
(1.8 times) if the buffered sample solution was allowed to  stand a t  a 
lower temperature (25");  however, the time necessary to reach 
maximum absorbance was 144 hr. 

RESULTS AND DISCUSSION 

The red chromophore described exhibits a peak at  520 nm. The 
color is stable for 30 min. and then slowly fades on standing. An 
effort was made to quantitate the color reaction for cephalexin; 
however, a nonlinear relationship was observed in the concentration 
range from 0.25 to 1 .0 mg./ml. 

Effect of Reagent Concentrations on Color Formation -A series of 
test tubes, each containing 2.0 ml. of an aqueous solution of 
cephalexin (1.0 mg./ml.), was prepared. Varying volumes of reagents 
(5z0.l ml. of that specified in the Recornmended Procedure) were 
added to the tubes and the test was completed. No significant dif- 
ference in the extent of color formation was found in the series of 
solutions tested. 

Effect of Heating Time and Temperature on Color Formation- 
A series of tubes, each containing 2.0 ml. of a solution of cephalexin 
(1.0 rnglml.), was treated with the volume of reagents specified in 
the Recomm~nclrc/Procedrrr.r and heated in a boiling water bath for 
varying periods of time. The heating time that resulted in the 
greatest extent of color formation was 3 min. A similar series of 
tubes was heated at varying temperatures for 3 min.; 100" was the 
temperature that resulted in the greatest extent of color formation 
in the time specified. 

Effect of Predegradation of Compound on Color Formation-- 
Urine samples containing cephalexin were tested by this technique. 
It became apparent that the color formation was more intense if 
the solution stood a t  room temperature for several days prior to 
testing. Investigation of this phenomenon revealed that the pH of 
the solution was definitely related to the extent and rate of color 
formation observed. 

The maximum rate and extent of color formation were achieved 
on testing a solution of cephalexin that had been buffered at  pH 7 
and allowed to stand a t  room temperature prior to the test. The time 
of standing at pH 7 (25") required to obtain a maximum absorbance 
in the test was 6 days for cephalexin solutions and 2 days for 
cephaloglycin solutions. This increase in color formation was con- 
current with the degradation of the cephalosporin prior t o  the test, 
as evidenced by the decrease in U V  absorbance at the nucleus wave- 
length, approximately 260 nm. 

Compounds Tested-Several compounds were tested by the 
recommended procedure to  determine the specificity of the color 
reaction. The following compounds gave a positive (+) or negative 
(-) response to the test: 

cephalexin 
cephaloglycin 
desacetyl cephaloglycin 
cephaloglycin lactone 
D-phenylglycine 
7-aminocephalosporanic acid 
7-aminodesacetoxycephalosporanic 
sodium cephalothin 
cephaloridine 
sodium cephalosporin C 
ampicillin (25-50 mg./ml.) 

+ + + + 
- 

acid - 

+ 
The sensitivity of the color reaction for cephalosporin derivatives 

was much greater than that observed for the corresponding peni- 
cillin analogs. The failure of the phenylalanyl derivative of 7-amino- 
cephalosporanic acid and the indole derivative of 6-aminopeni- 
cillanic acid to  respond was puzzling. The necessity of the presence 
of a heterocyclic or aromatic ring immediately adjacent t o  the a- 
amino group was conjectured. This theory could not he fully tested 
since an appropriate derivative was not found [RCH(NH2)CO- 
ceph, where R is an aliphatic chain]. 
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Influence of Chain Length on Oil-Water Ion-Pair 
Partitioning Behavior of p-Alkylpyridinium Chlorides 

K. C. YEH and W. I. HIGUCHI' 

Abstract 0 The intrinsic partition coefficients ( k l )  of p-alkylpyri- 
dines and the extraction constants (L)  of the corresponding ion- 
pairs of the protonated base chlorides were determined in chloro- 
form-water and octanol-water systems. A linear relationship with 
unit slope was found between log ( k t )  and log (R). This result has 
been explained on the basis that, because of methylene (CHZ) 
increments occurring distantly from the polar portion of the mole- 
cule, their influence upon the oil-water partition coefficient would 
be expected to be the same for the free base and the ion-pair. 

Keyphrases 0 p-Alkylpyridiniurn chlorides-influence of chain 
length on oil-water ion-pair partitioning behavior 0 Ion-pair 
partitioning behavior, oil-water-influence of chain length using 
p-alkylpyridinium chlorides 0 Chain length-influence on oil- 
wafer ion-pair partitioning behavior of p-alkylpyridinium chlo- 
rides 0 Partition coefficients, p-alkylpyridinium chlorides- 
chloroform-water and octanol-water systems 0 Extraction con- 
stants, p-alkylpyridinium chlorides-chloroform-water and octanol- 
water systems 

There has been increased interest in the understanding 
of substituent effects upon the oil-water partitioning 
tendencies of drugs because of the possible correlation 

of the latter with drug absorption efficiency and bio- 
logical availability in general. Studies on rat intestinal 
drug absorption (1, 2) and human buccal absorption 
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(3-5) showed that substituent effects upon the absorp- 
tion rate can be related uia physical transport models to 
the oil-water partition tendencies. 

An observation was recently made (1, 2, 4, 5 )  that 
the relevant lipid biophase involved in drug absorption 
may be less nonpolar than previously believed; there- 
fore, the partitioning and transport of ion-pairs (6-9) 
may be important in certain instances. The present 
article reports upon a comparative study of the in- 
fluences of the CHz-substitution on the partitioning 
tendencies of alkylpyridines and the corresponding 
protonated pyridine-chloride ion-pairs. 

5 .  

4 ’  

2 3  

s 
2 

1 

EXPERIMENTAL’ 

Materials-Straight-chain p-alkylpyridines were synthesized by 
the method of Wilbaut and Hey (10). Details of experimental pro- 
cedures, such as the purification of each homolog, will be published 
elsewhere (11). The apparent pKa of each conjugate acid was 
determined spectrophotometrically using the method of Edwards 
(12). 

Determination of Partition Coefficient-Aliquot amounts of the 
organic solvent (either 1-octanol or chloroform) were mixed with 
aliquot amounts of the aqueous phase-at the desired pH. The 
aqueous layer contained 1 M sodium chloride as the swamping 
electrolyte together with 0.01 M each of the citrate and phosphate 
buffers. Partition coefficients were determined after 24 hr. of mild 
shaking in a water bath maintained a t  25’ at  concentrations below 
the CMC of each conjugate acid. Concentrations in the aqueous 
layer were analyzed on a recording spectrophotometer2. Concentra- 
tions in the oil phase were calculated by a modified mass balance 
method (11). 

Chloride Determinations-After determining the apparent parti- 
tion coefficients in a chloroform-aqueous system, the oil layer that 
contained alkylpyridinium-chloride ion-pairs was mixed with a few 
drops of 5 %  aqueous sodium carbonate solution and evaporated 
to  dryness at room temperature. Aliquots of water were added to 
the residues. The mixtures were washed three times with rr-heptane, 
and the aqueous layers were then titrated for their chloride con- 
tents3. 

RESULTS AND DISCUSSION 

Figure 1 shows the pH profile of the apparent partition coef- 
ficients of alkylpyridines in the chloroform-water system. Results 
of similar patterns have been observed in the octanol-water 
system. Based on this ion-pair model, the apparent partition coef- 
ficient k ’  (13) may be expressed as: 

where: 

[B], = concentration of free base in oil phase 
[B],, = concentration of free base in water 

[HBCI], = concentration of ion-pair in oil phase 
[HB+Iu. = concentration of conjugate acid in water 

If the oil phase does not contain ion-pairs, there will be a linear 
relationship between log (k’) and pH when the pH is below the 
apparent pKa of the conjugate acid. The contribution of the ion- 
pair partitione& into the oil phase may be shown in the following 
expression : 

(Eq. 2a) 

6 1 -  /-- C8 

I /’ /-- Cl 

Chain length /// 

I .  I 

1 2 3 4 5 6 7 8 9  
P H  

Figure 1-Apparent pnrtitioir coeficierit-pH profile of alkylpyridines 
in chloroform-water system. 

or : 

log (f) = log ( K , )  - log (kd  + log [C!-I,. + (pKa - PH) 

where: 

(Eq. 2b) 

f = [HBCl],/[Bl,, and is a measure of the relative concentration 
of the ion-pair in oil phase 

K ,  = extraction constant of the ion-pair 

KO = apparent dissociation constant of the conjugate acid (pKa 
6.332 for all substituted alkylpyridines in 1 M sodium 

= [HBCI]o/[HB+lw[C1~lw 

chloride) 
kt = intrinsic partition coefficient of free base 

= [BIoilBlw 

The equation is self-explanatory. i.r., the factor f’ is propor- 
tional to the concentration of the hydrogen ion and the monovalent 
chloride ion in the water phase. It is inversely proportional to the 
intrinsic partition coefficient of free base and to the apparent dis- 
sociation constant of the conjugate acid. Based on experimental 
data in the octanol-water system, the increasing dominance of the 

10 

0 - m 

m 
I, 

. 0 - - 
0 

D . l  

1 A Beckman model 1019 research pH meter was used for all pH 
measurements. 

2 Cary model 14. 
3 A model 4-2000 Standard Buchler-Cotlovr Chloridometcr was 

used. 

2.5 3 3 . 5  4 4.5 5 
pKa = pH 

Figure 2-Effect o f  p H  on the contribution of ion-pairs in octanol 
phase. 
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Table I-Estimated Partition Coefficients 
and Extraction Constants 

~~ ~~~ 

Alkyl 
Chain ---Octanol-Water- -Chloroform-Water- 
Length log (kd log (KJ log (kf) log We) 

Butvl- 3.128 4.671 3.737 -n 72Sa - ... ~. ._. 

Am$ 3.750 -0.i3i 4.380 -0.524 
Hexyl- 4.348 0.489 5.006 0.188 
HeDtvl- 5.008 1.074 5.653 0.744 
ociyi- 5.542 1.782 6.331 1.448 
Nonyl- 6.109 2.405 - - 

(1 There is indication that the error in estimating this value is very large. 

ion-pair with decreasing pH is shown in Fig. 2. The concentra- 
tion of ion-pairs in the organic phase has been quantitatively veri- 
fied by the chloride assay. 

Equation 1 may be further reduced to the following expression 
in acid media of 1 M sodium chloride solution, where [CI-1, = 
1.0 and pH << pKa: 

log (kf) = pKa - pH + log (k’ - Ke) (Eq. 3) 

The simultaneous estimation of kt and K, for each homolog com- 
pound was performed numerically on an IBM 360/67 digital com- 
puter. Results are shown in Table I. It is of interest to note that the 
octanol data yield a Hansch T value of 0.61 Ifi 0.01 for CH2 group, 
which is somewhat larger than the 0.5 value reported by Hansch and 
Anderson (14). This difference might be due to the salting-out effect 
of the 1.0 M sodium chloride used in the present study. For both the 
octanol and chloroform systems, the T values for CH? group were 
found to be essentially constant over the entire range of the com- 
pounds seen in Table I. This suggests that the hydrophobic coiling 
(15) of the alkyl side chain in water, if it is important, does not 
seem to influence significantly the free energy of the water-to-oil 
transfer of the CH2 groups. 

Figure 3 shows plots of log ( K , )  versus log ( k t ) .  As can be seen, 
these gave straight lines with slopes of 1.036 and 0.995, respectively. 
These two values may be considered to be equal t o  1.0 within the 
uncertainty of the data. 

To understand these results, it must be realized that the extrac- 
tion constant is actually equal to the product of two constants. 
The first one is the formation constant of theion-pair in the aqueous 
phase (13). The other is the partition coefficient of the ion-pairs. 
Since the formation of the protonated pyridine-chloride ion-pair in 
water probably involves mainly the electrostatic interaction be- 
tween the chloride ion and the polar portion of the alkylpyridinium 
ion, the stability constant of the ion-pair may not be expected to  
vary when distant methylene groups are added to  the alkyl side 
chain. On the other hand, the partition coefficient of an alkyl 
derivative has been shown to increase exponentially with the chain 
length (14, 16). The linear relationship and the identical slopes 
observed in Fig. 3 suggest that this ion-pair system also follows this 
rule. This can be rationalized on the basis that the addition of a 
methylene group distant from the polar portion of the molecule 
would be expected to have the same effect upon the partition co- 
efficient of the parent amine or that for the ion-pair. 
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