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THE ISHIBITORY ACTIVITY OF DERIVATIVES
OF SALICYLARIDE AGAIN ST TIWO SPECIES OF DERMATOPHRYTES

IRTRODUCTION

The study of a chemical compound that will inhibit
the living processes of sny pathogenie organism may serve
a two-fold purpose, Investigation of the mechanism by
which the aww;m inhibits the orgmism may shed new
light on certain metabolic sctivities of the latter.
Secondly, the possibility that the compound might have
therapeutic value in the treatment of disease must also
be considered, |

The need for the study of new inhibitory compound:

against the dermatophytes has become increasingly appar-
ent. The more common snd most widely used inhibitory
agents againast this group of fungl, propionic and unde~-
cylenic aclds, undecylenates, salieylanilide and 5
chlorosalieylanilide, and salicylates, have not proven
completely satisfactory in the treatment of dermatophytoe-
sls and have shed l1little light on the complex metabolie
activities of these organisms.

In view of the fact that salicylates have long been
prominent in the trestment of fungus infections and other
diseases of the skin, it seemed worthwhile to examine the



inhibitory activity of a new group of salicylate deriva-
tives ageinst the dermatophytes.



HISTORICAL REVIEW

The dermatophytes (3, pp.500-598) are a closely re-
lated group of pathogenic fungl characterized by their
ability to infect the keratinized areas of the body such
as the skin, hair and nalls. These organisms do not proe-
duce systemic infeetions and very rarely infect the sube
cutaneous tissues. The more common infections produced
by these organisms are Athlete's foot (tinea pedis), in-
fection of the nails (tinea unguium), infection of the
glabrous skin of the body (tinea glabrosa) and ringworm
of the scalp (tinea capitis). This group of fungl is
composed of 3 genera, Microsporum, Irichophyton and Epi-
dermophyton. |

Salicylates (5, p.9?) are organic chemical compounds
derived from orthohydroxy benzoie acid., Most of the
salicylates used for therapeutie purposes are formed by
substitution on the earboxyl graup'. but the most widely
used sallicylate, acetylsalicylic acid, has the acetyl
grouping substituted on the hydroxyl group.

The naturally occurring salicylates are widely dis-
tributed among various plants. These naturally cecurring
salicylates (5, pp.l1-9) such as salicin and methyl sali-
cylate were used as remedies in ancient times. Hip-

pocrates used the julce of the willow tree in the treatment



of infections of the eyes and the leaves sodden in vinegar
as a cataplasm for gout.

The modern history of salicylates began in 1874,
when Kolbe and Lautmenn (5, p.5) developed a procedure to
produce synthetic salicylic acid, This was the ground-
work which led to the utilization of salicylic acid and
its meny derivatives. The uses of these compounds in
medicine have been numerous and the literature dealing
with the therapeutic values of salicylates is voluminous.
Extensive work has been done on the analgesic activity of
the drugs, the treatment of rheumatic and skin diseases
and the antipyretic properties of these compounds.

The use of salicylic aclid in the treatment of derma-
titis was established as early as 1888 (5, p.260) as re-
ported by Helitzmann in "The value of salleylic acid in
dermatology”. MeMurtry in 1913 (7, p.166) reported that
salicylic acid possessed a wider range of usefulness than
any therapeutic agent at the disposal of the dermatoloe-
glst. |

In the treatment of dermatitis, the action of salie
eylie acld is largely limited to its effect on the patho-
logical tissue (7, psl68)s In a 3 per cent or greater
concentration, the acid is highly keratolytic as well as
antiseptic. The action of this agent upon the horny
layer of the epldermis is of immense value in cleaning



and preparing the area for local medication by the sali-
eylie aclid present or other therspeutic agents.

Binz (7, pp.168-169) reported that salicyliec acid
was an active poison for many types of protein amd cone
sidered it a powerful parasiticide. In recent years the
compound has been looked upon as a poor antiseptic agent
and to some extent has been replaced by salicylate de~
rivatives and other compounds.

Salieylanilide has become prominent as a commercial
fungicide as well as a chemotherapeutic agent for derma~-
tophytosis. Leonard and Pittman (6, pp.2338-.2341) in-
corporated approximately 100 toxie agents into varnish
and lacquer vehicles and tested the fungistatic properties
of these compounds by natural exposure of the vehicles in
a Penama jungle, Salicylanilide was found to possess
good fungistatic properties, second only to ortho-hydroxy
phenyl mercuric chloride.

Wade (12, p.266) reported that "Shirlan AG" (sali-
cylanilide) was effective in the prevention of "brown
rot" of apricots caused by the fungus Seclerotinis fructi-
eola.

Topical application of S5echlorosalicylanilide (8, p.
160) in a carbowax base produces a high per cent of cures
in tinea capitis (ringworm of the scalp). A 5 per cent

econcentration of the compound in the ointment base was



more effective than 12 other compounds tested.

Antimierobial agents may be general or specifie in
their action. (8, p.€48; 10, pp.257-263)s The general
group of entimierobial agents are so-~called protoplesmic
polsons and are toxic to a wide range of organisms, This
group of compounds is composed mainly of sclds, alkalies,
salts, metallic and organometallic substences, inorganlie
ions, halogens, oxidizing agents, phenols, dyes, surface
active agmﬁa, aleohols and other orgenic solvents. These

smpounda are none-specifie in theilr actim,
The specific sntimieroblisl agents are toxic to a

limited number of orgemisms due to an interference with a
physicochemical or metabolic mechanism whieh is peculiar
to the susceptible organism.

"The manifestation of biological sctivity by a drug
is a process which procecds through various stages from
the point of application of the drug to the final site of
the chemical event which is the immediate cause of the
desired effect” (10, p.59), These stages may involve the
phenomenon of membrane passsge, diffusion or transfer
from the aqueous to the lipoid phase, In some instances
1t may be that only one step is significant. If this is
8 physicochemical step then a correlation can be observed
between the blologleal nﬁivﬂ.ty and the physicochemical
property concemed, These circumstances have given rise



to a number of empirical rules or hypotheses econnecting
physical properties and bilologlesl ametivity. In so far
as it is known how the chemlcal strusture affects the
physieal property, 1t iz possible to correlate chemical
constitution with blologleal activity.

The physical and chemical properties of a compound
are determined by the nmumber, kind and arrengement of the
atoms within the molecule (13, p.d4). It is not posaible
to make clear and precise distinetions betwesn chemical
and physical properties; however, the physiecel properties
shown by a compound may determine the extent of absorpe-
tion and concentration at the site of action and can have
a significant relation to the observed blologie effect.



MATERIALS AND METHODS

ompounds Studlied. The salieylamide derivatives

used in thies study wers provided through the eourtesy of
Cutter Laboratories, Berkeley, Callfomia and were syne
thesized by Sayhun Laboratories, Santa Barbars, Calle
fornia, The majority of these are new compounds,

Salieylic necid, salicylamide and sodium undecylenate
were used for cmwa‘biw purposes, these belng known
amti-fungal agents,

The chemical data on these compounds provided by
Sayhun Laboratories appear on pages 21 through 25,

iipment. In addition to standard bacteriologleal

laboretory equipment and sterile laboratory glassware,
100 ml screw cep contalners, previously rinsed with dise
tilled water were employed. These were sterilized by
autoclaving end dried in an eleectric oven.

A 300 ml calibrated urinary irrigation eylinder was
used as & dispensing burette. The accuracy of the cyline
der was found to be within 2 2 per cent when 40 ml vole

umes were dlspensed,

Hedium. Saboursud agar, used in the inhibition
studies, and Sabouraud liguid medium, used in shake flask
cultures, were prepered in 1 to ¢ liter quentities. The
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pH was adjusted st 5.9 to 6.,0. The agar was then dispewed
in 100 »l quantities into 250 Erlenmeyer flasks which were
plugged with eotton. After sutoelaving at 1209C for 20
minutes the pH was sgain determined. The desired pH after
sterilization was 5.5 to 8,7, If the pH was not within
this range the media was discarded.

Stock Solutions : The relative
solubllity of each compound in isopropyl alecohol, propy-
lene glycol snd acetone was roughly determined by mamg)
an estimated 10 to 20 ng portion of each compound to 1 ml
of each @f the & solvents., In some cases heating In a
bolling water bath and shaking vigorously by hand were

required to faecilitate solution. If a compov

nd was solu-
ble to this extent in all 3 solvents, isopropyl aleohol
was the solvent of cholce., Acetone was the second cholce
and propylene glycol the third choice solvent.

The nmemﬁrﬂa& stock solution of each compound was
prepared by sccurately weighing 160 mg in a 5 ml volumet.
ric flask and diluting to volume with the selected sole
vent. In some cases, due to solubllity limitations, 80
mg samples were used. These gave concentrated stock
solutions of 352 end 16 mg per ml respectively., These
solutions were stored in pyrex tubes and stoppered with
tight fitting rubber stoppers te prevent evaporation,



phytes (NIH strain §98), obtained from the American Type
Culture Collection, and Mierosporum sudouini, isclated
and identified by the Califomis Publie Health Service
Laboratory, were maintained on Sabouraud ager slants in
a 289C incuvator. The cultures were transfered at fre-
guent intervals, not greater than 30 days in any case.
Ten to 14 day old sultures were used for inoculating pure
- poses. At this age they showed abundant conidiospore

formation,

phytes. 7The method used in tﬁﬁhﬁﬂg the inhibitory sctive
ity of these slightly water soluble compounds was teken
from the method desoribed by Golden snd Oster (9, p.288)
for testing the funglstatic sctivity of slecochol soluble
compounds .

Serisl twoefold dilutions of each stock solution were
prepered in sterile screw cap tubes using the proper sole
vent. Twoetenths ml of esach dilution was then added to a
sterile 100 ml screw cap contalner. Forty ml of mel ted
Sabouraud sger was added to each container and the cone
tents thoroughly mixed by lateral rotation. This resulted
in a further 200 fold dllution of the compound. The
medium in each contalner was then distributed equally bee
tween 2 sterile petri dishes. The medium was allowed to
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harden and each plate was inoculated with spores from a
10 to 14 day old culture of Trichophyton mentagrophytes
by mesns of a wire loop, The inoculum was then spread
over the surface of the medium with a sterile glass rod.
Duplicate ecntrol plates of Saboursud agar and Sabouraud
ager containing 0.2 ml of the solvent in 40 ml of medium
were prepared and inoculated In the same marmer.

The plates were then incubated at 289C and observa-
tions made after 7 and 14 days of incubation. The point
where growth ceased completely and the point where cone
fluent growth ceased but a few colonies appeared were
noted, The number of colonies were noted in the second
case. The degree of eanfluent growth was also recorded.

The stock solutions and the serial two-fold dilutions
of each compound were prepared so as to give the desired
final concentrations in the medium in terms of mierograms
per ml. In some cases, concentrations greater than 160
micrograms per ml were desired., The mmount of stock
solution added to the medium was then increased from 0.2
ml to O0s4 ml or 0.8 ml, the latter glving a final concene
tration of 640 mierograms per ml in ’isha medium, the
highest conecentration of any compound tested. Whemever
the solvent content in the medium was increased the

proper control plates were prepared.



In the initial testing of each compound, a wide
range of concentrations was generally employed to deter-
mine approximately the end ﬁoint of activity of the com=-
pound. Once this point of activity was determined, a
narrower range of concentrations was used in the final
testing. In the initial testing, the range of concentra-
tions used in the medium was dependent on the concentra-
tion of the stock solution, The highest concentration in
the medium was usually 80 or 160 micrograms per ml and 3
or more two fold dilutions of this highest concentration
were tested.

On the basis of the fungls tatic tests, the compounds
were arranged in order of decreasing activity in Table 5C.

In ecolumn 1 the compounds are arranged on a weight
basis. In column 2 they are arranged on a molarity basis.

It 1s to be noted that no significant differences in
the order of activity of the compounds is revealed when
they are arranged on a molarity basis. The first 7 com=-
pounds on the latter basis are exactly the same as the 7

most active compounds on a weight basis.

Inhibition Studies Against Trichophyton Mentagro-

phytes in the Presence of Protein. The most active
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compounds, those showing inhibitory activity against the
organism at 20 micrograms per ml or less in Sabouraud
medium after 14 days incubationl, were retested in the
presence of 10 per cent citrated humen plasma as a source
of protein. The procedure here was principally the same
as that used in the inhibition studies in Saboursud agar
only. In place of 40 ml of melted Sabouraud agar, 36 ml
was added to 0.2 ml of each serial two-~fold dilution of
the compound and cooled to about 50°9C, Four ml of the
plasma was then added to each contalner snd mixed by late
eral rotation. The mixture was then equally distributed
between 2 sterile petrl dishes and allowed to harden.

The proper contreol plates using the plasma only and the
plasma plus the solvent were prepared, The plates were
inoculated, incubated and observations made as previously

described under "Inhibition studies against Trichophytom
mentagrophytes".

Inhibition Studles Ageinst Micerosporum Audouini.
The most sctive compounds were tested against Mierosporum

audouini in the manner described for testing the sctivity

i Two exceptioms, S5-iodo-3-phenylsalicylamide + Ne(4e
aminophenyl)~3-phenyl-salicylamide, HC1l, showed signifi-
cant inhibition after 7 days but did not inhibit con-
fluent growth after 14 days incubation.
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W ,@_ the MHedium. Serial two-fold dilutions of
sach compound corresponding to the concentrations used in
the inhibition studies ageinet the orgeanisms were prepmred
in 10 ml of melted Saboursuéd sgur end placed in a 50OC
water baths The optical denslty of eech dilution was
determined in & Beckman spectrophotometer at 2 wave
length of 600 millimierons. In this wey the minimum con-
centration of esch compound sausing sn increase in the
turbidity of the medium was determined., It was tasﬁmm&
that any quantity of enj ocompound in excess of this
coneentration was not in true solution, bmt was eiﬁhmr

in eolleldal form or in the rmm M‘ m&wwwie
gates. | |
| Each dilution of the compound in the medium wes
poured in a petri dish and sllowed to harden., The plates
wore amwﬁa fmmediately and after several days Incuba~
tion by direct visual and microscople exemination for the
presence of sggregates within the ﬁ&i%

In eddition, each dilution of the compound in the

scoplic aggregates immedlately before the plates were
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inoculated with the orgenism. The plates were agailn ob=
served after 7 days of incubation. Contrel plates cone
taining Sebouraud sger plus the selvent were used as a
basls of comparison.

Leidal Activity of the Most Active Compounds
Attempts were made by verious methods to determine the

Mgmmux activity of the most sctive compounds against
riechop on mentagropk rteg. The method desoribed here

was the only one ylelding any satisfactory date.

The concentration of the compound showing the greate
est degree of inhibitory setivity or the minimum concenw
tration glving complete inhibition in Saboursud agar was
prepared in sterile distilled water by the addition &i’
the aleoholle stock solution. |

The myaéliax inoculum was prepared by incculating a
flask of liquid Saboursud medium with spores from a 10 to
14 day 0ld culture of the orgenism and incubating on a
mechanical shaker at 28° to 320C for 4 days. The mycelial
suspens ion was then transferred to a graduated centrifuge
tube and sedimented at high speed in the centrifuge and
the supernatant removed, The myceliur was diluted with
8 sterile ,016 ¥ phosphate buffer at pi 7 to a concentra-
tien of & to 10 per cent by volume. The suspension was
then added to a sterile waring blender container and
blended at high speed for 3 minutes. The number of viable
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mycelial fragmwents per ml was roughly determined by plate
ing 1 ml volumes of a 11100, 111,000 and 1:10,000 dilu-
tion in Saboursud sgar. Colony counts were made on each
plate after 6 days incubation at 289C,

One ml of the mycelial suspension was added to a 99
ml volume of the dilute water solution of each compound
and the suspenziong were well mixed, Sub-cultures were
prepared after 8 days incuwbetion at 289C in one case and
after 1, 5, 8 and & days in the second experiment by
plating 0.1 ml of each dilution in 20 ml of Ssbouraud
sgar. Colony counts were nmade after & daye incubation
at 289C, Those plates showlng no growth after 5 days in-
cubation were held for 14 days besfore discarding. The
amount of each compound cerried over in plating each
water dilution was not sufficient to produce inhibitory
levels in any case.

¥icroscoplc observation of wet mount preparations
of the 4 day shake flask cultures showed no evidence of
sporulation.

il ¥ anbibl tion by B =5 ! iey
mide. A preliminary study of the mechanlsm by which Ne
butyl-Sephenylsalicylamide inhibited the growth of Tpie

It has been
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reported® that this compound possessed fluorescent prop=
erties when observed under a long wave ultra violet ligat.
This was conf{irmed 1u these studles. When the compound
was present ai a concentration of 20 micrograms per ml or
more in an aqueous or alecohollie solution definite fluor«
escence was observed.

The affinity of the compound for the organlsm was
demonstrated by the ability of the organism to adsorbd
goall quantities of the compound., A concentration of 5
micrograms per wl of the compound was prepored in 10 ml
of distilled water by addition of the alecholic stoek
solution. & 10 ml water blank containing only the sol-
vent was also prepered, | Neither solution showed any evie
dence of fluorescence under the ultrs violet light, A
small clump of growth from a 14 day old culture of Iri-

rytes was added to sach solution end

allowed to stand for 24 hours. Each clump of orgenisms
was removed and observed under the ultra violet light.
The orgenlems from the solution econtaining the compound
showed intense fluorescence while the organisms from the
solvent control blank showed no evidence of fluorescences

A Sabouraud asgar plate contalning 10 mierograms per

2 g, B, MelLean, Clinicel Research Director, Cutter
Leboratories. FPersonal communication.
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d and a control plate of the medium cone

taining no compound were prepared and observed for fluops
under the ultra violet light. Agar plugs were

removed from a 14 day old culture of Trichophyton mentag~

escence

88 with a cork borer. An ager plug was inverted

on the surface of each plate, the organisms being in cone
tact with the surface of the asgar. After 1 hour the
snder the

plugs were removed from the plates snd observed
ultre violet light,
Agar plugs from B day oléd cultures of Penicllllium

Plugs cut {rom rolled cotton were trested in the sume

manner as agar pluges of the orgenisms. These were placed

in a large petri dish
ultra violet light.

The inhibltory activity of lebutyl-3-phenylsalieyla~
mide was determined agesinst each organism at & concentras
tion of B0 and 160 miorogrems per 2l as desoribed under
*’M’aiﬁim studies against Trighophyton

and observed under z«m long wave

BQ E! a; M Eﬁ!gt m A“ ‘ b B om0
Hebutyled-phenylsaliceylanide on the respivetion of the

mycelium of Trighophyt yteg was determined in
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the Warburg respirometer. The procedure used here was
 taken in part from the method desecribed by Bentley (1,
P.565).

Mycelial cul tures were prepared by inoculating Sabe
oursud liquid medium with spores from a 10 to 14 day old
culture of the organism and inecubating on a mechanical
sheker at 28°C for 4 days. The mycellum was then washed
3 times with a .016 M phosphate buffer at pH 7 by cen-
trifugation and resuspension of the organisms, The washe
ings were done in sterile 50 ml graduated centrifuge
tubes. After the final washing, the mycelium was diluted
to a 10 per cent concentration by volume with the buffer
and blended at high speed in a Waring blender for 3 min-
utes.

In experiments dealing with the effect of the com~
pound on the respiration of the mycelium, 2.5 ml of the
mycelial suspension was added to the Warburg flasks.
Sterile 0.96 M glucose in 0.016 M phosphate buffer in a
0.8 ml quantity was added to each flask for exogenous
respiration studies and 0.5 ml of the 0.016 M phosphate
buffer added for endogenous respirstion studies. Alco-
holic solutions of the compound were prepared in concenw
trations of 0.06, 0,60, 3.0, 6.0, 12,0 and 30,0 mg per
ml. Each solution was added in 0.08 ml quantities to the
gide arm of duplicate flasks. When added to the contents
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of the flask, final cencentrations of 1, 10, 50, 100, 200
and 500 microgrems per ml were obtalned., Duplicate con-
trol flasks containing the ssme volume of aleohol but no
compound were included in each experiment. The tempera-
ture of the water bath was main tained at 30°C and readings
were made at 30 minute intervals for a period of 3 hours.
Aliquot samples of the mycelial suspension were

placed in weighing vials and dried in an electric oven

to a constent weight. The microliters of oxygen consumed

per hour per mg of dry cells was calculated.



B P jlw
galicylamide

BeliothyleS-phenyl-
salicylamide

H-Ethylelephenyle
salicylanide

HeButyleSephenyle=
salicylanide®

Hefoxyledephenyl=-
salicylemide

Eelgopropyl-3-phenyle

salicylaside

K, HeDieth lwﬁmmmr -

salieylamid

269,33

297 .38

254,30

260,35

140-141

144-146

153.8=1234,5 -

118-119

90-91

Less than 17 in
vater
Soluble in alechol

Less than 19 in
wateyr
Soluble 1in slechol

Leszs then 17 in
water

Soluwble in slecohiol
Less then 0.5% in
water ;
Soluble in alecohol

Less than §¢5% in
vater

8¢ in propylene
glyeol

Less then 17 in
water
Zoluble in aleohol

.81

5.20

B.43

4.63

E.29

5.12

ie



Chemical Data on the Compounds (continued)

E-{bota-Hydroxyethyl)-
3-phenylsalicylamide

f={bata-liydroxypropyll=
Zephenylsalicylemide®

He(Z~lethoxypropyl)=
S=phenylsalicylanide

2eiethoxy ~3=phenyl-
benzamnide

2~Carboxymethoxy~
3=phenylbenzamide

2«{beta-iydroxyethoxy )=~
Z=-phenylbenz ©

S«{yelohexyle-
salicylamide

227.256

271.26

2587.88

21%.28

Solubility Eitrogen analysis

at 200C

126129

177-178

198-197

138-140

149-180

water
Soluble in ethanol

Soluble in sleohol

Less than 0.57 in
water

Soluble in alechol
and ether

Less than 0,57 in
watepr
Soluble in sleohol

water »

At least 5% in
KagCOy |
Less than 0.57 in

wateyr

Less than 0.859 in
Soluble in chloroform

4,91

6.16

.16

B.44

€.59

5,00

G.14

4,98

.32




Chemical Data on the Comp

ounds (e tinued)

salicylemide

Compounds Holeculsr  Eelting Solubility
, welght point °C ~ at 209¢C
4=Fhenyle- 213.83 224-226 Less than 0.57 in 6487 6.54
tﬁiw{mm waior
Less than 0.5% in
propylene glycol
BePhenyle 213.28 177-178 Less than 0.&7 in €. 57 €.56
saliecy .de water o
Approx. C.5% in
propylene glycol
Hefutyled-phenyle 268,33 129-130 Lese than 0.67 in £.20 5.12
salicylamide water '
Soluble in propylens
glyeol
EwButyleSephenyl=5, 338,83 250-240  Hore then 10% in 12.51 12,42
x-digminosalicylanide water
monohydrochloride
HeButyled-phenyl-8, x- 350,33 8l-85 Less than 0.57 in
dinitrosalicylamide® ' water
Soluble in acetone
H-Butyl-S-phenyl-85, 427.48 227-228 Hore than 107 in D83 8.62
zedigul fosamide~ water




, Chemical Data on the Compounds {continued)
Compound Eolecular Heltin Solublility
; welght gamt : - at 209¢C

S=Chloro=dephenyl- 247.68 180-101 Tess than 0.57 in 5.66 5. 59
salicylanmide watar

ﬁ%ﬁmwi’wmﬁw £295.10 202-208 Less then 0,57 in
salieylani de . water

S~lodo=3-phenyle 336.16 195-196  less then 0,57 in 4.18 . 3,99
gsalicylamide water
Soluble in methanol

S=Epomo=iebutyleS-phenyl- 348,24 TE6=T77 less then 0,57 in 4,02 4.01
salicylamide water ,

¥ore than 1% in

propylene glycol

EePhenyl-3-phenyle 289,32 115-115 Less than 0.5% 1 4. .
sal foylemide sate 4.584 4.92
Soluble in aleohol

Ye{4-Corboxyphenyl)= B83B. 33 7 2856 g8 theay 4,20 4,05
Sephenylsalicylamide water

Soluble in Haglog

E*»{W‘imﬁmgﬁ}m 334,52 200w Less then 0.5%¢ in 8.38 8.16
S-phenylsalieylanide watar
Insoluble in
propylene glycol




Chemical Data on the Compounds (continued)

Compound ’ Molecular  Melting Solubility s %
, wolght point T at 20°C
Hw({4-Hydroxyphenyl )« 508,22 183-184 Insoluble in water 4.50 4.68
S-phenylsalicylamide Soluble in HalOH
0.5% in propylene
glycol
fie{d=iminophenyl)~ 340,81 235-241 Less than 0.57 in g.22 8.23
a«—pmuylnlmylwma » =ator
HC1 Approx. 5% soluble
in 507 propylene
g}.g@az. .
h-mmy}.aﬁaxlu&phmﬁn 517.38 Less thsn 0,57 in
salicylemide® water
Soluble in aleohol
li=Cyelohexyl=3-phan yl~ 285,37 182.183 Lege than 0.57 in 4.74 4.72
salieylamide sater
Inscluble in methsnol
r

Incomplete information on the compound.

ae
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Thirty one of them were new mliay&au derivatives obe
tained through the courtesy of Cutter Laboratories. iost
of the compounds in this group were derivatives of S
phenylsalieylamide, which has the following structure:

Three of the eompounds, salicylie acid, sslicylamide and
sodium undeecylenate, belng known entl -fungel agents, were
used for comparative purposes.

The Nunglistatic activity of all compounds was Seated
by incorporating various concentrations of each compound
in Saboursud ager and testing for abllity to inhiblt
growth of the orgenism, ss previously deseribed,

Eighteen of the 3¢ compounds showed significent ine
hibitory activity sgaeinst the organism after 14 days in-
cubstion, Two others showed significant activity after
7 days but did not inhibit confluent growth after 14 days
incubation, thess being bH«lodo~3ephenylualicylamide and
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S«phenylesalicylamide. Ninlmum inhibltory concentrations
ranged from 640 %o 10 micrograms per ml. Twelve of the
compounds were inhibitory at 20 mierograms per ml after
14 days incubstion snd 2 more showed significant inhibie
tion at this level after 7 deys with some evidence of
sctivity after 14 days inewation. These results appear
in Tables 14 through 5B,

A number of interesting observetions on the relatione
ship of structure to the sotivity of these compounds may
be made, Tables 1A ard 1B give the data obtained with
the parent compound, &-phenylselieylamide, and deriva~
tives in which atraight carbon chalns of verying lﬁgﬁ:
have been substituted on the amlide nitrogen atom. As
shown in these tables, the addition of a phenyl group in
the 3 position of the benzene ring of salicylamide ine
creoased the activity of the compound very merkedly., The
addition of the phenyl group in the 4 or 6§ y«mi&&ﬁ:} dia
not inerease the activity to this extent as seen m Tables
3A snd 3Bs The Sephenylsalicylamide showed some slight
activity, but did not inhibit growth in the concentrae«
tions tested. The 4-phenyl derivative showed no inhibie
tory sctivity., Thus (e 3 position for this substitution
appears rather orit ia?l.

It is further shown in Tables 1A and 1B that with
inereasing length of the ¥ substituted hydrocarbon side



chalin, the sctivity inereased, pessing through a maximum
in the regim of 2 to 4 cerbon atoms, Further increase
in the length of the carbo: c¢hain to € atoms, mm&iﬁqﬂ in
& complete loszs of setivity s2 shown by NHehoxylele |
phenylsalicylanmide, |

Tables 24 end 2B emtain derivatives of Sephenyle
salicylamide in which branched sarbon chains or ﬂﬂww
substi tited chains ave lirked to the nitrogen atom, Here
it may be seen that the addition of s hydroxyl group on
the N substituted hydroecarbon side chain decreased the
activity of the compound, Neethyle3-phenylasliicylanide
was inhibitory at a much lower coneentration than Ne(betae
hydroxyethyl )»3-phenylsalicylenide, 7The pecullar bee
havise of the former compound at higher congentrations
is discussed later,

The results in Tables 1 and £ indicate that the come
pounds with straight hydrocarbm side chains on the N
atom were somewhat more active than those with the
branched or double side chaing having the same number of
carbon atoms. NebutyleSephenylsalicylamide showed a
higher order of eetivity then N, NediethyleSephenyle
salicylamide, Helsopropyledephenylsalicylemide showed
& lower order of activity them Kw%y%&yh@yhﬁiw
cylamide,
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Tables 3A and 3B contalin derivatives of Jephenyle
salicylamide with simple carbon substitutions in the 2
position and a group of miscellaneous salicylamide éarﬁ.w
tives with eyclic substituents on the benzene ring.
Sodium mdwélma% was included as & reference compound.
In this group only 3«eyclohexylsallicylamide and the refe
erence compound showed pronounced sctivity. Apperently
the addition of a ecyclohexyl group in place of a phenyl
group in the 3 position of salicylamide incressed the ace
tivity of the compound by about 2 fold,

Simple carbon chain mbnﬁuuana an the 2«hydroxy
group of 3e-phenylsalicylamide destroyed the inhibitory
activity as shown in tests with the first 3 compounds in
Tables 3A and 3B.

In Tables 4A and 4B are the results of tests with
derivatives of 3ephenylsalicylamide containing various
substituents on the salicylamide benzene ring or on both
rings. It may be seen that the addition of nitro, amino
or sulfonamide groups on the benzene ring completely dee
stroyed the activity of Ne-butyl-3-phenylsallicylamide,

It is also shown in these tables that the addition of
chlorine end bromine in the 5 pesition of the salleylamide
benzene ring of S~phenylsalicylamide increased the active
ity of the compound. The Sechloro and S«bromo darivaﬁm
of Sephenylsalicylamide were more active than the parent



S«lodo=-3ephenylsalicylanide and EBebromoeie
butyl-3ephenylsalieylamide were less active than the pare
ent compounds. A possible explanation for this phenomeon
will be presented in the discussion,

Tables 5A end 5B show the results of tests with dee
rivatiwe of Jephenylsalicylamide heving cyelie carbon
substituents on the amide nitrogen. The Nephenyl derivas-
tives of S-phenylsali ecylamide veried somewhat In thely
inhibl tory activity. HephenyleSephenyloalicylamide and
Ew{4-hydroxyphenyl )=3=phenylsalicylamide were among the
pounds tested, Ne{d4-aminophenyl)-3e
phan ylsallieylemide, HC1 showed & significent degree of
inhivition at & relatively low concentration while the
lie{4-garboxyphenyl) and the Ne(denitropheny)) derivatl ves
were insctive at the conemtrations tezted, The Nepheryle
ethyl and Negyolohexyl derivatives were also inactive,

most active com

nly a few of the more active compounds showed come
plete inhibition of growth at the cmcentrations tested.
Heny of the compounds showed & high order of activity at
low ccneentrations and a decresse in activity as the cone
centration inereased, Others gave partial inhibition at
low levels of eoncentration with no apparent inerease in
activity with increassing eoncentrations. The relation-
ship of aectivity to concent retion is presented under
"Concentration of the compound produeing turbidity or



Table E&
Inhibition Studles Agalnst « ton ¥entagrophytes

zsanwm aeld ——— #z» 4+ 4+ 4s 4%
Salicylamide - o o B 4o 4o de 4o de 4e
« = 1o le 3o 3+ Je Ze 4o de
3-FPhenylselicylomide .. we 46 de  4de de
- - - - 4o de do de
Eelethyl-3-phenyl- -3¢ - lc = lg = ly Ze 2e
salicylamide g 3¢ - = - le Zele =« 2¢ Ze
«-le le= 1o = 8¢ 3¢ 4de de
- w 5¢ = Je le D& S i de
H-Ethyl-3-phenyle Zw Je Ee Bw  Ze B¢ Ce Bw
salicylamide o 1o Do B¢ 34 3  Fe Ja Fe 3¢ dec lec 1e 1o de 4e
! Sa e B4 10c 24 Z+ O+ le 4e Be 44 4o
Zs Za Ze Ze 1s 3¢ 1+ 3¢ Ze De
KefutyleS-phenyl- de le le - le Be 4e le le le Se 8¢ Se 20¢
salic ylamide , ie - - 3¢ 4c 8¢ 10ec le 2+ Ze
HeHoxyl=-3-phenyl- 4e 4 de 4+ 4 43 4e 4e  Ge 4de
salicylamide Ze Se I 3Zs de o o ‘ | -
Key: 13 Crowth covering 1/4 of glu&e Tontrol pletes: Isopropyl BlcoBol, 1:e0t 110U,
24 Crowth covering 1/2 of plate | 1:50 4o
31 Growth covering 3/4 of plate Propyleme glyeol, 1:200, 1:100,
sg% gégz nlate | 1:80 4e
3‘ @%3%%%»3“% ﬁﬁ%gﬁ preésent Saboursud agar 4+
of co aniaa on plate ,
- %o growth o plate Data in table Indicate results on duplicste plates.

e



Table 1B
Inhibition smﬁaa Against ‘i’r

3&11 eyz.ia acid

Salleylamide “ w Do Ze 44 4de 42 4o de 4e
w w Zo de de 4o 4+ 4 44 de
d~Phenylsalicylamide - - -e 45 42 4e 4
R - 44 44 44 4a
Hellothyl=d=phenyle - 3¢ - Je - 36 = 1l Ts Je
saliecylmdde o B¢ ~ le¢ 8¢ - de 3¢ Se le I+ 3e
- B¢ 36 B lc = 4o De 4o de
. le le Ee Ze Aa Aw 4o 4o
HeEthyleS=phenyle v 44 s Zs  Ba S+ e 3e
musylm&& Ze 2 Je Ie Fa Zs 4o 4e Ze Be le Beg 24 26 44 4e
4+ 4o Do Je  4s de Je Za Ge 1e 44 4a
Za 44 Ze Ze 1e Be 44 4+ 4e 4o
HeButylelephonyle 4¢ 2¢ le - 2e 8 6c le lc 3¢ Se 3¢ Gc le
selicyland de lg = - 4 Ce B 1+ la de de
fwfaxyled-phenyle 4e 4o 4o de b de  de de de de
sallicylamide e 4o Ge de 4+ de o
Fey: 1% Crowth covering 1/4 of plate  Control plates: 1sopropyl sleohols L1200, 1
2+ Growth covering 1/2 of plats 1*% é&
3a Growth covering 3/4 of plate Propylene glyeol, 1:200, 1:100,
44 ﬁms mmrm entire plate 1:50 4e
e ed by number represe: ts number Sabouraud sgar 44

of wlm&as on plete
- Yo growih on plate Pata in table indicate results on duplicate plates.



’?a%ﬂﬁ 2&

Inhidbition Studles Agalnst Irichophytm Hemtagrophyte

DY Be Be 1+ le - 1lec 1le %4 Za
mliagimiﬁa le le 1o - le = - - 2e Z2e
le 28 lo le 1o 1l 2+ Ze - - 1 1o 3 3¢ de de
HyN~Dieth 1%@%;&» - - -« 3¢ lec 14e Se
aa&iayl - - - le ©Bc Be Bc le
ﬁa{mtaﬁmmyamyﬁw - - - - Se Ze 4+ 4o
-phenylsalicylamide - - - - de 4o 4e 4e
ﬁ-i’mﬁaﬂﬁyﬂmx ngfg}.ﬁw - - - - - Ze s
B - - -- - - 4 4a
ﬁu{Mﬂtﬁ%?}@?}}w - - - -
Sephenylsalicylamide - - - - 7e B¢ 1e le
- - 1 3¢  Se 3o §-n %ﬁ
Key: 1e Growth covering 1/4 of plate Comtrol plates: Isopropyl elechol, 1:200, xzwﬁ*
2+ Growth covering 1/2 of plate , ~ 1:50 4e
B+ Growth covering 5/4 of plete Propylene glyeol, 1:200, 1:100,
4+ Growth covering entire plate , 1:60 4e
¢ FPreceded by nusber represesis number Ssbourand asgar _ 4+

of colonies on plate
- Ho g;sﬁm on plate

Data In table indlcate results on duplicate plates.



Table 2B
Inhibition ﬁﬂuﬁﬁ &gﬁmﬂ& ,i_g:

in_mi ,,,,,.w Dol aﬂn the mm
i3 *’% Hal

H=Igopro #yl-&-m;lw E :sw Ze Z¢ ¢ - le 1e 4+ 4+
salicylamide e B T 24  le 1 - Ee Ze
24 B9 2o Z2¢ Ze 3¢ dec le - - 2% Be 4o de fe 4w
Y, HeDiethyl-S~phenyle - - - - Se le 3+ Ze
salicylamide - - - 1l B¢ 12¢ 4+ 4o
N~{beta=Hyd thyl)= - - - =  ds de 4o 4e
&pﬁmﬂsmw{a ide - - - - is 4+ 4w 4e
l={beta-iydiro ;:syiiu - - - - - - 44 4de
&phmylamam - - - - - - 4a da
ﬁm(ﬁ*ﬁf@%ﬂ?%ﬁﬁl}ﬁ PR— P P— 16 -
S~phenylsalicylemide ' o 18¢ le Je e
- lc 4¢  &» Do 4e de
Mz 1+ Orowth covering 1/4 of plate Control Flates: Isoprap ¥yl alechol, 1:200, 1:100,
2« Growth covering 1/2 of plate 1:50 4e
2+ Groeth covering 8/4 of plate fropylene glyeol, 1:200, 1:100,
4+ Growth covering entire plate | 1:50 4+
¢ Freceded by number represents numbep Sabouread agar 44

of eolonles on plate
-« Ho growth on plate

Data in table indlcate results on duplicate plates.



Table 34

Inhibition Studies Against Trichophyton Mentagrophyte
Seven Day Observation ’ A

oneentrall on in L* k pay m »

oe0__ 360 B0 30 30 10 3 .5
Qe G 4e 4o G 4 4 42 4e 4de
benzamlde 4% 4+ 4e de  d% 4o .
2= Carboxymetho xy- 4o 4o de de  de 4o de de dv be
Smphenylbenzawl de 4+ 4o 4% b« 44 4a
2= {beta-Hydroxyethoxy )= 4o Go 4o de  de d4e  de 4o de de
S=phenylbensamide de 4o de 4w 4o 4o
de{yelohexyl~ 1s 1+ 3¢ 2¢ - 3¢ 6e¢ le B¢ le
selicylandde - 2o le = le S de 4e
e 2¢ Fe Pw
4mhenyle de 4o 4o de  de bde  de da  de e
selieylanide de e 4o de  de de
S=Fhenyle fe - lg = 40 - 3c le 4+ 4+
sal ieylemide le 1 J& 3 4e da 4 4a
E=futyl=d=phenyle 44 44 4e 4o de 4+ de 4o de 4o
sslicylamide 4o dw 4o de 4o de
Sodium undecylenate i - - - - - -

-

Koyt 1+ Orowth covering 1/4 of plate Control platea: L1sopropyl a
2+ Growth covering 1/2 of plate

5+ Growth ecovering 5/4 of plate Propylene glycol, 1:200, 1:100,
4+ Orowth covering entire plate 1:50 4
¢ Preceded by nusber reprsesents number Sabourasud agar 44

of eolonies on plate
~ Ho growth on plate Dsta in table indiecate results on duplicate plates. -
o



Table aa
Inhibition Studles Against Irichophyton Henteg

, H Lon ' .
Concentration in ém Crams per Ty the medium

z«»ﬁamm%«mﬁ* de 4o de dv  Ge de  4de d4v  4de be
bengamide de 4o de 4o de de :
2-Carboxymethox y- 5 4o 48 44 4o 44 4o 4e 4e  4e 4a
S~phen ylbenzemide 4+ 44 de 4s 4o 4a
2«{beta-Hydroxyeihoxy)= 4o G  de 4o  de 49  de de  be 4w
S=Fhenylbengamide de 4o e de de 4»
anﬁgﬂm:zylu : 24 %4 Be 8¢ o - e 46 3¢ Be
alieylamide - 20 -- 4s 4w 4e 4e

3¢ 1+ Ze Za

ny. ; % 4  ds 4o 4o G de 4 de de
a&iiayimiﬂa 4+ e 4o 4o de de
- SeFhenyle ’ ‘ 4o e G So de o Je v Ge de
sallicylanmide Ze D= 4o 4o de de  de dwe
HeButyled-phenyl- 44 de G s 44 4 4% 4e 4o 4e
salicylamide 49 4o 4e 44 4a de : »
Sodium undecylenate - - - - - - Se¢ Gw

- w  de 4o
Key: 1% Urowih covering 1/4 ol pilate Control pilabes: 1Sopropjl 81Cohols |
%o ﬁmﬁh eovering 1/2 of ;ﬂaﬁa

3+ Growth covering 3/4 of plate Propylene glyeol, 1:%{3, 1:100,
4% Growth covering entire plate 1:50 4e
¢ Freceded by number mmsmtn numb ep Bsbouraud ager i 4

of colonies on plate
= Ho growth on plate Data in teble indicate resulis on duplicate plates.

o€



Table 44
xakdhitiaa Studies ﬁg&inat Irichophyton ¥
ﬁefﬁa ﬁﬁ bgervat

" Can centrat i%'.»@:wfa medium
e o Sl 60 a2l 5 ' "
ﬁwﬁatxlwﬁwp&amylné,
x~diaminosalicylamide 4% 44  da 49 da 42 4 4e
monchydrochloride 48 d4a 44 48 43 4§s
HelutyleSephenyl=5, de G de 4o be de  de dw
rwdinotrosalieylamide Ga 4w 4o de  de fa
HwfButy l=3~phenyl-5,
x~@isuifonemide~ de Gu  de dm  de be by dv G dw
salicylanide Ss 34 Ds Za
S=fromoed-phenyl- e 8¢ Sc Be 2« 3« To Se - -
sallcylanmide - le « le 2e 2o  4be de
belhloro=J=phanyle c le 3c le B¢ e Se - - -
salicylamide lc le 1lc le 1lc 3¢ 2e le ~ le
! P_— - ie Te b fa
S~lodo -S-phenyle 9 Be Be le 1B¢c 9¢ Te le 2¢ le
salicylanide g
BebBromo=t-butyl-Z-phenyl

salicylenide o
Fey: I' Crowie covering 1/4 of piate Control & !a%aa* 7]
- Growth coweing 1/2 of ylaﬁa '

&ruwﬁh ﬁnv&riﬁg &ﬂ& of gl&ta Propylene glycol, 1: 2@&. 1:1@6,

af colonies on ylata Saboursud egar 4o
= Ho growth on plate Data in table iIndicate results on duplicate plates.

a?:?j@




Table 4B
Inhibition smdias &gmt Meh%tm
Fouw aarva on

mw a;i in the ma&im ,

Compound ,

HeButyle3ephenyl=5, X«

diaminosalicylamide 44 de 4o 44 de 4e de 4o de 4

monohydrochlori de d4e 4o 4o 42 4o d4e 4 4

ﬁ»%ﬁgiw&y&mﬁ*ﬁ dey 4% 44 4o de 4o de e de 4e

x=din tmaali&yimiﬂ‘ 4o 4o 4o 4o 4o 46 44 de

KeButy 1=%=phenyl-5,

x=disulfonamid e~ da 4o 44 4e 4 4a 4o 4a 4a Ge

salicylamide  4e 4o de de

S=-Bromo-3S-phenyle 20 1 1+ le 28 3¢ le - le =

salicylamide le 7¢ - - 4% 4+ 44 4+

B=Chloro=d=phenyle Te le 1+ 3¢ 2¢ lc 1+ = - -

selicylamide le 2¢ 1c le 1+ 4e - le

5-Tode-3-ghuwyl- 2¢ 1o 24 Ze

salieylem

S=Bromo-i ~m$31«»§«phm31-»

aalie 1%&&; 7 _de 3

Key: 1+ Crowth covering 1/4 of plate Conbtrol plates: B0, 17,
2+ Growth covering 1/2 of pl&tm 1:&@ &4-
3+ Growth covering 3/4 of plats Propylene glycol, 1:200, 1:100,
4+ Growth covering extire plate 1:50 4
¢ FPreceded by number represents number Saboureud agsr 4

of colonies on plate , -
= Ko growth on plate Data in table indicate results on duplicate plates.



ﬁw%yl*&mjiw Tele =-5¢ 1o le 2o 6 Ze le |
salieylaxd de 1z l¢e 2¢ So
ic 8¢ le 3¢ le lo  le 2o
Be{4«Carboxyphenyl )= le 4 le le¢ e 24 Pe B+ Ze Os
Sephenylsslic mm Pa 2  Cw e
ﬁwié—ﬁi% yi)- 46 4o 44 48 4e d4e 44 ds  de 4e
I=phenylsalicylamide Se Ze  Js Za |
E*{%*ﬁyﬁmm}l)* - e w - - - - -
Swphenylsalicylamide - - le - 2e = - - 8e 12¢
- - - 2o - - 4o 4o
Ee{4=fminophenyl ) =3= le - -le 4c B 4e Bc Bg le
phenylaal zeylmiﬁa, BC1 1le 1le - - lce 2¢ 1¢ le
%-({Phenylethyl)- do 4o de 4o de dv  Ge de  de be
:&-;;hmymnaﬂmM& b Gw G G de 4o ,
E-CyclohexyleZ-phenyl- de Go  de da  de 4o de de  be 4
ﬁyiaﬁﬁa b G» de 4w de 4e | 7 ' | »
1+ Crowth covering 1/4 of plate Control pistes: Isopropyl aleohol, 1:1200, 1:100,
2+ Growth covering 1/2 of pim 1:50 4o
S+ Growth covering &/4 of plate

4+» Growth covering entire plate

¢ Preveded by nw repregents number
of wzmi” on plate

- Ko growth on plate

Propylene glycol, 1:;?, 1:100,

3abmrm spar
Data in teble indicate results on duplicate plates,

4
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T&hl& .32}
Inhib ition Studles &Wnt
E’mxr san D

W ; ’: $% af_i:‘ RrER Y

W"& 21 Qﬁ

—_ Comcentrat Ton in mierogprems h_the mediw
Compound ' 50 70 5 10 5
H=Phenyle3-phenyle= ma Ia - 858 2¢c le 2o fe 2@ lc
aamag smide e le  Ze le
le 2¢ le 46 le 1o Za 3
lw{4=Carboxyphenyl)= de O 4o 4w 4o 48 4o de de 4e
Sephenylsalieyl smide Za 28 34 2e
%%-{&wﬁ"i&ragb gl}«a 4 4o 4+ 4 4o 4a 4o 49 de de
Sephenylsa anide 4 G da 4
Yw({4=Hydroxyphen yl)= - - - - le 2¢ 4e 4 Be le |
Smphenylssllicylamide - - o le Be - - le Ze Be
- lo - 2¢ ic le de de

He{4-Aninophenyl)~3- e le ~le 4c 3e le ls e 2
phmylaalwylmaa. HC1 1le le - 2o 2¢ 1+ ls le le  de 3+ ds de
He{Phenylethyl)- 4e 4o 4o de de 4  de de  de Ge
S-phenyisalicylamide 4o A 4o de  de Le
F=gyecl ahaxgluﬁmghmyla 49 4o de de  de 4o de de  de Se
salie ylaui de , * e de _de de
Key: 1+ Orowth covering 1/4 of ylam Control pletes: Xs@z@mﬁ aleohol, 1:200, 1:100,

24 Growth covering 1/% of plate 1:50 4e

3+ Growth covering 3/4 of plate Propylens glyeol, 1:200, 1:100,

4+ CGrowth covering entire plste 1:80 42

¢ FPreceded by number represents number Saboursud agar G

of colonies on plate
= Fo growth on plate

pDats in table indicete resulta on duplicate plates.
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Table &C

Wmms ﬁr&w of mm.m %ry &atﬁﬁty

mvm iﬁhﬁziﬁfm

0
10
10

10
10
0

S=Chloro -@wghmglaal 1 eylamide

B=firomo-3ephenylsalicylanide

Hw{ 4~ﬁ3@rm3§mﬁ Je

‘S=phenylzelicylemide

H~Buty l=-3-phenylsalicylamide
li-PhenyleZ-phenylsal icylamide
S«~Cyclohexyl-salieylamide
H=-Ethyl-3-phenylsalicylamide
S=Fhenylsalicylasnide

Sodium undecylen ate

HeIsopropyl-3-phenylsalicylanide

ﬁh{ 3‘&* Aot w ;’MW: }"’
S-phenylsalicylanide

E-Bromo-S-phenylsalicylamide
H~Fhenyle3-phenylsalieylanide

F~Dutyl-Ze-phenylsalicylamide
H=Ethylel-phenylasl levlianide

S=Chloro-3=phenylsalievlanide

S~Cyclohexylesallieylanide

He{3-dethoxypropyl)=
Sephenylzalicylamide

HeIsopropyl-3-phenylsalicyla-~
mide '

Sodlum undeeylenate
nylsalicylemide

iy



S20
640

Ho. tv basi

ﬁcﬁﬁﬁhylmﬁwpisxmxisﬂ m;vxmm

He{beta-Hydroxyp 1)=
&ephmy;i?}ia IJ

Hy HeDiethyl=Sepherylsallcylamide

Sephenyle mcy de, HC1

He{beta-Hydro ﬁeﬁhy& i
S=phen ylaalicylenl

Salieylic aecid
Salicylamide

H wmmzuwm ylm;uazﬁmiéa ,

E # Kﬂmﬁml*'&“ :
phenylsaliecylamide

li={beta=-liydroxysropyl)=
Sephenylsall nﬁamm

‘“”‘?‘*v St 1}“‘
Sephenylsalicylamide, EC1

He{beta-lydroxyethyl)=

S-phenylsalicylanide
Selieylic acid

Selieylanide

av
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“in the P:maww M‘ 10 Mamen T

&?hmyla alie ym:léa
Heliothyl=3-phenylaalicylanide

Ew-ithyl=3-phenylsalicylemide

44 4
E~Butyle8-phenylsalicylamide
Eelsopropyl=3-phenylsali eylaml de
e {Z=kethoxyoropyl }=S~-phenylsall cylami de
E-Chloro=-S=phen ylsall eylamide
, le 1o
ESebBronoe-d-phenylsalicylanide
» ; ie le
S5=Iodo-d-phanylsalicylanide
24 e Ow
S-Cyclohexyl-salicylamide
le 1e¢

LI

§

£

VP8

Eﬁ

Se
le

ie
e

&

ie

S

&g

e
Z2e
Se

§ Y99

3

le
O

S
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Compound

HeFhenyl-i-phenylsalic ylanlde Se De 4e 4o
2% 2+ 1+ ls .
He{4ef roxyphenyl )= - - - - Ge Se 4o 4o
S-phenylsaliecylamide - - gec = 4o de
Hw{éefminophanyl)= - - - le B¢ 24 4a 4s 44 4a
S-phenylsalicylamide, HCL - - le 1c 1s ]
Sodium undecylenate - - 1s le Se Ze 4 fe
- - Ze 2w

Kﬁi‘: Centrols: ,

e Crowth covering 1/4 of plate Isopropyl alecohol, 1:800, 1:100, 1:50 4

2+ Crowth covering 1/2 of plate  Propylene glyeol, 1:200, 1:100, 1:180 4e

2+ Orowth covering 3/4 of plate Ssboursud ager 4e

4+ COrowih covering entire plate

¢ Preceded hy s number represents number of colonies on plate

= Mo growth on plate

e
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S-spm:vl#alieglmiﬁa
ﬁ’%%hﬁ»&- phen ylsalicylamide
¥-Ethyl-O-phenylsalicylamide
H-Butyl-d-phenylsaliceylamide
HeIsopropyl-3-phenylsalicylaml de
ﬁéi S-Yetho xypropyl)-
Sephenylsalicylamide
S=Chloro-S=phenylsal icylamide
S5«Bromo-3~phenylselic ylamide
B=Jodo=3=phen ylsalicylem de
S=Cyclohexylsal feylamide
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%u%mylwanghmyzs aliayl&xé»

Ze Be e Ze dv Go
Se de v 2e
Ke{4~Hydroxyphenyl )= - - le Ze B
d-phenylsalieylanide - - 3¢ 2¢ 4o 4
ﬁ«»{i—-ﬁﬁlﬁi&ﬁm&* - - 2e 2¢ Se Ze de 4e
S-phenylsalicylamide, HC1 - - 1lc 2¢ Se e
Sodium undecylenate - - 3¢ 2o 3 3e
- ﬁeu} 1&%

ie fde

4% 4o

Koy

le Growth covering 1/4 of plate

Controls:
Isopropyl alechol, 1:2800, 1:100, 1

80 4»

£+ Growth covering 1/2 of plate Fropylene glycol, 1:200, 1:100, 1:50 4

e Orowth covering 3/4 of plate

Saboursud sger

2

4+ Growth covering entire plate
¢ Preceded by s number represents nusber of colonies on plats
= lo growth o plate

o
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precipitate in the medium”,

inhibition Studles Agalnst Irichophyton ¥
phytes in the Fresence of Protei:
inhibition studies agesinst Tr

Sabouraud ager, 14 of the compounds were selected for
further study of their inhibitory sctivity against the
organism in the presence of 10 per cent citrated humen
plasma as & source of protein,

The presence of the protein in the medium reduced
the activity of all compounds tested. Three of the come
pounds, Heethyl-S~phenylsalicylamide, Nephenyle3-phenyle
sallocylamide and B-lodo-3ephenylsalieylamide, showed
virtually e complete loss of inhibitory activity. The
activity of the other compounds wes decreased by 4 to 16
fold. The order of activity of many of the compounds of
this group was changed by the addition of the protein as
shown In Tebles 6A and 6B, Those which were the most
active under these condit ions were 3-phenylsalicylamide,
He(3emethox ypropyl)«S=phenylsalicylamide, Svchloroefe-
phenylsalicylamide, N-(4~hydroxyphenyl)-3~phenylsalicylae=
mide and the reference compound, sodium undecylenate.

- tlop Studles Against Microsporum Audouini.
The 14 compounds selected for study of the inhibitory
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activity against Trichophyton mentagrophytes in the pres-
ence of protein were also tested against Micros

audouini in Saboursud agar,
The results in Tables 74 and 7B show Mierosporum
audouinl to be somewhat more sensitive to the compounds

then Irichophyton mentagrophytes at the same concentra-
tions, Four of the compound, Ne( 4~hydroxyp&zmyl§~5—

phenylsalicylamide, N-(3-methoxypropyl)-3-phenylsalicyla~
mide, S~chloro-3~phenylsalicylamide and 3-oyclohexyle
salicylamide inhibited Microsporum audouini at concen~
trati ons about half as great as those required for Tri-
yton mentagrophytes. The other campounds were
inhibitory at the same concentrations, although the in-

hibition was more complete against Mierosporum sudouini.

Concentration of the Compound Produeing Turbidity
or Precipitate in the Medium. In view of the fact that
the water solubility of a compound has a marked influence
on biological activity (13, p.5), it was deemed necessary
to determine the approximate solubility of the compounds
in the medium. By turbidity measurements and direct
visual and mieroscopic observation of the dilutions of
each compound in the medium as previocusly deseribed, the
approximate concentration where turbidity or visible ag-

gregates appeared was observed,



Teble 74
Inhibition Studles Agsinst Microsporum fudouini
2even Day Observation
»,,e ‘ grrame pe

m g g T 40 | 50 ., B i - A P ILW
3-Fhenylsalic ylamide - - - - le 1+ 24 2e
- o Ze
f-lethyl-3-phenylsalicylamide - - - - }f;«: ? 1s 24
i s Se
HeEthyle3-phenylsalicylamide ls 1e 2e 1s - - 2a Za
| 1s 1e le 1+ - - i+ 1e
fwbutyled=phenylsalieylamide - - 1 - - - le 2¢
- - ic - e He
Helsopropyl=3ephenylealiceylamide - - - - %m %-s 2o 2a
Ee{3-ethoxypropyl)- - - - - le le le 3¢
dwphenylealicylamide , - - 2o le
b-Chloro-3-phenylsalicylamide - - - - - - - le¢
- - P 2 Do
S-Eromo-3=-phenylsalicyl amide le le - - - - 1e le
1 1s 24 le - - - - lec B¢
Swlodo~2-phenylsanlicylanide le = - - - - 1+ 1+
¢ le 2Z2¢ 3¢ le - - le
I=~Cyelohexyl-salicylamide - - - - - - 2¢ =

€r



ﬁgfﬁammx henyl)- . I
S=phenylsalieylanide

S-phenylsslieyl de, HCY - - le Ze
Sodinm undecylenate - - - -

24 Oe 2 2e
LT

ﬁey‘z 1+ Growth covwering 1/§ of plate Controls: Isopropyl glal,'i:ﬁ% e
2+ Growth covering 1/2 of plate Propylene glycol, 11200 3e
34+ Crowth covering 3/4 of plate Saboursud agar Za

4+ Orowth covering entire plate
¢ FPreceded by a nurber represents number of colonies
- Ko growth on plate

on plate

Data in table indicate results on dupli cate plates.



Table 7B
Iﬁhibiti@ﬁ,ataﬁiaa ﬁgaiast %ﬂcrasﬁmg;ﬁ Audouinl

Compound : .
d-Fhiwnylsalicylamide - - - - do 4o de 4e
, - - G 44
HelothyleZ-phenylsalicylanide - - - - Zs Ga 44 G
- - Ce Za :
H-Ethyl-d=-phenylselicylanide le le le 1o T 4y 4w
Be Oe S Ze - - B¢ S
E-Butyl-S-phenylsalicylamide le = 3¢ - ic = 24 3+
ic - ic = Ze 2e
K~Isopropyl-Z-phenylsalicylamide - - - 24 1s Be e
Be{S-¥ethax ypropyl )= : - - - - 2e Lo 4o de
E-phenylsalieylanmide - Se e
S=Chloro=-3-phenyleel icylanide - - - - - - - le
- M &G 44 4
S~Eromo-J-phenylsaliecylanide de e Fe le lg = de 4o
is Za 2e Ze B¢ 1e 20 - de 4de
fwlodo=Zephanylsalicylanide 2o Ze B 2= 1e le e Ge
Se 29 le Ze fea Ze 1s Za
S=Cyclohexyleselicylaride | - - - - - - 2o =

- e = de de




HePhenyl-3-phenylsalicylaml de 2e le 3¢ 2e 6c 8¢ Ze 3o
ie le - Be 2e¢ lec 3¢ - de Ze
Sephenylsalicylamide - - Bc 1 de 4
Bw{4=iminophenyl )= - - 1+ 1s Ba 44 44 4o 44 4
Sephenylsal ieylamide, HC1 - - 1c 1e
Sodium undecylenate - - - - 4+ 4 44 44
| - - 4e 4o 4e 4e
Key: 1le Growth covering 1/4 of plate Controls: Isopropyl aleohol, 12200 4e
2e Growth covering 1/2 of plate Propylene glycol, 1:200 4e
s Crowth gcovering 3/4 of plate Ssboursud ager 4+

4e Growth covering entire plate

¢ Preceded by & number represants number of colonies on plate

«~ Yo growth on plate

Data in table indicate results in duplicate plates.
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The results appear in Table 8, where the compounds
were grouped according to their apparent solubilities in
the medium, Group 1 being the least soluble, Group 6 the
most soluble. A number of observations on the relation-
ship of structure to spparent solubility may be noted.
The data show that the addition of dinitro, disulfonamide
end diamino groups to the molecule greatly increased the
solubility of the parent compound. This is seen by com-
paring compounds in Groups 2, 5 and 6. It is further
shown that the addition of a hydroxyl group on the E'aub~
stituted side chain increased the apparent solubility as
is evident in comparing the sixth compound in Group 2
with the fifth compound in Group 4.

The addition of halogens to the galicylamide benzene
ring decreased the apparent solubility of the parent com-
pound, This may be seen by comparing the first compound
in Group 1 and the third and fourth compounds in Group 2
with the first compound in Group 3.

Substitution of a non-polar group on the amide ni-
trogen atom decreased the apparent solubility, as may be
seen by comparing compound ome in Group 2 with the first
compound in Group 3.

The substitution of a phenyl group in the 3 position
of salicylamide markedly reduced the solubility of the

parent compound, as is evident when the first compound in
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Group 3 is compared with the fourth compound in Group 5.

The 3~cyclohexyl derivative of salicylamide is ap~-
pamnﬁly less soluble than the 3-phenyl aalicflmidefs.a
evident when the fifth compound in Group 2 is éompaéod
with the first compound in Group 3.

The relationship of apparent solubility to inhibitory
activity may be readlly observed from Table 8, The cam-
pounds in Group 1, being the most insoluble, were relae
tlvely Inactive as fungistatic agents, with none producing
significant inhibition after 14 days incubation. Group 2
contains the bﬁlk of the most active compounds except for
N=-(4-hydroxyphenyl)-3=phenylsali cylamide which appears in
Group 4. The apparent solubility in Group 2 was approxi=
mately twice that of CGroup 1. ' ‘

All compounds in Grow 3 were active with one ex-
ception, ﬁmbutzildé-phmylaal:leylamido. As stated pre-
viously, the phenyl substitution in the & position is
quite critical to the activity of these compounds. In
Group 3 the apparent solublility is approximately twice
that of Group 2. The compéunda were generally not as
active as those in the previous group.

In Group 4, all compounds showed significent inhibi=-
tory activity. However, with one exception they were
less active than the active compounds in GMpa l, 2 and
3. The apparent solubility here is about twiece that of



Group 3.

In Groups 5 and 6, only one compound, excluding the
reference compounds, showed a significent degree of ine
hibcition. In these groups the apparent solubility was
greatest,

In general, the results seem to indicate s definite
correlation between the inhiblitory setivity and the ape~
parent solubllity of the compounds. The majority of the
most active compounds possessed very limited apperent
solubility in the medium (Group 2). As the epparent
solub{lity graduslly ineressed the activity of the come
pounds tended to decrease until it finelly was no longey
detectable. Exceptioms may be noted but this eppears to
be the general trend, |

The compounds were further elassified sccording to
thelir behavior as fungistatic egents. 7The second clagsie-
fication 18 designated by the letter immediately followe
ing the compound in the table,

Those compounds designated with the letter "A" gave
partial inhibltion at low lewels of concentratiom with no
spparent ineresse in activity with increasing concentra-
tion. Three of the compounds in this group showed & unie
form turbldi ty with no visible aggregetes in the medium
wher: the concentration of the compound was increased bee

yond the point of apperent solubill ty. The other compamd.
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showed evidence of small microscopic aggregates at this
level. It appears from the results that the maximum
solubility level and the minimum level of the compound
requl red for inhibition are very near the same. As the
concentration was inereased, the inhibitory activity did
not increase because the amount of compound in true solu-
tion wes notincreased. Presumably the uniform turbidity
noted with these compounds at higher concentrations was
due to the formation of a colloidal solution. The com~
pound in this group showing microscopic aggregates at
concentrations above the gpparent solubility, N-methyl-3-
phenylsalicyl emide, behaved differently than the other
class "A" compounds in that the precipitation of the com-
pound was influenced by mechanical disturbance of the
medium, such as streaking of the plates during inocula-
tion. If the surface of the medium was streaked harshly
with a rough instrument, numerous microscopic ecrystals
formed in the line of streaking. If streaked with a
glass rod, the amount of crystal formation was much less.
Those compounds designated by the letter "B" showed
a high order of activity at low concentrations and a de~
crease or complete loss of inhibitory activity with in-
creasing concentrations. All compounds in this group
showed definite evidence of aggregation in the medium
beyond the point of apparent solubility of the compound,
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The results suggest that the compounds were precipltating
out at the higher concentrat ions, thus reducing the
mount of compound In true solution in the medium, This
appears to sccount for the loss of activity at the higher
concentrations.

The compounds designated by the letter "C" are those
which produced cowplete inhibition of growth at the lower
concentrations with no apparent loss of activity at higher
coneentrations. The results indleate that the minimum
eoncentratlon of the compound reguired for complete ine
hibition was below the point of apparent maximum solubile
ity so thet inereasing the consentrations gave inereased
fungistatic actlivity up to the point of complete mﬁibi*
tione

Thas 1t appears that the funglistatic behavior of
Clses 4, B snd C compounds can be explained satisfactorily
on the basis of their apparent solublility in the medium
end wiether they formed preecipltate or unifomm turbidity
when the concentration wes progressively inereased.

pida) Aotivity of the Mept Astive Comy
The 14 compounds previously deseribed, were selected for
testing thelr fungleidal activity egainst Trichophytor

DOUNIGS

The test me thod Tor the evaluntion of alcohol souble
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Table 8
Conecentration of the Compound FProducing
Turbldity or Precipitate In the Hedlum

Haximum consen~ Minisum concens
tration in «g¥ tration in g%
per ml showing per nl showing
no turbidity or turbldity or

precipitate in preciplitate in
Saboursud agar “abouraud agar

{ @rm& 1)
&“ IM Qﬂawg}hmylw | 4
salicylanide § 10 Precipitate

Befiromoeii-butyle
Bwphenyls
saliovianide B 10 Preclipitate

deFhenyl-
salioylanide & 1 Precipitate

Helyolohoxyle
Bephenyle ’
salleylamide “e b 5 Preocipitate

E=Fhenylethyl~
Sephenyle
salliovianide 8 10 Preocipitate

HeHexyledephenyle
salicyl amide & 10 freciplitate

2e(beta-iydroxy«
ethoxy j=dwphenyls ‘
bengeunide .3 10 Frecipitate

(Crowp 2)
B "&“Wl"ﬁ*?&&m u
salieylamide (4 10 20 Turbidity

L mmnglnﬁvﬁ&mylu
salieylomide (A) 10

f«Chloro=lephanyle A
salicylamide (B) 10 20 Precipitate

be-Eromo=3ephenyle= _
salie ylmi&s B) 10 20 Precipitate

3

Turbidity




Table 8, eantinued
T Maximum ¢oneen-
tration in ugh
per ml showing
no turbidity or
precipitate in
Compound Sabouraud agar

S«Cyclohexyl-
salicylamide (B)

H«Bthyl-3«phenyle
salieylamide (B)

S«Phenyl-
salicylamide

2«Carboxymethox y=
S-phenylbenzamide

Minimum concene
tration in «g¥
per ml showing
turbidity or
precipitate in

Sgbouraud agar

10

10

10

10

Observation

20

20

20

20

Precipitate

Precipitate

Precipitate

Precipitate

(Growp 3)
S=Fhenyl=
salicylamide (C)
NeIsopropyle
S~phenyl-
salicylamide (B)
N-Methyl=3=phen yle
selicylamide (A)

N«Butyl-4-phenyl~
salicylamide :

40

40

40

40

Turbidi ty

Precipitate
Precipitate

Precipi tate

(Group 4)

Ne=(4~Hydroxy-
phenyl)«3~phenyle-
salieylamide (C)

Ne(3-llethox y=
propyl)=3-phenyl~
salicylamide (C)

N~{4-Amincophenyl )~
S-phenylsalicyla~

(continued on following page)

40

40

80

80

80

Turbidity

Precipitate

Turbidi ty
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Vaximum concen= Winimum ¢oneens
tration in 4g® tration in ag®

per ml showling  per ml nmawtmg

no turblidity or turbldity or
prwuipikgtﬁ in praﬁ@piﬁate 1m

§~1h§§m~ﬁyﬁraxy~
ayzumaéo (¢) 40 80 Turbidl ty

ﬁ. §~ﬁiaﬁF31wﬁw
3’ ¥
salieylamide (O) 40 80 Turbidity

(Group 6)
Salleylic aeid 80 160 Turbidity

2eliothoxyedephenyl~ L
benzaside 80 160 Turbidity

¥ ”E’ﬂ 1"5\L phen ﬁ*% ¥

xnéiauif amide=- \

salieylamide 180 380 Precipitate

Salicylamide 520 €40 Turbldity

HeButyledephan yl-8,
xedinitrosalicylae
mide 320 640 Frecipitate

(Growp 6)
Sodium undecylenate »80 >80

He{beta-liydroxy=
propyl)edephenyle |
salicylamide 2160 » 160

HeButyled-phenyle
xwéiamimaaulxcyl&
manahyﬂraahlﬁriﬁt >$&ﬁ >840

» m?avugwaan
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fungl cides described by Golden and Nster (4, pp.350-362)
seemed applicable to a study of the fungleidal activity
of these new salicylates. This method employs 1 em dises
cut from a petri dlsh culture of Trichophyton mentagro=-
phytes on Sabouraud agar with a sterile cork borer. The
discs are transferred with asepiie precautions to 10 ml
of the test fungiclde in 95 per cent ethyl alecohol.
After exposure for 1 minute to the fungicide, the disecs
are transferred to 10 ml of sterile broth and shaken for
3 minutes to remove eny water-scluble or miscible mater=
ial., They are then washed for 5 minutes in a 30 per cent
acetone-water solution, thereby removing the fungicide
adhering to the mycelium, Following the acetone washing
step, the discs are once agaln fimmersed in sterile broth
to remove all traces of acetone, and spread, culture side
down, on the surface of Sabouraud agar slants. The slants
are inoubated at 28°C for 3 weeks and observed for growth.
In en attempt to demonstrate fungieidal activity by
this method, solutions of l«butyl-3-phenylsalieylemide
contalning %2 mg per ml in isopropyl aleohol were em-
ployed. Exposure of the discs cut from 14 day old cule
tures of Irichophyton mentagrophytes to the test solu-
tions for & minutes did not produce killing of the
organism. Longer periods of exposure resulted in killing
of the organism by the solvent alone, as shown by the
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controls. The funglieidal activity of the compounds was
next tested in propylene glycol solution at 32 mg per ml.
8ix minute exposure periods were used but the organisms
were still not completely killed.

The compound adsorbed by the organism on exposure
to the solution could not be removed by the washing
method previously described or by numerous washings in
isopropyl alechol, acetone and ether as evidenced by in-
tense fluorescence of the dises under the ultra violet
light. Even though significent amounts of the compound
rémained on the organism, the latter was still viable
when inoculated on Sabouraud ager plates. |

In another attempt to demonstrate funglcidal active
ity, solutions of N-~butyl-3-phenylsalicylamide and Ne
phenyl-3-phenylsall eylamide containing 32 mg per ml in
mmﬁt oil were prepared. Agar discs from a 14 day old
cul ture of Trichophyton mentagrophytes were exposed to
the solutions for 24, 48 and 72 hour periods. The discs

were then washed in a 30 per cent acetmme-~water solution
for 5 minutes and rinsed & times in sterile distilled
water. They were ﬁhm streaked, culture side down, o
the surface of Sabouraud agar plates., After 5 days ine
cubation at 289C, growth was observed on the plate indie
cating incomplete killing of the organism. Controls

using oll with no compound were treatsd in the same
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mammer,. Here again, a significant amount of the compound
remained on the discs wmhich had been exposed to oll solue
tiong of the compound as evidenced by fluorescence under
the ultra vioclet light.

In view of the unsatisfectory results obtained from
the above methods, it wes decided to test the funglcidal
activity of the compounds in aquecus solution &t the cone
centration found to glve the grestest inhibitlon of
- growth in EBabourauwd agsr. This method would pemmit pro-
longed exposure periods not possible when organic solvent
solutions of the compound were employed. It was cone
sidered that such a method would irdicate the relative
fungicldal activity of the compounds at these concentra-
tions, however weak such activity might be. The procedure
was carried out as deseribed in "Materials and methods".

The results in Table 94 show that 5§ of the compounds
were fungicidal at the concentration tested after 8 deys
incubation at 289C ggainst the relatively dilute inoculum,
Three others, t~butyleS-phenylsalicylemide, Hephenyledw
phenylsalicylamide and Neld-hydroxyphenyl)=3-phenylsalis
cylamide, showed a 50 per cent or greater reduction in
the number of viable mycel lal fragments. Sodium undecy-
lenate was the only compound which did not inhibit growth
of the mycelium in the solution, It should be explained
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here that the mycelium of Ipichophytor mentegrophyies
will show significant growth when incubsated in distilled
water with no added nutrients. Presumebly small smcunts
of nutrient meterial are carried over with the inocculum,
Additionel data obtalned by the seme method, but gme
ploying & heavier incculum sre shown in Table 9B. The

decrease in number of viable mycelisl fragments follows

the same general pattern as shomm in Table PA. Only one
compound, N-{d4-aminophenyl)eSephenylselieylamide, HCI,
gave complete sterilization of the heavier inoeculum, while
8 others showed & 50 per cent or greater reduction in the
nuber of viable mycelisl fragments. Nelsomropylsef-
phenylsalicylemide was somewhat move sctive here than

the previous results indicated as shown in Table 94,

In the experiment shown in Table 5B, the soncentra-
tion of sodium undecylenate was lnercased 4 fold over
that in the previous experiment and agein did not inhibit
growth of the mycelial fragments. The other compound
inhibiting growth of the mycelium was Neethyle3ephenyle
salicyvlamide,

not

The pH of the water solution of each compound was
determined and found to be between pH 6,9 and 7.3 with
one exception, thet belng Ne(4eaminophenyl)=S-phenyl~
salieylemide, HC1l which gave & pH of 4.41.

In a separate experiment, an 80 microgram per ml
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solution of N~(4-aminophenyl)-3-phenylsalicylamide, HCI,
was adjusted to neutrality with dllute sodium hydroxide
and the fungleldal activity of the compound retested as
desceribed, No activity of the compound was then apparent
as it did not prevent growth of the mycelial inocculum
after 7 days incubation at 28°C, Apparently the effect
observed in the earlier experiments was due to the rela-
tively low pH. |

It seems evident, then, that this groaup of salieyla~
mide derivatives, although quite sctive as fungistatic
annes when tested against the two dermatophytes, showed
relatively wesk fungleidal activity for these orgenisms
at the concentrations employed, which were limited by the
slight water solubility of the compounds,

£ Growth Inhibition by Hebutyl-S-phenyle

A. Observations on Adsorption. In an attempt to
observe the mycelium and spores of Trichophyton mentagro-
phytes exposed to a solution of Nebutyle3ephenylsalieyla=
mide, by means of ultra violet miecroseopy, it was noted
that the orgenism would adsorb the compound from very
dilute aqueous solutions, When the organism was treated
with a conecentrated aqueous solution, which was presume

ably colloidal, the solution itself was fluorescent snd
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Table 94
Fungleidal Aamvs, W M em iém% Astive ﬁmméa
ys _Ing 37
Compound cmamﬁntxm Visble mycelial
AU per ml fraguents
SePhenylsalicylamide 20 Eone
Helothyl=S=-phenyle |
salicylamide 40 40,000
HeBthyleisphenyle
salieylemide 10 36,000
HebButyledephenyle |
salie ylamide £0 26 , 000
Halaopropyled= ,
phenylsel leylanide 20 48,000
Fe{B«lethoxypropyl )=
Sephenylealicylanide 40 Hone
b=lhlorpedephenyles ,
salicylamide 10 Hone
f-Bromoelephan yle
galicylamide 10 53,000
§*E@§ﬂ"3ﬂpmnylﬂ
sallicylamide “ 10 48,000
HaPhenylele
phenyls alicylemide 10 9,000
d=Cyclonexyle= |
salicylamide 20 o ‘Hone
m(a»&mwm phenyl)- |
f-phanylsalicylamide 80 18,000
fi=(4eiminophenyl )=
fephenylzalicyleomide, HC1 80O Yone
Sodium undesylenate 20 Too numerous

to count

Control: 50,000 viable mycellal fragmen ts per m)l ab
: peginning of experiment,




Table 9B

Funglelidal Activity of %:rim %ﬁ% ketive f’“m;}owxés

&-Fhw ylmli eylamide
Hellothyl-3~phenyloalicy lamide
HeEthyle3ephenylasalicylanide

Hefutyled-phenylsalicylamide

felgsopropyl=
Se-phen 3‘15&11@31%1&&

fiw(3-Mothoxypropyl)~
S-phen ylessl icylanide

S~Chloro-d-phenylsalicylamide
Sefromo-3-phenylsalicylemide
S=loto=3-phenylsalicyl amide
Refnenyl-3-phenylsslicylenids
S=Cyelohexyl-salieylamide

ﬁu{‘mﬁydmw nhen 51 }w
Sephenyls aliaxlmiﬁ&

He{4=tmino yl}=
S=phenylsa mw«, HEl

ﬁwimss w&wg Imnta

Ewgmimﬁ on

8

8

e 8

10
i0
1o
20

175,000 97,000 96,000

126,000 125,000 138,000 104,000
125,000 125,000 138,000 104,000
28,000 38,000 16,000 5,000
78,000 78,000 14,000 8,000
26,000

Honme

L3
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interfarcd with observation of the mycelium and spores
under the microscope. If the concentration of the come
pound was reduced to 10 microgrems per ml or less, the
solution was not fluorescent. The orgenism when treated
with this dilute agueous solution, sfter standing for
some time, showed definite fluorescence as compared to
control cultures not sxposed to the compound,

In view of this cbservatioa, the adsorption M’ the
compound from a dilute agueous solution was retested as
deseribed in "Materials and m thods”. Here again, the
organism was observed to adsord the compound from the
dilute solution which did not show fluorescence. The ore
genism, when observed under the ultra violet light after
24 hours, showed intense flucrescence.

In en attempt to determine the wminimum concentration
at whieh the compound showed fluorescence in Sabouraud
agar by examination of plates of the medium under the
ultra violet light, it was observed that the spores ine
osulated on a plate of medium became fluorescent after
several days although no growth ccecurred, The medium it
self was not fluorescent. In view of this observation,
it was declded to see 1f this adsorption phenomenon wes
specific for organismws which were sensitive to the come
pound.

This led to the experiment deseribed in the
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"Haterials and methods" on the relationship of adsorption
of the compound to inhibitory activity. Several fungl
wore tested for thelr abllity to adsord the compound by
inverting culture discs of the orgenisms on the surface

of sgar plates containing 10 mierograms per ml of He
butyl-3-phenylsalicylamide. After an hour the disce were
exemined under the ul tra violet light for fluorescence.
Three of the organisms readily adsorbed the compound
from the medium as evidenced by increased fluoreseence,
pug tritici. These organisms were
shown to be Inhibited by the compound, although the ine
hivi tion was only partial in the cese of Ehizopus tritiel
whiech showed some growth in the presence of 160 micro-

grams per ml in Sabouraud eger.
avanicus showed only faint fluorescence and were not in-
hibited by the compound at e¢oicentrations of 160 micro=

grems per ml in Sabouraud agar.

These results sugzest thet the sctivity of the come
pound may be closely related to this adsorption Mmity
existing between the compound and the orgenism.

B. Study of Effect on fespiration
preliminary study on the mechanism of astion of Nebutyle
Sephenylsalicylemide, the effect of this compound on the
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respiration of JTrigch 8 was investie

gated., Experiments were performed in a conventional
Warburg respivrometer. The effect of the compound was
determined at concentrations of 1, 10, 50, 100, 200, and
800 miecrogrems per ml as Wavﬁ.ﬁgx sly described,

As shown in Table 10, the compound, in & wide range
of concentrations, did not inhibit the respiratlion of
the mycellum elither in the presence of glucvse or in the
sbsence of the substrate. On the contrary the compound
spparently had a stimulatory effeet on both endogenous
and exogenous respiration.

In view of the data in Table 10, and in view of the
fact that Nebutyle-3-phenylsalicylamide inhiblts growth
of this orgarism at 10 micrograms per ml, one might cone
clude that the mechanism of this inhibition 1s not de-
pendent upon a general interference with the respiration
of the organism, either in the presence or absence of
glucose. The effect of the compound on the respiration
of the organism in the presence of substrates other than
glucose was not investigated.

The results further suggest that the inhibition of
the orgeniem by the compound might be a specific or mmti-
metabolite type resction, in contrast to & non-gpecifie
or general protein denaturent. Cenerally, inhibitors of
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the latter type decrease the respiration in the absence
or presence of all substrates.

The differences in the respiration of the mycelium
between different experiments 1s due to some unimown
factor or factors. An effort was made to keep the matere
iales and methods constant in each experiment, although
some uncontrolled factor was apparentily involved, proba-
bly differences in the mycelial culture. The relatively
slight effeet of zlucose on the respiratory rate of this
organiam is in agreement with the work of Bentley (8, p.
8€8)y In experiment 3 the observations on reaspiration
in the presence of glusose wore made several hours before
the endogenous measwements. The same mycelial culture
was used, but in the latter case the suspension had been
held in the phosphate buffer for this period of time.
This may acecount for the differenees in respiration iIn

the presence and absence of glucose.
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DISCUSSION

One of the major obstacles to a complete study of
the fungistatic end fungleidal activity of these new |
salieylates 1z the low water aéltﬁiut? of the most m ”
tive compounds. Yet, in view of the correlation between
activi ¢ty and solubility of the compounds in the medium,
the property of slight solubllity 1e an important factor
in eonferring marked funglstatic setivity et low levels
of conecentration. This phenomenon has bsen observed with
anti-bacterial agents, whereby low water solubility and
wtiv&ﬁy of the compound are in e¢lose m&aﬁm (13,
peBla

This property of insolubility mey well explain the
lack of ectivity of many of the compounds of this group
which on the basis of thelr strmecture should ha' extremely
active fungistatic agents. It was stated earlier that
the addition of ehlorine and bromine in the & position
of 3ephenylsalicylamide inereased the order of activity
of the compound., The addition of lodine in the § posie
tion decreased the crder of sectivity of the compound,
Substitution of bromine in the § position of Hebutylede
phenylsalieylamide virtually destroyed the activity of
the compound eos previously stated. In cach case, the
solubilities of the halogenated derivatives in the medium
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were decreased, In view of this, and in view of the fact
that all compounds studied seemed to be as esctive at the
point of maximum spparent solubil ity as they were at
higher concentmtions, it must be assumed that the soluw
bility of the compounds was decressed beyond the minimum
level required for fungistatie activity.

The low solubility of these compounds in aqueous
solutions prevented a thorough study of their fungleidal
aptivity. The use of orgsnie solvents prevented the use
of suffielent exposure times and the concentratims obe
tained in aqueous solutions were much lower than those
usually employed in fungicidal testa,

‘i’fhﬁ'phmmmn of adsorption of the compound by the
organism seems to be closely releated %o the aectivity of
the compound. As stated previously, the sensitive ore
i more resdlly than
the resiastant fungl. The faet that cotton exhibited
similar wwﬁ&#a to the sensitive orgenisms in that 1t
possessed the abllity to adsorb the compound mey have
some bearing on the wechanism of section. The cell wall
of fungl 1s composed of chitin (5, p.3) which is & come
plex polysaccharide and contains nitrogen in the form of

ganlsms appear to adsord the compow

glucosamine. Cotton is a pure polyssccharide having
numerous linked glucose units, It may well be that the
ehl tin of the dematophytes end the other sensitive
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fungl, as well as cotton, possess functional groupe which
have sn affinity for the compound, This does not fully
explain the mechanism of inhibition of Ipichophyton

g8 by KebutyleSephen ylsalicylemide,

The possibility that some of these compounds may be
of value in the trentment of dermetophytosis must not be
overlooked, In view of the decreased setivity of the
compounds in the presence of 10 per cent citrated humen

plasms as & scurce of protein, it is unlikely that these
compounds will be of wlue in the treatment of dermaphye
tosls by systemic aduninistration. Nevertheless, this
does not exelude the possibility of these agents being
effective vhen used as topieal applicants,

In view of the res:ults obtained in these studles,
it appears that further investigetion along certain lines
would be extremely frultful, These are as follows:

1. Extensive investigstion of the mechanism of ac-
tion of HebutyleSephenylsalicylamide or other compound
of this group, in hope that the studies may further
elucidate the bilochemical resctions of the organiasm,
which in tum might provide further knowledgze on the
treatment of dermatophytosis by these compounds or by

other closely relaoted derivatives,
2+ Toxieity studles of the compounds in experie
mental animals.



3¢ Investigation of the value of these compounds
in the treastment of feline ringworm, as topical applie
cants and systemie therapeutic agents,

4. The synthesis and study of new salieylate de-
rivati ves patterned af ter these compounds.

76
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‘SUMMARY

In summary, it was shown that & new group of sali=-
eylates, most of which were derivatives of S=-phenyle-

salicylamide, were extremely active as fungistatie agents

against Trichophyton mentagrophytes and Microsporum
audouini. When compared with a salt of‘undoeylenig
acld, which is recognized to be among the most active
end commonly used inhibitory agents against this group
of fungi, 9 of the 31 compounds exhibited fungistatiec
properties at lower coneentrations when ecompared on a
welght and molar basis. v

The fungistatic activity of the most active come
pounds were tested in the presence of 10 per cent citrated
human plasma as a source of protein. The presence of
the protein reduced the activity of all compounds, the
majority of thém showing a 4 to 16 fold decrease in ac-
tivity. Three of them showed virtually a complete loss
of activity under these conditions.

The fungicidal activity of the most active compounds
was determined, Eight of these were shown to possess
fungicidal properties axnéedimg that of sodium undecylen=
ate when compared on a weight and molarity basis.

In a preliminary study of the mechanism of inhibi-
tion of growth by N-butyl-3-phenylsalicylamide, it was

shown that Trichophyton mentagrophytes would adsorb the
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compound from dilute aquecus solutions or from the sure
face of an sgar plate. There appeared to be sime corree-
lation between this adsorption phenomenon and sensitivity

of sn organigm to the compound,

mnd, in 8 wide range of concentrations, was
not inhibitory to the respiration of the organism when
determined in a conventional Varburg respirometer., A
8light but defini te stimulsti on of the exogenous end
endogenous respiration was observed at all comeen trations
tested. Apparently the mechanism of inhibition by the
compound does not depend on & general interference with
respiration,
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