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In 1946, the antituberculous activity in vitro of
several thiosemicarbazones of aromatic aldehydes
.and ketones was first reported by DOMAGK, BE-
HNISCH, MIETZSCH and SCHMIDTD. Subsequen-
tly, in -1948, qualitative differences in activity
among various thiosemicarbazones were indica-
ted®». The clinical investigations with these com-
-pounds were undertaken by MONCORPS, KALKO-
FF, KUHLMANN, KLEE, HEILMEYER, MALLUCHE
and others. Excellent reviews of investigations
about these thiosemicarbazones, particularly, p-
acetylaminobenzaldehyde thiosemicarbazone (TB 1
/698), deyelopec} in Germany Table 1.
were published in 1950 by the
‘German workers®» 95,

between benzaldehyde or acetophenone thiosemi-
carbazones and their vinylogs in biological acti-
vity has not yet fully established; it is merely
known? that p-ethoxy-, and p-dimethylamino-
benzaldehyde thiosemicarbazones are superior to
their respective vinylogs and furaldehyde thiose-
micarbazone is inferior to its vinylog in antitu-
berculous activity. A program was thérefore ina-
ugurated in this laboratory to clarify this point,
expecting less toxic agents among cinnamaldehyde
thiosemicarbazones.

During the course of a study on acyl derivatives

Comparison among four thiosemicarbazones having
same substituents.

, , STOREY Minimum

::: ?:5;;; flﬁlfizll;idsg 1949 -No. Thiosemicarbazone Formula Séziz(;g%itiigc
their excellent quantitative in (y/ml)
vivo evaluation of a c_onsiderable 1 | p-Nitrobenzaldehyde NO:-Ry 1.56
“‘121"6; t:(fi thi““t“’?";“ 2 | p-Nitrocinnamaldehyde NO:-R. 3.12
::1 orr: ante :;r::flgo:;n:};es;; :f 3 | p-Nitroacetophenone NO;-R; 3.12
thiosemicarbazones and compo- 4 | p-Nitrobenzalacetone NO:-R, 3.12
unds of related structure amou- 5 | p-Aminobenzaldehyde NH:- Ry 12.5
nted to nearly 100 and their ac- g | 4 o inocinnamaldehyde NH;-Re 12.5
tivities in vitro” against the BCG A ) ) 125
strain of Mycobacterium tubercu- 7 | p-Aminoacetophenone NH;Rs
losis and in the mouse® were 8 | p-Aminobenzalacetone NH;-R; 25.0
reported in 1950~1951. 9 | p-Acetamidobenzaldehyde CH;CONH-R, 0.78

Since TBI is a drug with ;5 | A ctamidocinnamaldehyde | CH,CONH-R, 3.12
:Ezgiﬁgeg:i;e:hizfse::i}::l:g:;.’zo- 11 | p-Acetamidoacetophenone CH;CONH-:R3 6.25
nes more active as well as less 12 : p-Acetamidobenzalacetone CH;CONH-Ry 12.5

toxic, would be an important
‘addition to the currently availa-
ble antituberculous agents. It is R
well known in the field of local

Ry

—<;>—CH=N—NH—CS-NH,
= —<;>—CH=CH—CH:N-NH—CS—NHz

anestheticsi® 10 and antibacterial Ry= —{ >—C=N—NH—-CS——NH2
= 1

substance!»1® that a compound
and its vinylog are similar in
‘biological action. With thiosemi-
carbazone series, the relation

* The present report is part of a cooperative
investigation on antituberculous compounds and
has been partly supported by a Grant in Aid
for the Miscellaneous Scientific Research, pro-
vided by the Educational Ministry. Presented
before the Kanto Regional Meeting of Nippon
Saikin Gakkai, June 27, 1953.

CH;

R = —-<—=—>—CH=CH—C=N—NH—CS-NH2

&H,

of p-amino-cinnamaldehyde thiosemicarbazone,

the p-dimethylacrylyl derivative was found to
have markedly low toxicity!® when tested by su-
bcutaneous injection of its oily suspension. This
was presumed to be attributed to the presence of
«, B-double bond in the dimethylacrylyl radical,

since caproyl radical having almost the same nu-
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mber of carbon atoms had not such an effect. It
was decided therefore to prepare crotonyl and
methacrylyl derivatives in attempting to enhance
.the antibacterial effectiveness.

Although thiosemicarbazones have been claimed
to have specific activity against tubercle bacilli,
a-bromo-p-nitrocinnamaldehyde thiosemicarbazone
was found to show apparent antibacterial action
against Staphylococcus aureus and Escherichia coli
which led to preparing various derivatives of «-
bromo-p-nitrocinnamaldehyde and the correspon-
ding ketones.

Materials and Methods

Chemical : All compounds tested, consisting of

27 thiosemicarbazones, 2 aldehydes, 2 ketones,
4 semicarbazones, 4 guanylhydrazone hydrochlo-
rides, and 3 nitromethane derivatives were pre-
pared in this laboratory and details of synthesis
except for several compounds have been published
elsewhere!®16) 1, Djhydrostreptomycin and isoni-
cotinic acid hydrazide were included as referen-
ces.

Bcteriological : The in vitro test using Mycobac-
tevium tnberculosis var. hominis, strain H37 Rv in
YOUMANS medium, described
previously® was used. The ba-
cteriostatic studies were also

Table 2.

KH,PO,;, 0.12; NaCl, 0.225; MgSOs 0.0195;

nicotinamide, 10-4M. The pH was adjusted to 6.8
~7.0 with 102 NaOH), deivsed by us. Casamino
acid was prepared by the method of MUELLER!®,
The chemicals were dissolved with a minimum'
of heating in ethyleneglycol to make 0.525 solu-
tions. Subsequent dilutions were made into disti-
lled water and then into media.

Results and Discussion

1. Against M. tuberculosis

In Table 1 are listed 12 thiosemicarbazones of
p-substituted benzaldehydes, cinnamaldehydes,
acetophenones, and benzalacetones which will be
referred to hereafter as R;, Ry, Rs, and Ry, respe-
ctively. The magnitude of the activity is seen to
be in the following order ; Ri>R;=Rs=Ry for p-
nitroderivatives, Rj=R:=R3>R; for p-amino deri-
vatives, Ri{>R:>R3>Ry for p-acetylamino deriva-
tives. Examination of Table 2 which lists p-ace-
tylamino derivatives of benzaldehyde and cinna-
maldehyde thiosemicarbazones, obviously shows
that the relation, R;>R; is always hold with
the exception of p-HOOC-CH:-CH.~CONH- deriv-
atives (No. 20 and No. 21). It is clearly obse-

Acyl derivatives of p-aminobenzaldehyde and
p-aminocinnamaldehyde thiosemicarbazones.

performed on Staphylococcus au- xﬁxﬁﬁl.
reus, strain 209 P and Escherichia No Thiosemicarbazone Formula static con-
coli, KAUFFMANN’s standard st- centration
rain No. 6, in a bouillon or in (y/mb
a casamino acid semi-synthetic ;5 | p-Crotonylamino- CH;CH=CH—CONH—R, 0.39
medium (casamino acid, 102 ; benzaldehyde
glucose, 1% ; Na,HPQ,, 0.1495; 14 | p-Crotonylamino- CH;CH=CH—CONH—R; 3.12
cinnamaldehyde
. p-Methacrylylamino- CHonp__ .
me Figle 15 | benzaldehyde CH, C—CONH—R, 0.78
500 L, p-(B, B-dimethylacrylyla- | CHs\~_ ~py_ . X
., 16| mino)-benzaldehyde CH, C=CH—CONH—R, 8.12
p-(B, B-dimethylacrylyla- | CHa\~_ ~zy_ . '
17 mino)-cinnamaldehyde CHs” C=CH—CONH—R. 6.25
. p-Caproylamino- X . .25
oo 18 benzaldehyde CH,[CH:] CONH—Ry 6
50 p-Caproylamino- . __ .5
19 cinnamaldehyde CH; [CH,],CONH—R, 12
p-(B-carboxypropionyl- . . . - 0 .
20 amino)-benzaldehyde HOOC-CH,-CH, - CONH—R; | 25
p-(B-carboxypropionyl- ) . . . _
2 21 amino)-cinnamaldehyde HOOC-CH;-CH;-CONH—R; | 12.5
o5 p-Benzoylamino- . .
22 cinnamaldehyde <=> CONH:R. 12.5
p-Phenylacetylamino- >__ : .
23 cinnamaldehyde < CH:CONH:R: 25.0
p-Cinnamoylamino- _> _
J : =CH- . 50.0
i l/ur:berofc;’rbon nlvfn: in aczl 9"011/’70 2 cmnamaldehyde <= ~CH=CH-CONH R2
bp-(p-Tolylsulfonylamino)- 8O NH.
25 cinnamaldehyde CH“—< SO;—NH R, 25.0
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rved that the Table 3 «, B-Unsaturated aldehydes and ketones and their derivatives.
substitution of Minimum
the strongly tuberculo-
hydrophilic o. Compound Formula ignttlﬁa:i%i.
group, -NHCO- (y/mD)
CH,;CH:; COOH R
results in ma- 26 | p-Nitrocinnamaldehyde N02< >—CH=CH—CHO 25
rked loss of S
activity in R, 27 | #-Nitrobenzalacetone | NO:{___»—CH=CH—CO—CH, 50
series in acco- a-Bromo-p-nitro- — _
rdance with 28 cinnamaldehyde No”<=>_CH‘9~CHO 10
BERNSTEIN’s Br

. 1-(p-Nitrophenyl)~ _ )
observation” 29 | 5 bromo-1-buten-3-one N02<=,> _CH—?_CO_CH‘“ 2
regarding SO; Br
group, but not p-Nitrocinnamaldehyde
o mach in Ry 2 | Poioemmanaiae NO:{ >—-CH=CH—CH=N—NH-—CS—NH2 3.12
series. The or- p-Nitrobenzalacetone — _ _
der of activity 4 thiosemicarbazone NO’( >—C,H_CH'"gI:I" N—NH—CS—NH, 8.12
of various su e e N0:{__»—CH=C—CH NNH_CS—NEH 12.5
. | cinnamaldehyde 2 —CH=C—CH=N=NH—CS—NH; .
bstltutx‘ng gro | thiosemicarbazone — B
ups, ls seem 1-(p-Nitrophenyl)~2— i
to be CHsCO- 37 | 4romo-1-buten-3-one N02< >—CH C—C=N—NH—CS—NI; 25
NH = NO; > thiosemicarbazone —— Br CHs
NH; in the al- Nit \dehvd
: p-Nitrocinnamaldehyde — CH=CH—CH=N—NH—CO—NH.
dzll;yt:; dse};x)es 32 | #-Nitrocinnam N02<=> CH=CH—CH=N—NH—CO—NH: | >40
1 2
p-Nitrobenzalacetone CH-—CH_C=N_NH_CO—
and NO, > 33| Z-Nitrobenzala No:{ > CH=CH—C=N—NH—CO—NH, >20
CHSCEONH > a~Bromo-p-nitro- - Hs
NH; in the ke- 34 | cinnamaldehyde N02< >—CH=C—CH=N—NH—-CO—-NH2 >10
tone series (R; semicarbazoene — lBr
and R,). 1-(p~Nitrophenyl)-2-
It is evident 35 | bromo-I-buten-3~one | NO:{ >—CH C—C=N—NH—CO—NH, ~10
from Fig. 1 o semicarbazone Br CHs
that the inc- p-Nitrocinnamaldehyde —
rease in num- 36 ' guanylhydrazone N02< >—CH=CH—CH=N——NH—C<§E’~HC] 50
bers of carbon hydrochloride E—
s § p-Nitrobenzalacetone
stoms in acy o, O anylhydrazone { N-CH= CH-—C N—NH—C(NHe. 1 | 50
group causes ' | fugrochloride “NH
the decrease B it . H”
£ antitab ] a-Bromo—p-nitro-cinna- . NH,
of antitubercu- 38 | maldehyde guanylhyd- N02 —CH=C—CH=N—NH——C\NH -HC1 50
lous activity. razone hydrochloride = é -
Therefore, the 1~(p~Nitrophenyl)-2~
linear regres- go bromo-l-buten-3-one NO;{  »-CH= c—-c =N—NH—C{NH-HCl 5
sions between | guanylhydrazone Hs
i hydrochloride
the numbers ‘
of carbon ato- 1-(p~-Nitrophenyl)- . >_ L CH.CH — Ol
ms in acyl 40 4-nitro-1, 3-butadiene NO'<_ CH=CH-CH=CH~NO; 25> >10
. 1~-(p-Nitrophenyl)~ —
gro!.'lp and lo 41 | 2-bromo-4—-nitro N02< >—CH=C_CH=CH_N02
garithm of the 1, 3-butadiene —_— Br ‘ 50> >20
minimum inhi- w-Nitro-p— — -
bitory conce- 42 nitrostyrene NO. <=>_CH"CH_NOZ 50
ntration were Cont"| pPihydrostreptomycin 0.78
calculated wi-
ththe followi- Isonicotinic acid 0.06
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Table 4. Active compounds against Stap-
hylococcus auveus and Escherichia coli.

Minimum bacteriostatic concentration
<”//H(1:1>__ N
. - Casamino acid semi-
Bouillon ' synthetic medium
No. e -
Against | Against Against @ Against
Staph. . Staph. .
aureus E. coli " aureus E. coli
30 | 50 w0 | o125 | 50
38 50 100 . 6.25 | 12.5
39 25 100 : 6.25 ] 12.5

Li; y=2.226x-0.559 for saturated acyl group

attached to Ry

Ly; y=0.141x+0.208* for saturated acyl group

attached to R.
Ls; y=0.753x+43.27 for unsaturated acyl group
attached to R,
L,; y=0.237x-0.423* for unsaturated acyl gro-
up attached to R.
where x=numbers of carbon atoms in acyl gro-
up,
y=minimum inhijbitory concentration tra-
nsformed into log unit.

Since the difference between two regression coe-
fficients for R, series (L. and L)) is significant at
594 level, it may be said that the antituberculous
activity of the R, series with unsaturated acyl
group (L,) increases more rapidly with decreasing
numbers of carbon atoms than that of the same
series with saturated acyl group (L.), and that
the o, B-unsaturated acyl derivatives are more
active than the corresponding saturated acyl de-
rivatives, provided that the numbers of carbon
atoms involved in acyl group do not exceed 5.

p-Crotonylaminobenzaldehyde thiosemicarbazone
(No.13), the best of compounds examined has been
found inferior to TB 1 when tested on tuberculous
mice®, The antituberculous activities of several
aldehydes, and ketones, and their thiosemicarba-
zones, semicarbazones, guanylhydrazones, and
nitromethane derivatives are examined in order
to make clear the effect of the introduction of Br
‘into the aldehyde or ketone moiety. The results
are summarized in Table 3. Respective compari-
Son of No. 2 and No. 4 with No. 30 and No. 31
shows that the substitution of Br at the a-position
of «, B-unsaturated carbonyl thiosemicarbazone
results in the reduction of the activity. It has
been reported that the bromo-substitution at the
aromatic nucleus of «, B-unsaturated ketones effe-
cts the reduction in the activity against tubercle
bacillus and the increase in the action against the
other bacteria?). As will be described later, Br

* Statistically significant at 5% level,

on the side chain also provides the thiosemicar-
bazones with the antibacterial property against’
Staph. aureus and E. coli. It is, however difficult
to draw a conclusion as to the general effect of
Br, because of the antituberculous action of the
aldehyde or ketone itself favored by the presence
of Br on the @-position. "

«, B-Unsaturated aldehydes (No. 26 and No. 28)
are more active than the corresponding ketones
(No. 27 and No. 29). Their antibacterial actions
which may be due to the presence of ~CO-CH=
CH- groupings in the molecules, ?»?) are enhan-
ced (No. 2 and No. 4) or not changed (No. 30 and
No. 31) by condensations with thiosemicarbazide
and reduced by formations of semicarbazones and
guanylhydrazones. Condensation with nitrometha-
ne gives no appreciable change in the activity
with No. 26 but results in some drgp with No. 28
w-Nitro-p-nitrostyrene (No. 42) is inferior to its
vinylog (No. 40). T. URBANSKI?» reported that
w-nitrostyrene inhibits growth of saprophitic mic-
obacteria at concentrations of 50-150 y/ml in YO-

"UMANS medium.

2. Against Staph. aureus and E. coli

Of 25 thiosemicarbazones reported herein, only
a-bromo-p-nitrocinnamaldehyde thiosemicarbazone
(No. 30) showed appreciable activity. Guanylhyd-
razones bearing Br also have the antimicrobial
activity. Three effective drugs are listed in Table
4. @-Nitro-p-nitrostyrene has been found bacteri-
ostatic against Staph. aureus at a concentration
of 7.2 y/ml by SCHALES®®, q-bromo-p-nitrocinnama-
ldehyde against the same organism at a concent-
ration of 0.4y/ml by AFFONSO ;2% the correspo-
nding values in our hands were 100y/ml and 50
v/ml, respectively.

Summary

1. Minimum inhibitory concentrations against
Mpycobacterium tuberculosis, HsiRv, Staphylococcus
aurveus, 209 P, and Escherichia coli were determined
of twenty-seven thiosemicarbazones, two aldehy-
des, two ketones, four semicarbazones, four gu-
anylhydrazones, and three nitromethane deriva-
tives. p-Crotonylaminobenzaldehyde thiosemicar-
bazone gave the best value against M. fuberculo-
Sis.

2. The relationship between chemical structure
and tuberculostatic activity in vitro was discussed.
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