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In 1960 Lammler* reported that a,a,a.a’,a’,a'-hexa-
chloro-p-xylene (I)® was active against the liver fluke
Fasciola hepatica in rats, rabbits, sheep, and cattle.
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Subsequently, the drug was demonstrated to have
exceptionally broad therapeutic effects against trema-
todes including Dicrocoelium dendriticum in golden
hamsters,® Schistosoma inansoni i mice and golden
hamsters,® Schistosoma japonicum in mice,® Opisthorchis
felineus in cats,® Clonorchis sinensis in rats, rabbits,
and dogs,”® clonorchiasis in man,* % aund opisthorchiasts
in children.’ Thus I is strikingly different from other
halogenated hydrocarbong in its spectrum of action.
In recent studies it was discovered that 1 (18, Table
1) also possessed substantial suppressive antimalarial
aectivity,'? When administered subcutancously in a
single dose to mice infected with Plasmodium berghei,'?
the drug cured a majority of the anmimals at doses of
1280 or 640 mg/kg, and prolonged the survival time
of treated mice from 8.3-9.7 duys at 320 mg/kg to 1.7
to 6.4 days at 160 mg/kg.'' Subsequent studies with
a sample of fine particle size drug (<25 u) prepared in
these laboratories gave comparable overall results (18,
Table 1).1%1¢  Additional studies carried out in these
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laboratories showed that 18 was also aetive against
P. berghel when given continuously in the diet for 6
days. ™ The SDyy (daily dose required for 9097 suppres-
ston of the parasitemia) for 18 and quinine was 36 and
74.5 mg/kg. respeetively. Thus 18 was approximately
twice as potent as quinine against 2. herghel by drug
diet.

Expanded antimalarial studies with 18 showed that
the drug was effective orally against erythroexvtie forms
of P. cynomologt in monkeys at doses of 32-158 mg/kg.
but lacked appreciable effects against crvthroeytic
forms of P. gallinacewm i1t chicks at subeutancous doses
of 120 mg/kg.'* Moreover, the drug did not suppress
oocysts or sporozoites of P. gallinaceum when fed to
imfected mosquitoes (Aedes aegypti) at a concentration
of 0.19 in suerose.’ It has been postulated that this
substance may be metabolized to n terephthalic acid
derivative in rwo. '

To enable a broader delineation of  strueturce-
antimalarial-antischistosomal relationships among a. .-
a,a’ .o’ a'-hexachloroxylence derivatives and related
halogenated hydroearbons, a vartety of known sub-
stances™=% (1-14, 16-24, and 26-28, Table 1) were
resvithesized or procured from commereial sources nud
purified for antiparasitic evaluation.  a,a,a-Trichlaro-
m~tolunitrile (15), 3,5-bis(trichloromethyl)benzonitrile
(25), and 4.4'-his(trichloromethyl)benzophenone (29)
were prepared in 43-799 vield by the chlorination of
m-tolunttrile, 3,5-dimethylbenzonitrile,® and +4.4'-di-
mecthylbenizophenone with CL i the presenee of o
floodlight.  The progress of the chlorinations was
monttored by nmr spectroscopy, and the reactions were
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EFFECTS OF a,a,a,a',a',a’~-HEXACHLOROXYLENE DERIVATIVES AND RELATED
HaLoGENATED HYDROCARBONS AGAINST Plasmodium berghe? 1N Mice

~——Drug diet, 6 days——

Notes
X 3
Y4
7 5
No. of
No. R XY Z Formula Ref mice
1 CCL  24,5Cl C.H,Cls 18,19 7
2 CCl; 3,4-ClL; CH;Cl; 18,19 7
3 CCIS 2,4'012 C7H3015 20, 21
4 CCl; 2-Cl C;H.Cl, 21,22
5 CCl; 4-Cl C:H.Cl, 20,21
6 CHCl, 2,6-Cl, C;H.Cl, 21,23
7 CCl; H C;H;Cl; 21,24
8 CCl; 2,4-ClL,5-CCl; CsH,Cly 19 14
9  CClL  2,3-CL4-CClLy CsHuCls 19 28
10 CCl; 2,5-Cl;,4-CCl; CsH:Clg 19,25 7
11 CFa 3-BI‘,5-CF3 CgHaBI‘Fe 26
12 CCl 2-Cl1,5-CCl, CsHCly 19,27 14
13 CCl; 2-C1,4-CCl; CsH,Cl; 19,27 14
14 CF; 3-NO3,5-CF;  CsH3FsNO, 26,28
15 CCl; 3-CN CsH,CLN 14
16 CCl; 4-CN CsH.CLN 29 14
17 CCl; 3-CCls CsH.Clg 30
18 CCl; 4-CCl, CsH.Clg 24 28
19 CF; 3-CF; CsH,F 26,31
20 CF, 4-CF; CsH.Fs 26,32
21 CCl; 4-COOH CsH:Cl;0. 33 7
22 CCl; 2-CHCL CsH;Cl; 24
23 CCl; 4-CHCl, CsH:Cl; 34 14
24 CCl; 4-CONH, CsHCLNO 33 7
25 CCl; 3-CN,5-CCl;  C,HsClN 14
26 CF; 3-CN,5-CF; CyH:;FeN 26
27 CCl; 4-C0O,C.H; CH,Cl;0, 33 7
28 CCl; 3-CONHC¢H; C.;:H,,CLNO 35 7
29 CCl; 4-COC¢H,- C:HsCLO 7
p-CCl;

SDg,?

oo Single s.c. dose———— — ———————

mg/kg —— AMST: T or C° after doge——————
per day Q 640 320 160 80 40
>71 <1.1
>79 <1.0
5.4 1.2 0.8
3.6 1.0 0.8 0.6 0.0
1.4 0.2 0.4
0.8, T2 0.6 0.2
2.2 1.4 1.0
1.0 0.6 0.6
59 1.3
41 1.8
70 1.1
T5 T5 T5
85 0.9
62 1.2
1.5 1.3 1.3
263 0.3 2.9 2.1
2.4 1.8
180 0.4 4.8 3.6 1.2 0.6 0.2
3.8 3.0 1.6
C3T1 2.7 1.7
36 2.1 C5 8.9 6.7 0.3 0.3
Cs 6.9 0.3
0.4 0.4 0.2
0.4 0.2 0.2
>329 <0.2
9.8, T1 4.3; T1 3.2 2.8 2.7
5.8, T1 2.0 1.8 2.0
4.5 3.1
340 0.2
>354 <0.2
120 0.6 11.9;, C2 7.9 2.1 0.5 0.3
5.9, C2 1.7 0.3
0.8; T3 0.2 0.2
>347 <0.2
>421 <0.2
>41 <1.8 5.7 5.5 4.7 1.9 0.7
5.5 4.5 0.5

@ 8Dy represents the daily dose (mg/kg) required for 909, suppression of the parasitemia in treated mice relative to control mice.

The SDg; was estimated graphically using semi-log paper.

6.1 to 6.5 days.

b The quinine equiv @ is the ratio of the SDg of quinine-HCI (74.5 mg base/
kg per day) to the SDg of the test substance under comparable experimental conditions.
treated mice (MSTT) minus the mean survival time (days) of control mice (MSTC).

¢ AMST is the mean survival time (days) of
In the present study the MSTC ranged from

T signifies the number of toxic deaths occurring on days 2-5 after infection which are attributed to drug action. ¢

indicates the number of mice surviving at 60 days post infection and termed ‘‘cured” ; data to establish parasitological cure based on sub-
g \

inoculation is unavailable.

terminated upon the disappearance of all aliphatie
proton absorption.

Antimalarial Studies.—The «,«,«,a’,a’,a’-hexachloro-
xylene derivatives and related halogenated hydro-
carbons (1-29, Table 1) were subjected to broad anti-
malarial evaluation. In studies utilizing normal drug-
sensitive strains of P. berghe? in mice, the compounds
were administered in single subcutaneous doses of
40-640 mg/kg!®* or given continuously in the diet
for 6 days at daily doses ranging from 36 to 421 mg/kg.1®
a,a,a,a’ o’ a’-Hexachloro-m-xylene (17) and 3,5-bis-
(trichloromethyl)benzonitrile (25) exhibited ecurative
activity subcutaneously at 640 mg/kg, but neither was
more active than 18. By drug diet, a,a,a,a’,a’,a’-4,6-

Each entry at each dose level represents results with a 3-animal group.

octachloro-m-xylene (8), o,a,¢,¢’,a’,0’,2,3-0ctachloro-
p-xylene (9), aa,0,0,a',a’2,5-0ctachloro-p-xylene
(10), and o,a,a,¢,a’,a’,2-heptachloro-p-xylene (13)
were 1.1-1.8 times as potent as quinine against P,
bergher, but none was more active than 18 Tt is
noteworthy that o,a,a-trichloro-p-toluic acid (21), a
likely metabolite of 18, was inactive against P. berghet
when administered to mice in the diet at 329 mg/kg, a
dose nearly 10 times the SDy; of the parent drug.
Compounds 3, 11, 22, and 25 were also tested against
a normal drug-sensitive strain of P. gallinaceum in
chicks, but each lacked appreciable antimalarial effects
when administered in single subcutaneous doses ranging
from 120 to 480 mg/kg.’® None of the compounds
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tested (4, 5, 7, 11, 14-16, 22, 25, 26, 29) suppresscd
ooeysts or sporozoites of P. gallinacewn when fed to
mfected mosquitoes at a corneentration of .19 1n
sucrose.’  wa.a.a’ o’ e’ 4 6-Octachloro-m-xvlene (1)
{8) was examined for therapeutie netion against patent
P eynomolgl mfections in two Rhesus monkevs.®  The

drug was given orally twice daily for 10 deys. A dose
of 200 mg/kg per day suppressed the paragsitemia
rapidly and cured the infection, while &1 dose of 50 mg,
ky per day partially suppressed the infeetion but fatled
to cure.

a0’ e’ el 4.6-Octachloro-m-xviene (IT) (8) wuas
snbsequently tested against representative drug-resis-
tant lines of 2. berghei in the mouse to determine
whether or not the hexechloroxylene dertvatives might
represent wountque chemieal type with respeet to
spparent mode of wetton.  In two parallel studies 8 was
administered by gavage at doses of 12, 50, and 200
mg kg deily ty mice infeeted with the seusitive parent
lne P and the following drug-resistant hnes: line T,
completely (>300-fold) resistant to eveloguanil; lme S,
completely (>600-fold) resistant  to 4, 4'-sulfonyldi-
antline (DDS): and hine O, 77-fold reststant to chloro-
quine.”  Groups of 10 mice were employed throughout,
and treatment extended over a 4-day period starting
the day before mifeetion. The 8Dy, (deily dose required
for 85% =uppresston of the parasitemia) for each hne
was 2x follows: lme P. 114 mg,/kg: hue T, 57 mg/kg:
e S, 132 mg/ke; hone €, 150 mg/kg. Thus the
chloroquine- and DDS-resistant lines were nearly as
sensitive to 8 ux the parent hine. and there was an
indication  that the eveloguanil-resistant e was
hypersensitive to the drug.  These results suggest that
the prineipal mode of aetion of 8 and the other hexa-
chloroxyvlenes may be different from that of chloro-
quine, cveloguanil. and DDS, and encourage further
chemical work aimed toward the development of more
patent analogs.

Antischistosomal Studies.—--Llighteen compounds (3,
5. 7-11. 13, 15, 17-20, 22-24, 26, 27, Table I) were
tested m mice against a Puerto Riean strain of Sehisto-
soma manson’™ by Dr. Paul E. Thompson and co-
workers of these lnboratories.  Drugs were administered
i a powdered diet for 14 dayvs or by gavage i 10 mb/ kg
af zqueous 194 hydroxyethyl- or CM-cellose for 10 days.
a.oa o e ol 4.0-Octachloro-m-xyviene (8), a.aa.a’ .-
a’.a’2.3-octachloro-p-xylene (9), and e’ oo 2=
heptachloro-p-xylene (13) possessed significant schisto-
somieidel petivity aud effeeted @ 65749 reduction of
lve schistosomes in infected mice at deily doses ranging
from 200 to 327 mg/kg. However, none was eopreet-
ably more aetive theo 18 which prodieed @ 6497, redue-
tion of live sehistosomes when given in the diet 0t 22
mg. kg per dey for 7 dea s, All other compounds Lreked
significent :ntischistosome effects 't drug-diet dose
levels ranging from 105 to 346 mg/kg per dey for periods
of 7 or 14 days.

137) For a description of test methods. see P. K. Thampson, J. I, Meisen-
lielder, and H. Najarian, Amer. J. Trop. Med, Hyg.. 11, 31 11962).

Ny =
aaane o o 2.53-Octachloro-p-xviene (IT1) (9) was
CLe el

(1 1
1

alzo tested against the Puerto Rican strain of 8. mansoni
in Rhesus monkey=<.®  The drug was given orally by
gavage twice daily 5 days n week for 1 or 2 weeks to
three monkeyvs. A\ regimen of 400 mg/kg per day for
5 days produced only a slight, temporary suppresston
of egg production.  Regimens comprising 200 mg/kg per
day for 5 davs followed by 400 mg/kg per day for i
dayvs or 400 mg; kg per day for 10 dayvs effected o
partial permanent suppression of egg production but
were not eurative,

Experimental Section™. "

«w,a,e-Trichloro-yi-tolunitrile (15).—Cls wns bnbbled 1hnn
95.6 g (0.84 mol) of m-tolunitrile at bath temp of 180° for 155
hr.  The apparatns was Dhrradiated with a 75-W  floodlight.
Distillation of the rvesnlting product yvielded 145.4 g (7947 ) of 15,
bp 74-76° (0.10 mm ), mp 37-39°. Anal/. (C:H,CLN) C, H, N.

3,5-Bis(trichloromethy!)benzonitrile (25).—Cl. was bnbbled
into 41.0 g (0.313 mol) of 3,5-dimethylbenzonitrile™ at 180°
(il bath temperature) for 21.5 hr. The reactiun flask was
irradiated with a 75-W floodlight during the chlorination.  Fonr
recrystallizations from aqueous F1OH gave 43.1 g (43%) of the
desired product, mp 90-92°. Anal. (C,H,CLN) ¢, H, N,

4,4'-Bis(trichloromethyl)benzophenone (29).—Cly wus bubbled
into a melt of 20.0 g (0.095 mol) of 4,4’-dimethylbenzophenone
for 15.25 hr as above. The bath temperatire was steadily in-
creased from 160 to 220° diuring the conrse uf the reaction to main-
tain the reaction mixture as a melt.  Recrystallization from
evelohexane vielded 20.4 g of prodnet mp 202-204° and a =econd
crop of 7.8 g, mp [97-202°, which combined represent a 717,
vield, A 4.5-g sample recryvstullized for analysis from 500 ml of
tOH vielded 14 of materind, mp 203-204°.  lna/. (CH.-
Gl ¢, H
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Coumarin Derivatives as Coronary Vasodilators

.S, Bariaxa
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Many naturally oceurring coumarin compounds have
been shown to possess strong coronary vasodilating
activity  (visnadin, samidin. and dihydrosamidin).!*

1y T, 0. Saine, J. Fharm. Sed.. 83, 231-261 (1964,
21 T. M. Blake. E. G. Wgad. . O'Moare, and R. G. Neel, «mer. .J
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