters (increments) for the calculation of 13C 
chemical shifts for the substituted aminopyridines according to equation (1). 
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For the carbons bearing the methylamino group, the values of Aik 
(Table VII) are strongly positive (strong deshielding) because this carbon is 
depleted of its electrons since it is attached to the positively charged 
methylamino nitrogen (e.g. structures la - Ib). These results are similar to 
those for the primary aminopyridines12 (Table VII), but in the case of the 
methylaminopyridines the methyl group causes through its +I effect, a small 
upfield shift which is more pronounced for the, o-carbons to the group but 
less pronounced for the p- and the m- carbons (Table VII). For example, in 
the case of 3-methylaminopyridine C-2 and C-4 show respectively an upfield 
shift of 2.4 and 3.5 ppm, whilst C-5 and C-6 show an upfield shift of 0.6 
and 1.3 ppm when compared to the corresponding chemical shifts of 3- 
aminopyridine (Table VII). 

In the case of the 2-isomers where the carbon bearing the methyl- 
amino group is next to the rin'g n~trogen (e.g. 2-methylaminopyridine) the 
deshielding of C-2 is less pronounced than in the case of the 3- and 4- 
isomers, presumably because it can withdraw electrons from the ring 
nitrogen. This is shown by the lower values of Aik (Table VII) observed in 
the7case of the 2-isomers (cf. structures la - Ib). 

The introduction of the nitroso group causes a downfield shift for 
practically all aromatic carbons except for those bearing the nitrosomethyl- 
amino group for whlch an upfield shift of 5.2, 7.2 and 6.2 ppm was obser- 
ved (Tables IV, V and VI) for 2-, 3- and 4-(N-nitroso)methylamino pyridine, 
respectively. This is attributed to additional resonance structures due to the 
presence of the nitroso group, which competes with the aromatic ring for 
the lone pair of electrons of the exocyclic amino nitrogen. For example, in 
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the case of 2-(N-nitroso)methylaminopyridine structures (Ila) and (Ilb) cause 
a smaller shielding for C-3 and C-5 and a slightly greater deshielding of 
C-4 than in the case of 2-methylaminopyridine (Table IV). C-6 is practically 
unaffected by the presence of the nitroso group presumably because of the 
proximity of the ring nitrogen (cf. structures Ila - Ilc). 

The methylaminopyridine I-oxide derivatives show an upfield shift for 
C-2, C-4 and C-6 and a small downfield shift for C-3 and C-5 (Tables IV, 
V and VI) when compared to the methylaminopyridines, presumably because 
of resonance structures (Illa - Illb). These structures show an increase in 
the electron density mainly in the a- and y-positions of the pyridine nucleus, 
since the N-oxide moiety can act also as an electron donor group.l5,l7 
These effects are more pronounced upon nitrosation of the methylaminopyri- 
dine derrvatives (Tables IV, V and VI). 

The introduction of the nitroso group on the methylamino group 
causes a definite downfield shift of the methyl protons (0.56 - 0.73 ppm). 
However, it causes a small upfield or downfield shift of the methyl carbons 
depending on the position of the methylamino group in the pyridine ring 
(Table IV, V and VI). 
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(Il la) (Illb) 

X = -H or -NO 

EXPERIMENTAL 

NMR Spectra were obtained with a Varian FT-80A spectrometer in 
deuterated chloroform and dimethyl sulphoxide-d6 (Stohler Isotope 
Chemicals). Chemical shifts were measured from TMS. The effect of solvent 

on the 13C chemical shifts was negligible. 

Materials: 2-Methylamino-,l7 3-methylamino-18 and 4-methylamino- 

pyridine;lS 2-methylamino-N-nitroso-,20a 3-methyIamino-N-nitro~o-~l~ and 4- 

methylamino-N-nitroso-pyridine;20a N-methyl-N-nitrosoaniline;22 2-methyl- 

amino,23 3-methylamino-,24 4-methylamino-pyridine 1-0xide;~S 2-methylamino- 

N-nitroso-,z1a 3-methylamino-N-nitroso-21b and 4-methylamino-N-nitroso- 

pyridine l-oxide2la were prepared by known 2 - ~ m i n o , ~ ~ ~  3- 

amino-2lb and 4-amino-pyridine20b (Fluka; purum) were purified as described 
in the references cited. 



Effect of N-Nitrosation on the NMR spectra of aminopyridines 5 1 

0pa6Clq UTOV ~ U ~ L ~ L V L K O  ~ ~ K T U ~ L O  rrpo~ahei ~ E T ~ T O ~ L U Q  TOV ~~0ppO~fiClEWV 
~ w v  apwpa~i~Ov u6poyovwv npoq uI.p~)Ao~&p&q ~ i p & q  ne6iou, ~6ia i~spa UE 

QCoelq o- Kal n- wq npoq q v  ~luayopsvrl opa6a. Ev TOUTOLS, OL anoppo- 
cpfiU&l< TWV ~ ~ U ~ ~ T L K ~ V  ~ v ~ ~ & K W V ,  UTOUS O I~O~OU~ CXEL Y~VEL I) u I ~ o K C ~ T ~ U T ~ -  

UI), ~ ~ ~ O U U ~ ~ < O U V  ~ E T ~ T ~ ~ T ~ U Q  npoq xapI)AoT&peq Tip&< n66iou (10.5 - 23.9 
pprn) EVO 01 anoppocpfioeiq TWV o- KaL n- av8pd~wv  wq npoq TI)V 

& i u a y o p ~ v ~  opa6a napouot6<ouv pe~a~6nia1) npoq uI.p~)Ao~&p&q T L ~ E ~  R E ~ ~ O U  

(11.4 - 20.4 ppm). Oi anoppocprjosiq ~ w v  p- avepd~wv wq npoq TIIV 

eioayop&vI) opa6a p&~a~on i<ov~a i  EACIXLUT~ Kai npoq T L ~  6uo K ~ T E U ~ U V U E ~ ~ .  

ME TQV VLTP~~WUI) TlapaTI)p&iTal ~ & T C ~ T O ~ L U ~ ~  TwV apWpaTlK8V ~ 6 ~ 0 ~ 0 -  
vwv npoq xap1)A6~&p&q ~ ipCq  n ~ 6 i o u  (0.4 - 1.4 ppm). Tau~oxpova 01 

alT~pp~cpfiU&lq TwV U ~ O K ~ T E U T Q ~ & V W V  apw~aTlK8~ C ~ V ~ ~ ~ K U V  ~ E T ~ T O K ~ < O V T ~ L  

npoq u I . p ~ A o ~ ~ p & q  ~ i p & q  ne6iou (3.4 - 10.7 ppm) &v8 TWV O- Kai n- 
av8p6~6lv npoq TI)v &lUay6p&vI) op66a npoq ~ a p I ) h ~ ~ & p & q  T L ~ &  ne6iou 
(3.3 - 18.1 ppm). Kal U& aunjv TI)V n e p i n ~ w a ~  oi anoppocpfiosiq ~ w v  p- 
apwpa~u~hv  av8pa~wv wq npoq TI)V &~aayop&vI) opa6a p & ~ a ~ o n i < o v ~ a i  
&Aa~luTa.  ME TI) v ~ ~ p h b w o ~  r r a p a ~ q p e i ~ a i  ~ n i q q  p ~ ~ a ~ o n i u ~  T W V  

u6poy6vwv TOU ye8uAiou npoq ~apI)A6T&p&q npbq na iou  (0.57 - 0.73 ppm) 
&v8 I) ~ E T ~ T O ~ L U Q  TOU dvepa~a TOU p~8uAiou nou r r a p a ~ q p ~ i ~ a i  s iva~ Kai 
n0hu p1Kpfi KQL nPOq TLq ~ U O  K ~ T & U ~ ~ V U E L ~ .  

H 61)pioupyia ~ w v  l -o~~ i6Lwv  &XEL uav ano~CA~apa TI)V ~ E T ~ T O ~ L U ~  

rrpoq UQI)AoT&pa neliia TWV anoppocpljuewv ~ w v  a- KaL y- a p w p a ~ i ~ h v  
av8paKWv KaL V L K P ~ ~  / J & T ~ T ~ ~ L u Q  npOS X ~ ~ Q ~ O T & P E <  Tip&< I T E ~ ~ O U  TWV (3- 
av8pa~wv. Ta cpaiv6p~va a u ~ d  y ivov~ai  ~pcpavbo~~pa  uTa N-vi~p~6wpEva 
napaywya. 
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SUMMARY 

The pKa values of 2-, 3-, Camino- and of the corresponding methyl- 
amino- and dimethylamino-pyridinium ions together with the pKa values of 
their l-methyl- or l-methoxy- derivatives are reported. The results are 
discussed qualitatively in terms of steric hindrance to solvation, charge 
separation, steric inhibition of resonance and the inductive effect of the 
substituent groups.The pKa values of (2-pyridyl)trimethylammonium and of 
3-aminocollidinium ion are also reported and their implications are discussed. 
Where appropriate, the pKa, values are shortly discussed in similar terms. 

Key words: Ionisation constants, aminopyridinium ions, l-methyl- or 1- 
methoxy-derivatives. 

INTRODUCTION 

The present work reports the influence of methyl or methoxy group 
on the pKa's of 2-, 3- and 4-aminopyridinium ions when born by the ring 
nitrogen. It reports also the effect of the methyl group when introduced on 
the exocyclic amino group. The results show that in most cases the methyl 
group decreases the basicity of the substituted aminopyridinium ions. 
Such a decrease is rather unexpected since in these cases the methyl 
substituent, which is attached to a more electronegative site, is expected to 
exert its +I effect.1 On the &her hand the diminishing effect of the methoxy 
group is consistent with its -I effect. Although all amino groups, especially in 
the 2- or 4-position of the pyridine ring, cause a substantial increase in the 
basicity of the ring nitrogen, the trimethylammonium group in position-2 
causes a substantial decrease. 
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RESULTS AND DISCUSSION 

(A). Protonation of the exocyclic amino group (pKa2): 

(1). Subsituent on the pyridine rina: 

(a) Proton: The pKa2 values (Table) show that the 2- and the 4- 
aminopyridinium ions are much less basic (by 5 - 7 units) than the 3- 
aminopyridiniurn ions because in the case of the 2- and the Cisomers, in 
which a resonance effect is mainly operative, the exocyclic amino group 
becomes positively charged and therefore more difficult to protonate than in 
the case of the 3-isomers in which an inductive effect is mainly operative 
(compare structures (la - Ib) and (Ila - Ilb) with (Illa - Illb)). Also the 2- 
arninopyridiniurn ions (la - Ib) have lower basic strengths than the Cisomers 
(Ila - Ilb) since a greater repulsion of the positive charges in the dications 

of the 2-isomers is expected. For example, the pKa2 of 2-arninopyridinium 
ion is -8.39 whilst that of 4-aminopyridinium ion is -6.56 at 20•‹C (Table). 

(Illa) (Illb) 
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TABLE : lonisation constants of aminopyridine derivatives. 

Pyridine derivative to/ Ca pKal pKa, spreadb Conc. A.w.1.C 

(+) (105u) nm 

-8.61 0.10 10.0 300 
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a The determination of some pKa values at two temperatures, for comparison 
purposes, showed that the effect of a rise in temperature is unpredictable. 

b The largest deviation between the negative logarithm of the average K, value 
and any other value in the set. 
C Analytical wavelength. 
d A. Albert, R. Goldacre and J. N. Phillips, J. Chem. Soc., 2240 (1948). 

E. Kalatzis and P. Papadopoulos, J. Chem. Soc., Perkin Trans. 2, 239 (1 981). 
A. Albert, J. Chem. Soc., 1020 (1 960). 

g E. Kalatzis and P. Papadopoulos, J. Chem. Soc., Perkin Trans. 2 248 (1 981). 
h Ref. 6a. 

Ref. 9 (temperature corrected) 

(b) Methyl: The introduction of a methyl instead of a proton on the 
ring nitrogen causes a decrease in the basic strength of the 2- and, to a 
lesser extent, of the 3-aminopyridinium ions. In the relatively dilute solutions 
of perchloric acid in which the 3-aminopyridinium ions are protonated, 
solvation by  water is predominant since water must be present in great 

excess, as in the case of solutions less than 50% w/w sulphuric acid.2 
However, in solutions in which the 2- and 4-aminopyridinium ions are 
protonated, i.e. solutions containing more than 70% wlw sulphuric acid, the 
amount of the bisulphate anion becomes much greater than the amount of 
water.' Solvation then may be effected by water and by the bisulphate 
anion, although as a nucleophile the bisulphate is about 100 times weaker 
than water.3 In any case, solvation of the aminopyridinium ions by  the 
solvent can be viewed as causing some deprotonation of the ring nitrogen,4 
i.e. causing attenuation of the positive charge. The introduction of a methyl 
on the ring nitrogen disrupts solvation and therefore increases the repulsion 
of the positive charges in the dications. This repulsion seems to outweigh 
the +I effect of the methyl more in the case the 2-isomers than in the case 
of the 3-isomers. This is probably due not only to the greater distance 
between the positive charges in the dications of the 3-isomers, but also to 
a greater reduction a f  their charge repulsion because of substantial 
solvation of the exocyclic amino group by water, which in these solutions 
must be in great excess' (compare structures (IVb) with (Vlb) and (Vb) with 
(Vllb)). Thus a decrease of 0.81 and 1.00 units is observed when comparing 
the pK,, values of 2-amino- and 2-methylamino-pyridinium ion with those of 
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the respective l-methyl-2-substituted ions. Likewise, a decrease of 0.22, 
0.22 and 0.34 units is observed when comparing the pKa2 values of 
3-amino-, 3-methylamino- and 3-dimethylamino-pyridinium ion with the 
respective l-methyl-3-substituted ions (Table). 

S = Solvent 

When methyl groups are introduced on the ring carbons instead of 
the ring nitrogen, an increase in the value of the pKa2 is observed. Thus, 
the pKa, of 3-aminocollidinium ion is greater than that of 3-aminopyridinium 
ion by about 0.8 units, indicating that the methyl groups attached to the 
ring exert mainly their inductive and field effect. 

In the case of the 4-isomers the trend observed for the 2-isomers is 
reversed. Thus an increase of 0.42, 0.37 and 0.41 units is observed in the 
pKa, values of l-methyl-4-amino-, l-methyl-4-methylamino- and l-methyl-4- 
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dimethylamino-pyridinium ion when compared with those of 4-amino-, 4- 
methylamino- and 4-dimethylamino-pyridinium ion, respectively. It seems 
therefore that the +I effect of the methyl outweighs the charge repulsion of 
the dications of the 4-isomers because, in contrast to the case of the 2- 
isomers, the distance between the charges is greater. Although the 
disruption of solvation' must be more pronounced for the 4-isomers, since 
protonation takes place in less acidic solutions in which more water is 
available for solvation,2 the +I effect of the methyl is therefore still dominant. 

(c) Methoxv: The introduction of a methoxy group on the ring nitrogen 
decreases the pKa2 values not only in the case of the 2- but also in the 
case of the 4-aminopyridinium ion by 1.86 and 0.50 units at 2"C, 
respectively (Table). The methoxy group, like the methyl, is expected to 
disrupt solvation of the protonated ring nitrogen but, unlike the methyl 
group which exerts a +I effect, the methoxy group exerts a -I effect. This 
should reinforce the charge repulsion in the dications. Therefore, a net 
decrease in the pKa2 values is observed which, because of the proximity of 
the positive charges, is much greater in the case of the 2-isomer than in 
the case of the 4-isomer (Table). 

(2) Substituent on the amino arouD: 

Methvl: A decrease in the pKa2 values is observed when a methyl is 
introduced on the exocyclic amino group. A decrease of 0.17 and 0.58 units 
is observed when comparing the pKa2 values of 2- and 4-amino-pyridinium 
ion with those of 2- and 4-methylamino-pyridinium ion, respectively (Table). 
This is presumably due to a decrease in solvation of the amino group upon 
methylation causing an increase in the charge repulsion in the dication 
which more than outweighs the +I effect of the methyl. The decrease in the 
pKa, values is greater in the case of the 4-methylaminopyridinium ion 
presumably because the unsubstituted amino group in the case of the 4- 
isomers is more solvated and therefore more affected by methylation than in 
the case of the 2-isomers since less acidic solutions are required to 
protonate the 4-isomers. The decrease in the pKa2 values upon methylation 
of the exocyclic amino group is enchanced (from 0.17 to 0.36 units) in the 
case of the l-methyl-substituted 2-isomers, but it remains almost the same 
(0.63 units) in the case of the l-methyl-substitued 4-isomers (Table). This 
must be due to a greater increase in the charge repulsion in the case of 
the desolvated dlcat~ons of the l-methyl-substituted 2-isomers. 

The introduction of a second methyl on the exocyclic amino group in 
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the case of the 2- and 4-isomers does not cause a further decrease in the 
basic strength of the dimethylamino-pyridinium ions. Thus the pKa2 values of 
2- and 4-dimethylamino- and l-methyl-4-dimethylamino-pyridinium ion are 
almost the same (slight increase) as those of the respective 2-and 4-methyl 
amino-derivatives (Table). 

Protonation of the 3-aminopyridinium ions becomes more difficult upon 
progressive methylation of the exocyclic amino group (Table). Since the 
amount of free water in the acid solutions in which protonation takes place 
is in great excess and since there is no resonance between the exocyclic 
amino group and the ring nitrogen in the 3-aminopyridinium ions (structures 
(Illa-b)) the disruption in the solvation of the amino group upon progressive 
methylation should increase the charge repulsion in the dications 
progressively. In all cases this repulsion appears to outweigh the +I effect of 
the methyl group. Thus, in contrast to the case of the 2- and 4-isomers, 
the introduction of a second methyl on the exocyclic amino group 
decreases further the pKa2 values of the 3-isomers (Table). 

(B) Protonation of the ring nitrogen (pKa,): 

The pKal values (Table) show clearly that the methyl group exerts a 
+I effect in all cases. Thus an increase of 0.27, 0.34 and 0.36 units in the 
respective pKal values of 2-, 3- and 4-aminopyridine is observed upon 
methylation of the exocyclic amino group. An increase in the basicity is also 
observed when methyls are introduced on the pyridine carbons, as for 
example in the case of 3-aminocollidine which is'more basic than 3- 
aminopyridine by about 2.4 units (Table). 

Methylation of the exocyclic amino group must also increase the 
residual p'osltive charge on the amino nitrogen of the mono-protonated 
molecules because of desolvation (cf. structures (Ib) and (Ilb)). The increase 
therefore in the pKal values due to the +I effect of the methyl is somewhat 
smaller in the case of the 2-isomers than in the case of the other isomers 
because of the proximity of the positive charges (compare structures (la-b) 
with (Ila-b)). The introduction of a second methyl on the exocyclic amino 
group causes only a slight increase (-0.06 units) in the pKa, values of the 
2- and 4-isomers. However, ~t causes a greater increase (0.26 units) in the 

pKal values of the 3-isomers. Further methylation of the dimethylamino 
group produces the trimethylammonium group which when attached to the 
2-position of the pyridine nucleus decreases the pKa value (protonation of 
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the ring nitrogen) substantially. Compared to pyridine a decrease of about 
10 units is observed, i.e. from a pKa of 5.32 of pyridine5 to a pKa of -4.79 
of (2-pyridyl)trimethylammonium ion at  20•‹C. Since there can be no 
resonance between the trimethylammonium group and the ring nitrogen the 
pKa value of (2-pyridyl)trimethylammonium ion may be taken as an indication 

of the pKa2 values of the 2-aminopyridinium ions which would have been 
observed if only repulsive forces were predominant. 

(C). Steric effects 

When a second methyl is introduced on the exocyclic amino group an 
increase in the pKa, values of the 2- and 4-isomers is observed instead of 
the expected decrease, as in the case of the 3-isomers. The magnitude of 
the increase depends on the position of the amino group in the pyridine 
ring. 

Although no steric hidrance has been proposed for the unsubstituted 
4-dimethylaminopyridines6 the small increase in the pKa2 values of 2- and 
4-dimethylaminopyridinium ion and l-methyl-4-dimethylaminopyridinium ion, as 
compared to those of the respective methylaminopyridinium ions, suggest 
that the introduction of a second methyl on the amino group renders 
effective some steric inhibition of resonance. This may be due to the lack of 
complete coplanarity of the dimethylamino group with the pyridine nucleus 
causing the positive charge of the protonated ring nitrogen to become less 
effectively transmitted to the exocyclic amino nitrogen in the monocations 
thus enhancing protonation of the amino group. Steric inhibition of 
resonance becomes very pronounced, however, in the case of l-methyl-2- 
dimethylaminopyridinium ion, which is most probably sterically hindered and 
has a pKa2 value higher than that of l-methyl-2-methylamino-pyridinium ion 
by 3.32 units (Table). 

In contrast to the above the introduction of a second methyl on the 
exocyclic amino group of the 3-isomers lowers further the pKa2 values of 
the respective dimethylaminopyridinium ions. Since steric inhibition of 
resonance cannot become operative between the amino group and the ring 
nitrogen in the 3-isomers, because of lack of resonance between them, 
further desolvation of the amino group due to the introduction of the 
second methyl enhances the charge repulsion in the dications. Thus the 
pK,, values of 3-dimethylamino- and of l-methyl-3-dimethylamino-pyridinium 
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ion are lower by 0.28 and 0.40 units respectively than those of the 
respective methylamino-pyridinium ions (Table). 

Steric inhibition of resonance becomes evident also when considering 
the pKa, values of the 2- and 4-isomers. As mentioned above the 
introduction of a second methyl on the exocyclic amino group causes a 
slight increase in the pKa, values of 2- and 4-dimethylamino-pyridinium ion 
as compared to those of 2- and 4-methylamino-pyridinium ion presumably 
because, due to steric inhibition of resonance, the transmission of electrons 
from the methyls to the ring nitrogen through resonances (structures (Vllla) 
and (Vlllb)) is reduced. In the case of the 3-isomers, however, in which only 
inductive effects are operative the increase of the pKal values from 3- 
methylamino- to 3-dimethylamino-pyridinium ion is more substantial. 

(Vllla) (Vlllb) 

EXPERIMENTAL 

Materials. 

2-Amino- (Fluka, puriss), 4-amino- (Fluka, purum) and 4-dimethylamino- 
pyridine (Aldrich) were sublimed twice at 40•‹/0.1 Torr, 80•‹/0.2 Torr and 
58O10.03 Torr, respectively. 

l-Meth~l-3-rnethylamino-,~ l-methoxy-2-amin0-,~ l -methyl-4-amino-,g 
l -methy l -4-methy lamin0- ,~~ l-methyl-4-dimethylamin0-~ (6ppm: -N(CH&, : 

3.17, %-CH3 : 3.90 (DMSO-d6) and l-methoxy-4-amino-pyridinium 

perchlorateg, as well as 3-methy~aminopyridine~~ and 3-aminocollidinefl were 
prepared as in the references cited. 
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2-Methylaminopyridiniffm perchlorate: Prepared by  dissolving 2- 
methylaminopyridine (obtained as in ref. 12) in diethyl ether and then adding 
the required amount at 70% perchloric acid (Fluka) with stirring. The 
precipitate obtained by  diluting with ether-chloroform (50 : 1) was 
recrystallised (charcoal) from methanol-chloroform (1 : 40) to give the 
perchlorate salt, m.p. 76 - 78". 

2-Dimethylaminopyridinium perchlorate: Prepared as described above 
from 2-dimethylaminopyridine (Aldrich). The precipitate was recrystallized 
(charcoal) from absolute ethanol to give the perchlorate salt, m.p. 98 - 
100". 

4-Methylaminopyridinium perchlorate: Prepared as described above 
from 4-methylaminopyridine (obtained as in ref. 13). The precipitate was 
dissolved in absolute ethanol and the perchlorate salt was obtained by the 
addition of diethyl ether, m.p. 108 - 110". 

1 -Meth yl-2-amino-pyridinium perchlorate: Prepared by reacting 2-amino- 
and 2-methylaminopyridine respectively with methyl toluene-p-sulphonate. 
The product was treated as described in ref. 9 to give the perchlorate salt, 
m.p. 225 - 227". 

(2-Pyridyl)trimethylammonium perchlorate: Prepared by reacting 2- 
dimethylaminopyridine with methyl toluene-p-sulphonate. The product was 
treated as described in ref. 9 to give the perchlorate salt which was 

finally recrystallized from water, m.p. 211 - 212", (6ppm: +N(CH3)3 : 3.59 

(DMSO-d6)). 
I -Methyl-3-amino-, I-methyl-2-methylamino- and I -methy l -3 -  

dimethylamino-pyridinium perchlorate: Prepared by reacting 3-amino-, 2- 
methylarnino- and 3-dimethylamino-pyridine with methyl iodide. The products 
were treated as described in ref. 7, m.p. respectively 88 - 89," 117 - 118" 

and 127 - 128" (6ppm: -N(CH& : 3.06, +N-CH3 : 4.25 (DMSO;d6)). 

I-Methyl-2-dimethylaminopyridinium perchlorate: prepared by heating 2- 
bromopyridine (1.46 g) with methyl iodide (1.96 g) under reflux for 20h. 1- 
Methyl-2-bromopyridinium iodide (1.3 g, 47%), m.p. 201 - 203" (decomp.), (6: 

%-CH3 : 4.42 (DMSO-d6)) obtained was washed with chloroform and after 

drying under vacuum was boiled for 0.5h with a 33% ethanolic solution of 
dimethylamine (1.23 ml). Boiling was continued for another 4h after the 
addition of more dimethylamine solution (0.65 ml). After the addition .of 
sodium carbonate (0.236 g) the reaction mixture was evaporated to dryness 
under vacuum, extracted with hot chloroform which was dried with calcium 
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chloride. The solid obtained after evaporating the solvent was dissolved in 
absolute ethanol, purified with charcoal and then precipitated by  the 
addition of diethyl ether to give 1-methyl-2-dimethylarninopyridinium iodide 
(0.73 g, 64%), m.p. 95". This product (0.7000 g) was dissolved in water (7.8 
rnl) and silver perchlorate (0.5495 g) was added. After filtration of the 
silver iodide the filtrate was condensed to a viscous liquid under vacuum. 
The solid obtained by  the addition of ethyl acetate was purified by 
dissolution in a mixture of chloroform and absolute ethanol and treated with 
charcoal. Addition of ethyl acetate gave l-rnethyl-2-dimethylaminopyridinium 
perchlorate as a white solid (0.45 g, 72%), m.p. 68-69" (6ppm: -N(CH3)2 : 

3.09, 'N-CH3 : 4.01 (DMSO-d6)). 

The results of the elernetal analysis (C, H and N) of all compounds 
used in the present work were satisfactory. 
p& Determinations. 

These were carried out spectrophotometrically.l4 U.V. spectra were 
recorded on an SP 1800 Pye Unicam and a DMS-90 Varian Spectro- 
photometers fitted with a jacketed cell assembly to keep the temperature 
constant at 2" or at 20•‹C. Solutions of amines in aqueous sulphuric acid 
were used in all cases except for the following determinations: (a) pKa, of 
2-dimethylaminopyridine for which sodium hydroxide-sodium dihydrogen 
orthophosphate buffers were used, (b) pKa, of 3-aminocollidine for which 
sodium hydroxide-potassium dihydrogen orthophosphate and 
tris(hydroxyrnethyl)aminomethane-perchloric acid t ~ f f e r s  were used, and (c) 
pKa, of 1-methyl-3-amino- and l-methyl-3-rnethylarnino-pyridinium ion as 
well as the pKa2 of 3-aminocollidinium ion for which perchloric acid solutions 
were used.15 Weight per cent sulphuric acid and rnolarities of perchloric 
acid' were determined by titration against standard alkali solutions. The H. 
values of sulphuric acid solutions at 2" or 20•‹C were estimated according 
to ref. 16. 

Calculation of OK,, and pK,, values. 

These were carried out by using equation (1) 

were dM and d, are the optical densities of the ariiinopyridine or 
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aminopyridinium ion and of the corresponding fully protonated form, 
respectively, and d is the observed optical density of the amines in the 
various suphuric acid, perchloric acid or buffer solutions. In every case the 
appropriate acid or buffer solution was used as a reference. Attempts to 
determine the d, value of the fully protonated l-methyl-2-methylamino- 
pyridinium ion in solutions of suphuric acid mixed with oleum, failed because 
substantial changes were observed in the U.V. spectra after ca. 3mins. 
Therefore in this case the pKa value was determined from equation (2) and 
from a plot of d against (dM-d) / h,. 

Determination of PH. 

pH values were determined by using a Philips 9414 pH meter. 

np0~610pi08~Ka~ 01 pKa ~ w v  2-, 3-, 4-ap~vo- Kal ~ w v  a v ~ ~ a ~ o i x o v  
pe8uAaplvo- Kai 8~peeuAap~vo- ~ o v ~ w v  TOU nupdwviou ~ a 9 d q  Kal ~ w v  1- 
~ E ~ u A o -  fi 1 -p&eoEu-TI~P~YQY~V. H TIO~OTLKI~ E p ~ v E i a  TOV ~ T ~ O T E A E U ~ ~ T ~ V  
y i v e ~ a ~  p& paoq wv UTEPEOX~~LKI~ napepno6~aq TQ$ Enl6laM~woqq Kal T ~ S  

p&oopCp&~a$ Aoyw ~ w v  ps8uAiwv rrou ~ C P E L  ap~vopa6a, TQV avan~uSq 
~ ~ ~ U T L K ~ V  6uvapswv ~ E T ~ S U  OpdWpOv cpop~iwv K a e h ~  Kal pE pdall TO 

Enayoy~Ko cpalv6p~vo nou a v a n ~ i r o a & ~ a ~  oTa p6pla a u ~ d .  E n b q q  
n p o o 6 ~ o p i o 8 q ~ a v  01 pKa TOU (2-nup~6uA)~p~p~OuAappwviou Kal 3- 
~ ~ ~ v o K o M ~ ~ ~ v ~ o u  Kal Ta ano~~ACopa~a  o u o x ~ ~ i < o v ~ a ~  FE Ta rrpoqyoUpsva. ME 
avahoyo T ~ O ~ O  o ~ o ~ l b ~ o v ~ a l  K& 01 npCq Tov pKa,. 
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ABSTRACT 

The mastic gum is a natural resin product of Pistacia Lentiscus v. Chia. This product 
is well known because of its therapeutic properties. 

It  was found that this resin contains trace elements such as zinc, iron, cobalt, magnesium 
and manganese to which it  is believed that the therapeutic properties may be ascribed. 

Apart from the determination of the trace elements, the dissolution of these elements 
under gastric conditions, in vitro, is also studied 

Key words: Gum mastic of Chios, Trace elements. 

INTRODUCTION 

Gum mastic of the island Chios is a natural resin exudate obtained from the stem of 

the tree Pistacia Lentism v. Chia of the family Anacardiacae which has been cultivated in 

the southern part of the island for centuries1. 

The mastic is obtained after a nick on the stem of the trees. This product is named 

"in lacrimis" and mainly consists of resinous substances, terpenic acidsZ and essential oils? 

After the separation of the essential oils, a non-smelling "p* is remained. The colour of 

this varies from yellow to dark brown. 

The most important commercial use of mastic is for chewing either in the form "in 

laflimisn or in the form of sugared pills. 
Although gum mastic has  been an important material of commene for hundreds of 

years, its chemistay has received little attention. 
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In contrast with the limited number of the scientific works, there are many references 

in practical books on various uses of mastic Its healing properties are known from the time 

of ~ioscourides~. Today it is used for the preparation of plasters, bandageg and in solutions 

for healing. Mastic was also suggested in the therapy of gastric and duodenal ulcer6. 

Mastic is also investigated as an exepience for preparation of pills with slow release of 

active s u b s t a n ~ e ~ ~ ~ .  

These facts prompted us to correlate its therapeutic properties etc, with the presence 

of trace elements. Because as it is well known, the deficiency of some fundamental trace 

elements causes serious disorders in humans9-". These disorders are usually eradicated by 

supplements of trace elements preparations or with food rich in the deficient elements. 

In this work we have determined the trace elements of mastic of Chios and we have 

studied the released quantity of them under gastric conditions, in vitro. 

Reagents: Zinc, iron, cobalt, magnesium and manganese solutions of a concentration 

of 1000 ppm were prepared by dissolving the appropriate amounts of salts (Aldrich Europe, 

gold label) in a small volume of acid, mainly HCI (Merck Pro Analysi) and then by diluting 

to one liter with 1% (v/v) HCl with deionized water. I.e. zinc standard stock solution was 

prepared by dissolving 1,0000 g of zinc metal in a minimum volume of (l+ 1) HCI and by 

diluting to one liter with 1% (v/v) HCL 

A Perkin-Elrner Model 403 atomic absorption spectrophotometer equipped 

with a deuterium background corrector was used for flame measurements. 

A Metrohm 654 pH-meter was also used the pH measurements. 

Ooe-etem: The operating parameters are summarized in Table I. 

Determination of zinc, iron, cobalt, magnesium and manganese in gum mastic 

samples. 

The determination of these trace elements is performed either in whole mastic samples 

by using dry ashing or wet asking decomposition procedures or in vitro conditions employing 

buffer systems. 

A. In the fint use a quantity of about 10 g accura* weighed of "in lacrimis" mastic 

or "pulp" mastic is ashed at 600•‹C or dissolved in HN03 1:l. The undissoived residue is 

separated by fiitration and the filtrate is used for the analysis. 

B. In vitro conditions stomach and bowel is followed the procedure. 

i: Under stomach conditions: an amount of about 10 g of puhrrrised mastic sample 
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TABLE L The operating parameters of atomic absorption spectrophotometer 

Element 

Wave lengh 

Slit Setting 

Light Source 

Oxidant-Preuure 

Fuel-Preuure 

3 3 4 3 

HCL" HCL HCL HCL 

Air-SUpsi Air-ROpsi AirJ5psi Air-SOpsi 

Acetylene-30psi Acetylene-3Dpsi Acetylene-=psi Acetylene-30psi 

' EDL = Electrodelles Discharge Lamps 
.* 

HCL = Hollow Cathode Lamp 

accurately weighed is mixed with 10.0 ml of 0.1 N HC1 in a beaker. The beaker is placed on 

the water bath and thermostated at 37•‹C for 4 h. The pH of the mixture was 1.011.2. After 

that the mixture is filtered and the Gltrate is used for the trace elements analysis. 

ii: Under bowel conditions: we follow the same procedure but we adjust the pH at 

7.220.1 using phosphate buffer (250 ml m2W4 0.2 M and 175 ml NaOH 0.2 M in 1000 m1 

30)-  
iii: Under successive stomach and bowel conditions: a quantity -10 g of pulverised 

sample is accurately weighed and thennostated at 37OC for 4 h. The pH of the mixture is 

adjusted at 1.0 - 1.2 using - 10 rnl of 0.1 N H a .  Then the mixture is filtered and the filtrate 

is used for the trace elements analysis under stomach conditions. 

The precipitate is then quantitavely transferred in a beaker and the pH is adjusted at 

7.220.1 using the same as above phosphate buffer solution. The mixture is then thermostated 

at 37OC for 4 h After that the mixture is hltered and the filtrate is used for the trace 

elements analysis under bowel conditions. 

RESULTS AND DISCUSSION 

The results of the qualitative and quantitative analyses and the mean values of mastic 

of Chios concenring the trace elements are shown in Tables I1 and ID. The elements Zn, Fe, 

CO, Mg and Mn are all essential trace elements. 

From these elements the dietary value and biochemical role of iron is very well 

knownu. Although the content of iron in mastic is low it could useful for the cases of long 

marginal deficienciesn. 

Zinc is also a well known essential trace element. It is a component in many enzymes, 



TABLE 11. Determination of  trace elements Zn, Fe, CO, M g ,  Mn irl pgg-L with AAS. 

- 

Trace 

elements 

M a s t i c  "in l a c r i m i s "  

Ashing 

Mean value)' 

itomach condition 

(Mean value)b 

a .  e ~ g h t  determinations r S D  six determinations + SI) 

Bowel condition 

(Mean v a l i ~ e ) ~  

Ashing 

(Mean value)& 

2.41 +0.13 

2.15+0.14 

3.18+0.17 

1.59+11.14 

I.80+0.10 

3.12t0.17 

3.64 t0.14 

1.91 tO.10 

1.59~0.l3 

4.39i11.32 

1.47+0.14 

1.78+0.10 

2.43tO. I5 

I.84+0.13 

4.08+0.24 

2.89+0.18 

1.28+11.10 

2.35+0. I f i  

1.73i0.13 

M a s t i c  " p u l p *  

tomac11 condition 

(Mean value)b 

Bowel condition 

(Mean value)' 



TABLE IE. Mean values of the determination of Trace Elements in Mastic of Chios (pggl) 

in insulin e t ~ l ~ 7 ~ ' .  Zinc deficiency causes severe disorders in growth, taste, smell, healing, 

metabolism of carbohydrates etc. The recommended safe and adequated dietary intakes for 

adults per day is about 18 mg. This amount of zinc is usually taken by food but it is possible 

to become deficient in the case of pregnands, elderly, alkoolism or in people whose diet is 

very rich in Also deficiencies have appeared in patients under special pharmaceuti- 

cal treatments17 and in the cases of long parenteral nutrition or malnutrition18. Zinc and 

copper deficiency have been also appeared in large groups of people whose every day 

consumed foods (e.g. milk) contain low quantity of zinc or copper19. In these cases mastic 

should be considered as a very useful natural supplement of nutrition. 

The presence of zinc in mastic justEes its used healing ointments (prepared 

scientifilcally or not) as healing of gastric ulcer6 and the decreasing the level of sugar in 

bloodm. 

The magnesium in mastic is also k e r e s t i q  because its deficiency related to some heart 

disorders, spasm, tremor ekZ1. The daily requirement of Mg for an adult per day is 300-350 

m g  This requirement is increased in the cases of prepancy, alcoolism, treatments with 

diouretics e t c  Deficiencies also appeared in the areas where the drinking water is very soft. 

Less important is the presence of cobalt The amount of cobalt in an 1 g of mastic is 

much more than the daily requirements (10 H). Cobalt is a constituent of vitamine B*, 

(about 4,0% of the weight) and its functions are closely related to vitamine BU. Slight 

amounts noted in some very stria ~ e ~ e t a r i o u s ' ~ ~ ~ ~ .  

Experiments which have been carried out in our laboratory showed that after 30 min 

chewing the trace elements are released from the gum and are available for absorption. When 
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mastic is suspended in acid solution comparable to that of the stomach also a l l  the trace 

elements are released from it 

These observations show that mastic could be a natural source of trace elements and 

could be used to provide them to humans in the case of very slight deficiencies of Zn, Mn, 

CO and even Fe and Mg. 

This product is better than others commercially available, e.g. pills because of it's a 

natural product tested for ages. 
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INTRODUCTION 

The research a c t i v i t y  in phosphine se l en ide  coordinat ion  chemis t ryhas  
1  not  reached the  ex t en t  of t h a t  of phosphine oxidessnd s u l f i d e s  . 

Relat ive ly  few pbosphine se l en ide  complexes have been2-5 described 

u n t i l  now. A1 though the  rhodium(1) organonets l l  i c  complexes with d i o l e f i n s  

and phosphine and a r s i n e  oxides a s  l igands  have been previous ly  repor- 

ted7'8.  The corresponding chemistry 0-f phosphine se l en ides  i s  even wore 
9,10 l imi ted  and i s  confined t o  two b r i e f  r epo r t s  . 

Our work on rhodium se l en ide  compounds has r ecen t ly1@ s t a r t e d  by re- 

nor t ing  the  prepara t ion  and some physical da t a ,  concerning t h r e e  comple- 

xes of tr iphenylphosphine se l en ide .  In o rde r  t o  complete t he  ex i s t i ngwork  

on t h i s  f i e l d ,  a s  well i s  t o  examine the  a b i l i t y  of [ L R ~ $  (L=cycloocta- 

1,5-diene ( C O D ) ,  cy 'clooctatetraene (COT), norbornadiene ( N B D ) )  s pec i e s  t o  

a c t  a s  Lewis ac ids  towards d i f f e r e n t  s e l en ides  we prepared severa l  phos- 

hine se l en ide  complexes. 

31 77 !Key words: phosphine se l en ides ,  d io l e f  i n s ,  J (  P-Se) Coup1 ing Constants 

EXPERIMENTAL 

Elemental analysis(C,H) were obtained with a  Perkin Elmer PCTjAnalyser. 
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I n f r a r e d  s p e c t r a  were r e c o r d e d  on a  P e r k i n  E l v e r  1430 r a t i o n  r e c o r d i n g  

spec t ropho tomete r  ( o v e r  t h e  range  4000-200 cm-') and samples p repared  as 

KBr d i s c s .  C o n d u c t i v i t i e s  were measured on a  WTW 1.F 530 c o n d u c t i v i t y b r i d -  

ge. The 3 1 ~  NMR s p e c t r a  ( i n  CDCIJ) were r u n  i n  a  J e o l  FX-90 QFT s p e c t r o -  

meter .  

Preparation o f  t he  comp2eze.s 

A l l  o p e r a t i o n s  were per fo rmed u n t e r  a e r o b i c  c o n d i t i o n s .  The s t a r t i n g  

complexes [R~LCI] (L=COT, CCD, NBD) were p r e p a r e d  as r e p o r t e d  i n  t h e  lit- 
13 

t e r a t u r e 1 4 ' 1 5 .  The phosphine s e l e n i d e s  were p repared  by known methods . 
A l l  t h e  complexes o f  t h e  genera l  f o r m u l a e  [ R ~ L L ~ C I O ~  and [ R ~ L P ( s ~ ) ( c H ~ ) ~  

7 

(Se)PPh2jC10 were p r e p a r e d  a c c o r d i n g  t o  t h e  method d e s c r i b e d  i n  o u r  p r e -  
10 v i o u s  p u b l i c a t i o n  . 

RESULTS AND DISCUSSION 

I n  o u r  p r e l i m i n a r y  r e p o r t  some d a t a  c o n c e r n i n g  complexes I-VI' were 

g i v e n .  I n  t h e  p r e s e n t  work t h e  t i t l e  complexes were p repared  b y  a d d i n g  t h e  

r e s p e c t i v e  s e l e n i d e  t o  an a c e t o n i c  s o l u t i o n  o f  F~L(M~,co)) ; [c~o~ i n  t h e  

m o l a r  r a t i o  2: l .  

The new compounds were formed,  eqn(Y),  as c o l o u r e d  a i r - s t a b l e  s o l i d s ,  

s l i g h t l y  s o l u b l e  i n  common o r g a n i c  s o l v e n t s  

T a b l e  1  d i s p l a y s  t h e  a n a l y t i c a l  and o t h e r  p h y s i c a l  d a t a  o f  t h e  prepa-  

r e d  new compounds. The c o n d u c t i v i t y  measurements o f  t h e  complexes I - X I 1  

a r e  s u g g e s t i n g  t h e  presence o f  1 : l  e l e c t r o l y t e s  i n  a c e t o n i c  s o l u t i o n ,  

wh ich  proba.bly i n d i c a t e s  non c o o r d i n a t e d  an ioqs  i n  t h i s  p a r t i c u l a r  s o l -  
11 v e n t  . 
A l l  t h e  complexes I - X I 1  show a t  ca. 11OO ( v 3 )  and 662 ( v 4 )  cm-' bands 

c h a r a c t e r i s t i c 1 2  of  t h e  u n c o o r d i n a t e d  a n i o n  C l O i  (Td)  a l o n g  w i t h  t h e  ab- 

s o r p t i o n s  o f  a l l  t h e  c o o r d i n a t e d  l i g a n d s .  The band a t  ca. 520-550 i s  due 

t o  v(P=Se) v i b r a t i o n  s h i f t e d  towards t h e  l o w e r  wave numbers, t h a n  t h o -  

se o f  t h e  f r e e  phosphine se len ides13 .  The l a t t e r  i n  f a c t  suggests l o w e r i n g  

o f  t h e  bond o r d e r  o f  t h e  P-Se bond wh ich  i n  t u r n  i n d i c a t e s  c o o r d i n a t i o n  
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o f  t h e  l i g a n d s  v i a  t h e  se len ium atom. The c a p a c i t y  o f  t h e  m o i e t y  L L R ~ ~ $  
t o  a c t  as Lewis a c i d  i s  demons t ra ted  e i t h e r  b y  t h e  s h i f t  o f  t h e  v(Se=P)or  

by t h e  v a r i a t i o n  o f  t h e  J ( ~ ' P ~ S ~ )  coup1 i n g  c o n s t a n t .  However, t h e  c o r -  

TABLE I. A n a l y t i c a l  r e s u l t s ,  m o l a r  c o n d u c t i v i t i e s ,  y i e l d s  and I R  d a t a  f o r  
t h e  new Rh(1) complexes. 

respond ing  IR  bands do n o t  p r e c i s e l y  c o r r e l a t e  t o  t h e  above argument i n  

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

, T a b l e  I 1  r e p o r t s  t h e  3 1 ~  NMR d a t a  o f  V1 and V I I I  and o f  some o t h e r r e  

l a t e d  s p e c i e s  p r e v i o u s l y  prepa.redl '. G e n e r a l l y ,  t h e  3 1 ~  NNR s p e c t r a .  e x h i -  

b i t  a  sharp  peak accompanied by a  s e t  o f  7 7 ~ e  s a t e l l i t e s  f o r  wh ich  J(P-Se) 

i s ,  i n  most  cases, s i g n i f i c a n t l y  l o w e r  t h a n  t h o s e  o f  t h e  f r e e  s o l e n i d e s ;  

o n l y  ' J ( P - i e )  o f  ~ ~ ( N B D ) ( s ~ P ( ~ - M ~ c ~ H ~ ) ~ ) J c ~ o ~  i s  s l i g h t l y  l o w e r  t h a n  

t h a t  o f  t h e  f r e e  l i g a n d .  The observed decrease o f  J(P-Se) suggest  weake- 

n i n g  o f  t h e  P-Se bond upon comolexa t ion .  I n  t h e  case o/f t r i p h e n y l p h o s p h i -  

ne s e l e n i d e  complexes t h e  magn i tude  o f  t h e  decrease is  g r e a t e r  f o r  

 C COD) ( s e p p h 3 ) d  c104, i n d i c a t i n g  a1 so s t r o n g e r  Lewis a c i d i t y  f o r  t h e  

[ ( c o D ) R ~ < ~  spec ies .  

U n f o r t u n a t e l y ,  due e i t h e r  t o  s o l u b i l i t y  reasons i n  COC13 o r  t o  decom- 

p o s i t i o n  problems, c h l o r o f o r m  seems t o  a t t a c k  some o f  them, we have been 

u n a b l e  t o  r e c o r d  t h e  3 1 ~  NMR s p e c t r a  f o r  a l l  complexes and t o  s t u d y  more 
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a c c u r a t e l y  t h e  v a r i a t i o n s  o f  t h e  c o u p l i n g  c o n s t a n t s  

TABLE 11. 3 1 ~  NMR d a t a  f o r  some c a t i o n i c  complexes 

-- 
a Measured i n  ('H,) chloroform 

Free-ligand values, Data taken from recorded by us spectra o f  pure ligands 

The p r e p a r a t i o n  of  c a t i o n i c  rhodium(1)  complexes o f  t h e  t ypes  
[!hLLdClOq and ~ R ~ L P ~ ~ P ( s ~ ) ( c H ~ ) ~ ( s ~ ) P P ~ ~ ~  C10 (L=COD, COT, ?[B?) 
L =(o-CH&H4)3PSe, (m-CH3C6H4)3PSe, ( ~ - c H ~ c ~ H ~ ~ ~ P s ~  and some spec t rosco-  
p i c  d a t a  (IR,NWR) a r e  r e p o r t e d  and d iscussed.  

~ ~ ~ ~ o K E u & o ~ ~ K ~ v  KaL L I E ~ E T ~ ~ ~ Q K ~ v  V ~ E C  o ~ ~ ! J T ~ ~ o K E s  E V ~ O E L S  

r o u  P o 6 i o u ( I )  s w v  V E V L K ~ V  t B n w v  / R h L C 2 ( C 1 0 4  K a t  

IRhLPh2P(Se)(CH,)2(~e)~~h2\C1~4 6 n o u  ( L = C O D , C O T , N B D )  

C = ( G - C H ~ C ~ H ~ ) ~ P S ~ ,  (m-CH 3 6 4 3  C H ) PSe,  ( p - C H 3 C 6 H 4 I 3 P S e -  

H p ~ A 6 r q  s o u g  E V L V E  N E  q b o p a ~ a  I R  KaL NMR ( y ~ a  L I E P L K ~ C  

E <  a u r 6 v )  LIE U T O L X E L U K ~ ~  a v 6 A u o q  K ~ L  ~ Y W V L ~ O D E T P ~ ~ .  
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The photochemical and t r i e t h y l  phosph i te  deoxygenation o f  py razo le  
1,2-dioxides i s  repor ted.  I r r a d i a t i o n  o f  t h e  l a t t e r ,  i n  methanol, y i e l d e d  
t h e  products  o f  p a r t i a l  and complete deoxygenation a long w i t h  t h e  mother 
diketones. A p l a u s i b l e  mechanism i s  suggested. Furthermore, t rea tment  o f  
t h e  above d iox ides  w i t h  t r i e t h y l  phosph i te  e f f e c t e d  t h e i r  complete de- 
oxygenat ion,  and t h e  corresponding pyrazo les  were formed. F ina l l y ,  some 
repo r ted  da ta  about t h e  deoxygenation o f  r e l a t e d  systems a r e  presented. 

Key words : Pyrazo le  1,2-dioxides, Deoxygenation. 

He te rocyc l i c  N-oxides have been t h e  s u b j e c t  o f  ex tens ive  research over  

t h e  p a s t  f i f t y  years.' Impor tant  members o f  t h i s  c l ass  o f  molecules a r e  

t h e  N-oxides o f  pyrazoles.2 However, i t was o n l y  i n  1966 t h a t  Freeman 

proved374 t h e  byrazo le  N-oxide s t r u c t u r e  and repo r ted  h i s  work about 4- 

0x0 -4~ -py razo le  1,P-dioxides. It was two decades l a t e r ,  i n  1985, t h a t  t h e  

synthes is  o f  4,4-disubst i  t u t e d  pyrazo le  1,2-dioxides 3 was r e p ~ r t e d ~ - ~  

a long w i t h  t h e i r  e l e c t r o n  impact mass spectra.  8 

9 The use o f  h e t e r o c y c l i c  N-oxides as photochemical o x i d i z e r s  prov ided 

t h e  i n t e r e s t  t o  t h e  present  s tudy o f  deoxygenation reac t i ons  o f  3. The N- 

oxides canbe consideredone o f t h e  b e s t  mode lso fb io log ica lox ida t ion .  9 



RESULTS AND DISCUSSION 

The pyrazole l , -dioxi  des 3 were prepared according t o  the l i terature7 

by treatment o f  the corresponding 1,3-dioximes 2 w i t h  sodium hypochlor i te  

(Scheme 1). I r r a d i a t i o n  o f  the N-oxides 3 k i t h  a mercury lamp o f  medium 

pressure, i n  methanol, t h a t  general l y  f a  ~ o r s  deoxygenation, gave a mixture 

o f  products which was separated by column chromatography t o  a f f o r d  the 

products o f  p a r t i a l  and complete deoxygenation, 4 and 5 respect ive ly ,  as 

we l l  as the parent diketones 1. The y i e l d s  o f  the products are shown i n  

Table 1. The products 4, 5 and 1 were i d e n t i f i e d  by comparison o f  t h e i r  

data w i t h  those i n  the l i t e r a t ~ r e . ~ - ~ '  ''-l3 

1-5 R' R2 R3 

+ n 1 x R 2  
a Me Me Me 
b Me Me Et 

I I I I  + l  
N-.NZ N-N 

c Me Me CH2Ph 0- 
4 5 

d Me Ph Me 

e Ph Ph Me 

Scheme l 

1 3  2 I n  the case o f  3d (R =R =Me, R =Ph) the p a r t i a l  deoxygenation occurs 

a t  the N-oxide group t h a t  i s  attached t o  the carbon w i t h  themethyl group. 

A p laus ib le  explanation i s ,  t h a t  the stereochemical i n h i b i t i o n  o f  the 

bulky phenyl group, along w i t h  the con t r ibu t ion  o f  the exocyc l ic  oxygen 

t o  the resonance o f  the aromatic nucleus and therefore i t s  s tab i  l i z a t i o n ,  

favor  the above deoxygenation o f  3d t o  4d. Furthermore, i n  the case o f  

3c a very complicated mixture o f  products was formed. The only products 

i s o l a t e d  were the pyrazole 5c and the  diketone l c .  It would be reason- 

able t o  assume t h a t  the presence o f  benzyl groups inf luences the re-  
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TABLE 1. Yields of the products 4, 5 and 1 derived from 

A and B reactions (Scheme 1) 

Compound Yield % Lit. r e f .  

a c t i v i t y  of the molecule, giving a1 te rna t ive  pathways. 

According t o  the  l i t e r a t u r e g  i t  could be assumed t h a t  the mechanism 

t h a t  explains the formation of 4 and 5 involves as  intermediates the oxa- 

z i r id ines  6 and 7 (Scheme 2 ) .  The formation of the N-oxides 4 could be 

thought of a s  an intermediate s tep  i n  the  formation of the complete 

deoxygenation products 5. Alternat ively,  4 and 5 could be formed by homo- 

l y t i c  sc i ss ion  of the N'- 0 -  bond, analogously to  the geometrical isomeri - 
zation of n i t r ~ n e s . ~  Furthermore, the oxaziridine intermediate 8, fo l  Towed 

by abstract ion of nitrogen could lead t o  the  formation of 1. However, no 

abstract ion of N 2  was observed. Alternat ively,  1 could be the r e s u l t  of 

the protonation and subsequent hydrolysis of 3, by the pro t icso lven t  t h a t  

was used. 

Previously, i t  has been reported the photochemical deoxygenation of 
1 

various heteroaromatic N-oxides .lyg314 Thus, pyridine ,l5 3-picoline, 
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[ p& N-N 

N-N 

I N-N 
Scheme 2 

benzo [c \cinno1inel4 as well as purinelyg N-oxides are smoothly deoxygenated 

photochemically. However, the N-oxides as quinol ir~e,~ isoquinol ine, 9 

phthalazine,16 quinolizine,14 quinoxal ine,17 and benzotriazine18 undergo 
practically little or no deoxygenation. No deoxygenation study has been 
reported for non-aromatic id-oxides. However, it has been reportedlg that 

4,4-dimethyl -3,s-diphenyl-IH-pyrazole l-oxide 4e gives a photochemical re- 
arrangement to 5,5-dimethyl-3,4-diphenyl-5H-pyrazole l-oxide, when it is 
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irradiated in dichloromethane. We attempted some photochemical reactions 
in different solvents. However, in dichloromethane and chloroform the 

reactions lead to very complicated mixtures o fp r~duc t s~whereas  inbenzene 

most of the unreacted start ing material was recovered. 
Furthermore, we attempted deoxygenation of 3 by treatment with t r ie thyl -  

phosphite. This effected complete deoxygenation of 3 to give the pyrazoles 

5 .  However, the conditions required were vigorous (45 h reflux in ethanol 

with eightfold excess of the reagent). Milder conditions (heating in 
waterbath for  30 min in  chloroform) tha t  are efficient1' to deoxygenate 

pyrazole N-oxides 4 were ineffective. Triethyl phosphite has been used 

extensively for  the deoxygenati on of a great variety of heteroaromati c N- 
oxides such as,  pyridine and quinol ine N-oxides, benzo / c  lquinol ine 1,2- 

dioxide, oxazol e 3-oxi de, f uroxan and benzofuroxanxl Furthermore, benzo- 
lclquinoline 5-oxide i s  reduced by tr iethyl phosphite under forcing 

conditions (5 h a t  160 'C). This compound i s  not reduced by phosphorous 
20 t r ichloride under normal conditions. 

Finally, the relation of the reactivity of molecules that accept energy 
by electron ionization (mass spectra) to those that  are irradiated, i s  

well knownl%s both cases involve excited s ta tes .  I t  should be noted 
+ 

that  in the electron impact mass spectra of 3, fragments a t  vp'z IM-16 1 
that  are due to the elimination of an oxygen from the molecular ion and 

correspond to pyrazole l-oxides 4 are characteristic.' However, no fragment 
that  corresponds to the complete deoxygenated pyrazoles 5has beenobserved 

and the same i s  true for  fragments corresponding to diketone 1. 8 

EXPERIMENTAL 

The preparation of di ketones 1, dioximes 2 and pyrazole 1,2-dioxides 
3 was as described ear l ier .  Spectral and analytical procedures were also 
as ea r l i e r  ~ t a t e d . ~ - ~  Compounds 4 and 5 are a l l  known and they were 
identified by comparison of the i r  data with those of the l i te ra ture .  10-13 

PhotochemicaZ Reaction of PyrazoZe 1,B-Dioxides 3. 

The N-oxides 3 (1  mm01 ) in methanol (100 m1 ) were irradiated in a 
quartz tube by a mercury lamp (125 W ,  medium pressure) for  45 h .  

Evaporation of the solvent gave an oi l  which was submitted to column 



chromatography ( s i l i c a  gel ASTM 70-230 mesh), e luted with a mixture of 

pet.  e therlethylacetate  1011 t o  afford the products 4, 5 and 1 (Table 1 ) .  

Reaction of PyrazoZe 1,2-Dioxides 3 v i t h  TriethyZ Phosphite. 

The N-oxides 3 (1  mm01 ) i n  ethanol (25 m1 ) were refluxed with t r i e t h y l  

phosphite (8 mmol) f o r  45 h under nitrogen. The mixture was cooled and 

the solvent was evaporated t o  l i v e  an o i l y  residue which was hydrolysed 

by d i l u t e  aqueous hydrochloric acid. The products were recovesed by e ther  

extract ion,  were submitted t o  column chromatography ( s i l i c a  gel ASTM 70- 

230 mesh) and eluted with a mixture of pet.  e ther le thy lace ta te  1011 t o  

y ie ld  as  main products the  pyrazoles 5 (Table 1 ) .  
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SUMMARY 

The concentrations of nitrogen oxides NOx and solid tar particles in the 
environmental smoke tobacco during cigarette burning have been determined in 
the absence and presence of citric acid in the c~garette filter. The presence of 
citric acid causes a decrease of NOx varying from 19 to 64% and a decrease of 
tar in the smoke varying from 8 to 80% depending on the type of cigarettes 
under examination. 

Key words: Cigarette filter, Evans filter, smoke suction, optical absorbance, NOx 
concentration, tar withheld, environmental smoke tobacco. 

INTRODUCTION 

A large number of chem~cal compounds are found In the environmental 
smoke tobacco durlng the burn~ng of c~garettes, clgars or plpes. One can dl- 

st~ngulsh the 25 alkalo~dsl such as ncot~ne (800 - 3000 pglc~garette), harmane, 
benzlmldazole, methylamme (4 - Gpglc~garette), 2 - naphthylamlne, 3, 4 - benzo- 

pyrene etc. A quantlty of I g  of 3,4 benzopyrenez was ~solated In the aerosol of 

100 cigarettes. Spectrophotometr~c and chromatograph~c measurements have 

shown that the most toxlc products found In tar are 11, 12-benzofluorene, 12 -  

benzopyrene, methylpyrene, menthylfluorene, chrysene3 etc. These products 

can have neoplasmlc effects both on test anlrnals and humans. 
Two very ~mportant gaseous const~tuents of smoke stream are nltrogen 

oxldes (NOx)4,5 (500 - 1020 pglc~garette), and carbon monox~de (CO) which 
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constitues 3 - 5% of the gaseous phase of smoke aerosol. 

Citric acid can withhold alkaloids, such as nicotine and harmane, which did not 
break down during cigarette burning. It should be mentioned here that citric acid 

is held together with nocitine in tobacco leaves at 2 - 6% proportion6. Citric acid 

maybe placed between the tobacco and the filter of the cigarette in the same 
way as carbon crystals. Empirical tests in the past have shown that the taste 

of the cigarette during smoking is improved when the above substance is used. 

In the present work an attempt is made to determine (i) the concentration 
of NOx in the smoke aerosol during burning of cigarettes belonging to various 

makes in the absence and presence of citric acid in the cigarette filter and (ii) the 
amount of tar withheld by EVANS filters in the absence and presence of citric 

acid in the cigarette filter. The motive for such an investigation was given by the 

fact that nicotine and citric acid exist together in tobacco leaves. 

Determinatron of NOx has also been the object of research work In the 

past798~9, but without maklng use of cltrlc ac~d. 

METHODS OF MEASUREMENT 

1. Determination of NOx in the environmental smoke tobacco 

Nitrogen oxldes are formed both durlng burnlng of nltrogen compounds In 

tobacco and during the thermal react~ons of the constituents of atmospheric alr 
Inhaled durlng smoking. Two sets of measurements were performed-one In the 

absence of citric acld and the other In the presence of cltrlc acld In the clgarette 

filter. 

Procedure: The Saltzman method10 was used. A 15 ml solution consisting 

of sulfanilic acld and N-(l-naphthyl) ethylenedramlne was Introduced in a flasket. 

A total of 15 flaskets contalnlng the above solutlon were then ready to receive 
the smoke from 15 crgarettes, each belongrng to a drfferent make. Each cigaret- 

te IS mounted on the Inlet of a syrlnge using an EVANS frlter. A volume of 105 rnl 

of smoke is sucked and then blown into the flasket. After 90 mlnutes we observe 

changes in the colour of the solutron. Usrng a SHIMADZU slngle beam ULLVISI- 

BLE spectrophotorneter we measure the optlcal absorbance (D) and conseq- 
uently the concentration (C) of NOx at a maximum wavelength (h,,,) of 560 

nrn. Flgure 1 shows the variation of optical absorbance versus NOx concentra- 

tron. The blank value of optlcal density was zero. The procedure was repeated 
for all 15 flaskets. More than 500 cigarettes were used and mean values were 

taken. Suctlons were all at the same speed, since different speeds may alter the 

burning temperature and consequently the amount of NOx In smoke. 
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FIG. 1: Optical Absorbance (D) versus NOx concentration (C) 
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2. Determination of solid tar particles 
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Procedure: 
Two sets of cigarettes belonging to 20 different makes were examined. The 

first set included cigarettes free of citric acid, while the second set included ci- 

garettes with citric acid added in their filter. EVANS filters were mounted on all 
cigarettes. Each filter was used during the full burning (smoking) of each ciga- 

rette. The latter was simulated using 50 ml syringes to perform suctions. EVANS 

filters were weighed, before and after use, with an an'alytical balance (0.0001 g 

sensitivity). The difference between weighings gives the quantity of tar withheld 

by the EVANS filter, which is essentially the quantity of tar escaping from the ci- 
garette filter. 
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RESULTS AND DISCUSSION 

1. Determination of NOx 
Saltzman method is 85% accurate for the NOINO, mixture. NOx concentra- 

tions with and without the addition of citric acid in the cigarette filter and '% diffe- 

rences are given in TaMe It can be seen that concentration of NOx in smoke 

are increased in the case of absence of citric acid ( la),  and decreased in the 

case of presence of citric acid in the cigarette filter (I b). It is concluded that ci- 
garette filters containing citric acid can withhold more NOx. 

% differences were calculated using the relation 

% difference = 100x (NOx without citric acid-NOx with citric acid)/ NOx without 
citric acid. These varied form 19 to 64%. 

TABLE I: Concentration of NOx in environmental smoke tobacco, in the pre- 
sence and absence of citric acid in the cigarette filter. 

Serial Cigarette NOx Concentrat~on Difference 
Number Code (pg/105mlfO.l pg) % 

l a .  Filter without l b .  Filter with 
citiic acid citric acid 

1 OSC 18.8 6.8 64 

2 EO-LS 52.8 22.9 57 

3 CPR 32.0 15.5 5 2 

4 GSE 45.0 22.0 5 1 

5 AS-F0 51.5 27.5 47 

6 AS-AL 7 9 5 0 3 7 

7 MlGS 15 5 10 3 34 

8 S E 33  6 22 8 32 

9 KLF 12 2 8 3 3 2 

10 PA-F0 29 5 22 6 24 

11 SG 7 0 5r4 23 

12 KTG 11 5 9 1 2 1 

1 3  ONE-R 7 7 6 1 2 1 

14 KNS 12 8 10 2 20 

15 ONY 24 7 20.0 19 

2. Determination of tar 

The quant~ty of tar withheld by EVANS filters durlng the full smok~ng of cl- 
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garettes is given in rnglcigarette In Table II. Theie are two cases - one in the ab- 

sence of citric acid and the other in the presence of citric acid in the cigarette fil- 

ter. It can be seen that in the first case, more tar is withheld by the EVANS filter 
than in the second case which means that more tar is withheld by the cigarette 

filter containing citric acid. % differences were calculated and varied between 7 
and 83%. 

TABLE II: Quantities of tar withheld by EVANS filter in the absence and presence 
of citric acid in the cigarette filter. 

Ser~al Cigarette Quant~ty of tar w~thheld D~fference 

Number Code by Evans fliter % 

(rngicigarettef0 lrng) 

l a  F~lter wrthout Ib  F~lter w~th  

c ~ t r ~ c  acrd c ~ t r ~ c  a c ~ d  

1 FO-KA 26 9 4 5 8 3 

2 AS-F0 17 7 3 5 80 

3 GSE 12 4 6 4 4 8 

4 CNA 10 2 5 8 43 

5 D LF 19 9 12 1 3 9 

6 MLR 23 7 15 4 3 5 

7 ERG 26 1 17 1 34 

9 LT-KA 18.6 13.2 29 

10 BGH 13.2 9.6 27 

11 WTN 9.0 7.1 2 1 

12 MLRS 10.6 9.1 14 

13 KTG 12.1 10.5 13 

14  CML 15 0 13 1 13 

15 CPRS 11 7 10 3 12 

16 OSC 22 2 19 6 12 

17 €0-LS 12 6 11 3 10  

18 ONY 19 4 17 6 9 

19 ERG-S 12 9 11 9 8 

2 0 PA-F0 19 1 17  8 7 

Accord~ng to the above results lt may be concluded that the addltron of clt- 

rlc a c ~ d  In the cigarette filter results to a decrease of NOx concentration In 
smoke. The % decrease can even reach 50 - 60% for certarn c~garette types. 
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Regarding tar in smoke, this can also be reduced by 8 - 80% in the presence of 
citric acid in the cigarette filter. 

Cigarette manufacturers should investigate the possibility of producing 
cigarettes with citric acid filters, while manufacturers of filters of the Evans-type 
should investigate the addition of citric acid in these filters. 

IlEPIAHWH 

IlPOIAlOPIIMOI: NOx KAI n l X A I  I T 0  AEPOAY MA TOY KAnNOY KATA 

THN KAYIH TOY TIITAPOY TIAPOYIIA KlTPlKOY O i E O I  I T 0  QIATPO 

T.M. f lOY NTZIKOTAOY 

H o u y ~ & v ~ p w q  ~ w v  o@diuv TOU a<c;l~ou NOx Kal ~ w v  a~epehv  ~ ~ p ~ ~ 1 6 i w V  

niooaq EXOUV n p o o 6 l o p l o ~ ~ i  o ~ o  aepohuya TOU ~ a n v o u  ~ a ~ a  rqv  ~ a u q  

o t y a p b ~ ~ w v  ano B~acpopeq pap~eq,  ye fi xwpiq q v  rrapouoia KLTP~KOU oc&o$ 

OTO cpihTp0 TOU TO~Y~POU.  H T'Klp0~0ia TOU T E ~ E U T ~ ~ O U  T [POKU~E~  &haTTWq 

TWV NOX OTOV ~ a n v o  oe rtooooro rrou ~ u p a i v e ~ a ~  ano 19 ewq 64% Kal psi- 

w q  q q  niooaq OTOV ~ a r t v o  oe r t oooo~o  ano 8 E W ~  80%, avahoywq TOU 

E ~ E T ~ < O ~ E V O U  T U ~ ~ O U  OLYUP&TTWV. 

A&€,E~ ~ h e d t b :  

QihTp0 T~lyapOU, 9ihTp0 Evans, dvappocpqq KU~VOU,  O~IT~KI~ ~ r t O p 0 ~ ~ ~ 1 ~ 0 -  

qTa,  a u y ~ & v ~ p w q  NOx , ~ a ~ a ~ p a - q o q  niooaq, aepohuya ~anvou .  
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Macedonia 
For 4,000 years * steeped in the history of  Greece 

Aristotle, the tutor of Alexander the 

Great, was born in Stagira in Macedonia 

in 384 BC. Together with Plato, he is 

regarded as one of the great'est 

philosophers the world has known. 

Aristotle was a true academic, concerned 

with Physics, Astronomy, Rhetoric, 
Literature, Political Science and History 

His teachings laid the foundation for 

modern scientific thought. 

Alexander was born m 356 BC m Pella, 

Macedon~a, establ~shed by h ~ s  father 

Ph111p 11, as the centre of Hellenism 
Nurtured on the thoughts of h ~ s  tutor, 

Aristotle, he rose to fame as a brilhant 

mll~tary leader He mfluenced the course 

of h~story, r~ghtfully earnmg h ~ s  t~tle as 

Alexander the Great In 335 BC he became 
Commander m Ch~ef of all the Greeks 

By the tlme of h ~ s  death m 323 BC he had 

created an enormous empire, stretching 
from the shores of the Adriatic to India, and 
from the Caucasus Mountains to Egypt. He 

spread the Greek spirit far and wide among 

nations who worshiooed him as a eod. 

This statue of Aphrodite came to light 

during archaeological digs at the ancient 

sacred city of Dion. Dion, at the foot of 

Mt Olympus, was the most ~mportant 
sp~r~tual  site for the Northern Greeks, 

playlng the same role m then hves as that 

of the oracle at Delphi 

Thessaloniki, the heart of Macedonia, is a 

modern city with 1,000,000 inhabitants. 

It is strategically located at the crossroads 

of Europe with Asia. Having spread the 

Word at Philippi, the Apostle Paul 

continued his teachings in Thessaloniki. 

Its important monuments from antiquity and 
byzantium up to the present, provide 

testimony to the role that the city has played 

as the second capital of Hellenism. 

This 16 pointed star of Vergina was 

uncovered during the archaeological 

excavations at Vergina. This symbol of the 

Greek Macedonian Dynasty decorated the 

golden tomb of Philip 11. The Star of 

Vergina, extracted from the soil of 

Macedonia, has since become the symbol 
of Hellenism. 

4.m Years:* Post-Mycenaean ceramic relics foundin Assiros and Mycenaean 
swords found in Grevena dare back 4.0Wye;vs. evidence of Macedonia's role ar 
the vortex of Greek history. Even in myrholo~v Macedon. mvrhical lbunder of rhe 
Macedonian race, is rhe son of Aeolos (god ofrhe winds). Throughout rhe years 
Macedonia conrribured to the founraln ofknowledee of rhe Ancienr Greeks. In the 
5rlr cenrury BCDemoknros. farher of Atomic Theory. lwedmd workedm Avdrra 

G R E E,-C' E 
C h o s e n  b y  t h e  G o d s  


