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Several of these compounds are closely related 
chemically to well-known sulfanilamide deriva­
tives of the same type. 

All of the sulfonamides showed some degree of 
bacteriostatic activity, but very little effect on 
experimental animal infections. Two compounds, 

For the past three years we have been trying to 
find some relationship between the molecular 
structure and the chemotherapeutic activity of 
sulfanilamide type compounds. In spite of the 
many hundreds of derivatives which have been 
prepared and tested, no adequate explanation for 
the profound changes in therapeutic effect result­
ing from variations in structure has been pro­
posed. Our approach to this problem has been 
through an attempt to utilize a fundamental 
physical property related to both structure and ac­
tivity.2 The present theory is based on the ex­
perimental observation that acid dissociation con­
stants, which can be correlated with the structure 
of sulfanilamide derivatives, are also related to 
their bacteriostatic activity. The following is a 
description of this theory and a discussion of its 
implications. 

I. Chemotherapeutic Activity and Mode of 
Action.—Before attempting to correlate the 
structure of sulfonamides with their chemothera­
peutic activity, a reasonably accurate method 
for the determination of relative effectiveness is 
essential. Experimental animal tests for activity 
are frequently misleading because of the many 
factors, such as lack of absorption, rapid excretion, 
effect of diet and possible chemical changes in the 
compounds, as well as other less obvious vari­
ables,3 which may affect the results. To a lesser 
degree, in vitro tests carried out in complex media 
are also somewhat confusing. In this investiga­
tion the term activity is used to indicate bacterio­
static activity against E. coli when the organisms 
are grown in a synthetic medium. This method 

(1) Presented in part before the Divisions of Medicinal and Phys­
ical Chemistry, Buffalo Meeting of the American Chemical Society, 
September 9 and 10, 1942. 

(2) Roblin and Bell, Science, 90, 328 (1939). 
(3) See, for example, Davis, ibid., 96, 78 (1942). 

in particular, were highly active in vitro and well 
absorbed. Possible explanations for these dis­
crepancies and their bearing on the relation of 
molecular structure to chemotherapeutic activity, 
are discussed. 
STAMFORD, CONN. RECEIVED JULY 31, 1942 

of testing provides a more consistent and repro­
ducible basis for the determination of relative ac­
tivities by reducing the number of variables to a 
minimum. The relation of in vitro to in vivo re­
sults,4 and the lack of any great degree of speci­
ficity among sulfanilamide derivatives,5 appear 
to warrant this method of evaluation. 

Another important prerequisite to this type of 
work is at least a partial understanding of the 
mechanism by which the compounds exert their 
bacteriostatic effects. None of the hypotheses 
advanced in recent years appeared to offer a very 
useful or convincing explanation, until Woods6 

demonstrated that />-aminobenzoic acid prevents 
the bacteriostatic action of sulfanilamide and sul-
fapyridine. This observation has since been ex­
tended by other investigators7 to include sulfanil­
amide type compounds in general. Woods and 
Fildes8 postulated that ^-aminobenzoic acid is an 
essential metabolite associated with one or more 
of the enzymatic processes involved in bacterial 
growth. They pointed out the close structural 
relationship between the sulfonamides and this 
acid, and suggested that the former may act by 
blocking the enzyme system or systems with 
which £>-aminobenzoic acid is involved and on 
which many bacteria depend for normal growth 
and development. Subsequent investigations 
have confirmed the essential nature of p-amino-
benzoic acid,9 and have shown experimentally 

(4) White, Bratton, Litchfield and Marshall, J. Pharmacol, 72, 
120 (1941). 

(5) Wyss, Grubaugh and Schmelkes, Proc. Soc. Exptl. Biol. Med., 
49, 618 (1942). 

(6) Woods, Brit. J. Exptl. Path., 21, 74 (1940). 
(7) Landy and Wyeno, Proc. Soc. Expll. Biol. Med., 46, 59 (1941); 

Strauss, Lowell and Finland, / . Clin. Investigation, 20, 189 (1941). 
(8) Fildes, Lancet, 288, I, 953 (1940). 
(9) Rubbo and Gillespie, Nature, 146, 838 (1940); Lampen and 

Peterson, THIS JOURNAL, 63, 2283 (1941); Park and Wood, Bull. 
Johns Hopkins Host., 70, 19 (1942). 
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T A B L E I 
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ibid., 63, 2524 (1941). ° Ref. (g) gave pKa = 7.6. " Ganapathi, Proc. Indian Acad. Sd., 13A, 386 (1941); Chem. Abs., 
36,1022 (1942). " Winnek, Anderson, Marson, Faith and Roblin, T H I S JOURNAL, 64, 1682 (1942). rRef. 23. 5Fromm 
and Wittmann, Ber., 41, 2264 (1908). ' Values in water calculated from measurements carried out in alcoholic solution 
(see Experimental). 

that the type of inhibition produced by sulfanil­
amide derivatives is competitive with respect to 
p-aminobenzoic acid.10 

If the bacteriostatic action of the sulfanilamide 
type compounds is due to a competition with the 
required ^-aminobenzoic acid for an essential en­
zyme system, then the more closely the competitor 
compound resembles this acid, the greater should 
be its blocking or bacteriostatic effect. The 
characterizing groups in £>-aminobenzoic acid are 
the carboxyl group and the aromatic amino group 
para to it. Aside from geometric configuration, 
probably the most important property of a group 
is its positive or negative character. This is re­
flected in an amino group by its basic, and in a 
carboxyl group by its acidic, properties. Since 
many of the sulfanilamide derivatives contain 
both an acidic sulfonamide, and a basic para 
amino group, this work was undertaken to com­
pare their physical properties with the correspond­
ing groups in ^-aminobenzoic acid. Dissociation 
constants were selected because they provide a 
readily measurable property which furnishes a 
direct indication of the positive or negative char­
acter of the groups. 

II. Acid and Base Dissociation Constants 
(Qualitative Discussion).-—During this investi­
gation, the acid and base constants of over one 
hundred sulfonamides and related compounds 
were determined. A number of the values ob­
tained are recorded in Table I. To conserve 
space, only a fraction of the total number of com­
pounds studied is listed in this table. The re­
sults on the derivatives which are not recorded 
confirmed the conclusions drawn from the re­
ported data. Methods employed for the deter­
mination of acid and base constants are described 
under Experimental. For convenience, the com­
pounds are listed according to the classification 
of Northey.11 The term CR in Table I represents 
the minimum molar concentration necessary to 
cause bacteriostasis of E. coli in a buffered (pH 7) 
synthetic medium under standardized condition; 
thus, the smaller the number, the greater the ac­
tivity. It is difficult to obtain a high precision in 
such tests, and small differences in bacteriostatic 

(10) Wyss, Proc. Soc. Exptl. Biol. Med., 48, 122 (1941); Wood, 
J. Exptl. Med., 75, 369 (1942). 

(11) Northey, Chem. Revs., 27, 85 (1940). 

activity (factor of 2) are within experimental 
error. 

Only brief consideration need be given to the 
base constants. The range of basic strength of 
the aromatic para amino group of practically all 
the sulfonamides studied was small [(0.5-2.3) X 
10~12]. However, in order to establish this small 
range, it was necessary to make base constant 
determinations on nearly all the compounds 
studied. Several of the first base dissociation 
constants listed in Table I are greater than 2.3 X 
10 ~12. In these cases it is possible to show, by 
comparing the basic strength of the corresponding 
acetyl and benzene sulfonamide derivatives, that 
the first base constant probably does not repre­
sent the aromatic para amino group. Neither is 
the second base constant for these compounds a 
true measure of the basic strength of the aromatic 
amino group, because of the presence of the ion 
resulting from the determination of the first base 
constant (see Experimental). 

The ionization constant for the basic amino 
group in ^-aminobenzoic acid is approximately 
2.6 X 10"12.12 To the extent that all the active 
sulfanilamide derivatives have identical unsub-
stituted para amino groups with constants which 
are close to this value, the base constants may be 
an important factor in bacteriostatic activity. 
But due to the very small variations in basic 
strength, no relation between these constants and 
bacteriostatic activity could be found. 

Acid dissociation constants, which vary over a 
wide range ( < 10-11-10~3), present an entirely 
different picture. The relationship between the 
in vitro activity of N ̂ substituted sulfanilamide 
derivatives and their acid strength is shown in 
Fig. 1 (data from Table I). For convenience in 
plotting the curve, log 1/CR is used rather than 
CR. An examination of this figure indicates that 
as the pKa of the sulfonamides increases, the 
bacteriostatic activity passes through a maximum 
and then decreases. In order to account for this 
phenomenon, several factors must be considered. 

/>-Aminobenzoic acid has been shown to be in 
the "non-zwitter ion" form in solution.13 Never-

(12) Winkelblech, Z. thysik. Chem., 36, 546 (1901), reported 
2.3 X 10->2. 

(13) Harris, Proc. Roy. Soc. (.London), 97B, 364 (1925); 104B, 412 
(1929); Biochem. J., 24, 1080 (1930). 
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Fig. 1.—Relation of in vitro activity to acidity. Limits of 
error in log 1/CR = ±0.3. 

theless, it is a sufficiently strong acid so tha t in 
dilute solution in a medium buffered a t pH 7, the 
carboxyl group is better than 99% ionized. The 
neutral solution is particularly important, since 
the form in which the compounds exist in bac­
terial culture media or in body fluids is of primary 
interest. Under these conditions, /?-aminobenzoic 
acid consists of a benzene ring containing an NH 2 

group, para to which is an ionic group having two 
very negative oxygens. Geometrically, these two 
oxygens are about 2.3 A. a p a r t , " while sulfones 
and sulfonamides both have a group similar to 
the CO2 ion, namely, an SO2 group, containing two 
negative oxygens15 with an oxygen-oxygen dis­
tance of approximately 2.4 A.16 In general, the 
/>-aminobenzene sulfonyl groups of the sulfones 
and sulfonamides are geometrically very similar 
in dimensions to the /Miminobenzoie ion as il­
lustrated in Fig. 2. 

Nearly all the amino groups of (a), (b) and (c), 
Fig. 2, have been shown to have base constants of 
the same order of magnitude. Consequently, the 
differences in the SO2 groups of the various sul­
fonamides, compared with the CO2 ion, must now 
be considered as a possible determining factor in 
the relative bacteriostatic activity of these com­
pounds. Dipole moment studies have shown the 
SO2 to be a relatively negative group.15 How­
ever, the C O 2 - should be more negative than the 
SO2, because the ion actually carries an electronic 
charge. I t seems logical then, tha t the more 
negative the SO2 group, the more closely it will 
resemble the CO2 ion. On the basis of this reason-

(14) Zachariasen, Phys. Rev., 53, 917 (1938). 
(15) Bergmann, Bey., 65, 457 (1932); Kumler and Halverstadt, 

T H I S JOURNAL, 63, 2182 (1941). 
(16) Pauling, "The Nature of the Chemical Bond," Cornell Unj-

versity Press, Ithaca. X. V 2nd ed.. 1940 

ing, the theory which we shall a t tempt to develop 
may be stated as follows: the more negative the 
SOi group of a sulfanilamide type compound, the 
greater the bacteriostatic activity of the compound. 

1-2.4X4 
Fig. 2.—Geometric configurations. 

U.4*J 

The problem now becomes one of evaluating 
the relative negative character of the SO2 group 
of the various sulfonamides in terms of their acid 
constants, to determine to what extent this prop­
erty is related to bacteriostatic activity. Since 
the R group (Fig. 2) is the only variable involved 
in the N ^substi tuted derivatives, it must be the 
factor controlling the acid constants of these com­
pounds. For R to be acid strengthening, it must 
be an electronegative (electron attracting) group.17 

Under these conditions, R at t racts electrons 
from the adjacent amide nitrogen so tha t the hy­
drogen can escape as a proton in solution, leaving 
the anion represented by form (c). The acid 
constants furnish an excellent indirect measure 
of the relative electronegative character of R, be­
cause any change in the acid strength of the sul­
fonamides should be proportional to the change 
in the electronegativity of the R group. 

Since we are concerned with the form of the 
sulfanilamide type compounds in a medium buf­
fered at pB 7, the effect of acid strength (as regu­
lated by the properties of the R group) on the 
quantities of the molecular and ionic forms ((b) 
and (c), Fig. 2) existing a t this pR must be con­
sidered. The fraction ionized, x, for any acid is 
given by the equation 

Ka ^ LTT _ Ka 
- or at pH 7 x = Ka + 10-' (D 

ATo + [H+] 

Using this equation, a plot of pKa versus the 
fraction ionized may be made (Fig. 3). At pK 7, 
compounds which are strong acids (pKa up to 

(17) The term electronegative refers throughout to the electron 
attracting power of a group." Negative is used to indicate the rela 
live electron density or negative charge around a group. 
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0-6) are practically completely ionized, weaker 
acids (pKa = 6-12) are partly ionized, and the 
very weak acids (pKa > 12) are almost entirely 
in the un-ionized form. 

With the amounts of the molecular and ionic 
forms of any given sulfonamide known, the rela­
tive activities of the two species must be consid­
ered on the basis of the assumption that the bac­
teriostatic activity is proportional to the nega­
tive character of the SO2 group. The ionic form 
has an electronic charge on the amide nitrogen, as 
shown in (c) (Fig. 2). This electronic (negative) 
charge increases greatly the negative character of 
the adjacent SO2, since the SO2 group is also elec­
tron attracting and acquires part of the ionic 
charge from the amide nitrogen. Consequently, 
the 5O2 group of any sulfanilamide derivative in 
the ionized form (c) is much more negative than the 
SOz of the same compound in the un-ionized form 
(b). Therefore, the ionic form of any sulfonamide 
should be much more active than the molecular form.1* 

The effect of the R group (Fig. 2) on ionization, 
and the relative activity of the ionic and molecu­
lar forms, have been discussed. Remaining to be 
considered is the effect of different R groups on 
the negative character of the SO2 group. Con­
sider first the ionic form (c). As the electron at­
tracting power of R increases, the SO2 group 
should become less negative because, under these 
conditions, a greater part of the ionic charge of 
the amide nitrogen will be taken by the R group 
which will be competing more strongly with the 
SO2 for the ionic charge. The arrows in Fig. 2 
illustrate the competition between the attracting 
forces of these two groups for the ionic charge on 
the adjacent amide nitrogen. As the SO2 becomes 
less negative, its ion should be less active than an 
ion whose R is a weaker electron attracting group. 
Applying the same reasoning to the molecular 
form (b), we arrive at similar conclusions eon-

(18) During the preparation of this manuscript, two papers ap­
peared in which experimental evidence supporting this conclusion is 
reported. See Fox and Rose, Proc. Soc. Expll. Biol. Med., 50, 142 
(1942); Schmelkes, Wyss, Marks, Ludwig and Sandskov, ibid., 50, 
145 (1942). However, the present theory is not in accord with the 
conclusions of these authors that the ionic form of sulfanilamide 
derivatives is the only active form. For example, such a conclusion 
fails to account for the activity of sulfones, sulfaguanidine and N1-
disubstituted sulfanilamide derivatives, none of which exist as ions 
in solution, although they are also inhibited by £-aminobenzoic 
acid. Furthermore, we do not agree with Fox and Rose that the 
ions of different derivatives are equally active. Actually, the ex­
perimental data in both of these papers appear to support the view 
that the ions of the stronger acids are less active. Moreover, the 
idea of equal activity for all ions obviously is not in agreement with 
the experimental data for strong acids as shown in Fig. 1. This 
phase of the problem is considered in the subsequent discussion. 
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Fig. 3.—Acid ionization in buffers (nos. from Table I): 
S, sulfanilamide (2); sulfapyridine (15); ST, sulfathiazole 
(34); SD, sulfadiazine (23); STD, sulfathiadiazole (38). 

cerning the relative negativity of the SO2 groups. 
Since the electron attracting power of R is propor­
tional to the acid strength, it follows that, the 
more acidic the sulfonamide, the less negative the 
SO2 group of the ionic and molecular forms and the 
less the bacteriostatic activity of either form. It 
should be recalled here that up to a certain point 
this decrease in activity with increasing acid 
strength is more than compensated for by the 
increasing proportion of highly active ions. Be­
cause the ions are much more active than the cor­
responding molecules, the over-all effect of in­
creasing acid strength produces an increase in 
activity up to the point where the sulfonamides 
are largely ionized. Further increases in acid 
strength are not accompanied by a proportionate 
increase in the number of ions. The predominant 
effect beyond this point should be the decreasing 
negative character of the SO2 group, accompanied 
by decreasing activity. Consequently, a maxi­
mum would be expected in the curve relating pKa 

to bacteriostatic activity (compare Fig. 1). 

It is also possible for the electron attracting 
power of R to change until it is actually an elec­
tron donor group. Under these conditions, R 
should repulse electrons toward the SO2 group. 
As a result, the SO2 group would become more 
negative. The acid strength also reflects the elec­
tron donor power of R. However, these com­
pounds can become such weak acids that the ef­
fect of the highly active ions is negligible, and as a 
result the bacteriostatic effect should be of a lower 
order of magnitude. Even so, as pointed out 
above, the activity of the un-ionized forms should 
show a continuous increase as the acid strength 
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decreases. Thus, when the ionic form can be 
neglected, the curve relating pKa to bacterio­
static activity should pass through a minimum 
and then increase as the acid strength decreases. 
Because compounds in which R is an electron 
donor group are extremely weak acids, it is not 
possible to determine their dissociation constants 
in aqueous solution. Evidence such as the rela­
tively high bacteriostatic activity of sulfaguani-
dine, too weak an acid to be measured in aqueous 
solution, strongly suggests that a minimum may 
also be found in the experimental curve. Possibly 
studies in a basic solvent such as liquid ammonia 
would furnish quantitative data with which to 
fit these sulfonamides into this general picture. 

III. Acid Constants (Quantitative Discus­
sion).—In order to obtain optimum activity 
among acidic sulfanilamide derivatives, the 
problem is apparently one of obtaining a proper 
balance between the acid strengthening effect of 
the R group (Fig. 2) and the formal ionic charge 
on the sulfonamide nitrogen to give the maximum 
over-all negative character to the SO2 group. 
Branch and Calvin19 have shown that the disso­
ciation constant of an organic acid can be pre­
dicted quantitatively by an equation of the type 

log A" = log Ka + S J W (2) 

where Ka is the acid constant of the parent acid, 
JR the inductive constants for each atom or group 
other than hydrogen, a the fraction that reduces the 
inductive effect for the transmission across each 
bond, and i the number of bonds through which 
the effect must be transmitted. 1R multiplied 

pKa. 

Fig. 4.—Theoretical activity versus pKa: dotted line 
represents experimental activity from Fig. 1. 

(19) Branch and Calvin, "The Theory of Organic Chemistry," 
Prentice-Hall, Inc., New York, N. Y., 1941. 

by 2.8 RT then becomes a potential and has the 
units of free energy. 

Assuming that bacteriostatic activity is pro­
portional to the potential of the SO2 group, then, 
when the total activity is due almost entirely to 
the highly active, ions (pKa 2-11) 

2.303 RT log (k/xCn) = 
2.303 RT [a(12.3 - I*a) - /Eas] (3) 

where CR = minimum molar concentration of a 
sulfonamide required to exhibit a given bacterio­
static activity, attributing all activity to the ions, 
.Y = fraction of the total concentration of the 
compound in ionic form, k = proportionality con­
stant (determined experimentally), to adjust the 
potential energy of the SO2 to experimental condi­
tions, IR, a, as defined for equation (2), (12.3 — 
IRO) = inductive effect of the ionic charge, re­
duced by the effect of / R on it, IRa2 = inductive 
effect of R on SO2 directly. 

As a first approximation, resonance and polari­
zation effects were neglected, and a was taken as 
V2.8 (the value of Branch and Calvin for a covalent 
bond); then 

log -^- = 4.04 - 0.255 IK (4) 
X C E 

Using Branch and Calvin's inductive constants 
for various radicals, it was found that 2~R was a 
linear function of the pKa values of the correspond­
ing sulfanilamides. 

From Fig. 4. 
JR = - 1 . 3 3 îST. + 13.88 (5) 

also, for any acid at pH 7 (where the in vitro tests 
were made) 

pKa = 7 - log x/(I - x) (G) 

,Substituting (5) and (6) in equation (4), we have 
log 1/CR + log k = 3.23 -I- 0.661 log x + 

0.339 log (1 - x) (7) 
at conditions of maximum activity (log 1/CR = 
max.) 

d log I/C-B. = 0.661 _ 0.339 
d* x 1 — .Y 

x = 0.661 at maximum activity 

This corresponds to a sulfanilamide derivative 
with a pKa of 6.7 as calculated by equation (6), 
and agrees very well with the experimentally 
observed maximum (Fig. 1). This pKa value of 
maximum activity is independent of the in vitro 
tests and depends only on the inductive effects of 
the R groups. 

Using the experimental maximum activity, log 
l.'CR = 6.1 =*= 0.3, k may be evaluated by substi-
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tuting log 1/CR = 6.1 and x = 0.661 in equation 
(7), and solving for k. 

The final ion activity equation is then 

log 0.001/CR = 3.23 + 0.661 log x + 0.339 log (1 - *) 
(8) 

A similar equation may be derived for the ac­
tivity of the un- ionized form 

l 0 » ( i ^ 5 - - 1 J , - 8 W (9) 

from which it can be shown that its contribution 
toward activity will be small except for very large 
pKa values. 

Combining equations (9) and (4) we may show 
that 

which means that any ion is approximately 104'86 

times more active than the corresponding mole­
cule. Now, if CR (un-ionized) = CR (ionized) 

log (1 - x)/x = 4.85 

and pKa must be 11.85 to fulfil this condition. 
At this pKa, log 2.0 should be added to log 1/CR 

from equation (7). In this-way the ion activity 
curve was corrected for the molecular activity at 
pKa's greater than 10, and the total activity 
curve drawn as shown in Fig. 4. 

The theoretical curves of Fig. 4 at pH 5 and 9 
show how the pKa of maximum activity may 
shift if the pK of the medium changes. At pK 7 
the experimental and theoretical curves are in 
very good agreement from pKa 10-5, but at 
lower pKa values the compounds are less active 
than predicted. Probably the most important 
factor contributing to this deviation is the limi­
tations in the development of the theory. As 
pointed out by Branch and Calvin, an exact equa­
tion of the type of equation (2) should contain 
summation terms for the polarization and reso­
nance, as well as the inductive effect. While po­
larization is probably a function of pKa, the re­
lationship cannot be readily established experi­
mentally. On the other hand, resonance is 
probably dependent on the specific character of 
the R group, and no general relationship between 
resonance and inductive effect can be established. 
In equation (3) polarization and resonance have 
been neglected, and therefore a is not equal to 
1/2.8 (the simple covalent bond value) unless 
these effects are small. Where R is not too elec­
tronegative (weaker acids) the value for a prob­
ably is a good approximation; however, as R be­

comes strongly electronegative, the SO2-N-R 
bonds should become more ionic, and a should be 
greater than 1/2.8. Such an increase in a would 
give better agreement between the theoretical and 
experimental curves in the low pKa range. 

This treatment also takes no account of the in­
ductive effects on the ^-amino group. The very 
acid compounds, in general, have less basic p-
amino groups. In the extreme cases there ap­
pears to be considerable "zwitterion" formation, 
as indicated in the case of sulfanilylcy an amide by 
titrations in formaldehyde solution. Any large 
variation in the character of the ^-amino group 
compared with the corresponding group in p-
aminobenzoic acid may be expected to result in a 
decrease in activity. 

IV. Relation of Structure to Activity.—The 
preceding discussion has been concerned pri­
marily with an attempt to show how both struc­
ture and activity can be related to a common de­
nominator, namely, the negative character of the 
SO2 group, and how acid dissociation constants can 
be used to evaluate the relative negativity of the 
SO2 group. Of necessity, this discussion has 
been limited largely to N^monosubstituted sul­
fanilamide derivatives, since they are the only 
active compounds on which measurements of the 
acid strength of the sulfonamide group can be 
made. Nevertheless, we believe that the prin­
ciples outlined above apply to any substance 

of the type NH2<^ \ K 0 2 R , provided its bac­
teriostatic activity is inhibited by £-aminobenzoic 
acid. If the properties of the NH2 are constant, 
the activity should depend on the relative nega­
tive character of the XO2 group. In addition to 
sulfonamides and sulfones, the type formula 
should include compounds in which X is phos­
phorus, arsenic, selenium, or other elements. 

The term "sulfanilamide type compounds," 
as used throughout this paper, is limited to de­
rivatives of the type shown above. This limi­
tation, of course, excludes N4-substituted com­
pounds; orthanilamide, metanilamide and their 
derivatives; nuclear substituted compounds; and 
substances in which the NH2 or XO2 groups are 
separated from the benzene ring by an alkyl, aryl 
or other radical. N 4-Substituted compounds 
have not been considered because it now appears 
to be generally accepted that these derivatives are 
active chemotherapeutic agents only after the 
N4-substituent has been removed by some bio-
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chemical process. First demonstrated by the 
Trefouel's and their co-workers20 for the original 
"Prontosil ," this process has since been confirmed 
many times for a number of different N4-suhstitti-
ents. 

The mode of action of sulfanilamide type com­
pounds proposed by Woods6 and Fildes8 should 
exclude all the types of compounds listed above 
on the basis of steric effects. The high degree of 
specificity of enzyme systems is well recognized. 
If the action of sulfonamides is based on the com­
petitive inhibition of an enzyme system normally 
requiring />-aminobenzoic acid, then in order to be 
effective, a compound should have a spacial con­
figuration as closely resembling tha t of the nor­
mally required substance as possible. Obviously, 
a substituted amino group no longer resembles a 
free NH2 from this standpoint.21 Similarly, or-
thanilamide and metanilamide derivatives, nu­
clear substituted compounds, and substances in 
which the groups are separated from the benzene 
ring, are much less closely related sterically to p-
aminobenzoie acid than the compounds formu­
lated above. Perhaps the most convincing ar­
gument in favor of this hypothesis is the experi­
mental evidence tha t up to the present, so far as 
we are aware, no compounds of the types excluded 
have been reported to show bacteriostatic ac­
tivity per se. In general, compounds not in­
hibited by p-aminobenzoic acid are considered to 
be outside the scope of the present theory.22 

I t should now be possible to generalize on the 
effects of various types of N'-subst i tuents on bac­
teriostatic activity, using sulfanilamide as the 
basis for comparison. Among these compounds 
all degrees of potency may be found, although 
none of them appears to be completely inactive. 
In the following discussion groups are referred to 
hydrogen which is considered as neutral. An 
electronegative substituent is one which tends to 
acquire electrons a t the expense of the group to 
which it is at tached. Such a group makes the re­
sulting sulfanilanude derivative a stronger acid. 
B)' the. same criterion, an electropositive substitu­
ent tends to donate electrons and form less acidic 
sulfonamides. 

''2O) Trefoutil, Trefouel, Nitti and liovet, Cmnpt. r^)ni. sac. blU., 
120, 756 (1935) 

:21) This effect is in contrast to an Nt-stibstituent which in most 
eases probably has very little influence on the spacial configuration of 
the SO'j group. 

(22) For example, p,t>' diarninodiphenyl sulfide has bacteriostatic 
activity, hut its mode of action evidently is quite different since it is 
iiot inhibited by /'-Hrainobenzoic acid (W. H Pelristone, persona! 
c.iimnunicat io:i'. 

Alkyl groups are slightly electropositive and 
acid weakening. Hence, their effect in the re­
gion of weak acids should be to reduce the activity 
slightly (see Table. I, nos. 'A and 5). Chain length 
should not alter the effect appreciably, as evi­
denced by the nearly constant acidities of the 
fatty acids. From a practical standpoint, of 
course, long chains may reduce solubility to a 
point where the bacteriostatic power can no 
longer be demonstrated. Introducing a strong 
electron at t ract ing radical on the a-carbon atom 
of an aliphatic acid makes the group more elec­
tronegative, while further along the chain such a 
substituent has a much smaller effect.19 Thus, 
an electronegative group (e. g., halogen) in the ex­
position of an N'-alkylsulfanilamide derivative 
should increase activity, bu t the effect in any 
other position should be relatively weak. 

A second N'-alkyl group should not exert much 
influence, since the monosubstituted compounds 
are too weakly acidic to ionize appreciably (cf. 
nos. 3 and 4). The effect of an alkyl group on 
another substi tuent such as a heterocyclic ring 
is also slightly acid weakening {cf. nos. 23, 24 and 
25). For the purposes of this discussion, satu­
rated rings (carbocyclic or heterocyclic) would be 
classified as alkyl substituents. Similarly, from 
the standpoint of their slightly electropositive 
character, aromatic or heterocyclic groups sepa­
rated from the N '-nitrogen by one or more methyl­
ene radicals should be considered as substituted 
alkyl groups (e. g., no. 14). 

Aromatic rings are slightly electronegative. 
Consequently, the activity of these derivatives, 
in general, should be somewhat greater than tha t 
of sulfanilamide, because they are relatively 
stronger acids. Moreover, since the electron at­
tracting power of the ring may be increased or 
decreased considerably by substituents, the N1-
aromatic substituted compounds show rather large 
variations in bacteriostatic power, As might be 
anticipated, substituents in the ortho and para 
positions exert a more pronounced influence than 
in the meta position. For example, the electro­
negative sulfonamide group in N4-sulfanilylsul-
fanilamide (no. 12) increases the activity over 
that of the unsubsti tuted phenyl, while in the 
meta position (no. 11) the effect is smaller. On 
the other hand, the electropositive amino group 
in the para position (no. lo) reduces activity. 

Heterocyclic substituents show by far the great­
est variation in electronegativity. As a result, 
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the potency of the N ̂ heterocyclic sulfanilamide 
derivative varies widely. The bacteriostatic ac­
tivity of this class of compounds increases to a 
maximum and then falls off as the acidity of the 
compounds increases (see Fig. 1). As demon­
strated in Part II above, the effect of increasing 
ionization appears to be more than counter­
balanced by a decrease in the negative character 
of the SO2 group, when the sulfonamides become 
too strongly acidic. Consequently, compounds 
such as nos. 36 and 38 are stronger acids, but less 
potent than derivatives containing two hetero-
atoms (nos. 32 and 34). Conversely, derivatives 
with only one hetero-atom are too weakly acidic, 
and again show less activity. In most cases, two 
hetero-atoms in the ring appear to promote op­
timum bacteriostatic power. Introducing sub-
stituents in the heterocyclic nucleus affects the 
activity differently, depending on the acidity of 
the unsubstituted derivative. If the compounds 
are too weakly acidic, an electronegative group 
(e. g., halogen, as in the bromopyridines, nos. 17 
and 18) increases their potency. But, an electro­
positive amino group in the pyridine ring reduces 
activity (nos. 19 and 20). On the other hand, 
when the unsubstituted N ̂ heterocyclic deriva­
tives are too strongly acidic, the presence of an 
electron donor group increases bacteriostasis (no. 
39), while an electronegative group should cause 
the activity to decrease. 

The carbonic acid derivatives such as sulfanilyl-
urea (no. 41) and sulfaguanidine (no. 42) present 
interesting differences. The urea derivative is 
quite acidic, whereas sulfaguanidine is too weak 
an acid to be measured in aqueous solution. SuI-
fanilylurea is considered in the discussion of ex­
ceptions below. At first, the guanidines may also 
appear to be out of line with the theory. But, 
guanidine should be an electron donor group, 
since it is a very strong base. Consequently, this 
compound and others of the same type should fit 
somewhere beyond the minimum point on the high 
pKa side of the total activity curve of Fig. 4. 

Acyl and sulfonyl groups are strongly electro­
negative. Practically all of the sulfanilamide 
derivatives of this class are too acidic to show 
maximum bacteriostatic power. An electron 
attracting group in the a-position further reduces 
the activity (cf. nos. 44 and 45). The sulfonyl 
group, being more strongly electronegative than 
the acyl group, has an even greater tendency to 
reduce the bacteriostatic effect (cf. nos. 47 and 49). 

A second N ^substituent of any type, on a sul­
fanilamide derivative which is capable of appre­
ciable ionization, should cause a pronounced de­
crease in the activity. Introducing such a group 
completely blocks the formation of the more po­
tent ionic form, which in turn should result in a 
considerable reduction in the total activity. The 
in vitro data available in the literature appear to 
support this conclusion.4,11 

A certain number of exceptions to any theory 
relating to biological phenomena which involve 
unknown variables are to be expected. So little 
is known about the mechanism of the inhibition 
of enzyme systems, that all the factors cannot be 
evaluated with our present knowledge. Consid­
ering the large group of compounds studied, the 
exceptions are not sufficiently numerous to de­
tract from the general trend. Moreover, while 
positive exceptions (i. e., compounds more active 
than predicted) would invalidate the preceding 
discussion, negative exceptions are less discon­
certing. In Fig. 1 there is one point (a) which 
falls outside the possible limits of experimental 
error for the bacteriostatic tests. The compound 
sulfanilylurea (no. 41) is considerably more active 
during the first part of the test period than at the 
standard end-point. A plausible explanation 
for the low activity of the urea derivative is that 
it may be slowly broken down by the bacteria to 
sulfanilamide or some other less active substance. 
The fact that there is a biological mechanism for 
the breakdown of urea supports this supposition. 

There are two other compounds listed in Table 
I (nos. 6 and 31) which, although definite values 
for bacteriostatic activity were not obtained, ap­
pear to be negative exceptions to the theory. In 
the case of sulfanilylglycine (no. 6), the first acid 
constant undoubtedly represents the carboxyl 
group. The second constant, which should corre­
spond to the sulfonamide group, is too weak to be 
measured in aqueous solution. In general, it is 
possible that compounds with amino and carboxyl 
substituents may be less active than predicted. 
These substituents, in particular, may cause an 
improper orientation of the molecule in an enzyme 
system, due to their identity with the groups 
in ^-aminobenzoic acid. No adequate explana­
tion for the low activity of 4-sulfanilamido-l,2,4-
triazole (no. 31) can be given at present. Un­
doubtedly there are other exceptions in addition 
to the ones encountered in this investigation, but 
it seems possible that practically all negative ex-
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ceptions might find simple explanations if one 
could account for all the factors involved. 

V. Implications of the Proposed Theory.— 
An example il lustrates to what extent the pro­
posed theory enables one to make predictions. 
When the curve in Fig. 1 was first plotted, there 
were no compounds available with a pKa of ap­
proximately 4. Since there were fewer points on 
this side of the curve, it seemed desirable to 
strengthen the evidence by the preparation of a 
sulfonamide of this type. From the well-known 
electronegative character of the chloroacetyl 
group, it was possible to predict, before the com­
pound had been synthesized, t ha t N'-chloroacetyl-
sulfanilamide23 would have a pKa of about 4, 
and consequently a bacteriostatic activity of ap­
proximately 10 X 10 5 (cf. Table I) . 

In general, we believe tha t sufficient data are 
now available so that , without the aid of physical 
measurements, the relative electronegativity of 
any subst i tuent group can be approximated from 
its molecular structure. Thus, for the first time, 
a relationship between structure and activity is 
established which enables one to predict the bac­
teriostatic effect of any new N ^substi tuted sul­
fanilamide derivative. Furthermore, it is pos­
sible t ha t the approach used in this s tudy may 
find application to similar investigations among 
other types of chemotherapeutic agents, par­
ticularly those depending on enzyme inhibitions 
for their activity as proposed by Fildes.5 

From the biological standpoint, a number of in­
teresting implications are evident. I t should be 
possible, for instance, to show a reversal in the 
order of activity of a selected series of compounds 
with changes in pH. This effect would be pre­
dicted on the basis of the relative change in the 
proportion of ions to molecules. In going from 
a lower to a higher pH this ratio does not change 
appreciably for a strong acid, while a weaker acid 
shows an appreciable increase in the ratio of ions 
to molecules. Conversely, passing to a lower pH 
has the opposite effect on this ratio. If organ­
isms such as E. colt can be grown from pH 5-9 on 
a synthetic medium, it is possible to design an 
experiment to test this prediction. The relative 
activity of the three compounds, sulfathiadia­
zole (no. 38, pKa — 4.77), sulfathiazole (no. 34, 
pKa — 7.12) and sulfapyridine (no. 15, pKa = 
S.44), a t pH 7 is in the order sulfathiazole > sulfa-

(23) Knglish, Chappc l l , Hell ami Robl in . T H I S J O U R N A L . 64, 2.ill> 
l!)42i. 

thiadiazole = sulfapyridine (Table I) . But a t 
pH 5 the relative activities should change so tha t 
sulfathiadiazole > sulfathiazole > sulfapyridine, 
and a t pH. 9 the order should be sulfapyridine > 
sulfathiazole > sulfathiadiazole (Fig. 4). Smaller 
pH ranges probably would not be sufficient to 
overcome the rather large limits of error inherent 
in the bacteriostatic tests.24 

Perhaps the most important implication based 
on both experimental and theoretical considera­
tions is t h a t the optimum in bacteriostatic ac­
tivity of N'-subst i tuted sulfanilamide derivatives 
appears to have been reached. The maximum 
in the experimental curve, and the limitations on 
the negative character of the SO2 group imposed 
by the conflicting effects of increasing acidity, both 
point to such a conclusion. This, of course, does 
not mean tha t better chemotherapeutic agents of 
this type, from the standpoint of lower toxicity or 
differences in absorption and excretion and other 
factors of practical importance, are not possible, 
but it does suggest tha t inherently more active sul­
fanilamide derivatives are not likely to be found. 

Experimental 

Materials.—All inorganic and common organic chemicals 
were of "Analytical Reagent" grade. Aniline was freshly 
distilled from zinc dust (water white, b. p. 94-95° (25-
30 ram.)). Hydrogen gas (electrolytic, from pressure 
tanks) was further purified by passing it through an alka­
line pyrogaliol solution, dilute potassium permanganate 
and concentraled sulfuric acid. Chloranil, m. p. 298-300 °; 
«/-nitroaniline, m. p. 112-113°; p-nilroaniline, m. p. 14(5-
147°; tetrachlorohydroquinone, in. p. 234-236°; p-
toluidine, m. p. 44-45°; and triethylamine, b. p. 88-90°, 
were all obtained from Eastman Kodak Co., and further 
purified when necessary. The compounds listed in Table I 
were prepared in these Laboratories or obtained from the 
Calco Chemical Division, American Cyanamid Co. 

Apparatus.—Electromotive force (e. m. f.) measure­
ments were made with a Leeds and Northrup no. 7660 
vacuum-tube meter. Acid constants in 50% ethyl alcohol 
were measured with a Beckman (Model G) pH meter, 
employing a gla»s electrode and a saturated potassium 
chloride-calomel electrode. Hydrogen and calomel elec­
trodes were ot standard type. Measurements in acetic 
acid were made using a chloranil electrode25 and a calomel 
reference electrode. The two electrodes were connected 
by a salt bridge, fitted with ground glass joints, and con­
taining acetic acid saturated with lithium chloride.26 

Two smooth platinum inert electrodes were used for the 
chloranil part of the cell. These electrodes were flamed 
before each immersion and all readings discarded in which 
the two electrodes failed to give the same e. m. 1. 

(24) W o r k is now in progress in these Labora to r i e s to determine: 
w h e t h e r or no t such a n e x p e r i m e n t c a n be car r ied ou t . 

(2.5) Hal l and Werne r , T H I S J O U R N A L , 50, 2367 (192fe) 
2Ri HMII and Conai i t . ibid., 49, 3047 ( l ' J27) . 
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The conductance bridge was made by using a Kohl-
rausch bridge, a Leeds and Northrup no. 4750 resistance 
box, and a Freas type conductance cell. This bridge was 
balanced by amplifying the signal with a General Radio 
no. 814-A amplifier and obtaining the null point from the 
minimum observed on a General Radio no. 726-A vacuum-
tube voltmeter 

Acid Constant Determination.—The ^-subs t i tu ted 
sulfanilamide derivatives are amphoteric, since they con­
tain a basic amino, as well as the acid sulfonamido, group. 
Formaldehyde titrations indicated that all the sulfanil­
amides used in this study, except the very acidic ones, were 
in the "non-zwitterion" form. Hence, the usual weak 
acid and weak base theories could be applied without con­
sidering the other group. The acid constants were deter­
mined from the pKa values obtained from 0.05 N NaOH 
electrometric titration curves (hydrogen electrode). 
Experimentally, it was impossible to measure all the com­
pounds by this method, since some were extremely insolu­
ble in water, and, because of their high molecular weights, 
the pKa values were not significant. 

For the very insoluble sulfanilamides it was possible to 
use 50% ethanol as the solvent. I t has been shown that 
in methanol-water and ethanol-water mixtures, acid con­
stants, within each class of acids, exhibit roughly equal 
changes in any given solvent mixture.27 '28 I t was found 
that compounds in the sulfanilamide series, which were 
measurable in water, when measured in 50% ethanol gave 
a smooth curve of PKa(S1O) versus pKa^% EtOH) a s shown 
in Fig. 5. From this curve, it was possible to determine 
the acid constants, for compounds in the same series, 
from PKa(WJ0 EtOH) measurements. The alcohol values 
in Table I have all been corrected, by means of Fig. 5, so 
that they may be compared directly with the values ob­
tained in water. 

12 

10 

e 

4 

2 

/SCy 

£?STD 

f/ST 
O-'S D 

J/SP 

/SS 

2 4 6 8 10 12 
pKa(H20). 

Fig. 5.—Standardization curve for 50% ethanol titra­
tions (nos. from Table I ) : S, sulfanilamide (2); SP, 
sulfapyridine (15); ST, sulfathiazole (34); SD, sulfadi­
azine (23); STD, sulfathiadiazole (38); SCy, sulfanilyl-
cyanamide (40). 

Using these methods, it was possible to determine the 

acid constants for sulfanilamides more acid than approxi­
mately Ka = 2 X 1O-11. Titration of acids weaker than 
this did not give curves sufficiently different from a blank 
titration to be reliable. 

Base Constant Determination.—The basic groups of the 
sulfanilamides were all weak (pKb = 11-13) and the re­
sults of 0.05 N HCl titrations were not significant unless 
the compounds were quite water soluble. Sulfanilamide, 
metanilamide and ^-aminobenzoic acid were carefully 
studied by this method, using a hydrogen electrode. The 
base constants of sulfanilamide and £-aminobenzoic acid 
were also determined from conductance measurements on 
their hydrochlorides.29 These results agreed very well 
with the water titration values. I t was not possible to 
obtain the base constants of other sulfanilamides by this 
method, because of the low solubility of the free bases in 
water. 

Using an acidic solvent such as 100% acetic acid, it was 
possible to increase the basic properties of these very weak 
bases and titrate them with a very strong acid. The 
chloranil electrode, which is reversible in 100% acetic 
acid,26 was used to follow a titration of the base with 0.0835 
JV perchloric acid. Because of the low dielectric constant 
of the solvent, it was necessary to maintain a constant ionic 
strength. All the solvent had enough neutral triethyl-
ammonium perchlorate added to give an ionic strength of 
0.2.30 Employing the method of Hall31 a standardization 
curve of PKb(H2O) wsus e. m. f. of chloranil electrode, at 
the PKb(UAc) point in the titration, was made as shown at 
Fig. 6. 
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(27) Michaelis and Mizutani, Z. thysik. Ckem., 116, 135-159 
(1925). 

(28) Mizutani, ibid., 118, 318-320 (1925). 

Fig. 6.—Standardization curve for acetic acid titra­
tions (nos. from Table I ) : e. m. f. is that of a chloranil 
electrode vs. satd. calomel at pKb (HAc) point of the titra­
tion: PT, ^-toluidine; A, aniline; M, metanilamide; 
SG, sulfaguanidine (42); PA, £-aminobenzoic acid (1); 
MNA, w-nitroaniline; S, sulfanilamide (2); PNA-£-
nitroaniline; U, urea; T, theory. 

The PKb(H1Q) values for the compounds used to 
establish the points of the curve in Fig. 6 are all 

(29) Maclnnes, "The Principles of Electro-chemistry," Reinhold 
Publishing Corp., New York, N. Y., 1939. 

(30) Conant and Werner, THIS JOURNAL, 62, 4436-4450 (1930). 
(31) Hall, ibid., 52, 5115-5128 (1930). 



2916 PAUL H. BELL AND RICHARD O. ROBLIN, JR. Vol. 64 

from the literature32'33 except sulfanilamide, 
metanilamide and sulfaguanidine which were 
soluble enough to be measured in water, as out­
lined above. By means of the curve in Fig. 6, 
the Kb values in Tables I and II were obtained: 
the first Kb from the e. m. f. given when one-half 
equivalent of perchloric acid had been added and 
the second Kb when one and one-half equiva­
lents had been added. 

It should be pointed out that the second Kb ob­
tained in this manner is not a measure of the. 
group's basic character as it normally exists in a 
neutral solution, unless the stronger basic group 
VA strong enough to be ionized at pH 7. The ef­
fect of ionic charge, depending on its sign, may 
either increase or decrease the apparent basic 
properties of the group being measured. A posi­
tive ion should decrease the negative character 
and the basic strength of the group, while a nega­
tive ion should have the reverse effect. 

As pointed out above, the carboxyl group of p-
aminobenzoic acid is better than 99% ionized at 
pH. 7. The presence of the carboxyl ion may in­
crease the basicity of the p-ammo group some­
what over the value given in Table I, since this 
result was obtained in an acid medium where the 
carboxyl was not ionized. It is possible to show a 
relationship between the basic strength of sub­
stituted anilines and the acid constants of the 
N '-sulfanilamides derived from them. From 
this relationship and the second Ka of N'-/>-ear-
boxyphenylsulfanilamide (2nd pKa = 8.24, for 
the sulfonamido group para to the completely 
ionized carboxyl) it may be possible to estimate 
the basic strength of the amino para to the car­
boxyl ion. Such indirect evidence suggests that 
the carboxyl ion of />-aminobenzoic acid increases 
the para amino basicity approximately threefold 
over the value obtained when the carboxyl group 
was un-ionized. If this is true, it is evident that 
t he influence of a carboxyl ion on the base constant 
of />-aminobenzoic acid is relatively small. 

The para amino groups of the sulfanilamide de-
rivatives are the basic groups of primary interest. 
However, a number of the sulfanilamides contain 
two or more basic groups. The first Kb of Table 
I is only a true measure of the />-amino base con­
stant when that group is the strongest in the 
molecule. When there was any question as to 

(32) Urea , m-ui t roani l ine , ani l ine , a n d ^ - to lu id ine : I . a n d o l t -
Borns te in , " T a b e l l e n . " .1th ed. . 1930. 

l.'iH) jD-Nitroaniline: F a r m e r and W a r t h . J Chcm. Snc, 85, 172(1 
IVMM). 

whether or not the paraamino was the strongest 
basic group in the polybasic compounds, it was 
checked by blocking the para amino group or re­
moving it. In a large number of cases the ben-
zenesulfonamido and N4-acetyl derivatives (see 
Table II) were so much weaker bases than the 
corresponding £-amino compounds, that there 
was little doubt but that the para amino was the 
strongest basic group. 

TABLE II 

BASE CONSTANTS OF SULFONAMIDE COMPOUNDS 

Compounds'* 

2-B-pyridine 
2-A-pyridine 
2-B-pyrimidine 
2-B-4-methylpyrimidine 
2-A-4-methylpyrimidine 
l-A-l,2,4-triazole 
2-B-thiazolc 
2-B-thiadiazole 
Acetylsulfamlylguaiiidme6 

K1, X 10» 

5.0 
1.1.0 
0.14 
0.4 
0.8 
3.2 
0.04 

very weak 
26.0 

Ref. 
(Table I 

r 
d 
r 
r 
I 

3 
"/' 
r 

" B = benzeuesulfonamido; A = acetylsulfanilamido. 
'' Marshall, Bratton, White and Litchfield, Bull, Johns 
Hopkins f-Iosp., 67, 163 (1940). 

In each of these cases the £-amino was a weaker 
basic group than the /i>-amino of sulfanilamide. 
This is consistent with the corresponding acid 
constants, since any N '-substituent which is more 
electronegative than hydrogen should be acid 
strengthening and base weakening. Because 
of these facts it did not seem likely that the first 
Kb of Table I was the base constant of the de­
sired />-amino group for compounds nos. \'.\, lo, 
10, 19, 20, 22, 26, 27, 42, 4,3 and 47 (nos. from 
Table I). 

Acknowledgment.—We are greatly indebted 
to Dr. W. Harry Feinstone, Dr. Herbert Flore-
stano and Mr. Roger D. Williams for the bac­
teriostatic results reported in this paper. 

Summary 

Based on the experimental observation that the 
acid dissociation constants of N'-substituted sul­
fanilamide derivatives are related to their chemo-
therapeutic activity, a theory of the relation of 
structure to activity of these compounds is pro­
posed. 

The acid and base constants of a large number 
of sulfanilamide type compounds have been de­
termined. A plot of acid constants versus bac­
teriostatic activity, gives a smooth curve which 
passes through a maximum as the acid strength 
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increases. This correlation between acidic dis­
sociation and activity is shown to be directly asso­
ciated with the negative character of the SO2 
group. In brief, the theory may be stated as 
follows: the more negative the SO2 group of an 
N !-substituted sulfanilamide derivative, the 
greater is its bacteriostatic power. 

The inductive constants of the various N1-sub-
stituents have been evaluated. Based on this 
method, a quantitative treatment of the theory 
has been developed. The calculated value of the 
acid constant for optimum activity agreed very 
well with the experimental results. The relative 
activity of the ionic and molecular forms of the sul-

Catalysts prepared from heteropoly acids were 
first used for the partial oxidation of naphthalene 
in the vapor phase by Marisic.3 The chief prod­
ucts from this reaction were phthalic and maleic 
anhydrides together with traces of naphthoqui­
none and benzoic acid. The reader is referred to 
Marisic's paper for a discussion of other catalysts 
used in this reaction and of the reasons for inves­
tigating heteropoly acid catalysts. 

The present investigation arose from a consid­
eration of the catalyst prepared from ammonium 
phospho-vanado-tungstate,3 which gave consid­
erably higher conversions of naphthalene to 
phthalic anhydride than either vanadium pent-
oxide or tungsten oxide alone. 

In view of the fact that (1) heteropoly acid ions 
have a cage-like structure4 into which only 
groups of the right size can fit, i. e., octahedrally 
coordinated molybdenum, tungsten, and vana­
dium oxide complexes, and that (2) mixed com­
pounds of the phospho-vanado-tungstate type 
exist, it seemed desirable to attempt the prepara­
tion of mixed heteropoly acids which should vary 
in composition from 12-molybdosilicic acid to 12-
tungstosilicic acid wherein the mixed anions 
should contain both tungsten and molybdenum. 

U) Condensed from a dissertation submitted by H. T. Brown to 
the faculty of The Johns Hopkins University in partial fulfillment of 
the requirements for the degree of Doctor of Philosophy. 

(2) Present address: Standard Oil Company (Indiana), Whiting, 
Indiana. 

(3) Marisic, T H I S JOURNAL, 62, 2312 (1940). 
(4) Keggin, Proc. Roy. Soc. (London), A U i , 76 (1934). 

fonamides has also been predicted by this treat­
ment. 

Since acid constants are related to both the 
structure of the ISP-substituent and the activity 
of the derivative, an indirect correlation between 
structure and chemotherapeutic activity is estab­
lished. Knowing something about the relative 
electron attracting power of the N^substituent, 
it is possible for the first time to predict the bac­
teriostatic power of any new sulfanilamide de­
rivative of this type. A discussion of the rela­
tion of structure to activity, and a description of 
the proposed theory and its implications are given. 
STAMFORD, CONN. RECEIVED JULY 31, 1942 

It was expected that a series of catalysts prepared 
from such acids should exhibit ooactivation similar 
to that in ammonium phospho-vanado-tungstate. 

Experimental 
Preparation of the Catalysts.—The general method em­

ployed in preparing the "mixed heteropoly acids" was a 
stepwise acidification of a solution containing tungstate, 
molybdate and silicate ions in the desired proportions and 
then an ether extraction of the product. This method was 
adapted from North 's5 preparations of 12-molybdosilicic 
acid with careful attention to all of the precautions which 
he mentions. 

Catalysts were prepared from carefully purified acid 
crystals of 8-14 mesh size. These crystals were slowly 
heated in a stream of air to 400 ° and maintained at tha t 
temperature for one hour. 

Preparations of the Heteropoly Acids.—Because of the 
importance of this step in the work, detailed directions will 
be given for preparing a typical "mixed acid" while direc­
tions for the others, together with their analyses, are sum­
marized in Table I. 

6-Molybdo-6-tungsto-silicic acid was prepared by dis­
solving 12.5 g. sodium molybdate and 17.1 g. sodium tung­
state in 100 ml. of water heated to 65°. Then 5 ml. of con­
centrated hydrochloric acid was added dropwise with 
mechanical stirring, followed by 2.8 g. of sodium silicate 
solution (d. 1.375) diluted with a little water. Seventeen 
ml. of concentrated hydrochloric acid was added dropwise 
with vigorous stirring and the hot solution was filtered 
through asbestos to remove a slight precipitate of silica. 
After cooling, 22 ml. of concentrated hydrochloric acid was 
added and the clear solution was extracted with ether and 
the ether layer was purified as directed by North.6 The 

(5) North, in Booth "Inorganic Syntheses," McGraw-Hill Book 
Co., Inc., New York, N. Y., 1939, Vol. I, pp. 127-129. 
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