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Effect of pKb on Lipophilic Binding of 
Disopyramide Derivatives to Human Plasma 

YIE W. CHIEN *, MICHAEL J. AKERS *, and PETER K. YONAN 

Abstract 0 The extent of plasma binding, the partition coeffi- 
cient, and the pKb of 13 disopyramide derivatives were deter- 
mined. The structural variation on the diisopropylaminoethyl 
group of disopyramide molecules influenced these physical param- 
eters to varying degrees. Results demonstrated that the extent of 
interaction between drugs and human plasma was a linear function 
of their lipophilicity and inversely proportional to the magnitude 
of the pKb value. 

Keyphrases 0 Disopyramide derivatives-determination of plas- 
ma binding, partition coefficient and pKb, relationship between 
pKb and binding Lipophilic binding of 13 disopyramide deriva- 
tives to human plasma-relationship to pKb 0 Plasma binding, 13 
disopyramide derivatives-determination, relationship to pKb 0 
Partition coefficients, 13 disopyramide derivatives-determina- 
tion 

Previously, it  was reported (1) that the extent of 
plasma binding for 20 disopyramide derivatives was 
linearly related to their lipophilicity, log (P.c.), as de- 

fined by the following relationship: 

log (D,/D,) = log (Dh/D,) , I  + log (P.c.) (Eq. 1) 
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Table I-Linear Relationship between the Extent of Plasma 
Binding and the Lipophilicity of Disopyramide Derivatives 
with the Structural Variation of their Amide, Pyridyl, or 
Phenyl Moieties 

0 
II 

Structural 
Variation o n  na Observed Relationshipsb 

~~~~ ~ 

0 
II 10 log ( D b / D l )  =-0.303 + 0.473 log (P.C.) 

log (Db /Dl )  = 10.369 + 0.641 log (P .C. )  

--C-NH. R = 0.9 6 s2 = 0.0034 

7 
R = 0.9 2 s - 0.0059 

6 log ( D b / D i )  = 10.476 + 0.734 log (P.c.) 
R = 0.9 3 s - 0.0303 

Table 11-Disopyramide Derivatives Series (I) 

I -N( iso-C ,H; j1 1.219 -0.181 8.36 
I1 -N(I~-C,H;)~ 0.826 0.905 9.50 

0.747 -0.842 9.92 / H  -N 
‘(iso-C,H;) 

I11 

/CH, 
IV -N 2.680 -0.553 5.40 

V -N>, 0.999 0.560 8.60 

VI Y N k c H ,  1.190 0.689 8.86 

VII -Nm 0.495 -0.373 9.95 

‘CH 

H,C CH, 

a ti = number of derivatives used in the analysis. b R = correlation 
coefficient; s2 = residual variance. 

where log (Db/Df) was theoretically derived and re- 
lated to the equilibrium constant for drug-plasma in- 
teractions; Db and D f  are the concentrations of drug 
bound to plasma protein and freely existing in the so- 
lution phase, respectively; and log (Db/Df)o is the in- 
tercept of log (Db/Df) uersus log (P.c.) plots. 

It was observed that the structural variation of the 
amide, pyridyl, or phenyl moieties resulted in varying 
degrees of influence on the extent of plasma binding 
and the lipophilicity of disopyramide derivatives 
(Table I). It also was found that the omission of the 
diisopropylaminoethyl group produced no change in 
the degree of plasma binding while the lipophilicity 
was enhanced more than 10-fold (fraction of drug 
bound remained at  27.3% although the partition coef- 
ficient in the n-octanol-phosphate buffer system was 
increased from 0.66 to 6.87). This observation was ra- 
tionalized by the fact that the diisopropylaminoethyl 
group (with a pKb of 8.36) was protonated at  the 
physiological pH of 7.4 and did not interact with the 
plasma protein itself. 

For a better understanding of the behavior of the 
diisopropylaminoethyl group during the interaction 
of the other three moieties of disopyramide molecules 
with plasma protein, the studies were extended to 
cover a new series of disopyramide derivatives with 
structural variation on the diisopropylaminoethyl 
moiety only while the other three functional groups 
were held constant. These results are reported in this 
paper. 

a SC-13957, SC-13268, SC-24566, SC-13251, SC-13212, 
SC-13482, and SC-27829, respectively. 

tion of pK values. This method is highly reproducible (pK f 0.03 
unit) for acids or bases having pK values between 2.5 and 11 (2). 
Apparent pK’s were determined by the Parke and Davis method 
(3) instead of by the conventional half-neutralization method be- 
cause the solubility of the compounds was low and the inflection of 
the titration curves was not very sharp. 

M compound was ti- 
trated with standardized 0.1 N hydrochloric acid. An identical so- 
lution containing no compound was subsequently titrated, and the 
difference between these two pH uersus titrant volume titration 
curves was calculated. The apparent pKb value was then measured 
as the pH a t  the point of inflection of the “pH-different titrant 
volume curve.” Determinations of pKb values were run in dupli- 
cate for each compound. No pKb was observed for the compound 
without the diisopropylaminoethyl group. 

An aqueous solution containing 2.5 X 

RESULTS AND DISCUSSION 

In solution, disopyramide derivative molecules (D) exist as an 
equilibrium mixture of neutral and protonated species (Scheme I): 

D + H,,O+ * HD+ + H20 
Scheme I 

The degree of protonation (a) of the diisopropylaminoethyl 
group varies according to its basicity (Kb) in a series of disopyram- 
ide derivatives and the pH profile of the drug solution: 

(Eq.  2 )  

If drug molecules are bound to plasma protein only as the neu- 
tral form, the equilibrium constant (KJ for the interaction (4) be- 
tween the neutral species of disopyramide derivatives and plasma 
protein is related to the overall equilibrium binding constant ( K )  
as follows: 

(Eq. 3 )  

EXPERIMENTAL 

Binding of disopyramide derivatives to human plasma and par- 
titioning studies in the system of n-octanol-pH 7.4 phosphate 
buffer were carried out in the same manner as described earlier 
(1). 

Potentiometric pH titration’ was employed for the determina- 

Copenhagen Radiometer, London Co., Westlake, Ohio. 

or: 

log K,, = 1% K - log K h  + log (Kh + [H’]) (Eq. -1) 

As analyzed previously (l), the equilibrium constant, K,, for the 
interaction between the neutral species of drug and plasma protein 
was linearly related to its lipophilicity [as represented by log 
(p.c.)I: 

Moo - P,o 
’ log K , ,  = + log (P .C . )  (Eq. 5 )  2.303RT 
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Table 111-Disopyramide Derivatives Series (11) 

log 

log 
( D b l D f )  

Com- ‘KO + 

pound‘ R [H I )  log (P.C.1 PKb 

VIII --NnO 1.203 0.083 6.86 

Ix --N N-CH, 0.808 0.501 7.81 

u 
n 
U 

X - N a  3.894 0.874 4.74 

XI -CHI-N 3 4.234 0.956 4.68 

,CH,-CH=CH, 
XI11 -N 1.617 0.877 8.11 

‘CH~-CH-CH, 

a SC-13127, SC-13173, SC-13209, SC-13733, SC-13489, 
and SC-13486, respectively. 

where wo and ppo are the standard chemical potentials for a drug 
species existing in the organic phase and bound to a protein mole- 
cule, respectively. 

log K + l o g ( K h  + [H’]) = 

Substituting Eq. 5 for the log K ,  term in Eq. 4 gives: 

Poo - P’po + log (P.c.) - pKb (Eq. 6) “.:IO:;RT 
The Scatchard relationship (5) may be expressed alternatively 

as: 

since ti >> D. Therefore: 
log ( D / , / D / )  + 1% ( K h  + [H’]) = 

where: 

The terms ti and p were defined earlier (1) as the total number 
of binding sites on a protein molecule and the total concentration 
of plasma protein in the bloodstream, respectively. 

Equation 8 predicts that the extent of plasma binding is depen- 

Table IV-omparison between the Observed and the 
Calculated Fraction of Disopyramide Derivatives 
Bound to Plasma Protein in Table I1 

Fraction of Drug Bound, %b 

Calculated 
Com- 

pounda Observed Eq. 10 Eq. 12 

I 
I1 
I11 
IV 
V 
v1 
VII 

27.30 
14.35 
12.26 
10.43 
18.81 
27.4 
7.25 

30.74 
13.11 
8.91 
8.67 
22.16 
28.22 
9.33 

32.89 
9.56 
5.48 
27.04 
29.10 
20.47 
5.26 

‘SC-13957, SC-13268, SC-24566, SC-13251, SC-13212 
SC-13482, and SC-27829, respectively. b Fraction of drug bound 
(%) = [Db / (Db  + O f ) ]  X 100. 

6.0 

5.0 

- + 
I 
I 

+ 4.0 

- i? 
m 

+ 
- 
I* 3.0 
4 . 
- 3 
- 8 

2.0 

1 .o 

0 
0 2 4 6 8 10 

pKb 

Figure 1-Linear plot between log (Di,/Dd + log ( K b  + [H+]) 
and pKb as defined by Eq. 12. All terms are defined in the text. 
The open circles are the data points from Table III, and the solid 
circles are the data points from Table II.  

dent on both the lipophilicity, log (P.c.), and the pKb of disopy- 
ramide derivatives. When the pH of a drug-plasma mixture is 
maintained a t  the physiological pH of 7.4, the higher the lipophi- 
licity of drug the greater is the extent of the drug-plasma interac- 
tion. On the other hand, as the magnitude of pKb value of diiso- 
propylaminoethyl group increases, the degree of plasma binding 
decreases. 

The values of log (D&) + log (Kb + (H+]), log (P.c.), and pKb 
tabulated in Tables I1 and 111 were submitted separately to multi- 
ple regression analysis. Two relationships were obtained: 

log ( D h / D , )  + log ( K h  + [H’]) = 

5.035 - 0.448(&0.039)pKb (Eq. 10) 
n R s? 
5 0.982 0.016 

log ( D J D , )  + log (Kh + [H+]) = 5.835 + 
1.855(+0.29) log (P.c.) - 0.726(!6(O.O54)pKb 

n R s’ 
6 0.992 0.028 

Both the multiple correlation coefficient (R)  and the residual 
variance (s2) demonstrate that the degree of plasma binding of di- 
sopyramide derivatives is highly related to their pKb values and/or 
their lipophilicity. An F test indicates that both Eq. 10 [Fl,s = 
134.4; Fl.5 (when a = 0.01) is 16.261 and Eq. 11 [F2,3 = 94.16; F2.3 
(when (Y = 0.01) is 30.801 are highly significant statistically. 

By using Eqs. 10 and 11, estimated j3 values (fraction of drug 
bound) for the disopyramide derivatives were computed and tabu- 
lated in the third column of Tables IV and V together with the ob- 
served j3 values (second column). 

Equations 10 and 11 demonstrated that structural variation on 
the diisopropylaminoethyl group resulted in two subgroups whose 

(Q. 11) 
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Table V-Comparison between the Observed and the 
Calculated Fraction of Disopyramide Derivatives 
Bound to Plasma Protein in Table I11 

Fraction of Drug Bound, %b 

Calculated 
Com- 

pounda 0 bserved Eq. 11 Eq. 1 2  

VIII 8.23 5.46 50.92 ___  
IX 10.48 18159 46.31 
X 30.03 36.41 17.35 

XI 45.03 43.91 16.61 
XI1 87.85 83.12 51.20 

XI11 46.35 44.17 39.15 

a SC-13127, SC-13173, SC-13209, SC-13733, SC-13489, 
and SC-13486, respectively. 
[Db / (Db  + Of31 X 100. 

!Fraction of drug bound (%) = 

plasma binding was dependent, in a different degree, on the mag- 
nitude of pKb and lipophilicity as demonstrated by the difference 
in their slopes (-0.448 and -0.726, respectively). 

If the influence of lipophilicity, log (P.c.), is neglected and only 
the pKb values are related to the extent of plasma binding for 
these two subgroups of disopyramide derivatives, the importance 
of pKb can be clearly shown. The linear relationship (Fig. 1) is de- 
fined by the following expression: 

1% (D , /D , )  + 1% (Kb + [H’]) = 

6528 - 0.621(*0.090)pKb (Eq. 12) 
n R s? 
l3 0.901 0.279 

Because of the neglect of the lipophilicity term in Eq. 12, the 

data points from Table I11 were noticeably displaced from the 
slope (Fig. 1). The deviation of the calculated from the observed 
values was significantly greater for the chemicals in Table I11 
(comparing column 2 with column 4 in Table V) than for the 
chemicals in Table I1 (comparing column 2 with column 4 in Table 
IV). The results demonstrate that the series of disopyramide de- 
rivatives in Table I1 will be better expressed by Eq. 10 and that the 
extent of plasma binding is linearly correlated with the magnitude 
of pKb with a slope of -0.448. On the other hand, the extent of 
plasma binding for the disopyramide derivatives in Table I11 is a 
linear function of their lipophilicity and inversely proportional to 
the magnitudes of pKb. This relationship is best defined by Eq. 11. 

In conclusion, the extent of interaction between plasma protein 
and disopyramide derivatives is significantly influenced by the 
magnitude of the pKb of the diisopropylaminoethyl group. 
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Preparation, Isolation, and Identification of 
4-Dedimethylamino-11 -methoxyanhydrotetracycline 

L. J. STOEL*, E. C. NEWMAN*, G. L. ASLESON, and C. W. FRANK’ 

Abstract The reaction of diazomethane with I-dedimethylami- 
noanhydrotetracycline produced a number of mono-, di-, and tri- 
methylated products. The isolation of one monomethylated prod- 
uct (4-dedimethylamino-ll-methoxyanhydrotetracycline) and i t s  
subsequent identification utilizing mass spectral and NMR data 
are described. 

Keyphrases 0 4-Dedimethylamino-11-methoxyanhydrotetracy- 
cline-isolation and identification after diazomethane methylation 
of 4-dedimethylaminoanhydrotetracycline 0 Methylation of 4- 
dedimethylaminoanhydrotetracycline with diazomethane-isola- 
tion and identification of one reaction product Mass spectrome- 
try-identification, 4-dedimethy1amino-11-methoxyanhydrotetra- 
cycline 

During investigations of metal-ion complexation 
with tetracyclines, it was necessary to prepare, iso- 
late, and identify tetracyclines with blocked or re- 
moved functional groups. One method employed was 

the preparation of methyl ethers of the acidic hy- 
droxy proton sites of anhydrotetracycline by reaction 
with diazomethane. While preparation of the methyl 
ethers by this method was relatively simple, the diffi- 
culty remained in separating and identifying the re- 
action products. This paper describes the isolation 
and structural identification of one product of the 
methylation reaction. 

EXPERIMENTAL 

NMR spectra were obtained using high-resolution NMR spec- 
trometers’. The chemical shift data were measured relative to tet- 
ramethylsilane as an internal standard and reported as parts per 
million. All NMR spectra were recorded using ds-dimethyl sulfox- 
ide as the solvent. The mass spectra were obtained on a medium 

Varian A-60 and Varian HA-100. 
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