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The Structure-Activity Relationship
in Several Schistosomicidal Compounds*
by RUDOLF GONNERT, Institute ofChemotherapy, Farbenfabriken Bayer A.G., Wuppertal-Elberfeld, Germany

In spite of the considerable amount of work on
the chemotherapy of bilharziasis that has been
carried out by numerous scientists, the treatment of
schistosomal infections with drugs is still un-
satisfactory. At the present time, two groups of
compounds are mainly used for this purpose: the
antimonials and the xanthones. The most widely
used of the latter group is the thioxanthone " lucan-
thone ", commonly known by the trade names
" Miracil D " (Bayer) and " Nilodin " (Burroughs
Wellcome). Thousands of compounds belonging
to different chemical groups have been screened,
however, and some of them have proved to be
effective in experimental Schistosoma mansoni
infections, especially those of mice.
The search for new drugs usually starts empirically.

But experience has taught us the basic importance
of the relationship between chemical constitution
and biological activity in this kind of research. The
continued discussion of this question may give
valuable ideas to the investigator and may help
finally to solve the problem. Our own investigations
at the Institute are concerned mainly with Miracil
D and its derivatives and with the application of
experiences gained in regard to structure-activity rela-
tionship to other groups of compounds. This note
briefly summarizes the results of our endeavours.
By means of a technique developed by Kikuth

& Gonnert a for infecting small mammals with
S. mansoni (Liberian strain), during 1936-38 a large
number of compounds from very different chemical
groups was investigated for schistosomicidal activity.
One of these substances, synthesized by Mauss b
in 1938, showed a minor but convincing activity.
This compound-l-N-f3-diethylamino-ethylamino-
4-methyl-xanthone-was later given the name
"Miracil A" (Fig. 1).
Further chemical and biological investigations

have confirmed the hypothesis that the schistosomi-
cidal activity of this chemical group depends on the

* Revised version of a note submitted to the WHO
Scientific Group on Research in Bilharziasis, 1959.

a Kikuth, W. & Gonnert, R. (1948) Ann. trop. Med.
Parasit., 42, 256; (1949) Z. Tropenmed. Parasit., 1, 234.

b Mauss, H. (1948) Chem. Ber., 81, 19.
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presence of a basic side-chain in position 1 and a
methyl group in position 4 of the molecule. More-
over, it has been demonstrated that the basic side-
chain may be varied within a certain range, but the
replacement of the 4-methyl group by other substi-
tuents causes a complete loss of schistosomicidal
effect. The introduction of additional substituents
into the molecule sometimes results in a remarkable
increase of activity. The homologous inversely
substituted compound of Miracil A (l-methyl-4-
N-/3-diethylamino-ethylamino-xanthone), however,
is completely ineffective. The ring system, though,
may be modified to a certain extent without loss of
efficacy. If the principle of substitution at positions
1 and 4 remains unchanged, the reduction of the
xanthone to xanthydrol and xanthene will yield the
same or even an improved schistosomicidal activity.

Replacing the ring-bound oxygen atom by a
sulfur atom causes a marked rise of activity. The
most effective of these thioxanthones is Miracil D c

(I -N-/-diethylamino - ethylamino -4- methyl - thioxan-
thone (Fig. 2)), which shows an extremely high
efficacy in the S. mansoni infection of monkeys.
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c Kikuth, W., Gonnert, R. & Mauss, H. (1946) Natur-
wissenschaften, 33, 253.
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The knowledge gained of the structure-activity
relationship in respect of the xanthones can be
applied without restriction to the thioxanthones.

Other investigators have reported on thioxan-
thones with basic side-chains other than those
mentioned in the foregoing paragraphs. But the
superiority over Miracil D of homologous com-
pounds with an additional hydroxy substituent in
the side-chain claimed by Archer & Suterd and
Berberian, Dennis & Freele e cannot be confirmed
by our findings. Moreover, we did not see any
advantages in replacing the two ethyl groups of the
terminal tertiary amino group by two n-butyl
groups f or by the piperazyl radical g or in the replace-
ment of the entire aliphatic side-chain by the N1-
substituted piperazyl radical.h Additional efforts
to improve Miracil D by introducing a ring-bound
nitrogen atom in position 5 i did not result in any
increased schistosomicidal activity, so far as we
know.
The logical next step in our investigations was

the application of this hypothetical structure-activity
relationship to other ring systems. This was done
in 1939 by Mauss, who synthesized basic alkylated
4-amino-toluenes.j These compounds may be inter-
preted as forming part of the xanthone and the
thioxanthone ring system, representing the ring C
(see Fig. 2). However, no biological activity was
observed unless a halogen atom, a nitro or a cyano
group was introduced in position 2 of the 4-amino-
toluenes.

This new group of compounds was named the
"mirasans " after one of its first and most effective
representatives-Mirasan (Fig. 3).

Tested in mice, infected with S. mansoni, some of
the mirasans exhibit an activity superior to that of
Miracil D, but they are ineffective in the S. mansoni
infection of monkeys.

d Archer, S. & Suter, C. M. (1952) J. Amer. chem. Soc.,
74,4296.

e Berberian, D. A., Dennis, E. W. & Freele, H. W. (1953)
In: Proceedings of the Fifth International Congrevses on
Tropical Medicine and Malaria, Istanbul, vol. 2, p. 292.

f Archer, S. (1953) US Pat. No. 2 653 949; Gailliot, P.
& Gaudechon, J. (1953) French Pat. No. 1 041 573.

g Gailliot, P. & Gaudechon, J. (1953) French Pat. No.
1 041 572.

h Kushner, S. (1953) US Pat. No. 2 656 357.
i Coombs, M. M. & Gray, W. H. (1953) Brit. Pat. No.

700 124; Newsome, J. (1954) Trans. roy. Soc. trop. Med.
Hyg., 48, 342; Druey, J. & Maier, K. (1958) German Pat.
No. 1037458; Brener, S. & Pellegrino, J. (1958) J.Parasit.,
44, 659; Shafei, A. Z. (1958) J. trop. Med. Hyg., 61, 12.

J Mauss, H., Kolling, H. & Gonnert, R. (1956) Med. u.
Chemie, 5, 185.
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As in the case of the xanthone and thioxanthone
derivatives, the methyl group in position 1 cannot
be replaced by another radical. Moreover, in respect
of modifications of the basic side-chain, the same
rules apply to the mirasans as to the xanthones and
thioxanthones. The introduction of a second
aliphatic substituent in the ring nitrogen atom by
Mauss and Kolling was found to result in a gain of
efficacy.i As in the xanthones and thioxanthones
the position of the substituents cannot be varied
without loss of schistosomicidal activity. An addi-
tional substitution in position 3 or 5 or in both
positions did not remarkably alter the activity
against adult parasites. But Ruschig et al.k and
Lammler I have demonstrated that the trimethyl
derivative (S 616) shows an enhanced activity against
the parasite during the first days after infection.
The same effect can be obtained with another variant
of Mirasan-the S 688 (Ruschig and co-workers m).
This compound corresponds to a Mirasan the side-
chain of which has been substituted by a piperazyl
radical by analogy with the modification of the basic
side-chain in the thioxanthones. Furthermore, the
reactions of these compounds with halogenized
carbonic acid esters, carbonic acid anhydrides,
formic acid esters and other similar compounds
resulted in compounds which are said to be schistoso-
micidal tOo.n Whether the last-mentioned com-
pounds are effective in schistosomal infections of
monkeys has not yet come to our attention. In
clinical trials, however, these compounds are as
disappointing as Mirasan itself.

Making further use of the experience gained by
synthesizing and testing the xanthones, the thioxan-
thones, the mirasans and related compounds, Mauss

k Ruschig, H., Siedel, W., Leditschke, H., Schmidt-Barbo,
D. M., Schorr, M. & Llmmler, G. (1958) German Pat.
No. 1 042 595.

1 Lammler, G. (1958) Z. Tropenmed. Parasit., 9, 294.
m Ruschig, H., Schmidt-Barbo, D.M., Leditschke, H.

Schorr, M. & L5mmler, G. (1957) German Pat. No. I 019 308.
n Ruschig, H., Siedel, W., Leditschke, H., Schorr, M.,

Schmidt-Barbo, D. M. & LgmmIer, G. (1959) German Pat.
No. 1 057 120.
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and Kolling, in 1951, synthesized two other classes
of compounds-basic alkylated tetrahydroquino-
lines and tetrahydroquinaldines (Fig. 4).J This work
is based on the fact that the introduction of a second
aliphatic side-chain in the ring nitrogen atom of
Mirasan yields products with unchanged activity.
Mauss and Kolling succeeded in arriving at a new
class of effective compounds by forming a new,
six-membered ring, closing the second aliphatic
chain, as mentioned above, with one of the two
adjacent positions (3 or 5) of the aromatic group of
Mirasan. The new compounds are derivatives of
basic alkylated 6-methyl-5(or 7)-chloro-1,2,3,4-tetra-
hydro-l-/-diethylamino-ethyl-quinolines and quinal-
dines.

H3C

7 ~~~~~2

N CH3
(-"CH2MCH,N(C2HS)2

Schistocide Bayer 1593 A

Modifications of the basic side-chain and/or the
introduction of further substituents in the ring
again lead to new schistosomicidal compounds. The
variations in the basic side-chain are governed by
the rules already mentioned. As in the case of the
thioxanthones, the introduction of a hydroxy group
in the basic side-chain was not found to improve
the schistosomicidal or toxicological properties in
our experiments.
The tetrahydroquinolines and tetradhydroqui-

naldines are remarkably active in schistosomal
infections of mice. They are also effective in infec-
tions of monkeys. But, like the mirasans, this group,
so far as it has been investigated, has shown no
convincing activity in schistosomal infections ofman.
Drawing on experience gained with the tetra-

hydroquinolines, K6lling synthesized other hetero-
cyclic ring systems,1 closing the ring in the manner
mentioned above. A considerable number of these
compounds, belonging to several chemical classes,
was tested biologically, but these efforts did not
open up new avenues leading to the development of
additional antischistosomials. To be sure, schistoso-
micidal compounds were found-for instance, in
the class of the indoles, tetra- and hexa-hydro-
carbazoles and phenanthridines. However, their
efficacy is confined chiefly to schistosomal infections

of mice and is, as a rule, inferior to that of other
effective classes of compounds. Moreover, experien-
ces with these and with completely different ring
systems have demonstrated that the recognized
structure-activity relationship does not hold in
every chemical class.
The systematic investigation of the xanthones and

the thioxanthones, as well as our efforts to disclose
the structure-activity relationship, led to the syn-
thesis of two other ring systems-the chromones
and the thiochromones-which are also part of the
xanthone and the thioxanthone molecule. This work
was started in 1951 by Bossert.0 By analogy with
the xanthones and thioxanthones, we were able to
demonstrate the superiority of the thiochromones
over the chromones. A clear schistosomicidal effect,
however, could be demonstrated only if a substituent,
especially a methyl group, was introduced in posi-
tion 2. We thus arrived at the compound " Schisto-
cide Bayer T 109 " (Fig. 5), which is active in experi-
mental S. mansoni infections.

O NH * CH2 CH2- N(C2HS)2

Schistocide
2 I<SS Bayer T109
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The continuation of this work subsequently led
to the synthesis of hydrogenized thioxanthones
(Fig. 6) by Bossert, Henecka & G6nnert.P The
schistosomicidal efficacy of these compounds de-
pends on the chemical constitution and on the
species of the infected host.

O NH * CH2 *CH2- N(C,2Hs)2
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o Bossert, F. & Gonnert, R. (1956) German Pat. No.
954 599.

P Bossert, F., Henecka, H. & G6nnert, R. (1958) German
Pat. No. 1 024 980.
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Summarizing the investigations under discussion
we come to the following conclusions:

1. In several classes of compounds the schistoso-
micidal activity depends on a p-substitution of a
methyl group and a basic side-chain.

2. The efficacy may be increased by the addition
of a substituent, particularly a chlorine atom, in
o-position to the methyl group.

3. The biological activity depends on the genus
of the host, even when the same strain of the
parasite is used for infection.

The above conclusions as to the structure-activity
relationship are based on the presumption that the
compounds themselves and not one of their meta-
bolites are responsible for the schistosomicidal
activity. We tried to clarify this point in the case
of Miracil D, approaching the problem in two
different ways-namely, by chemical synthesis and
by investigation of its metabolism.
Assuming that there are two possible ways for

Miracil D to be broken down biologically (I and II
in Fig. 7), Kolling (unpublished data), synthesized
a number of compounds. Actually, none of these
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Excretion of Miradi D and Its metabolic products in urine
of man and some animals. (Paper chromatogrom)

compounds or any of their derivatives showed any
schistosomicidal activity. We therefore came to the
conclusion that neither the hypothetical metabolites
nor their derivatives could damage the parasite.
Furthermore, a compound belonging to Group I,
synthesized by Elslager, Maienthal & Smith q in
1959, also proved to be ineffective.
The second approach to the problem under dis-

cussion was based on the well-known fact that
Miracil D is more effective against schistosomal
infections of monkeys than against those of humans
or mice. Strufe (to be published) tried to answer
the question whether the metabolism of Miracil D
differs from species to species of vertebrates. With
the help of paper chromatography, he studied the
qualitative and quantitative excretion of Miracil D
and its metabolites in the urine (Fig. 8). He was able
to demonstrate that the metabolism of Miracil D

a Elslager, E. F., Maienthal, M. & Smith, D. R. (1956)
J. org. Chem., 21, 1528.



706 NOTES

does indeed vary from species to species. Besides
Miracil D itself, several metabolic products are
regularly excreted; these products may differ in
different species. Also, the amount of the same
metabolite actually excreted by different mammals
varies considerably. The difference between the
metabolism of Miracil D in monkeys and that in all
the other vertebrates investigated must be especially
emphasized.

Strufe was able to isolate one of these metabolites
from the urine in amounts sufficient to enable it to
be tested in the experimental infection of mice. He
called it Miracil X and it proved to be effective. It is
identical with the main metabolic product present
in the urine of man and is excreted as a chromo-
peptide. Chemically, the chromophore is the sulf-
oxide of Miracil D. The peptide component consists
of at least four amino-acids whose quantitative
composition varies from man to man. An investiga-
tion of the hydrolysed peptide by paper chromato-
graphy resulted in spots analogous to those of ala-
nine, serine, lysine, valine and leucine.
By oxidizing Miracil D in vitro, a compound can

be obtained which is, in every respect, identical with
the chromophore of Miracil X. Experiments in
animals proved Miracil X to have the same tolerance
and an efficacy nearly as good as that of Miracil D.
Taken orally, the sulfoxide is quickly absorbed and
passes rapidly through the body. A few hours after
administration it is excreted almost completely and

unchanged in the urine of humans, dogs and mice.
In the body of monkeys, however, it is further
metabolized. The results thus obtained verify that
Miracil D is, in the human body, metabolized into
at least one other compound with schistosomicidal
activity and possessing the characteristic substituents.
These experiments, however, did not preclude

the possibility that Miracil D is metabolized to a
still more active substance within the body of the
parasite itself. Therefore, parasites were collected
from treated mice and extracted at certain intervals
after treatment. Miracil D only was found during
these investigations, which were rather preliminary
in character.
The two series of experiments described in the

foregoing paragraphs represent an important con-
tribution to the hypothesis that a methyl group and
a basic side-chain in p-position are responsible for the
schistosomicidal efficacy in the groups of compounds
under consideration. There are, however, other
ways of developing antischistosomials, as has been
demonstrated, inter alia, with the p-amino-phenoxy-
alkanes, which were found independently by
Collins, Davis & Hill r on the one hand and by
Raison & Standen 8 on the other, and with the well-
known antimonials.

r Collins, R. F., Davis, M. & Hill, J. (1954) Chem. and
Ind., No 35, p. 1072.

8 Raison, C. G. & Standen, 0. D. (1954) Trans. roy.
Soc. trop. Med. Hyg., 48, 446.

Trials with the Molluscicides Rhodiacid and Bayer 73 *
by ERNEST PAULINI, GERALDO CHAIA and JoSE R. DE FREITAS, Chemical Laboratory, Centro de Pesquisas
de Belo Horizonte, Instituto Nacional de Endemias Rurais, Belo Horizonte, Brazil

Molluscicides have played and will continue to
play an important role in the control of bilharziasis,
as foci of infested snails can be rapidly extinguished
by the adequate and appropriate use of these sub-
stances. In a previous paper a a review was made of
chemical products which have been tried as mol-
luscicides in various laboratories of the world.
However, all those substances showed some unde-
sirable properties, such as toxicity to fish, to the
applier or to plants. The residual effect of the

. Note submitted to the WHO Expert Committee on
Bilharziasis, September 1960; also to be published, in
Spanish, in the Boletin de la Oficina Sanitaria Panamericana.

a Paulini, E. (1958) Bull. Wld Hlth Org., 18, 975.

molluscicides known at present is also very short.
These few instances indicate the necessity to con-
tinue the search for new and more efficient chemical
products to fight schistosome-bearing snails. Trials
are being carried out to this end at the authors'
laboratory with all the promising products against
planorbids. The results obtained with two products,
Rhodiacid and Bayer 73, are given in this note.

Materials and methods
Rhodiacid is the trade name of a granulated pro-

duct which contains 50% zinc dimethyl-dithio-carba-
mate and 50% calcium carbonate. The material was
supplied by Compania Quimica Rhodia Brasileira.
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