
product was isolated as the trihydrochloride according to the pro- 
cedure for 111. I t  was then carboxymethylated according to  the 
procedure for V. 
(Carboxvmethvl)iminobis(ethvlenenitrilo)tetraacetic Acid 

Dianhydride6 (XVj-Compound-I (39.3 g, 0:lO mole) was sus- 
pended in pyridine (50 g), and acetic anhydride (40.8 g, 0.40 mole) 
was added. The mixture was heated a t  65” for 24 hr. The product 
was filtered, washed with acetic anhydride and ether, and dried. 
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Nonclassical Phase Transfer 
Behavior of Phenylbutazone 

Keyphrases 0 Phenylbutazone-nonclassical phase transfer be- 
havior, pH and buffer effects, dissolution and ionization rates 
o Dissolution-phenylbutazone, nonclassical phase transfer be- 
havior Ionization-phenylbutazone, nonclassical phase transfer 
behavior 

To the Editor: 

Lovering and Black (1, 2) recently alluded to the 
nonclassical behavior of phenylbutazone in its trans- 
fer through a dimethylsiloxane membrane and 
through an everted rat intestine as a function of pH. 

I measured the ionization rates of phenylbutazone 
in aqueous buffered solution ( p  = 0.1) a t  25 f 0.2O 
using a stopped-flow spectrophotometer’ and found 

Durrum stopped-flow spectrophotometer with a thermostated cell and 
syringes maintained at 25 f 0.2O. 

the protonation of the phenylbutazone anion and the 
deprotonation of phenylbutazone to be noninstan- 
taneous2. As expected, both protonation and depro- 
tonation were highly dependent on the pH of the so- 
lution as well as buffer concentration. 

As an example, the half-life for the deprotonation 
of phenylbutazone (taken to zero buffer concentra- 
tion) a t  pH 5.5 was 55 msec and it was 67 msec a t  pH 
7.0. The half-life for protonation at  pH 3.5 was 10.3 
msec, while a t  pH 4.0 it was 22.6 msec. Phenylbuta- 
zone is a carbon acid3 of pKa 4.50-4.70 (3-5), and the 
ionization rates of carbon acids are slow relative to 
the approximately diffusion-controlled ionization 
rates of other acids (6-10). 

Apart from the phase transfer anomalies noted 
here, the chemical properties of carbon acids often 
show anomalies when compared to other acids. For 
example, carbon acids show large negative deviations 

The word noninstantaneous is used to describe phenomena taking place 
at rates considerably slower than the diffusion-controlled limit of -2 X 1010 
M-I  sec-1. 

Carbon acids are acids in which the dissociating proton is bound to a 
carbon atom instead of a heteroatom such as oxygen or nitrogen. 
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in BrCnsted acid-base catalysis plots when compared 
to carboxylic acids, phenols, and other acids (13). 
These negative deviations also have been directly at- 
tributed to the fact that the protonation and depro- 
tonation rates of carbon acids are slow relative to the 
approximately diffusion-controlled ionization of 
other acids (13). The reasons for these slow ionization 
rates are adequately discussed elsewhere (7). 

Based on this realization of noninstantaneous ion- 
ization rates, I postulated that the carbon acid, phen- 
ylbutazone, may have a hindered dissolution due to 
simultaneous reversible noninstantaneous chemical 
reaction which must take place in the aqueous diffu- 
sion layer if the dissolution involves rate-determining 
diffusion through the aqueous diffusion layer. By 
hindered, I mean that the dissolution rate a t  pH's 
greater than the pKa of the compound could not be 
accounted for on the basis of the Noyes-Whitney 
equation when applying the appropriate correction 
for the ionization constant (11): 

($) = K'C'o (1 + ") K ,  (Eq. 1) 

where (dCldt), is the initial rate of dissolution; K' is 
a constant encompassing diffusivity, surface area, 
and diffusion layer thickness along with any correc- 
tions for the hydrodynamics of the system under 
study; CO is the saturation solubility of the free acid 
form of the solid; K ,  is the dissociation constant of 
the acid; and [H+] is the hydrogen-ion concentration. 
The obvious limitations of this equation have been 
adequately discussed (11, 16). Ideally, the compari- 
son here should be made to a model of an acidic drug 
undergoing dissolution with simultaneous instanta- 
neous chemical reaction. 

Other phase transfer phenomena that involve rate- 
determining diffusion through an aqueous diffusion 
layer and a simultaneous noninstantaneous reaction 
(reversible in the present case) are affected by the 
speed of such a reaction. In Lovering and Black's 
study (1, 2), the time-dependent interconversion of 
phenylbutazone to phenylbutazone anion and vice 
versa necessary for the phenylbutazone to pass into 
and out of the dimethylsiloxane membrane, as well as 
transfer through the aqueous diffusion layers, is a 
function of the pH and concentration of buffer com- 
ponents in the two respective compartments. At pH 
>4.5, in which Lovering and Black found the perme- 
ability coefficient to be pH dependent, the half-life 
for the approach to the ionization equilibrium was 
>30 msec; i.e., the interconversions between the acid 
and base components took place in approximately 
the same time range as the residence time of the com- 

3 0  2- 
0 5 10 15 20 25 
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Figure 1- -Plot showing the dissolution of phenylbutazone ( I ,  
0) and dl-phenylbutazone (11, 0 )  into a 25% ( u / u )  ethanol- 
water solvent at 25", ionic strength 0.1, p H  2.89 maintained by 
0.05 M acetate buffer, from a constant-surface area pellet at a 
constant stirring rate of 50 rpm. 

ponents in the diffusion layer (22). Another inter- 
esting fact was that boric acid, used as the sink buffer 
by Lovering and Black, also undergoes nonclassical 
noninstantaneous ionization behavior (12). 

The initial dissolution rate of phenylbutazone (I) 
and dl-phenylb~tazone~ (11) into a 25% (v/v) etha- 
nol-water solvent5 a t  25' and constant ionic strength 
( p  = 0.1 with sodium chloride) from a constant-sur- 
face area pellet was studied as a function of apparent 
pH, buffer concentration, and stirring rate. The ob- 
jective of this work was to show the nonclassical be- 
havior of phenylbutazone in the phase transport phe- 
nomenon of dissolution. 

.The dissolution of I and I1 into pH 2.89,0.05 M ac- 
etate buffer and into pH 7.03, 0.05 M phosphate 
buffer is shown in Figs. 1 and 2. The identical and re- 
producible initial dissolution rates of I and I1 a t  pH 
2.89, a pH below the pKa of phenylbutazone, repre- 
sent a simple mass transfer phenomenon6, showing 
that no quantitative differences in physical proper- 
ties between I and I1 capable of affecting this simple 
mass transfer are present. The slower dissolution of 
I1 compared to I in the phosphate buffer (as well as 
the other buffers studied) can only be attributed to 
differences in the rate of deprotonation due to a pri- 

dl-Phenylbutazone was formed by direct exchange in refluxing DzO, mp 
106O; deuteration, as determined by a Varian model T60 NMR spectrometer 
in CDC13, was >99% complete. 

6 Lovering and Black ( 1 , 2 )  carried out all their work in purely aqueous so- 
lutions. In these ionization kinetic studies, all work again was carried out in 
purely aqueous media. The hydroalcoholic solvent used in the dissolution 
rate studies was necessary due to the poor aqueous solubility of phenylbuta- 
zone. It is recognized that a 25% (v/v) ethanol-water solvent may affect the 
apparent pKa of phenylbutazone (4.68 under the hydroalcoholic solutions 
used) and the ionization kinetics. However, it was not expected to have a 
major effect, especially since the dissolution rates of I and I1 were being 
compared as opposed to absolute differences. All pH values in the dissolu- 
tion part of this work are apparent pH values. 

6 During this study the formation of phenylbutazone polymorphs was 
noted. The three polymorphs had melting points of 86.96, and 106", respec- 
tively. Polymorph 111, mp 106", the stable polymorph in aqueous solution, 
was the one studied. 
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Figure 2-Plot showing the dissolution of phenylbutazone ( I ,  
0) and d,-phenylbutazone (11, 0 )  into a 25% ( u / u )  ethanol- 
water solvent at 2 5 O ,  ionic strength 0.1, p H  7.03 maintained by 
0.05 M phosphate buffer, from a constant-surface area pellet at 
a constant stirring rate of 50 rpm. The solid line without experi- 
mental points is the line predicted by Eq. 1. 

mary isotope effect on the deprotonation rate be- 
tween the two derivatives. 

Also included in Fig. 2 is the theoretical line as de- 
fined by Eq. 1. It was felt that a demonstrated differ- 
ence in dissolution rates between I and I1 at  a pH 
greater than the pKa of phenylbutazone would be 
more meaningful than a comparison of the dissolu- 
tion rate of I to a theoretical line, because the theo- 
retical line itself is also model limited. 

Various models have been proposed (14-18) for the 
dissolution of acids as a function of pH and basic 
components of a buffer. Similarly, theoretical models 
for the transport of neutral and acidic agents across 
theoretical membranes and the application of these 
models to the GI absorption of drug substances have 
been discussed (19-21). In all of these models, the as- 
sumption is made that all ionizations are instanta- 
neous, i.e. the conversion of the acid to its basic com- 
ponent and vice versa take place much faster than 
residence times in the diffusion layer. The assump- 
tion is valid in most cases and may only be invalid in 
the examples noted here, namely carbon acids. 

Higuchi et al. (22) observed the dissolution of 7- 
acetyltheophylline, which represents a case of disso- 
lution with simultaneous irreversible noninstan- 
taneous chemical reaction. They noted that increased 
dissolution of 7-acetyltheophylline occurred at  pH’s 
where the conversion of 7-acetyltheophylline to theo- 
phylline had a half-life of <3 sec. If the half-life was 
3-30 msec or shorter, the dissolution became depen- 
dent on the diffusion of theophylline and theophylli- 
nate from the solid-solvent interface. 

plex chemical reactions (23-28) are available, and I 
propose to modify these models to predict the effect 
of noninstantaneous reactions on the dissolution 
rates of solids, especially carbon acid pharmaceuti- 
cals such as oxyphenbutazone, phenindione, anisin- 
dione, diphenadione, and chlorindione. 

I do not wish to imply that all anomalies in phenyl- 
butazone behavior are directly attributed to its slow 
protonation and deprotonation rate. However, some 
of them, especially those involving phase transfer 
phenomena, may in part be attributed to its unusual 
ionization rate characteristics. 
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The effect on dissolution behavior from solids of a 
reversible noninstantaneous reaction taking place 
within the diffusion layer has not been formulat- 
ed. Models for gas absorption accompanied by com- 
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