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PROTONATION CONSTANTS AND COMPLEX FORMATION CONSTANTS
OP G ~AMINO- w—-ALKYLTHI0-1-ALKANEPHOSPHONIC ACIDS WITH
cu(il) IONS

Potentiometric method was used to determine the
protonatloa constants of a -amino-w-alkylthio-1l-a-
lkanephoaphonic aoida. Determination of complex fo-
rmation constants of these acids with Cu(ll)ions was
made with the help of the method of Irving and Ros-
sotti.

The synthesis of phosphonic analogues of natural amino a-
cida [1] being in its rapid development which may be observed
in recent years io very useful in obtaining phosphonic pepti-
des having antimetabolic properties [2-3]« The discovery of
antibacterial properties of phoaphocysteine and L-alanylo-L-
-l-aainoethylphosphonic acid [3-5] has led to the synthesis
of new S - substituted derivatives of phosphocysteine and
phoaphohomocysteine [6-7]. These compounds and its complexes
with heavy metal ions may possess better and sometimes spe-
cific antibacterial activity«

. The aim of our paper was to Investigate acidic - basic
properties of aminoalkylthioalkanephoaphonic acids and its
complex foroing power with Cu(ll)iona. We took upon our inve-
stigations five acids being obtained lately* Its explicit fo-
rma are listed belowi
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REAGENTS AMD APPARATUS

Investigated acids have been obtained firstly by dr
Z.Kudein and vere analytically pure.

Its molar masses were as followsi
I - Mo171,158 11-M-185,176 i, 17 - M»199,212 7 - M2,
283. 10 *¥ solutions of acids 1, 11, 111 and 17 were prepared
by dissolving 10””™M of a substance in 10 cap of 10'"*W solu-
tion of and filled up to the volume of 100 cm™ with a
triply distilled water.

The 7 acid was insoluble in 10~M solution of HBO®, so
its solutions with approximate concentrations about 10”"M we-
re obtained by dissolving a weighted sample of a substance in
10“2il solution of NaOH and then filled up with adequate volu-
me of water. Appropriate solutions of HNOj and NaOH were ob-
tained from standard analytically pure weighted samples made



in POCh Gliwice. NaCl and CuClg = were also analyti-
cally pure and made in POCh Gliwice.

Determination of protcnation constants of aminoalkylthio-
alkanephosphonio aoida and its complex formation constants
has been made with the help of H - 517 pH-meter. Its indica-
tions have been calibrated by the use of analytically pure
buffers made in POCh Gliwice with pH »3.7 and 10.

MEASUREMENTS AND RESULTS

Protonation constants of acids I, IlI, I1lIl and 1V were de-
termined from titration curves, where 10"1IM solution of NaCH
was standing for a titrant.

In the case of aoid V the titration was performed with
the help of 10~IM solution of HNO~N.

Titrations were carried out in solutions of the following
composition* 20 cm3 of the stock solution / about 10"2M of a
given acid/, 5 cm® of 111 solution of NaCl and 25 car3 of water.
Titrations needed for the determination of complex formation
constants of acids with Cu(ll) ions have been performed in so-
lutions of the compositions 20 cm3 of the initial solution
(about 10"™* K of acid ), 5 cm3 of IM solution of NaCl, 5 af* of
10 M solution of CuClg and 20 cm3 of water. Each titration
was triply repeated and average was taken as a final result.

Use of 1li solution of NaCl in each measurement was permi-
ting to keep ionic strength constanty. m 0.1.

The titration curves have been obtained by making graph
dependence of SEM(pH)versus the volume of titrant added.

An example is given on figure 1*

Titration curve of acid V - line I and titration curve of a-
oid V in the presence of Cu(ll)ions - line 11



Tlg» 1. Titration curves« | - 50 cm3 of 4,6* 10* solution of
l-aaino-3-benzyltbiopropenephosphonic acid Il - the
saao solution in a presence of 10 of CuClg* Titra-
tions have been performed by the use of 0,1M solution

of hno3.

DETERMINATION OP PROTONATION CONSTANTS OP ACIDS

Protonation constants of acids I-V have been determined by
the method described precisely in the monograptay of I n c I «e
dy [8]- The curves of | titrations indicate that the différé-
nceo between logarithmes of stepwise protonation constants are
greater then 2»8, so it was not necessary to determine these
constants by the nethod o FSchwartzenbach [9]«

lie made use of the equation describing values of the Con-

stanta K1 in the form



(1-a+a-1) Cji L -IH¥)+ [OH"]

108 *i m 18 \% VFfF-t<»-r * 18

la the caaa of our oompounds n =« 3» a-stands tha degree of
neutralisation and 1 - Is ths number of aucceasive oonatant
(e.g* 1 m 1,2 or 3) « In eaoh case calculations have been pe-
rformed for 7 values of at 0,2+1-1, 0,3+1-1» 0,4+1-1» 0,5+1-1»
0,6+1-1, 0.7+1-1 and 0,8+1-1.

Besuits are presented in tables I-V

Table 1* Values of protonation constants -YI* and dissociation

constants of 1-amlno-2-oethylthioethanephosphonlo
add .

a g +i @ KNO"Sygeg @ KNOT9 KULIOIO
0,2 0 1.2 1.53 6,54 2.2 3.27 3.05
0,3 0 m 1.3 1,58 6,34 2.3 3,32 3,01
04 O S 1.4 1,54 6,50 2.4 3,31 3,02
05 0 - 1.5 1,55 6,45 2.5 3,38 2,96
0,6 0 - 1.6 1,54 6,50 2.6 3,32 3.01
0,7 0 - 1.7 1.57 6,37 2.7 3,35 2,98
0,6 0 m 1.8 1.53 6,54 2.8 3.23 3,09

K, »0 K~ »(1,55 +0,05)«10" K, «(3,31 +0,1>10*

K, m 00 Kg »(6,45 +0,1)*10“ Kj »(3,02 +0,1) «10



Tabl* 2. Values of protonation constants - and dlIssocla-
p
tion constants of 1-anlno-2>propylthloothan«pho~
sphonic acid*

a k3 kJoo2 @ K2»10°5 K¢*106 a Kt*io~9 Kyt010
0,2 49,51 2,02 1,2 3,29 3,04 2.2 5,29 1,93
0,3 48,82 2,05 1.3 3,45 2,90 2.3 4,98 2,01
0,4 50,01 2,00 1.4 3,37 2,98 2.4 5.15 1,95
0,5 51,50 1,94 1,5 3,53 2,83 2.5 5.27 1,90
0,6 50,23 1,99 1,6 3,41 2,93 2,6 5,17 1,94
0,7 48,62 2,05 1,7 3,29 3,04 2.7 5.08 1,97
0.8 50,99 1,96 1.8 3,39 2,95 2,8 5,13 1,95
*3 - <9,9 +2 K2 -(3,39 +0,2)*105 K, -(5,15 + 0,2).109

K( -(2,0 +0,1)*10"2 Kg «(2,95 +0,1)»1<r6
K3 -0,95 i 0,1)»10“10

Tabla 3* Values of protonation constants - and diuaocla-
tlon constants K" of 1l-aaino-2-ieopropylthloathan®-
phosphonlo acid.

a .3 k3 .102 a , 4g.5 K106 a Kt.10"9 Kj«1010
0,2 28,2 3,55 1.2 2,12 4,72 2.2 3,73 2,69
0,3 26,89 3,71 1.3 2,02 4,95 2.3) 3,80 2.63
0,4 28,45 3.53 1.4 2,11 4,74 2.4 3,78 2,64
0,5 29,19 3,42 1*5 2,18 4,59 2A 3,71 2,55
0,6 27,65 3,62 1,6 2,09 4,79 2,6 3,85 2,60
0,7 27,86 3,59 1.7 2,07 4,83 2,T 3,83 2,61
0,8 27,76 3,60 1,8 2,06 4,85 2,8 3,93 2,54

«3-26,0 ¢1,5 ~.(2,09 +0,1)MO5 Kj-(3,80 +0,2)*109
kJ-C3,57 4P,2)*10-2 K¢ .(4,78 +0,2).10"* ~-(2,62*0,1). 1<T10



Table 4. Values of protonation constants - K, and dissocia-
tion constants - of l-amlno-3-xaethylthiopropane-
phospbonie acid.

a .5 gy @ KgO0"5S K~.106 a KNI0%9 Ky 1010
02 0 - 12 166 6,03 2,2 2,49 4,01
0,3 0 ® 1.3 169 5,92 2,3 2,63 3,80
0,4 O - 1,4 1.74 5,75 2.4 2,51 3,98
0,5 O 4 15 1,88 5,32 2.5 2,71 3.69
0,6 0 « 1,6 1.73 5,77 26 2,51 3,98
0,7 O m 1.7 1,78 5,51 2,7 2,57 3.89
08 0 m 18 1,70 5,88 2,8 2.58 3,88
K3- 0 K2«0,74 +0.15M05 ~-(2,57 +0,15)" 109

Kj. 0 K-J«(5,75 +0,3) *10“6  *3-0,89 +0,27). 10"10

Table 5. Values of protonation constants — and dissocia-
tion constants - of l-amino-3-"bx2ylthiopropone-
phoophonic acid.

a3 a Kgo00“5 Kjoo6 a Kj<10"9 K*“*1010
02 0 - 1.2 3,39 2,94 2,2 4,09 2,44
0,3 O - 1,3 3,51 2,85 2.3 4,09 2,44
0,4 0 - 1,4 3.50 2,86 2.4 4,27 2,32
0.5 0 - 1.5 3,45 2,90 2,5 4,16 2,40
06 0 - 1,6 3,50 2,86 2.6 4,24 2,36
0,7 0 - 1.7 3,47 2,88 2.7 4,18 2,39
0,8 0 - 1,8 3,48 2,87 2,8 4,16 2,40
K3« 0 K2«(3,47 +0,1) “105 ~_(4,17 ¢0,1)*109

K*=Flo ef- 2,88 +0,1)*10’ 6 K3*(2,40 +0,1)«10%10



DETERMIHATION OF THE COMPLEX FORMATION CONSTANTS

pH - metrio detenaination of tha complex formation cons-
tante is displayed In the fact, that in formation of the oom-
plex MeL.n one deals with a following equilibrium«

Me+* ¢ m HnLi==iTMeLB+z“HMl + nmH+

change of. hydrogen ions concentration may be regarded as a
measure of a ligand "linking".

Simple equations arising from both masa and charge bala-
nces in a titrated solution (with Cjj L where H sta-
nds for the highest coordination numBer) lead to the equatio-
ns describing the concentration of the free ligand* In the
case of compounds being upon our investigation the concentra-
tion of the free ligand is deacribed by the equation«

(a)CH L +
[HHIIC, + 2[H+] + 3[H+JJ
with an aseusption that L may oocur in the form of a -

- stands t)e degree of neutralisation of the ligand in the
presence of CuClDlons being determined from the curve Il.
Kaowlag th( entire concentration of both Cu(ll) ions and the
ligand one may final the mean number of ligands n around
Cu(ll) 1ion for a given value of pH uaing the equation.

%,L aL(H)
A * L —

°cudll)

o L(H) is g function of protonation of acid H™L in the form«

otL(H) » 1 +[H+]K1 +[H+]2 KFfo +CH+J3

The knowledge of A values and corresponding concentratio-
ns of the free ligand allowes to construct the complex for-
mation curvea. These curves of complex formation for acid



I - 7 ars presented on fig» 2-6

Pig. 2» Complex formation curve of I-amino-2-methylthio-

ethenephosphonio acid with Cu(ll)ions.

The run of those curves shows that Ig @G~ - Ig 73
< 2*8, so it follows that tho method of graphical deterniua-

tion proposed by B Jj e r ruu [loj will give, in this case,
only approximate values of

Therefore, the correct values of the complex formation
constants havs been dstemined by the linear equations method

of Irving and Eossottl [lI] with the help of the

funotiont
N

52(n *n)p n [LIn = O
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Pig. 3. Complex formation curve of l-emlno-2-propylthioetbene-
ohoophonic acid with Cu(XX)ion8»

pig, 4. Complex formation curve of I-ftBino-2-laopropylthioet-
hanophosphonic acid with CutlDioas«



Kg. 5. Complex formation curv* of 1l-aaino-3-nethylthiopropa-
naphosphonic acid with Cu(ll)iona.

Fig. 6. Complex formation curve of l-amino-J-benzylthiopropanep

hosphonio acid with Cu(ll)ionB.



where n Is the mean number of Uganda bounded by the oentral
lon, CL] i» the concentration of the free ligand correspon-
ding ton . Values of n and [LJ have been taken from forma-
tion curves and are presented in table VI.

Table 6. Values ofjion- bounded in complex ligand concentra-

tlon for n < 0,5; 1,5; 2,5
1-amlno-2- methylth|oethanephosphon|c acid

- 1-amlno-2-propylthioethanepho8phonlo acid

- l-amino-2-isopropylthloethanephosphonic aoid
- l-amino-3-methylthiopropanepbosphonic add

- l-amino-3-benzylthiopropanephosphonlo acid

ORWN R

Acid logtlg]- 0,5 log[Ljjl« 1,5 log [L-]= 2,5

1 -10,10 -9,10 -6,25
2 - 9,50 -8,30 -5,55
3 - 9,40 -8,00 -4,99
4 - 9,00 -8,20 -6,45
5 - 9,95 -8,30 —6.40

Results of calculation are presented en table 7.
i
Table 7. Values of completing constants K*, K~, K, and sum-
mary formation constants p2 a** $3 or CuL com-
plexes with a-amino-w-alkyithio-1-afkanephoHphonic
acids enumeration of acids is the same as it is gi-

ven tab. 6.
Acid log K, log Kg log K3 log @ log
1 9,95 9,25 - 6,25 19,20 25,45
4 9,41 8,39 5,55 17,80 23,35
3 9,35 8,05 4,99 17,40 22,39
4 8,73 8,45 6,46 17,18 23,64
5 9,92 8,31 6,42 18,23 24,65

Valuee of protonation constants of individual a-amino-
& -alkylthio-l1l-alkaneFhosphonio acids are similar. It is con-
nected with the screening influence of the sulphur atom ha-
ving two electron pairs. These pairs assure the electron den-
sity on 0 and H atoms practically invariant.
In practise, the spatial surroundings of ligand atoms in
molecules of all investigated acids is also Invariant, so one



obtained the same values of coordination numbers and similar
stability of the complexes of aoids with Cu(IX) ions.
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STALE PROTONOWANIA ORAZ STALE TWORZENIA KOMPLEKSOW
KWASOW  a-AMINO- w -ALKILOTI10-1-ALKANOPOSFONOWYOH
Z JONAMI ou(ll)

Przy pomocy metody potencjaaatryosnej wyznaczono stato
protonowania kwaséw a -amino- w -alkilotio-l-alkanofc6fono-
wych, State tworzania kompleksdow tych kwasow s jonami Cu(ll)

wyznaczono 8 krzywych tworzonla mstoda Irvinga i1 Rossottlego.



