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The calibration of molecular weight was per-
formed by SDS-polyacrylamide gel electropho-
resis with a mixture containing five reference
3 proteins; trypsin inhibitor (T;), bovine serum
albumin(BSA) and RNA-polymerase(«, # and f’)
(Fig. 3). The molecular weights of the main
components in F, fraction were estimated to be
in the range of 22000—30000.

We could observe many bands on SDS gels
stained with Coomassie brilliant blue (R-250) in
electrophoresis of both F, and F; fractions, but
we failed to distinguish clearly a peak of p-[5-*H]-
glucose-binding membrane proteins on each elec-
trophoretic pattern, and peaks of II or III could
not be matched to those of F, and I¥; fractions
on SDS gel. The radioactivity in each gel slice
was very low in the present experiments, leading
to relatively high errors and poor reproducibility
of results, so labelled glucose which has a higher
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Fig. 3. Calibration of Molecular Weight specific activity is required. Moreover, the condi-
SDS-polyacrylamide gel electrophoresis of a mixture tions of solubilization of membrane proteins and
containing five kinds of reference proteins was carried . . . .
out under the same conditions as before, and the SDS polyacrylamide gel electrophoresis require im-

gel was stained with Coomassie brilliant blue(R-250).

: . _ . N
Each point is the mean of three experiments. provement in order to avoid a decrease in p-[b-

_ $H]glucose-binding with membrane protein.
Consequently, it was found that the main p-[5-*H]glucose-binding components in the F,
fraction consisted of five membrane proteins, including glycoprotein, with a molecular weight
range of 22000—30000. However, further purification of the F, fraction will be necessary to
characterize and confirm the existence of glucoreceptors on or in the B cell membrane in rat
islets of Langerhans.
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Simultaneous Determination of Acid Dissociation Constants and True
Partition Coefficients by Analysis of the Apparent Partition
‘Coefficients. II. Dibasic Acid and Diacidic Base
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(Received May 10, 1980)
The simultaneous determination of acid dissociation constants (pKs) and true partition
coefficients (P) of a dibasic acid and a diacidic base was achieved by analyzing the pH
dependence of the apparent partition coefficient (Pa). Equations derived theoretically

show a parabolic relation of P, to (H+)-! and (Ht) for a dibasic acid and a diacidic base,
respectively, (H+) being the proton concentration. Theoretical considerations indicate

1) Location: Fukushima-ku, Osaka, 553, Japan;a) Present address: Gifu College of Pharmacy, 6'-1, Mitahora-
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that the present method is especially useful for the case where the pKa, and pK,, values
are similar in magnitude. Experimental confirmation was obtained for a typical dibasic
acid and a typical diacidic base.

Keywords—-—dissociation constant; partition coefficient; structure-activity relation-
ship; octanol; dissociation in organic phase; UV spectra; correlation coefficient in least-
squares method; dibasic acid; diacidic base

In the preceding paper of this series? we presented a new method for obtaining the acid
dissociation constant pK, and the true partition coefficient P simultaneously by analyzing the
pH dependence of the apparent partition coefficient (P,). This procedure is simple and offers
various advantages;? it is especially useful for the study of quantitative structure-activity
relationships (QSAR). In this paper we report examples of the application of this technique
to the proton dissociation equilibria in an aqueous medium of a dibasic acid AH, and a diacidic
base BH,2".

Experimental

The experimental technique used for measuring apparent partition coefficients, P,, was the same as
reported in our previous paper.2 Pure octanol purchased from E. Merck Co., which was purified by repeated
rectifications, was used as an organic phase throughout all the experiments. As the aqueous phase, two
kinds of buffer solution were employed: 1M (1 mol dm—-3) HCI-KCI for pHs 1.89—2.53, and 1M HCI-CH,-
COONa-NaCl for pHs 2.64—5.81.  The ionic strength of solutions was adjusted to 0.5 with KCIl and NaCl
for the former and the latter, respectively.

— OCH3

Ho—<h>—§H~c0NH\7a O, N—N HC, _ CHs
= CcooNa 4 L | | & H2N—< >—{ >—NH2
OV"“N\/\CHZ/S“\N/ = —_
"COONa CH, o-tolidine (II)

6059S (I)

Samples used were 60595 [6(R),7(R)-7-[2(R)-carboxy-2-(4-hydroxyphenyl)acetamido]-7-methoxy-3-
{[(1-methyl—1H-tetrazol-5-yl)thio]-methyl}—8-oxo—5-oxa—1»azabicyclo[4.2.0]oct-2~ene-2-carboxy1ic acid diso-
dium salt] (I) and o-tolidine (II). The former is a f-lactam antibiotic having strong antibacterial activity,
synthesized and developed by Shionogi Research Laboratory.® These compounds each contain two func-
tional groups, whose pK, values are similar in magnitude, and so they are very suitable for the purpose of
this work (vide infra). A pure sample of 6059S was kindly supplied by Dr. Narisada of our laboratory. A
sample of o-tolidine provided by Dr. Ogawa in our laboratory was repeatly sublimed (mp 131°). The ele-
mentary analysis data for the purified material agreed well with the calculated values. The details of the
method for measuring the apparent partition coefficient have already been described.?>  All the measurements
were performed at ~23°.  In view of the solubilities of the two samples, an aqueous buffer solution of 6059S
was partitioned with n-octanol, but o-tolidine in #-octanol was partitioned with buffer solution. The concen-
tration of the solute was measured by a ultraviolet (UV) spectral method.

Results and Discussion

Theoretical Considerations

For the case of the proton dissociation equilibria of AH,, written as AH,—AH-+H+
(Step A1) and AH-—==A~--H+ (Step A2), the relation of P, and P values is given by Eq. 1.2

PR RS e »

Here, K3 and K%, are the dissociation constans for the equilibria of Stpe Al and Step A2,

2) K. Ezumi and T. Kubota, Chem. Pharm. Bull., 28, 85 (1980).
3) M. Narisada, T. Yoshida, H. Onoue, M. Ohtani, T. Okada, T. Tsuji, I. Kikkawa, N. Haga, H. Satoh,
H. Itani, and W, Nagata, J. Med, Chem., 22, 757 (1979). ‘
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respectively, and the proton concentration of buffer solution is given by (H*). On the other
hand, Eq. 2 can be applied to the proton dissociation equilibria of BH,**, BH*—=B-4-H*
(Step B1) and BH2t==BH+--H+ (Step B2).»

zi. s PK" (0] + PKl [<H*>2] @

The dissociation constants corresponding to the equilibria of Step Bl and Step B2 are
expressed as K2 and K%, respectively.®

For the case where the proton dissociation equilibrium due to Step A2 or Step B2 is ignored
we have already presented a detailed discussion.? Here, the direct application of Egs. 1 and
2 for the determination of the two-step proton dissociation constants and the P values will
be discussed. Note that these equations are particularly useful for the case where the values
of the first and the second dissociation constants are very similar. The reason is as follows.
When the values of pK2, and pK3, are considerably different, the proton dissociation equili-
brium due to Step A2 can be neglected in the pH region where the proton dissociation of
Step Al occurs predominantly. However, in the pH region of Step A2 the equilibrium diue
to Step Al is almost completely shifted to dissociation. This is not consistent with the
assumption made in deriving the Eq. 1, as was discussed in detail in the previous paper.®%
Therefore, direct application of Eq. 1 to evaluate the pKj4, and pK3, is not valid for the case
where the two dissociation constants are quite different. Of course, these considerations are
also applicable to Eq. 2, which describes the proton dissociation of Step B1 and Step B2.%

Experimental Results

For the above reasons, compounds having two similar dissociation constants were selected.
These are 6059S as a dibasic acid and o-tolidine as a diacidic base. The observed values of P,
as a function of pH of buffer solutions are collected in Table I.  The data in Table I are also
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Fig. 1. The Parabolic Relation given by Eq. 1 for 0 L 1'0 1‘5
6059S in #-Octanol-buffer Systems 0 : o

(H*) x10°

Fig. 2. The Parabolic Relation given by Eq. 2
for o-Tolidine in #-Octanol-buffer Systems

4) TIn the course of the derivation of Egs. 1 and 2, it was assumed that the unionized species alone exists
in the organic solvent phase, and also that the activity coefficient £ for all the species is 1. See the text
and footnotes 10 and 12 of our previous paper® for detailed discussions.

5) m-Octanol is frequently employed for QSAR studies,? and our experiments indicate that it is also a
convenient solvent for the purpose of pK, determination of acids or bases.
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TasLe I. Apparent Partition Coefficients (Pa) of 6059S and o-Tolidine as a
Function of pH, and Their Dissociation Constants and log P Values

6059S o-Tolidine
pHa) P,® pHa) P
1.890 0.2154 3.860 14.13
2.321 0.1486 3.803 15.93
2.462 0.1233 3.934 18.49
2.527 0.1098 3.960 19.59
2.638 0.9408 X 10-1 4.120 31.61
2.821 0.6904 X 10~ 4.200 38.84
3.060 0.3270% 101 4.310 52.47
3.053 0.3207% 101 4.379 53.83
3.178 0.2797 %10 4.550 74.41
3.267 0.1936% 101 4.730 100.5
3.390 0.1266X 10-1 4.830 113.4
3.460 0.9908 X 10-* 4.911 125.9
3.490 0.8766% 10-2 5.018 144.8
3.537 0.7453 % 10-2 5.140 160.2
5.290 180.1
5.530 203.0
5.800 240.8

log P——0.58+0.12 log P—2.34+0.03

pKA—2.48+0.18 pK?—4.6940.06
3.2410.10 3.90+0.06
pKi= {3.24*%0.10 pKL= {3.89b>i0.06

a) Although the last figure of P, and pH values is not reliable, the calculations of (Py)-1, (H*)"*and (H¥)
in Eqs. 1 and 2 were done using the values in this table.

b) These values were derived from the hypothetical proton concentration at the minimum point of the
least-squares fitted curves in Figs. 1 and 2. The other values were obtained by direct analyses of Egs. 1
and 2. See the text for details. The errors were calculated using the estimaved standard errors of the
partial regression coefficients.?

illustrated in Figs. 1 and 2. It is clear from the figures that all the points fall on a smooth
parabolic curve that is given by (1/P,)=38.926-+1.269x 10-2 (H*)~14-7.313x10~¢ (H*)~> for
6059S (Fig. 1) and (1/P,) =4.631 x 10-34-2.267 x 102 (H+)+1.782 x 10¢ (H+)2 for o-tolidine. The
correlation coefficient (r) and the standard deviation (s), respectively, are 0.9993 and 1.8395 for
the former, and 0.9995 and 0.0007 for the latter. Itis noteworthy® that in the case of Eqgs. 1
and 2 three physical constants are obtained from one parabolic relation, so that for determining
the constants accurately the correlation coefficient of the least-squares fitted curve is required
to be very high, and the number of data points should be large. The technique described
in the appendix in our first paper® of this series is suitable for evaluating a,, a;, and a, of the
parabolic equation y=ay-}+a,x+a,x2% The values of pK,,, pK,,, and log P thus obtained are
listed in Table I. K,, can also be evaluated from the relation K =—(H*)5;,/2 or K=
—2(H*)k,,, (HH)hi, being the hypothetical proton concentration at the minium point of the
least-squares fitted curve of Egs. 1 and 2. The K,, values thus obtained are also included in
Table I. In practice, the following points should be taken into consideration in the experi-
mental planning in order to obtain accurate physical constants. As is clear from Eqs. 1 and
2, the value (intersection at the ordinate) corresponding to (H+)~*=0 for Eq. 1 or (H*)=0
for Eq. 2 is equal to P-1 and is always positive. Now our experience indicates that if insuf-
ficient experimental data points in the neighborhood of the pH values of (H+)-1~0 (for Eq. 1)
or (HY)=~0 (for Eq. 2) are obtained, the least-squares fitted curve sometimes intersects the
ordinate with a negative value (see also footnote 264 in Ref. 3). To avoid this, and to obtain
a good least-squares parabolic curve, P, measurements in the above pH region are necessary.
Of course, P, measurement should not be carried out in the pH region where the relative amount
of dianion (A=) or dication (BH,2t) becomes very large, particularly for the n-octanol-water
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system, in order to avoid error due to the dissociation effect in the organic solvent phase.?

Now let us turn to the pK, and log P values listed in Table I. In the case 6059S there
are two COOH groups: one is the ring carboxylic group at the 2nd position and the other is
in the side chain group at the 7th position.. It was reported that the basicity of the 1-methyl
tetrazole group is weak,® and proton addition to the ring nitrogen atoms does not occur in
the pH region studied here.!® pK#% =2.49 could be reasonably assigned to the dissociation
of the ring COOH group at the 2nd position. Our other datal® on pK,’s measured by the
UV and partition coefficient methods for 6059S analogs that have only the COOH group at the
2nd positions as a dissociation center always gave a pK, value close to 2.5. In addition,
reports indicate that the pK, value of the above COOH of cephalosporinsi?:12:13:15) j5 between
2.2 and 2.9, while in the case of penicillins!%15 the value is in the range of 2.5—2.9. These
results support the assignment of pK#% =2.49 to the carboxy group at the 2nd position. Ac-
Cordlngly the value of pK%,=3.24 should be attributed to the COOH of the type -CH(COOH)-
CO-~, in the side chain at the 7th position. It is likely that the acidity of the COOH group
is increased by the electron-attracting nature of the C=O group at the nearest-neighbour posi-
tion. The value of log P=—0.59 of 6059S is, of course, for its neutral species. This compound
is very soluble in water, so the log P, value is much less than zero.

In the case of o-tolidine there are two NH, groups at the p,p’-positions. It is well known
that the two benzene rings of the biphenyl are not coplanar, being considerably twisted, and
also that the o-methyl group with respect to p- or p’-NH, exerts some steric influence upon
the resonance effect between the amino and the benzene m-electrons.’® These effects mean
that the basicities of the two NH, groups at the p- and p’-positions are quite similar. On this
basis, and also in comparison with the dissociation constants of benzidine,® which were repo-
rted to be pK% =4.97 and pK%,=3.75,19 and pK?, =4.65 and pK2,=3.43,29 the values obtained
here for o-tolidine (see Table I) appear to be reasonable. Next, let us consider the value of

6) Conversely, it is known that for the 1H-tetrazoles (tetrazolic acids) the acid.dissociation shown below
occurs in the pH region studied here.”~®  This is due to the increase of the electronegativity of the
conjugated ring system caused by the nitrogen atoms.

N—N
| & +mo = g
R“S—\N/ R-S-X N/

!
H
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16) Note that although the ortho-CH, group may affect the NH, group, the degree of steric hmdrance is
small,’”29 so the dissociation constants of o-tolidine would be of the same order as those of benzidine.
However, the finding that the difference between pK? and pK?% of o-tolidine (~0.91) is smaller than that
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log P=2.35 for o-tolidine in the n-octanol-water system. The log P value of o-toluidine was
reported as 1.29.2  Thus, the log P value of o-tolidine can be estimated as 2.58 (twice 1.29)
or 2.19 (twice 1.29 minus twice 0.193).2® These calculated values are reasonable in magnitude
compared with that obtained here. In conclusion, it appears that the true partition coefficient,
pK,;, and pK,; of 60595 or o-tolidine can be evaluated in terms of Eqgs. 1 and 2 under the as-
sumptions mentioned in the text.

21) G.G. Nys and R.F. Rekker, Eur. J. Med. Chem. Chimica Thevapeutica, 9, 361 (1974).

22) The log P values of organic substances can be calculated by using the sum rule of such hydrophobic
fragmental constants as w or f.  The 7?3 and 21 values of the hydrogen atom are 0.00 and 0.193, respec-
tively.

23) C. Hansch, A. Leo, S.H. Unger, K.-H. Kim, D. Nikaitani, and E.J. Lien, J. Med. Chem., 16, 1207 (1973).
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Spectrophotometric Determination of Bromazepam?!

Mamoru FuxrumoTo
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Bromazepam (7-bromo-1, 3-dihydro-5-(2-pyridyl)-2H-1, 4-benzodiazepin-2-one) was
determined by formation the chelate compound with iron(II) followed by extraction from
the organic phase into an aqueous solution. The absorption spectrum of the chelate
compound in aqueous solution showed maximum absorbance at 580 nm and the absorbance
was stable for about 5 hr at room temperature.

The calibration curve was linear from 0.2 to 50 pg/ml of bromazepam and the
sensitivity of the procedure was 0.2 pg/ml of bromazepam.

This procedure was applied to the determination of bromazepam in rat blood. The
recovery of added bromazepam from rat blood ranged from 96 to 100.5%,, with a mean
recovery of 99.19%,.

Keywords bromazepam; 1,4-benzodiazepine derivatives; iron(II) chelate com-
pound; spectrophotometric determination; thin-layer chromatography; rat blood

Introduction

Bromazepam?® was synthesized by Fryer ef al.#) and has been clinically evaluated for the
control of the obsessive compulsive neurosis.”> Bromazepam can be hydrolyzed with strong
mineral acid or decomposed thermally to yield an aromatic primary amine which can be deter-
mined by the Bratton-Marshall procedure® or by gas-liquid chromatography.”

Sabation et al.®) reported that ferrous ions formed purple complexes with pyridyl benzodia-
zepin-2-ones; these compounds have a basic dipyridyl type bond structure which has excellent
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