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ably pliable and have tensile strengths which 
average about 38,000 pounds per square inch 
(Table II). 
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Summary 

Fibers which were made from native egg albu
min by a process which involves complex forma-

The mechanism of the action of sulfanilamide 
type compounds1 as proposed by Woods2 and 
Fildes8 in which the compound competes for the 
essential metabolite ^-aminobenzoic acid seems to 
be well established and generally accepted.4 The 
nature of the competitive action between p-
aminbbenzoic acid and the sulfonamides is an im
portant factor in considering the relation between 
structure and bacteriostatic activity in these 
compounds. Some investigators6'6 have corre
lated the activity of the sulfanilamide derivatives 
with their acid dissociation constants. Others7 

have suggested that the activity is related to the 
basic dissociation constants. 

Kumler and Halverstadt8 have suggested 
that the activity of sulfanilamide compounds 
is associated with the contribution of the 
resonating form with a separation of charge 

6 
+ - = . I H 

H8N=^ V=S-N-R. 9 They showed that this 

O 
(1) In accordance with the suggestions of Green and Bielschowsky, 

Brit. J. Exptl. Path., XII l , I113 (1942) sulfanilamide type compounds 
are here considered to be those that are antagonized by ^-amino-
benzoic acid. 

(2) Woods, ibid., 11, 74 (1940). 
(3) Fildes, Lancet, SSS, I, 955 (1940). 
(4) Rubbo and Gillespie, Nature, 146, 838 (1940); Lampen and 

Peterson, THIS JOURNAL, 63, 2283 (1941); Landy and Wyeno, 
Proc. Soc. Zxptl. Biol. Med., 46, 54 (1941); Wood, J. Exptl. Med., 
7«, 369 (1942). 

(5) Schmelkes, Wyss, Marks, Ludwig and Straudskov, Proc. Soc. 
Exptl. Biol. Med., 80, 145 (1942). 

(6) Fox and Rose, ibid., 60, 142 (1942). 
(7) Tolstoouhov, Paper presented at the Buffalo meeting of the 

American Chemical Society, Sept., 1942. 
(8) Kumler and Halverstadt, T H I S JOURNAL, 6», 2182 (1941). 
(9) Whether this structure is written as above, or as 

6 
+ / = \ +1 H 

HgN=*=^ V = S — N — R is immaterial. The sulfur-oxygen 

o-

tion with detergent and drawing under steam are 
shown to be composed of parallel bundles of poly
peptide chains running parallel to the fiber axis. 
The peptide chains are shown to have the /3-
keratin configuration as is evident from the simi
lar appearance of the X-ray patterns obtained 
from the albumin fibers as compared with those 
obtained from well oriented 0-keratin. The ten
sile strength of the synthetic pure protein fiber is 
shown to be dependent upon the degree of mo
lecular orientation and reaches a value of 38,000 
pounds per square inch. 
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form makes about the same contribution in sul
fanilamide as the analogous resonating form with 
a separation of charge makes in the methyl ester 
of ^-aminobenzoic acid. The same thing holds 
true for free ^-aminobenzoic acid. 

Recently, Bell and Roblin10 have reported that 
the bacteriostatic activity of sulfanilamide type 
compounds can be correlated with the negative 
character of the SO2 group and with the acid dis
sociation constants. They present evidence to 
show that the more negative the SO2 group, the 
more active the compound. They also point out 
that the more negative the SO2 group, the more 
nearly it resembles the CO2 group in ^-amino-
benzoic acid at pK 7. At the pB. of 7 the car-
boxyl group in ^-aminobenzoic acid is over 99% 
ionized and consequently the CO2 group carries a 
negative charge. 

In this paper we present evidence, first, that a 
fundamental factor for activity is the contribution 
of the resonating form with a coplanar amino 
group; second, that the negative character of the 
SO2 group is a concomitant factor associated with 
the resonating form; third, that compounds 
which appear to be exceptions to Bell and Rob-
lin's theory or do not fall within the scope of their 
theory, can be adequately accounted for on the 
basis of resonance, and fourth, that these ideas 
in part apply to certain other bacteriostatic com
pounds including the mono-aminoacridines. 

In aniline some contribution is made to 
the structure of the molecule by the form 
H2N-<^" ~V-. If a group which has a greater 
tendency than hydrogen or carbon to accept 
a negative charge is placed in the para position, 
the contribution of such a form is greatly in-
bonds are mainly single, but they have some double-bond character. 
In this paper we have chosen to use double bonds because the separa
tion of charge associated with the resonance with which we are mainly 
concerned is then illustrated more clearly. 

(10) Bell and Roblin, THIS JOURNAL, $4, 2905 (1942). 
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creased 

H2N: 

contribution of the form 
in />-nitroaniline greatly ex

ceeds the contribution of the above form in ani
line.11 The contributions made by such a form 
with a separation of charge in any para substi
tuted aniline will be dependent on the ability of 
the para group to accept a negative charge. Fur
thermore, the negative character of the para group 
in such a compound will be in part a measure of 
the contribution made by the form with a separa
tion of charge. The SO2 group takes on the nega

tive charge in the form H2N 

If the negative charge on the SO2 group came only 
from the resonance, the contribution made by this 
resonating form would be directly related to the 
negative character of the SO2 group. However, 
some of the negative charge, or lack of it, on the 

SOj is contributed by the —N—R group. If R is 
electron repelling the electrons will be shifted 
toward the SO2. If R is electron attracting the 
hydrogen tends to ionize and part of the negative 
charge left on the nitrogen distributes itself to the 
oxygens of the SO2.

10 In the previous paper it 
has been shown from spectroscopic evidence that 

the forms H2N= =S—NH, etc., with a 

separation of charge make a greater contribution 
in the ion than do the corresponding forms 

O 

=S—NH:, etc., in the undissociated H,& 

molecule and the reason for this effect has been 
discussed. This observation indicates that any 
effect which increases the relative negative charge 
on the SO2 group will increase the contribution of 
this form with a separation of charge. Thus the 
observation that the bacteriostatic activity is as
sociated with the negative character of the SOi 
group is compatible with the idea that the activity 
is associated with the resonating form having a 
separation of charge. The negativity of the SO2 
group and the contribution of the resonating form 
with a separation of charge are concomitant fac
tors related to one another. 

The character of the amino group is also re
lated to these two factors. As the contribution 
of the resonating form with a separation of charge 
increases, the amino group is affected in three 
ways. First, the amino group has a tendency to 
become coplanar with the ring; second, it takes 

(11) Ingold, CAem. Rtvs., 15, 225(1934); Kumler and Porter, THIS 
JOUENAL, S6, 2549 (1934); Sutton, Trans, Faraday Sot., SO, 789 
(1934); Branch and Calvin, "The Theory of Organic Chemistry," 
Prentice-Hall, Inc., New York, N. Y„ 1941. 

on a plus charge, and, third, it becomes double-
bonded to carbon, resulting in a quinoidal struc
ture. There is reason for believing that it is these 
properties of the £-amino group, in the form with 
a separation of charge, that is chiefly responsible 
for the activity of sulfanilamide type compounds 
and not the negative character of the SO2 group. 

In the first place the SO2 group in sulfonamides, 
sulfones, etc., is not an active group chemically. 
It enters into almost no reactions, while an aro
matic amino group, on the other hand, is a very 
reactive group. Since the reactions of enzyme 
systems are essentially chemical, these com
pounds would be more likely to exert their in
fluence through the £-amino group rather than 
through the SO2 group. It has been stated,10 

and seems to be generally accepted, that no com
pounds are active per se that have a substituted 
£-amino group. This in itself attests to the im
portance of this group for activity. On the other 
hand, compounds with various types and sizes 
of groups substituted on the N1 nitrogen show ac
tivity. These groups are in a position where they 
might be expected to block the SO2 group if it 
were involved in some specific reaction with the 
enzyme system. Some of the most active com
pounds, such as sulfathiazole and sulfadiazine, 
are those that differ the most sterically from p-
aminobenzoic acid if one considers the environ
ment about the CO2 and SO2 groups. 

Bradbury and Jordan12 from a study of the 
electrokinetic mobility of B. coli in dilute water 
solutions of ^-aminobenzoic acid, aniline hydro
chloride, benzene sulfonamide, metanilamide, sul
fanilamide, sulfapyridine, sulfathiazole and re
lated compounds deduce that the sulfonamide 
group has no effect on the bacterial surface, since 
with benzenesulfonamide there is no change of 
mobility with time. The amino group on the 
other hand has a marked effect, the mobility in 
the case of aniline hydrochloride falling to 75% 
of its original value in four hours. Inactive 
metanilamide behaves like aniline hydrochloride. 
The active compounds, however, such as sulfanil
amide, sulfathiazole, etc., as well as ^-amino-
benzoic acid, show characteristic mobility-time 
curves with two well defined maxima. This evi
dence is important in that it demonstrates that 
the active bacteriostatic compounds differ from 
the inactive compounds with respect to the mo
bility of bacteria in an electric field which indi
cates a difference with respect to the action on the 
surface of the bacteria. Furthermore, it demon-

(12) Bradbury and Jordan, Biochtm. J., 36, 287 (1942). These 
authors incorrectly state, "Kumler and Halverstadt have shown that 
in £-{£-aminopbenyl)-benzenesulfonamide the contribution of the 
polar resonance form is twice as great as in sulfanilamide. . . . " 
Kumler and Halverstadt showed that the contribution of the polar 
resonance form was about half as great in £-(£-aminophenyl)-
benzenesulfonamide as in sulfanilamide. Hence, this evidence does 
not warrant the conclusion of Bradbury and Jordan that some other 
factor besides the contribution of the form with a separation of 
charge is of major importance in determining the acti vity of sulfanil
amide type compounds. 
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strates that this effect is associated with the amino 
and not with the sulfonamide group. 

The finding of Green and Bielschowsky1 that 
the bacteriostatic action of p-aminothiophenol, 
and 4(4'-diaminodiphenylsulfide is antagonized 
by £-aminobenzoic acid is also important evidence 
that the SO* group is not of major importance for 
the activity of a sulfanilamide type compound. 
Neither of these compounds contain an SOi group, 
yet they satisfy the criterion for a sulfanilamide 
type compound, i. e., they are antagonized by p-
aminobenzoic acid. 

All of the above evidence points strongly to the 
conclusion that the amino group is the functional 
part of the molecule for activity and changes in 
activity brought about by placing different R 
groups on the sulfonamide group results from the 
effect the R group has on the amino group through 
resonance and induction. One or ah of the prop
erties associated with the amino group in the 
resonating forms namely the steric factor of co-
planarity with the ring, the positive charge on the 
nitrogen, the double bond between nitrogen and 
carbon together with the quinoidal structure, may 
be essential for activity. The idea that the sul
fonamide group is significant for activity only in
sofar as it affects the amino group has been sug
gested before1* but we now have evidence to sup
port this view plus an explanation, in terms of 
known chemical phenomena, of how the effect 
comes about. 

The theory is supported by the following evi
dence. Metanilamide cannot have a resonating 
form of the type considered and, hence, shows no 
activity. Orthanilamide can have a similar form 
but the compound is inactive because a hydrogen 
bond exists between the amino group and the SO8 
group. The amino group is, therefore, substi
tuted, in a sense, and would not be expected to 
enter into reactions with enzyme or other systems 
that demand a free amino group. A similar case 
is present in the amino acridines which we will 
discuss later. The nuclear substituted sulfon
amides are inactive due to steric interference be
tween the substituents and the amino or SO: 
groups which greatly reduces the form with a 
separation of charge. If the substituents are 
ortho to the amino group they prevent the amino 
group from assuming a coplanar configuration 
which prevents an appreciable contribution from 
the resonating form. Ingram and Hampson14 

showed that a group as small as methyl gives this 
effect. The same sort of interference and reduc
tion of resonance would take place with groups 
ortho to the sulfonamide group. Since nuclear 
substituents are always ortho to either the amino 
or sulfonamide group, the presence of substituents 
in the ring would be expected to reduce greatly the 
contribution of the resonating form and, hence, 
such compounds show very little or no activity. 

(13) Shim, J. Am. Met. Assoc, IU, 1714 (1939). 
(14) lttgnai WM KiMWMB1 / . Cktrn. SK., 9 » (1939). 

Compounds in which the amino or sulfonamide 
groups are removed from the ring do not have this 
type of resonance and, hence, are inactive. 

Sulfanilylurea shows considerably less activity 
at pB. 7 than is expected by Bell and Roblin's 
theory. At this pH the compound is about 97% 
ionized so that the ion is the* species with which we 
are mainly concerned. The low activity of the 
compound results from the fact that the ion has a 
resonating form in which the negative charge 
which would normally distribute itself to the SO2 
group goes mainly to the urea oxygen 

H2N NHj 

This results in the SO2 group being less negative 
than would be expected from the Ka value of the 
compound and consequently the contribution of 
the resonating form with the coplanar amino 
group is greatly reduced. Essentially the same 
conclusion is reached if we consider the un-ionized 
molecule. Here the form 

O 5 
S-K I + H • HsN-<f >—S—N=C—NHa 

O 

places a plus charge on the N1 nitrogen which cuts 
down the contribution of the form responsible for 
the activity 

H2N: 

Sulfanilylguanidine is also anomalous in Bell 
and Roblin's theory, its activity being consider
ably greater than is predicted by its Ka value. 
This compound would normally be expected to 
have a Ka value about the same as sulfadiazine 
Ka = 3.3 X 1O-7, a compound which also has two 
nitrogen atoms in the substituted group. That 
sulfanilylguanidine has a Ka value so low it cannot 
be measured in water solution is due to the fact 
that a monosubstituted guanidine is a fairly strong 
base because of resonance and an intra-molecular 
neutralization involving a migration of hydrogen 
takes place in this molecule resulting in a nearly 
neutral compound. 

O + 

H1N- <f V-S-N—Cf 
N = / Il N N H 

H2N 
•NHj 

NH, 

The resulting compound although an extremely 
weak acid has a negative charge on the N1 nitro-
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gen. The net result with respect to the charge 
on the nitrogen is the same as if the compound 
were a much stronger acid neutralized at pB. 7. 

It is evident from the above that a prediction 
of the bacteriostatic effect of any N1 substituted 
sulfanilamide on the basis of the inductive con
stants of the substituted group or the Ka value of 
the compound will fail whenever the substituent 
group causes a major contribution from a resonat
ing form of the ion that can accept the negative 
charge from the N1 nitrogen (sulfanilylurea) or if 
the substituent group has a resonating form that 
places a charge on the N1 nitrogen (sulfanilyl-
guanidine). 

The low activity of 3-sulfanilamide-l,2,4-tria-
zole can also be accounted for by this effect. In 
this case the contribution of the forms 

H2N-

H1N-

N - C H 

N = C H 

in the ion reduces the negative charge on the SO2 
group decreasing the contribution of the resonat
ing forms with the coplanar amino group. 

The abnormally low activity of 4-sulfanilamide 
1,2,4-triazole probably results from two effects. 
The resonating forms 

H 5 N 

H2N-

which make an appreciable contribution in this 
molecule, have a plus charge on the ring nitrogen 
to which the rest of the molecule is attached. 
This plus charge, which is partly responsible for 
the compound being a fairly strong acid, tends to 
hold the negative charge in the ion on the N1 ni
trogen thus preventing it from migrating to the 
SO2 group. It is likely that a weak hydrogen 
bond exists in this compound between a hydrogen 
on the ring and an SO2 oxygen. This bond would 
decrease the negative charge on the SO2 and re
duce the activity of the compound. 

The presence of a much stronger hydrogen bond 
accounts for the abnormally low activity of sul-
fanilylhydrazine 

O 

H2N-

This compound is about as strong an acid as sul
fanilamide, but is considerably less active.148 

Shepherd, Bratton and Blanchard16 recently 
showed that the ring N methyl derivatives of sul-
fapyridine and sulfathiazole have about the same 
activity as the parent compounds while the N1 

methyl derivatives are practically inactive. The 
inductive constants of the substituent groups are 
totally incapable of accounting for the activity of 
these compounds. On this basis the N 1 methyl 
compound would be more active than the ring 
methyl compound while it actually shows no ac
tivity. On the basis of our theory, however, the 
activity of these compounds can be adequately 
accounted for. In the ring N methyl compound 
there is a large contribution from the form 

H2N-

/ ' 

N - ^ N 
CH, 

which places a negative charge on the N1 nitrogen. 
As we have previously stated, this increases the 
contribution of the form with the coplanar amino 
group. On the other hand the N1 methyl com
pound has a contribution from the resonating form 

O CH, 

H 2 N 

which places a plus charge on the N1 nitrogen re
ducing the contribution of the form with the co
planar ; mino group, thus making the compound 
virtually inactive. The corresponding forms in 
the case of the sulfathiazole compounds are 

CH, 

O CH, 
and 

The activity of such non-acidic compounds as 
the ring N-methylsulfapyridine, the ring N-
methylsulfathiazole and sulfanilylguanidine 
clearly demonstrates that the negative ion is not 
in itself a prerequisite for activity in sulfanilamide 
type compounds as has been concluded by some 
workers.6'6 I t just happens that the negative ion 
in a number of compounds has more contribution 
from the resonating form with separation of charge. 

£-Nitroaniline is very similar in structure to the 
anion of p-aminobenzoic acid. The dimensions 

(14a) Personal communication, R. O. Roblin, Jr. 
(15) Shepherd, Bratton and Blanchard, THIS JODHNAL, M1 2632 

(1842), 
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of the —N^ group are closer to those of the 

•Q,/ group than are those of the —S— group,1 

" \ 0 0 
also there is a large amount of resonance in p-
nitroaniline. In this connection the findings of 
Gunnison17 are of much interest. It was found 
that ^-nitroaniline was bacteriostatic against B. 
coli in concentrations of 1:4000 and that this 
activity was reversed by ^-aminobenzoic acid 
1:10,000. £-Nitroaniline is then,, by the criter
ion previously set up,1 a sulfanilamide type com
pound. That the compound does not show a 
higher order of activity may be due to the re
duction of the nitro group under the conditions 
of the test. 

A study of another series of compounds, namely, 
the monoaminoacridines reveals that their bac
teriostatic activity is also correlated with the con
tribution of the resonating form with a coplanar 
amino group. The activity of these compounds, 
however, is not reversed by ^-aminobenzoic acid.17 

Rubbo, Albert and Maxwell14 found the 3- and 9-
monoaminoacridines had marked antiseptic ac
tion, the 1- and 2-mono-aminoacridines had some 
activity and the 4-ammoacridine had very little 
activity. These authors suggest two explana
tions. One is that the basic dissociation con
stants, which were found to be in the same order, 
are responsible for the activity; the other that 
an imino structure which is present in the 3- and 9-
compounds confers the marked activity. The 3-
and 9- compounds are sufficiently strong bases, 
Kb = 1.2 X IO"6 and 3 X lO"6, so they would be 
almost entirely in the form of the ions at pVL 7. 
The ions have resonating forms which account for 
the strong basic character of the compounds 

(16) Bell and Roblin" on page 2908 give the distance between the 
oxygen atoms in an SOa group as 2.4 A. and refer to Pauling, "The 
Nature of the Chemical Bond," Cornell University Press, Ithaca, 
N. Y., 2nd. Ed., 1940. Taking the values given in this reference, 
namely, an S—O distance of 1.51 A. and an O—S—O angle of 129°, 
we calculate an O—O distance of 2.72 A. which is considerably 
greater than the O—O distance of about 2.3 in the carboxyl ion. 
The dimensions taken are C—O 1.27 =»=0.01 A., O—C—O 124° ±4° ; 
N—O 1.21 ±0.02 A., O—N—O 127° ±3°; S - O 1.51 A„ O—S—O 
129°. The S—O distance is from sulfate and would be expected to 
be nearly the same in a sulfonamide or sulfone. The angle of 129° 
is from SOs and the angle in a sulfonamide or sulfone might be ex
pected to be nearer 125°. Making the calculation, assuming an 
angle of 125°, gives an O—O distance of 2.68 A. 

(17) Janet B. Gunnison, Unpublished work, Department of Bac
teriology, Medical School, university of California. 

(18) Rubbo, Albert and Maxwell, Brit. J. Extll. PaIk., XXIII , 69 
(1942). The British system of numbering the acridine ring differs 
from the numbering appearing in this paper which is the American 
system. In the British system of numbering employed by Rubbo, 
Albert and Maxwell and by Berry," the ring is numbered as follows 

6 B 4 

+NH, 

NH2 

B = 3 X 10-» 

Kb 1.2 X 10"» 

H 

in each case one of the resonating forms has a co-
planar amino group. The 2-aminoacridine, Kb = 
1.2 X 10~9 does not have forms of this kind. 
The 1-aminoacridine, Kb = 3 X 10~9, can have 
these forms 

NH2 +NH2 

Kb = 3 X 10" 

but its low Kb and low bacteriostatic activity are 
presumably due to the fact that the ortho type 
quinoid form which is present here is considerably 
less stable than the paraquinoid forms present in 
the 3- and 9- compounds. 4-Aminoacridine has 
the possibility of a hydrogen bond and 

ÂA 

as in the case of orthanilamide this apparently 
completely inactivates the compound. 

Substitution of chlorine in the 5, 6, 7 and 8 po
sitions of 2-aminoacridines has practically no ef
fect on the bacteriostatic activity of the com
pounds.19 With the 3-aminoacridines, however, 
chlorine causes a marked lowering of activity 
when placed in the 5 or 6 position. When chlorine 
is in the 6 position the form 

-NH2 

will make some contribution to the structure of the 
ion, thus cutting down the contribution of the 
form with the coplanar amino group. When 
chlorine is in the 5 position a weak hydrogen bond 
would be formed which would tend to disrupt the 
resonance 

•NHS 

(19) Berry, Quart. J. Pharm. Pharmacol., 14, 363 (1941). 
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When 3,6-diaminoacridine is acetylated it be
comes practically inactive, thus behaving in a 
similar fashion to the acetylated sulfanilamide 
derivatives. 

I t is interesting in the case of the 3- and 9-
monoaminoacridines that the active compound is 
a fairly strong base, Kb = 1O-6, and the active 
form is the cation. When the mono N1 substi
tuted sulfanilamides the most active compounds 
have Ka's of approximately 1O-6 and the active 
form is the anion. The ring N-methylsulfapyri-
dine and sulfathiazole, however, are nearly neu
tral molecules and have activities about equal to 
the parent compounds. The one thing that all of 
these have in common is a large contribution from 
resonating forms with coplanar amino groups and 
either a separation of charge or different positions 
that a charge can occupy. This appears to be 
the fundamental property responsible for the ac
tivity. Whether the active species is acidic, basic 
or neutral, an anion, cation or neutral molecule 
appears to be an incidental property as far as the 
bacteriostatic activity of these compounds is con
cerned. The important thing is whether the com
pounds have large contributions from resonating 
forms with coplanar amino groups. This sug
gests that in looking for new bacteriostatic agents 
one should investigate compounds expected to 
have large amounts of resonance producing co
planar amino groups. 

Bell and Roblin10 have explained the maximum 
in the curve relating pKa to bacteriostatic ac
tivity by attributing the downward trend at low 
pKa values to the lack of a proportionate increase 
in the number of ions, for further increases in acid 
strength, so the added electron attracting power of 
the R in decreasing the negative character of the 
SO2 group, is the predominant effect. This effect 
as the authors themselves point out is not of 
sufficient magnitude to account for the observed 
downward trend at low pKa values. We are 
inclined to believe that this effect is even less than 
they have assumed in the theoretical curve given 
in their Fig. 4. The evidence of Shepherd, Brat-
ton and Blanchard16 that the ring N-methyl de
rivatives of sulfapyridine and sulfathiazole have 
about the same activity as sulfapyridine and sul
fathiazole, while the N ̂ methyl compounds are 
practically inactive, also casts serious doubt that 
the explanation of Bell and Roblin for the de
crease in the activity vs. pKa curve at high pKa 
values is adequate. 

An alternative explanation for the shape of this 
curve is as follows. There are at least two reac
tions involved in the activity of the bacteriostatic 
agents under discussion. One form of the mole
cule may be much more suitable for one of these 
reactions than is the other form and vice versa. 
Such a situation is, of course, sufficient to account 
for a maximum or minimum in an activity curve. 
Specifically, in the case of the sulfanilamide de
rivatives with one R group on the N1 nitrogen, it 

might be suggested that the ion is much more ef
fective for one of the reactions while the undis-
sociated molecule is much more effective for the 
other reaction. Hence, for the maximum activity 
one must have a particular ratio of ions to un-
dissociated molecules. This need not be a 50-50 
ratio but could be almost any ratio depending on 
the relative rates of the two reactions involved. 

There is a large amount of evidence in the litera
ture indicating that with organic molecules it is the 
undissociated molecule and not the ion that is re
sponsible for the passage of the compound through 
membranes.20'21'22'28 Since the sulfonamides ap
parently act by competing with ^-aminobenzoic 
acid for an essential enzyme system and since 
considerable evidence points to the enzymes in 
some cases being inside the cells, it seems reason
able that some of the undissociated sulfonamide 
may have to be present to get the compound to 
where it can act on the enzyme. After it gets 
there the ions may be the form that is responsible 
for activity by competing with the ^-aminoben-
zoic acid for the essential enzyme system. 

With the ring N-sulfathiazole and sulfapyridine 
compounds the neutral molecules perform both 
functions because they not only get to the site of 
action, but they are active when they get there 
due to the resonances which place a negative 
charge on the N1 nitrogen. 

In this connection, the paper by Lwoff, Nitti, 
Tr6fouel and Hamon24 is of interest for they pre
sent evidence that with £-aminobenzoic acid it
self, it is the undissociated molecule only that 
goes through cells. 

The idea that both the ion and the undissociated 
molecule must be present for maximum physio
logical activity of some compounds may very 
likely be the reason so many physiologically ac
tive agents are either weak acids or bases or salts 
of weak acids or bases. Furthermore, this idea 
supplies a simple logical explanation for the fact 
that the physiological activity of different types 
of agents such as local anesthetics and bacterio
static compounds, is a function of dissociation 
constants of the compounds for any given series 
within each particular class. 

Summary 
1. A fundamental factor for activity of sul

fanilamide type compounds appears to be the con
tribution of the resonating form with a coplanar 
amino group. 

2. The negative character of the SO2 group is a 
concomitant factor associated with this resonat
ing form. 

3. The activity of compounds which appear to 
(20) Hoskins, Rilgordia, IS, 307 (1940). 
(21) Alexandrov, Biol. Zhur., S, 490 (1934). 
(22) Clowes and Keltch, Proc. Soc. Exptl. Biol. Med., it, 312 

(1931). 
(23) Ellison and Richardson, J. Cell Comf. Physiol, 11, 377 (1938). 
(24) Lwoff, Nitti, Tr^fouel and Hamon, Ann. inst. Pasteur, 6T, 19 

(1941); C. A., 36; 7144 (1942). 
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be exceptions to Bell and Roblin's theory such as 
sulfanilylurea, sulfanilylguanidine and sulfanil
amide-!,2,4-triazole, or compounds which do not 
fall within the scope of their theory such as the 
sulfones and the ring N-methyl and N'-methyl-
sulfapyridine and sulfathiazole compounds can be 
adequately accounted for on the basis of this 
resonance theory. 

4. These ideas appear to apply to other bac
teriostatic compounds including the monoamino-
acridines. 

5. Whether the active species is an anion, cat
ion or neutral molecule appears to be an incidental 
property as far as bacteriostatic activity of these 

Participation of a neighboring group in re
placement reactions of the so-called SNI type has 
been demonstrated in a number of cases.1 On 
the qualitative side, we have been studying the 
generality2 of this participation with respect to 
variations in the nature of both the group and the 
rest of the reacting molecule. Any findings are 
not only of immediate interest but may prove 
equally useful in connection with other processes, 
for example, certain addition reactions. In the 
course of this work, most of which has been inter
rupted for the present, we studied the steric 
result of some reactions in the presence of a neigh
boring methoxyl group. These reactions involved 
the action of silver acetate in acetic acid on the 
threo- and «ry^w-2-bromo-3-methoxybutanes II 
and VII and <ra»s-l-bromo-2-methoxycyclohex-
ane XII. 

The diastereomeric 2-bromo-3-methoxybutanes 
were prepared by the addition of the elements of 
methyl hypobromite to the known cis- and trans-
2-butenes31 and VI. Acetbromamide in methyl 
alcohol4 was used. It seems safe to assume trans-
addition6 to the double bond in assigning con
figurations to the 2-bromo-3-methoxybutanes. 

Diastereomeric 2-acetoxy-3-methoxybutanes 
III and VIII were prepared by acetylation of the 
corresponding 3-methoxy-2-butanols IV and IX. 
The latter were prepared by the reaction of the 

(1) Winstein, Hess and Buckles, T H I S JOURNAL, 6*, 2796 (1942). 
(2) Winstein and Buckles, ibid., 64, 2780 (1942). 
(3) Young, Dillon and Lucas, ibid., 51, 2528(1929); (b) Brockway 

and Cross, ibid., 58, 2407 (1936); (c) Kistiakowsky, el al., ibid., 57, 
876 (1935). 

(4) Schmidt, KniIIing and Ascherl, Bcr., 5»B, 1280 (1926). 
(5) (a) Michael, / . prakl. Chem. 62, 344 (1895); (b) Terry and 

Eichelberger, THIS JOURNAL, 47, 1067 (1925); (c) Bartlett and Tar-
bell, ibid., 58, 486 (1936); (d) Roberts and Kimball, ibid., 6*. 947 
(1937); (e) Winstein and Lucas, ibid., 61,1576(1939); (f)Lucasand 
Gould, ibid., 64, 601 (1942). 

compounds is concerned. The important factor 
is the contribution of the resonating form. 

6. I t is proposed that the reason for the maxi
mum in the activity vs. pKa curve for the N1 

mono-substituted sulfanilamides is that in these 
compounds neutral molecules are more effective 
in getting the agent to the site of action and once 
it gets there, the ion then interferes with essential 
metabolic processes resulting in bacteriostasis. 
It is suggested that this is also the reason the ac
tivities "of various other types of bacteriostatic 
agents and local anesthetics are correlated with 
their acidic or basic dissociation constants. 
SAN FRANCISCO, CALIFORNIA RECEIVED JUNE 29, 1943 

known6 cis- and 2ra«j-2,3-epoxybutanes V and X 
with methyl alcohol. Analogy with the reactions 
of oxides with water,6* ̂ * acetic acid7b and malonic 
ester7c warrants the assumption of /rows-opening 
of the oxide ring by methyl alcohol. 

The cyclohexene derivatives, JraMS-l-bromo-2-
methoxycyclohexane XII and 2rans-2-methoxy-
cyclohexanol XIV (acetate XIII) were prepared 
from cyclohexene XI and cyclohexene oxide XV, 
respectively. Configurations were assigned as 
in the case of the butene derivatives. 

Comparison of the reaction products from the 
methoxybromides with the known compounds is 
shown in Table I. Except for the preliminary 

TABLE I 
COMPARISON OF REACTION PRODUCTS 

Compound 
3-Methoxy-2-butanol from 

eryiAro-bromide 
Known erythro-3-methoxy-

2-butanol 
3-Methoxy-2-butanol from 

'fcrtfo-bromide 
Known f Ar*o-3-methoxy-2-

butanol 
2-Methoxycyclohexyl ace

tate from bromide 
Known fr<xH5-2-methoxy-

cyclohexyl acetate 
2-Methoxycyclohexanol 

from bromide 
Known frani-2-methoxy-

cyclohexanol 

COMPOUNDS 

B. 1 0C. 

131.4-131.5 

132.3-132.5 

126.5-126.6 

126.4-126.5 

87 - 89 

87 .5 - 88.0 

72 .8- 73.3 

72 .5 - 73.2 

p. 
Mm. 

746 

748 

746 

752 

10 

10 

10 

10 

WITH KNOWN 

B » D 

1.4105 

1.4107 

1.4076 

1.4074 

1.4437 

1.4440 

1.4586 

1.4586 

M. p. of 
deriva

tive, 0C. 

108-110" 

111-112° 

82- 84« 

84- 85" 

101-102'' 

101-1026 

(6) (a) Wilson and Lucas, ibid., 58, 2396 (1936); (b) Brockway 
and Cross, ibid.. 6«, 1147 (1937). 

(7) (a) BOeseken, Rte. Irav. Mm., 47,883 (1928); (b) Winstein and 
Lucas, Tm* JOURNAL, 61, 1581 (1939); (c) Grigsby, Hind, Chanley 
and Wcatheitncr, ibid., 64, 2806 (1942). 
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