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peptides. The unusual growth-stimulating and growth-
inhibiting effects observed for these peptides could be 
accounted for in terms of membrane transport and 

A recent review article1 has reported on the many in­
vestigations that have been made to evaluate relation­
ships between the structure and antibacterial activity of 
substituted sulfonamides (SA). A linear correlation 
was observed between the logarithm of the minimum 
inhibitory concentration (MIC) for Escherichia coli and 
various physicochemical properties within the closely 
chemically related series of the substituted Xi-phenyl-
sulfanilamides. The pertinent physicochemical param­
eters were Hammett substituent constants (a), dissocia­
tion constants of the free amino (pifai') and the sulfon­
amide groups (pA'as'),

2 and measures of the electron 
density of the nitrogen atom in the substituted anilines 
that were the SA precursors, determined from ir23 and 
nmi'4 measurements. A recent analysis5 of the struc­
ture activity relationships of a series of SA has indica­
ted that these a, \)KJ values, and partition coefficients 
estimated from a series of compounds with the same 
substituents6 are statistically correlated with MIC data. 
This indicated a statistically significant effect not only 
of a but of the fraction of the drug in the undissociated 
form in the nutrient media and its oil/water partition 
coefficient on these MIC values. 

The action of SA on drug-equilibrated microbial 
growth in an individual cell has been described by a 
model that involves the partitioning of SA between the 
medium and the cell interior to establish a concentration 
of SA inside the ('ell (»S") which can react with receptor 
sites (H).7S The apparent first-order generation rate 

U) J. K. Seydel . •/. I'harm. Sri.. 57, 1455 (1968). 
|.2) .]. K. Seydel , Mol. Pharmacol. 2, 259 (1966). 
i3) J. K. Seydel , E . Kruge r -Th iemer , and E . W e m p e . Z. Xaturforsch., 15b, 

628 (1968). 
M) .1. K. Seydel , Proceedings of t he 3rd I n t e r n a t i o n a l P h a r m a c o l o g y Mee t -

ins, Sao Paolo , 1966. Vol. 7. P e r g a m n n Press , 1968. p 169. 
(o) T. I 'uj i la and C. Hansch , ./. Me,I. Chem., 10, 991 (1967). 
Hi) T. Fuj i ta , .1. Iwasa . and ( ' . Hansc-h. ./. Am. Chem. Sue., 86, 517:"> 

i I1IIH). 
(7) K. K. Gar re t t and O. K. Wr igh t . ./. I'harm. Sri., 56, 1576 (1967). 
(8i E. R. O a r r e u , O. H. Miller, and M. It. W. Brown, Mil.. 55, a\r.\ 
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competition for transport by two peptides, e.g.. L-
isoleucyl-E-phenylalanine and E-cyclopentaneglyeyl-jJ-
2-thienyl-L-alanine. 

A-1 K~ 

constant, A'app, in sec™1, of a bacterial culture in steady-
state growth and affected by SA concentration, S, ad­
heres to the equation 

A'app = A-„ " A'rA-SVU + A-),»S") (2) 

where A'() is the generation rate constant in absence of 
drug and A'h is defined as the product of the two equilib­
rium constants of eq 1. The parameter kh may be cal-

/,•,, = KiK-, (1. Mmole-') (••) 

culated from positive A:app values observed at different 
concentrations of SA in the media and is independent of 
the SA concentration. The determination of MIC 
(umole l._1), however, involves the observation of the 
absence of some degree of turbidity considered as a man­
ifestation of an increase to a constant number of orga­
nisms after an arbitrarily fixed time interval. The 
activity parameters A'hl of two drugs can be related to 
their MIC values when the ideal condition of A'app = 0 is 
considered and where S[ might be equal to MIC;. 
from simultaneous equations for each drug according to 
eq 2, the ratio of the activity parameters can be calcula­
ted as 

/,-,„ kh, = MICvMICi (4) 

Thus under the conditions specified the ratio of the A',, 
values is equal to the reciprocal of the ratio of their cor­
responding MIC values. However, the validity of the 
MIC value per se is limited by the sensitivity of the 
turbidimetric method and the normal error of the serial 
dilution techniques used. It is essentially a one-point 
method. In addition, at the dosage levels of SA which 
completely inhibit bacterial growth, as was shown for 
the specific case of sulfisoxazole-affected growth rates,' 
an additional phenomenon of kill or death of micro­
organisms occurs. Thus the MIC value might be based 
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upon growth rate superimposed on death rate, whereas 
kh is related to inhibition of growth only. An SA con­
centration calculated from eq 2 to obtain a given inhibi­
tion in a given time interval therefore will be underesti­
mated by an MIC value obtained by the serial dilution 
technique. Thus the constant kh may more readily 
characterize antibacterial activity than do MIC data. 
This activity constant may be related to molecular 
structure and the physicochemical properties of these 
structures. 

If the hypothesis that partitioning affects antibacte­
rial activity is valid and if it is related to oil-water distri­
bution coefficients, it is possible that the kh activity pa­
rameters may show a degree of correlation with the 
actual experimental partition coefficients obtained be­
tween chloroform and water. 

Experimental Section 

Test Organism.—Replicate slants were prepared from E. coli 
strain B/r isolated from a culture on an agar plate. These slants 
were then stored in a refrigerator at 4° and a new one was used 
for each experiment. 

Sulfonamides.—The synthesis and properties of the substituted 
Ni-phenylsulfanilamides with the substituents 4-CH3, 3-OCH3, 
3-C1, 3-Br, 3-1, 4-COCH3, 4-CN, and 4-N02 and of the unsub-
stituted Xi-phenylsulfanilamide have been described previ­
ously.2 The 3-CF3-, 3-NCV, and 3,5-(N02)2-substituted com­
pounds were synthesized from the respective substituted ani­
lines by the method of Senner.9 The corrected melting points 
for these compounds were 115, 173, and 215°, respectively. 

Culture Media.—Anton's medium10 was used as a culture 
medium. The molar ratio of KH2PO4 and K3HPO4 was varied 
to obtain different pH values between 6.0 and 7.4. The media 
were filtered through sterilized Millipore 0.45-^ HA filters. 
After filtration they were stored for 2 days in an incubator at 
37.5° in order to detect any contamination. 

Growth.—A broth culture was prepared from a slant and al­
lowed to grow for 10 hr at 37.5°. The culture then was dilu­
ted 5000-fold into fresh broth and the growth was followed by the 
Coulter counter, Model B (Coulter electronics Co., Hialeah, 
Pla.) until it reached an organism concentration of 6.7 X 107 

E. coli/ml in the logarithmic growth phase. Samples then were 
diluted 2500-fold in two steps into fresh broth. These were 
finally diluted 50-fold into replicate 50-ml volumes of broth 
in 125-ml loosely capped eiienmeyer flasks that contained the 
drugs in graded concentrations. Previous experiments had 
shown that the use of cotton plugs instead of metal caps or rapid 
stirring to assure saturation of the culture with ambient air 
throughout the time course of growth did not change the growth 
rate constant in absence of drug. The cultures were maintained 
at 37.5 ± 0.1° in a 50-gal constant-temperature water bath 
equipped with a shaker. 

Cell Count Method.—Aliquots of 1.0 ml were taken at 20-min 
intervals from the growing cultures. They were appropriately 
diluted into a Millipore 0.45-M HA filtered aqueous solution of 
0.85% NaCl and 1% formaldehyde to obtain Coulter counts 
within 10,000-30,000 counts/50 (A. The instrument was 
equipped with a 30-^ orifice and the settings were an aperture 
current of 5, amplification of 8, gain of 10, lower threshold of 13, 
and upper threshold at maximum. Further details of this 
method have already been published.11 

I t has been shown previously7 that for sulfisoxazole-affected 
growth rates at concentrations that diminish the growth rate 
constant by 90%, total cell counts were still coincident with 
viable counts. 

Effect of Drug Concentration on Growth Rate.—The various 
SA were dissolved in 0.04 N NaOH. Aliquots (1.0 ml) of the 
appropriately diluted drug solutions were added to broth to 
achieve a volume of 50 ml and the appropriate drug concentrations 
in the media. A typical semilogarithmic plot of the total num­
ber of organisms subsequent to the lag period7 with respect to time 
at graded concentrations of SA is shown in Figure 1. 

(9) A. E. Senner, J. Org. Chem., 11, 376 (1946). 
(10) A. H. Anton. ,/. Pharmacol. Exptl. Therap., 129, 383 (1960). 
(11) E. R. Garrett and G. H. Miller, J. Pharm. Sci., 54, 427 (1965). 
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Figure 1.—Typical generation rate curves of E. coli B/r at 
37.5° and pH 6.90 ± 0.05 in the presence of various concentra­
tions of Ni-phenylsulfanilamide. The organism concentration at 
the addition of drug was 5 X 102 E. coli/ml and the plot shows 
the steady-state growth period subsequent to the lag phase. The 
curves and respective drug concentrations (105 M) were A, 0.0; 
B,2.07; C, 3.32; D, 4.15; E, 6.64; F, 8.30; G , l l . l . 

Acid Dissociation Constants (pKa»') and Substituent Constants 
(a-).—The pKv' values of the Ni atom were determined spectro-
photometrically at the ionic strength of the medium, 0.12. The 
general procedure employed was as outlined by Yoshioka, et 
al.,n and the values are listed in Table I. The substituent con­
stants (a-) used for the para-substituted Ni-phenylsulfanilamides 
were those of Yoshioka, et a/.12 The chosen values for <J for the 
3-Br-, 0-CF3-, and 3,5-(N02)2-substituted compounds were after 
Jaffe.13 The determined p-K/,.' values were linearly related to 
these values in accordance with the equation 

ptf. 9.030 - 2.027<r (5) 
where the standard error of the slope was ±0.084. 

Partition Coefficients.—The partition coefficients of the com­
pounds were determined as 

P = HS, CHCla /HSft2( (6) 

where HS is the concentration of the undissociated molecule, and 
are listed in Table I. The drugs were dissolved in 0.01 X NaOH 
and diluted into chloroform-saturated acetate buffer of pH 4.30 
(of pH 4.00 for the 3,5-(N02)2-substituted compound), ionic-
strength 0.12, to obtain concentrations within the range of 0.6 to 
2 X 10 - 4 M. Aliquots of these solutions (75 ml) were placed into 
125-ml separating funnels and 2-4 ml of buffer-saturated chloro­
form was added. The mixtures were shaken for 4 hr with con­
stant agitation at 28°. A preliminary experiment had shown 
that equilibrium was well established within this time interval. 
The phases were separated, the aqueous phases were centrifuged 
for 5 min at approximately 3000 rpm, and the concentrations of 
the SA were determined spectrophotometrically, using 1- or 5-cm 
cells in a Cary recording spectrophotometer. A blank was run 

(12) M. Yoshioka, K. Hamamoto, and T. Kubota, Bull. Chem. Soc. Japan, 
35, 1723 (1962). 

(13) H. H. Jaffe, Chem. Rev.. 63, 191 (1953). 
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it 
4-Cir3 

II 

3-OCH, 

3-1 
3-C1 

3-Br 

3-CF3 

3-NO, 

4-COCH, 

4-CN 

4-NOj 

3,5-(N02)2 

TABLE I 

PHYSICOCHEMICAL AND BACTERIOSTATIC ACTIVITY PARAMETERS o r VARIOUS SUBSTITUTED 

NI-PHENYLSULFA.NILAMIDES IN MEDIA OF DIFFERENT pl l 

H,N—( V-SO.NH—( X 

-0.170 
0 

0.115 

0.352 
0.373 

0.391 

0.420 
0.700 

0.703 

0.804 

1.040 

1.47 

p K . : ' * 

(9.25) 
9.20 

8.95 

8.84 
8.38 

8.28 

7.95 
7.61 

7.46 

6.97 

6.16 

(8.97) 

(8.72) 

( . . . ) 
(8.28) 

(...) 

(...) 
(7.67) 

(7.61) 

(7.36) 

(6.97) 

(6.19) 

pH* 

6.90 
6.80 
6.82 
6.90 

6.93 

6.84 
6.90 

7.23 
6.90 
6.90 

6.90 

7.25 
6.84 
6.84 
6.88 
6.02 

6.84 
6.87 

6.90 
7.25 
7.39 

6.90 

6.48 
6.87 
6.90 

6.95 
7.24 

6.42 
6.85 

10-<*„.' ' 
I. ( indole '1 

0.258 
1.317 
0.663 
0.514 
0.782 
0.971 
0.702 
0.556 
0.557 
0.555 
0.780 
0.338 
0.260 
0.362 
0.454 
0.731 
0.592 
0.411 
1.047 
1.217 
1 980 
0.958 
0.978 
1. IS 
2.989 
1.481 
0.962 
1.035 
2.467 
2.192 
1.897 
2.239 
2.983 
2.700 
3.704 
2.769 
5.037 
2.065 
2.955 
4.547 
6.338 
o. 0S2 
4.914 
4.062 
2.683 
0.903 
1.333 
0.842 

10 kjk,,, 
sec,-1 

6 
5 
6 
9 
7 
7 
7 
9 
8 
9 
7 
7 
7 
8 
8 
4 
6 
7 
7 
6 
4 
5 
1 
-1 

5 
8 
11 
11 
6. 
7. 
i 

4. 
5 
5. 
4. 
5. 
5. 
6. 
8. 
6 
5. 
8. 
6. 
4. 
5. 
14. 
7. 
8. 

.13 

.33 

.99 

.99 

.38 

.33 

.89 

.04 

.57 

.54 

.56 

. 55 

.61 

.30 

.36 

.89 

.21 

.96 

.00 

.41 

.69 

.84 

. 7.) 

.73 

.94 

.33 

.5 

.4 

.15 
,13 
. 14 
.87 
, 37 
23 
, o~> 

95 
13 
25 
24 
.23 
34 
82 

so 
53 
11 
8 
02 
38 

99 
28 

44 

295 
94 

144 

81 

" Values are after Jaffe11 with the exception of those for the 4-COCH3-, 4-CN-, and 4-X02-sul)stituted compounds, which are after 
Yoshioka, el al.n b Values obtained spectrophotometrically by the method of Yoshioka, el al.,1- at ionic sirength 0.12. The standard 
deviation of the values, calculated from the average of the weighted variances of the various p / \ a , was ±0.053. The values of Yoshioka, 
el al.,12 are given in parentheses for comparison. c The pH values were observed in the growing cultures and were constant from 5 X 106 

up to 10s organisms/ml. d The values given are those associated with the higher correlation coefficient in plots according to eq 8 or 9. 
e Calculated by linear regression according to eq 8 or 9 as the reciprocal of the intercepts and slopes, respectively. / Partition coeffi­
cients obtained in CHCI3-H2O. 

in each set, treated in the same way and used in the reference 
cell of the spectrophotometer. The per cent standard deviation 
of the method was determined for the 3-Br-substituted compound 
and was ± 4 . 2 % . 

Results and Discussion 

Apparent generation rate constants, /capp in sec -1, 
were obtained from the slopes of plots of log N vs. time 

(Figure 1) in accordance with the apparent first-order 
expression 

log N = W/2.303 + log N0 (7) 

where N0 is the number of E. coli/m\ extrapolated to / = 
0, and t is in seconds. 

Generation Rate Constants in Absence of Drug.-
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The mean generation rate constant in absence of drug, 
k0, calculated from 23 experiments performed on differ­
ent days with different batches of media was k0 = 5.061 
(±0.18) X 10~4sec-1. The same mean generation rate 
constant in absence of drug was obtained from five ex­
periments performed on different days with media from 
the same batch and was k0 = 5.07 (±0.19) X 10~4 

sec -1 . The k0 values were obtained in media initially 
buffered at pH values between 6.0 and 7.4. The pH of 
the growth media changed only at high organism con­
centrations and was independent of the inital growth 
time and sulfonamide concentration (Figure 2). At an 

7 8 
log (E. coli /ml) 

Figure 2.—Relative change of the pH of the culture media in 
per cent of the initial pH value with increasing logarithm of E. 
coli/ml. The buffered initial pH values were 6.40 (O), 6.91 
(•) , 7.36 (A) in the growth media at an inoculum size of 5 X 102 

E. coli/ml. 

organism concentration of 108 E. coli/ml the mean devi­
ation of pH from the inital value was —0.05 with a max­
imum of —0.08. The generation rate constants were 
obtained within 5 X 106 and 10s E. coli/ml and therefore 
observed at constant pH. The generation rate con­
stant in absence of drug was independent of pH between 
pH 6.0 and 7.4. This result confirms earlier observa­
tions.14'15 I t implies that in absence of drug either the 
rate-limiting metabolic processes resulting in growth are 
independent of pH or that the pH inside the cell is kept 
constant by the buffer effects of the cell constituents.16 

Effect of SA Concentration on Generation Rate 
Constants.—The reciprocal of the difference between 
the growth rate constant in the absence (fc0) and in the 
presence of SA (fcapp) may be plotted against the recipro­
cal of its concentration (<S, in mole l.-1) in accordance 
with the rearrangement of eq 2. 

V(fro - AWP) = (i/fc.)(i/-S) + K/K (8) 

An alternative method of plotting uses the expression 

S/(h - fcapp) = l/K + (h/K)S (9) 

where fca and «b are constants. The activity parameter 
kh in 1. yumoles-1 (Table I), was derived from the slope 
and intercept values, \/k& and kh/ka> obtained from eq 8 
or 9 with the highest correlation coefficient. Typical 
plots according to eq 8 are shown in Figure 3. 

(14) E. F. Gale and H. M. R. Epps, Biochem. J., 36, 600 (1942). 
(15) E. R. Garrett and N. A. Dickinson, unpublished data. 
(16) C. N. Hinshehvood, "The Chemical Kinetis of the Bacterial Cell," 

Oxford University Press, 1942, p 72. 

/ S (ml jug 

Figure 3.—Relation between apparent first-order generation 
rate constants, kaPp, and sulfonamide concentration, S, plotted 
according to the equation l/(k0 — kipp) = (l/fca)(l/S) + kb/k^, 
where k0 is the generation rate constant in absence of sulfonamide 
and fca and kb are constants. The curves and respective sub­
stituted Ni-phenylsulfanilamides were (pH 6.90 ± 0.05, 37.5°) 
A, 3-OCH3; B, 3-Br; C, H; D, 4-COCH3; E,4-N02. 

Reproducibility of the Derived Activity Constant kh.— 
The functions on the left-hand side of eq 8 and 9 are 
excellently linearly related to the functions of the SA 
concentration on the right-hand side of these equations. 
The range of the correlation coefficients of these plots 
was 0.906-0.999 with an arithmetic mean of 0.993. 
The derived activity parameters kb, however (Table I), 
showed a variability among runs. No significant differ­
ence was found between kh values calculated according 
to either eq 8 [7.42 (±3.28) X 1031. ^mole-1] or to eq 9 
[8.04 (±2.40) X 1031. jumole-1] when four experiments 
were carried out at constant pH (6.90 ± 0.03) with Ni-
phenylsulfanilamide in media from the same batch on 
different days. 

The same mean activity constant (kh from eq 8) was 
obtained from four experiments performed on different 
days with media from different batches, 6.39 (±1.07) X 
1031. Mmole-1. 

Relationship between Physicochemical Parameters 
and Activity.—The relation between log k^ and the 
modified Hammett substituent parameters12 is linear 
(Figure 4) in accordance with the Hammett equation 

log[(fcb)x/(fcb)H] = log (XiXs)x -
log ( X ^ O H = Pa (10) 

where (fcb)x is the activity constant for the compound 
with the substituent X and (fcb)H is that f° r the un-
substituted Ni-phenylsulfanilamide. The 3,5-(N02)2-
substituted compound, however, showed a large devia­
tion from the plot. The reaction constant p, at pH 6.90 
± 0.05, calculated from the regression of the differences 
between the log (kh)x and log (fcb)ii values on a- when the 
disubstituted drug was excluded, was 1.12 ± 0.11 (r = 
0.914). The mean value for log (kh)n used was 3.821 ± 
0.097. It is interesting to note that the k-o value can be 
modified5 to kh' = fcb//HS by dividing by the undis-
sociated fraction, /HS, on the premise that the activity 



744 ( I A K R E T T . AIlEU'K. S E Y D E I , , AM) fvESSLER Vol. 12 

- 0 . 4 • 

Figure 4.—Plot of log [«v).\ U'bJHl, the ratio of the bacterio­
static activity constants of substituted Ni-phenylsulfanilamides 
to that of the parent compound, vs. the modified Hammet t 
substituent constants, a. The large open circles represent the 
mean values calculated from log kit values (•) obtained at pH 
(5.90 ± 0.05 and o7.">° for each compound and the large closed 
circles are values for k\, from a single experiment for the par­
ticular compound. 

parameter in pH 6.90 media is dependent solely on the 
concentration gradient established by the un-ionized 
fraction in the media. The log kh' vs. a regression (also 
with the exclusion of the disubstituted drug) yielded a 
higher correlation (/ = 0.959 with p ' = 1.32 ± 0.19). 
However, the difference between the correlation co­
efficients was statistically insignificant.17 

The intercept of the plot log /q, vs. a should be zero, 
if the unsubsti tuted drug rigorously adhered to the 
Hammet t equation. However, the intercept value was 
statistically significantly different, i.e., —0.294. The 
possibility of a technological mistake in that this com­
pound was mislabeled was considered. However, ir and 
nmr spectra of the material used confirmed that it was 
the unsubsti tuted drug. When a substrate-enzyme 
complex is postulated as being involved in the rate-
determining step, strict adherence to a Hammet t rela­
tion should not be expected in all cases. It is not only 
linear free-energy relations that determine reactivity 
but the shape of both the enzyme surface and the react­
ing molecule which may influence the binding and the 
reaction at the active site.1* The deviations of the 3,.V 
disubstituted and the unsubsti tuted drugs may be indic­
ative of these limitations. In the former case the heavy 
substitution increases the volume of the anilide part of 
the SA molecule markedly and may inhibit the forma­
tion of the enzyme-substrate complex as visualized by 
the fitting of a key into a lock. An alternative explana­
tion may be that 3,5-dinitro compounds may undergo 
ready reduction in such biological systems and the re­
duced compound has less intrinsic activity. In the lat-

(17) R. A. Fisher, "S ta t i s t i ca l M e t h o d s for Research W o r k e r s . " 12th ed. 
Oliver a n d Boyd, E d i n b u r g h , 1954. 

(18) T. C. Bruice and S. Benkovio, "B ioorgan ic M e c h a n i s m s . " Vnl. 1 
VV, A Benjamin . Inc . , New York. V Y. . 19HB. p HI. 

ter case the unsubsti tuted benzene ring might so lit the 
enzyme surface that hyperconjugational effects with 
neighboring atomic groups of the enzyme can occur. 
An alternative model for the mode of action of SA does 
not assume competition between the drug and />-amino-
benzoic acid (PABA) for the same enzyme.1" The free 
amino group of SA may inhibit bacterial growth by for­
mation of Schiff bases with an available aldehydic group 
of a folic acid precursor. If this reaction does not in­
volve tin enzyme, then a Hammed per treatment might 
be applicable to the activity parameters. However, t In­
formation of Schiff bases does not seem to follow simple 
free-energy relationships.-" In neutral and mildly acid 
solutions the rate constants for both the formation of 
the carbinolamine and the subsequent loss of water have 
uncatalyzed and acid-catalyzed components. There­
fore, the over-all rate constant may not adhere to the 
simple Hammet t pa t reatment, furthermore, it has 
been shown in the very similar formation of semicarba-
zones,-1 that substituent effects were opposite in the 
separate steps. If one step was predominantly rate de­
termining, the linear free-energy relations pertinent to 
that step may predominate but may be modified by tIn­
significance of the other. It is interesting to note that 
the k\, values of the various compounds can be normal­
ized to an intrinsic ku value (k\*) when the ionized mole­
cule is assumed to be the only active species. The nega­
tive charge on the molecule could provide an important 
inductive effect in the formation of the Schiff base. An 
alternative possibility would be that the negative charge 
on the molecule is essential for binding on an enzyme 
surface prior to the reaction. In both cases the nega­
tively charged fraction could determine the concentra­
tion of the active species. At one particular pH of the 
reaction or receptor site compartment the /;h values 
corrected for the uncharged fraction would be identical 
with and equal to the intrinsic value k\*. A calculation 
according to this concept was carried out by determin­
ing the pH at which log {kh//s ) would be invariant with 
cr. The pH was calculated as 8.1 with a /,'],* of 3.32 
(±0.94) X 104l.Mmole-' when the XV3,o-dinitrophenyl-
sulfanilamide and Xi-phenylsulfanilaniide were omitted. 

Influence of pH on the Activity of the Sulfon­
amides. -No systematic dependency of k]t on pH could 
be detected within this sulfonamide series for the stud­
ied pH range (5.0-7.4. A plot of log /q, vs. pH for the 
4-C()CH:rsubstituted compound did show a linear rela­
tionship with a slope of + 0 . 3 7 ± 0.04. 

However, the other compounds did not show a statis­
tically significant dependency (Table I) so that no defi­
nite conclusions can be made at this time. It has been 
postulated that the active concentration of SA inside the 
cell is determined by equilibration of the un-ionized 
fraction of the total concentration in the medium across 
the cell wall. Subsequent dissociation would then oc­
cur tit the constant pH of the biophase, and the ionized 
fraction would react with the receptor . - On the basis 
of this hypothesis a tenfold increase in the apparent //,, 
would be predicted for a compound of pK.d,' = 7."> when 

(19) J . K. Seydel, K. Krnger -Th iemer . and K. Wernpe. Jtihresbrrirhtt 
Borstel, 5, 651 (1961). 

(20) R. L. Reeves . " T h e C h e m i s t r y of the Caruony l U r o u p . " P. Sa ta i , 
Kd., ln te rsc ience Publ i shers , Inc . , London, 1966. p 613. 

(21) B. M, Anderson and W. P. .lencks, ,/. Am. Chem. ,«(»•„ 82, 177.1 
ilWBO). 

i22; A I I . Bruei-kner. ) '"I' -I• Hinl. Mnl.. H , 599 i 19 12). 
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the pH of the medium is changed from 7.4 to 6.0. The 
extent of the change was only fourfold for the 4-COCH3 

compound and could possibly be assigned to a fortuitous 
variation in the kh values. 

The receptor site model for the action of SA7 assumes 
that the rate-limiting step in the metabolic processes re­
sulting in growth is the same under drug-free as well as 
SA-affected growth. The receptor sites unbound by SA 
may be considered to have reacted with PABA. If the 
reaction of SA with the total number of receptor sites is 
necessary for complete cessation of microbial growth,7 

this should mean that the obtained 

qkm = kjkh (sec"1) (11) 

should have the same magnitude as k0, the generation 
rate constant in the absence of SA. The km is a rate 
constant for the metabolism at the receptor sites and q 
is a proportionality constant relating the rate of metabo­
lism to the number of organisms in the balanced growth 
culture. The ratio of the experimentally observed 
value, k0 = 5.06 ± 0.18, to the calculated value, qkm = 
6.95 ± 2.12 (Table I), is 0.74. Thus, only about 74% 
of the receptor sites have to have reacted with SA to 
achieve complete cessation of growth within the series. 
The detailed analysis of this concept has been given pre­
viously.8 The calculated constant log qkm is linearly re­
lated to the pH with a slope of -0.223 ± 0.049. Since 
kc, has been shown to be independent of pH within the 
studied range and qkm is not, this implies that the rate-
determining step has been modified under the action of 
the drug. The number of receptor sites available must 
then be some function of the pH of the medium. 

Influence of Lipid Solubility on the Activity Parame­
ters.—The parameter Ki in eq 1 represents the over-all 
equilibrium constant for the equilibration of the SA 
molecules between the culture medium and the recep­
tor site compartment including the possible partitions 
between hydrophilic and lipophilic phases within the 
biophase of the bacteria. Partition coefficients, P ;, for 
a given compound in two different solvent systems may 
be related23 by 

log Px= a log P2 + b (12) 

where a and b are constants. It may be postulated that 
the log P values obtained experimentally in the solvent 
system chloroform-water are proportional to the loga­
rithm of the over-all equilibrium constant Ki in the bio­
logical system if it is dependent on oil-water partition­
ing and thus 

log Ki = alogP + b (13) 

(23) R. Collander, Acta Chem. Srand., 6, 774 (1951). 

If the kb values are considered as the products of the 
constants Ki and K2 where the former is dependent on 
partition and the latter on a Hammett ap relationship, 
the postulated dependency considering eq 13 and ac­
cording to Hansen6 would be 

log [(fcb)x/(frb)H] = log [(KJOx/iK&U] 
= log [(XOX/C^OH] + 

log [ ( X 2 ) X / ( X S ) H ] 

= a log [ P X / P H ] + *P' (14) 

which is one version of the Hansch equations.24 

It is apparent from inspection of Figure 4 and eq 14 
that increased correlation between log A'I, and a would 
result for a positive coefficient, a, if the log P value of 
the 3-Br (2.16) and the unsubstituted compound (1.45) 
were significantly greater and if the log P values for the 
3-OCH3 (1.64), 3-C1 (1.97), and 3,5-(N02)2 (1.91) com­
pounds were significantly smaller than those of the 
4-CH3 (1.99), 4-COCH3 (1.43), and 4-N02 (1.52) com­
pounds. For a negative coefficient, a, the converse 
would be true. The values in parentheses are the log P 
values from Table I and readily indicate no consistency 
that would permit this increased correlation. In addi­
tion, no correlation or trend of partition coefficients with 
/ib values alone is apparent. The application of the 
algebraic technique25 to estimate the parameters of the 
expanded Hansch equation 

log kb = a log P + b + ap' + d(log PY (15) 

permitted no consistent estimate of a, b, p', and d values 
whatsoever among the compounds. It is thus con­
cluded that the only significant dependency of log kh is 
on the ap product in accordance with eq 10 within the 
variability of the data and within the series of substitu-
ents studied. The solubility of compounds carrying 
more strongly electron-releasing substituents with much 
higher P values was not sufficient to permit the deter­
mination of their antibacterial activity in the system 
described. 

Professor Corwin Hansch of Pomona College, Clare-
mont, California, has kindly fit our data by his digital 
computer program and obtained the best correlation 
without considering partition. However, when MIC 
data obtained with these compounds and others with 
more lipophilic substituents were evaluated, a small in­
fluence of partition on activity was found.5 

Acknowledgment.—The authors wish to express 
their thanks to Mr. George L. Perry, Sr., for excellent 
technical assistance. 

(24) C. Hansch, R. M. Muir, T. Fujita, P. P. Maloney, F. Geiger, and 
M. Streich, J. Am. Chem. Soc, 85, 2817 (1B63). 

(25) E. R. Garrett, O. K. Wright, G. H. Miller, and K. I,. Smith, ./. Med. 
Chem.,9, 203 (1966). 


