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tested (4, 5, 7, 11. 14-16, 22, 25. 26, 29) suppressed 
oocysts or sporozoites of P. gallinaceum when fed to 
infected mosquitoes at a concentration of 0.1% in 
sucrose1.17 a,a.a,a',a',a',4.()-Oct!u:hloi'o-m-xylene (II) 
(8) was examined for therapeutic action against patent 
P. ajnomolgi infections in two Rhesus monkeys. '•'• The 
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drug was given orally twice daily for 10 days. A dose 
of 200 mg kg per day suppressed the parasitemia 
rapidly and cured the infection, while a dose of 50 mg, 
kg per day partially suppressed the infection but failed 
to cure. 

a,a,a,a',a:',a',4,()-Octachloro-/«-xylenc (II) (8) was 
subsequently tested against representative drug-resis
tant lines of P. berghei in the mouse to determine 
whether or not the hexachloroxylene derivatives might 
represent a unique chemical type with respect to 
apparent mode of action. In two parallel studies 8 was 
administered by gavage at doses of 12, 50, and 200 
mg/kg daily to mice infected with the sensitive parent 
line P and the following drug-resistant lines: line T, 
completely (>300-fold) resistant to cycloguanil: line S, 
completely (>600-fold) resistant to 4,4'-sulfonyldi-
aniline (DDS); and line (', 77-fold resistant to chloro-
quine.1'' Croups of 10 mice were employed throughout, 
and treatment extended over a 4-day period starting 
the day before infection. The SDsi (daily dose required 
for 85% suppression of the parasitemia) for each line 
was as follows: line P, 114 mg/kg: line T. 57 mg/kg: 
line S. 132 mg/kg: line C, 150 mg/kg. Thus tin-
ehloroquine- and DDS-resistant lines were nearly as 
sensitive to 8 as the parent line, and there was an 
indication that the cycloguanil-resistant line was 
hypersensitive to the drug. These results suggest that 
the principal mode of action of 8 and the other hexa-
chloroxylenes may be different from that of ehloro
quine, cycloguanil. and DDK, and encourage further 
chemical work aimed toward the development of more 
potent analogs. 

Antischistosomal Studies.—Eighteen compounds (3, 
5. 7-11. 13, 15, 17-20, 22-24, 26, 27, Table I) were 
tested in mice against a Puerto Rican strain of Schisto
soma mansoni37 by Dr. Paul E. Thompson and co
workers of these laboratories. Drugs were administered 
in a powdered diet for 14 days or by gavage in 10 ml /kg 
of aqueous 1%. hydroxyethyl- or CM-eellose for 10 days. 
a,«,a,a',a',a'.4,()-Octachloi'o-»i-xylene (8), a.a.a.a'.-
a',a'.2.3-octachloro-/)-xvlene (9), and a.a,a,a',a',a','2-
heptachloro-p-xylene (13) possessed significant schisto
somicide! activity and effected a 65-74%. reduction of 
live schistosomes in infected mice at daily doses ranging 
1'iom 200 to 327 mg/kg. However, none was appreci
ably more active thai 18 which produced a 64%. reduc
tion of live schistosomes when given in the diet ; t 223 
mg kg per dry for 7 da\s. All other compounds lacked 
significant : ntischistosome effects ; t drug-diet dose 
levels ranging from 105 to 346 mg/kg per dry for periods 
of 7 or 14 days. 

(37) Fo r a descr ip t ion of test me thods , see P. E . T h o m p s o n , .1. F , Meisen-
helder. a n d H. Xa ja r i an . Arner. J. Trop. Me,I. Hug., 1 1 , 31 (1962). 
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also tested against the Puerto Rican strain of S. niattsottt 
in Rhesus monkeys.1'7 The drug was given orally by 
gavage twice daily 5 days a week for 1 or 2 weeks to 
three monkeys. A regimen of 400 mg/kg per day for 
5 days produced only a slight, temporary suppression 
of egg production. Regimens comprising 200 mg/kg per 
day for 5 days followed by 400 mg/kg per day for 5 
days or 400 mg/kg per day for 10 days effected a 
partial permanent suppression of egg production but 
were not curative. 

Experimental Section"*::9 

«,a,a-Trichloro-w-tolunitrile (15).—Cb was bubbled into 
9S.6' g (0.S4 mol) of Hi-tolimitrile at bath temp of ISO0 for 15.5 
hr. The apparatus was irradiated with a 75-W floodlight. 
Distillation of the resulting product yielded 145.4 g (79' / ) of 15, 
bp 74-76° (.0.10 mm), mp 37-39°. Anal. (CsH4Cl3X) C, II, N. 

3,5-Bis(trichloromethyl)benzonitrile (25).—Cb was bubbled 
into 41.0 g (0.313 mol) of 3,5-dimethylbenzonitrile3'i at ISO" 
(oil bath temperature) for 21..") hr. The reaction flask was 
irradiated with a 75-W floodlight during the chlorination. Four 
reervstallizations from aqueous KiOII gave 43.1 g (43 ' / ) of the 
desired product, mp 90-92°. Anal. (CaH:iCl6N) 0 . H, N. 

4,4'-Bis(trichloromethyl)benzophenone (29).—CI. was bubbled 
into a melt of 20.0 g (0.095 mol) of 4,4'-dimethylbenzophenone 
for 15.25 hr as above. The bath temperature was steadily in
creased from 160 to 220° during the course of the reaction to main
tain the reaction mixture as a melt. Recrystallization from 
cyclohexane yielded 20.4 g of product mp 202-204° and a second 
crop of 7.S g, mp 197--2020, which combined represent a 7 1 ' / 
vield. A 4.5-g sample recrystallized for analysis from 500 ml of 
k tOH yielded 3.4 g of material, mp 203-204°. Anal. i'CYJT-
('],(<>! C, H. 
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: 38) .Melting points (corrected ) were t a k e n on a T h o m a s - Hoover capi]l:u'\ 
inettinir point a p p a r a t u s , 

'391 Where analyses are indicated only l>y symbols of the e lements or 
functions, ana ly t ica l results ob ta ined for tiiose e lements or funct ions were 
within + 0 . - l r ; of the theoret ical values. 
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Many naturally occurring coumarin compounds have 
been shown to possess strong coronary vasodilating 
activity (visnadin, samidin, and dihydrosamidin).1 •-

i l l T. O. Soine, ./. Phnrm. .S'ci., 63 , 231-281 (1964). 
(2) T , M. Blake. K, G. Wood. D . O 'Moore . and R. G. Neeh Amu-. .1 

Mtrl. Sri., 243, ">t)8 n«f i2) . 
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TABLE I 

Compd 

3 
4 
5 

6 
7 
s 
9 

10 
11 

/ 
N R» 

N(C2H.-,)2 

C4HsNO 
C.-,H10N 

4-C6H5-C4HsNo« 
C4H8N 
4-(2-OCH3C8H4)C. 
3-CH3-C.-,H9N 
N(C3H,)2 

.H8NV 

4-HO-H2C-H2C-C4H sN2 

» 4-Substituted piperazinyl. 
Mainkur . Aktiengesellsohaft to 

Dosage. 
Compd mg/k 

Intensi 
3 
4 
5 
6 
7 
8 
9 

10 
11 

am 2 
10 
10 
10 
5 

10 
2 
7.2 
2 

10 

Mp, °C 

2006 

2606'" 
270^0 

180-182 
190-1926 

152-154 
2406 

225-227b 

119 
h Dihydro chloride salt 

i the author in a private 

pO, . 
Change 

percentage 

50 
0 
0 

- 1 5 
52 
24 

6 
- 7 

- 5 7 
19 

Yield, 

% 
45 
50 
40 

60 
50 
65 
40 
45 
50 

. c T h e 

Recrystn 
solvent 

Me2CO-EtOH 
MeOH-EtOH 
Me2CO-MeOH 

M e O H - D M F 
MeOH 
MeOH-EtOH 
EtOH 
EtOH 
EtOH 

synthesis of these 

Formula 

C2iH32N203-2HCl 
C2iH30N2O4-2HCl 
022-H32N2U3 ' -

0.5H2O-2HCl 
C27H35N303 

C2iH30N2O3 '2HCl 
C2aH3,N30< 

C23H341S 2O3 • 2HC1 

C23H36N203-2HC1 
C22H33N3O4 

compounds was disclosed by 
communication after the above studies were complete 

TABLE II 

Duration 
(min) 

60 
0 
0 
8 
4 

15 
10 
60 

5 
36 

Change 
mm Hg 

— 5 
0 
0 

- 1 0 
7 
2 

- 2 0 
0 
0 
0 

pressure * ' 
] 

Duration Change 
(min) percentage 

60 
0 
0 
5 

31 - : 
20 
10 
0 
0 
0 

2 
0 
0 

16 
21 

6 
4 
0 
0 
0 

Analysis 

C, H, CI, N 
C, H, CI, N, O 
C, H, CI, N, O 

C, H, N 
C, H, CI, N, O 
C, H, N 
C, H, N 
C, H, N 
C, H, N 

Cassella Farbwerke 

Eleart rate — 
Duration 

(min) 

60 
0 
0 
5 

30 
20 
10 

0 
0 
0 

The common characteristic feature of these compounds 
is the 7-oxycoumarin skeleton as in 1. Recently a 

synthetic 7-hydroxy coumarin derivative, 3-/3-diethyl-
aminoethyl-4 - methylcoumarin - 7- ethyloxyacetate • HCl 
(II, R = CH2COOC2H5) has been introduced as an anti
anginal drug.3'4 

jCH,CH2N(C,H,-,)o 

R—O 

The present report includes the synthesis and evalua
tion of substituted 7-OH coumarin Mannich bases of 
the general structure 3-11 (Table I). Compounds 3-11 

CH,CH,N(C2H5), 

are synthesized by refluxing an alcoholic solution of 
equimolar amounts of 3-/3-diethylaminoethyl-4-methyl-
7-hydroxycoumarin (2, R = H), paraformaldehyde and 
a secondary amine. 

By analogy with previous work in this area,5'6 the 
Mannich reaction is assumed to result in substitution 
on the 8 position of 2. 

Pharmacology.—The compounds recorded in Table 
I were injected in the jugular vein of anesthetized dogs 
at doses of 2-10 mg/k. The change in the oxygen 
tension of the coronary sinus blood (p02), heart rate 
and blood pressure were recorded by a procedure de
scribed by Schoepke, et al.1 (Table II). A compound 
possessing good coronary vasodilating activity should 
cause an increase in p02 for extended periods with 
minimal effects on heart rate and blood pressure.8 

4-Substituted piperazine Mannich bases, 6, 8, and 11, 
and pyrrolidine Mannich base 7 of 2 (R = H) showed an 
increase in p02. 4-Aryl and substituted arylpiperazine 
Mannich bases, 6 and 8, affected the heart rate and 
blood pressure significantly as compared to 4-/3-
hydroxyethylpiperazine Mannich base 11. Compounds 
7 and 11 showed an appreciable increase in p02 with 
minor or no effect on heart rate and blood pressure, 
but the duration of the increased p02 was too short 
(relative to the effect of II, R = C02Et) to warrant 
further investigation. 

CH, 

R f VR, 
3-11 

(3) A. C. Sonmag Annu. Rep. Med. Chem. 1967, 71 (1968). 
(4) (Intensain®) Cassella Farbwerke Mainkur A.G., U. S. Patent 3,259,635 

(1966); Chem. Abtfr., 69, 11438 (1963). 

(5) P. Dare, L. Verlicchi, and I. Setniker, J. Org. Chem.. 25, 1097 (1960). 
(6) V. N. Gupta, B. R. Saarma, and R. 13. Arora, / . Sci. Inaian Res. Sect. 

B,20, 300 (1961). 
(7) H. G. Schoepke, T. D. Darby, and H. D. Brondyk, Pharmacologist, 

8, 204 (1966). 
(8) Von P. Heistracher, O. Kraupp, and G. Spring, Arsneim. Forsch., 14, 

1098 (1964). 
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Experimental Section9 

Synthesis of Compounds 3-11.—-Paraformaldehyde (0.01 mol) 
and a secondary amine (0.01 mol) were refluxed in EtOH solution 
for 2 hr. The intermediate 2 (R = IT) (0.01 mol) was then added 
to the reaction mixture and refluxing was continued for 6-S hr. 
The solvent was evaporated and the residue, if solid, was re-
crystallized. Bases which did not crystallize were converted into 
the dihydrochloride salts by treatment in Et-.O with dry ITC1. 
for physical data, see Table 1. 
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(9! All mel t ing points were t a k e n with t he T h o m a s - d f o o v e r capi l lary 
mel t ing poin t a p p a r a t u s . Mic roana lyses were performed at t he Micro-
ana ly t i ca l Labora to r i e s of A b b o t t Labora tor ies , N o r t h Chicago III. Ir 
spec t ra were recorded on a P e e k m a n IR-8 infrared spec! r opho t om e t e r . 
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The antimalarial activity of some pantothenic acid 
antagonists (lb,c,d) is well documented.2 '3 However, 
at the time the antimalarial activity of l b was dis
covered, it was observed tha t the only analogs that 
acted as pantothenic acid antagonists were those which 
retained unchanged the pantoic acid portion (i.e., 
HOCH 2 C(CH 3 ) 2 CHOHCOOH) of the pantothenic acid 
( la ) . Since then this has been found to be incorrect. 
co-Mcthylpantotheuic acid (2a) is in fact the most 
inhibiting analog of pantothenic acid. Similarly co-
methylpantoyltaurine (2b) is more inhibitory than 
pantoyltaurine.4 It was therefore considered of interest 

CH;» 

CliVC -CHCOXH(TT,CH;R 

OH OFLOH i)-( + ) 

la, R = OOOH lc, R = SO,NHCBH5 
b, R = COC«Hs d, R = SC«H6, 

SOC6H6, 

CTL 

CH3CH-C—CHCON»CH2CTI,H. 

OH CHsOH 
2a, R = OOOH 
b, R = SO;,H 

(1) Th is inves t iga t ion was s u p p o r t e d by the U .S . A r m y Medica l Resea rch 
and Deve lopmen t C o m m a n d C o n t r a c t No . DA-49-193-MD-2879 . Th is 
pape r is C o n t r i b u t i o n N o . 722 from the A r m y Research P r o g r a m on Mala r i a 
and was ttie subject of a pre l iminary repor t at t he First N o r t h e a s t Regiona l 
Mee t ing of the Amer ican Chemica l Society. Boston, Mass . , Oct 1968. 

(2) (a) P. Y. Wiselogle, "A Survey of Ant ima la r i a l D r u g s , 1941-1945 , " 
Vol. I. .1. YV. Edwards , Ann Arbor. Mich. , 1946, p . 250; fb) ref 2a. I) 174; 
see also pp 138-140. 

(3) For leading references and biological ra t iona le see E. F. Elslager. 
M. P. H u l l , anil L. M. Werbel, J . Me.l. V.I,em., 11 , 1071 (1968). 

(4) (a) \V. Drell and M . S. D u n n . ./. Arner. Chem. Sor., 68, 1868 11946); 
(b) ibid.. 70, 2058 (1U48); ie) ibi.l., 76, 2804 (1954). 

to test variously substituted amides of pantoyltaurine ' 
(10) and oj-methylpantoyltauriiie (9) as potential 
antimalarials. The compounds were synthesized ac
cording to Scheme I. 

The variously substi tuted sulfamoylethylphthal-
imides (5. Table 1) and the corresponding 2-amino-
ethanesulfonamides (6, Table II) were conveniently 
synthesized by following the previously described 
procedure for such compounds.5 Although most of the 
amides of pantoyltaurine (10, Table IV) were obtained 
by the direct condensation of 6 with i>-(— )-pantolactone 
(8) without solvent.''' the same procedure failed in the 
synthesis of 9 (Table I I I ) . They were successfully 
obtained, however, by heating a mixture of the K salt 
of the sulfonamides 6 with the lactone 7 in a. melt at 
11.") 120°. A similar method was used in the prepara
tion of 10 (f. g. h) . The fund compounds 9 and 10 
were obtained as crystals only after great, difficulty, 
usually following chromatography and then standing 
for days. Similar to the experience of Winterbottom. 
el «/..•"' we have found these compounds to have a 
pronounced tendency to form supersaturated solutions 
or to separate as oils even when seeded and cooled 
slowly. 

Biological Results.- The compounds were screened 
for potential antimalarial activity in mice" infected 
with Plasmodium berghei and chicks7 with P. gallinaceum 
by subcutaneous administration in a single d o e . They 
were also evaluated against blood induced P. gal
linaceum infections in mosquitoes* (Aedes aegypti). 

None of the compounds submitted were considered 
active at the (540 mg/kg dose level. Even the lead 
compound from the World War II program, i.e.. 10, 
H = p-OeHiCI, is inactive in the present chick screen.'-' 
In our opinion the nonreproducibility of its activity lies 
in the present test procedure as ihe drug-diet method'" 
was used before. 

A few of the compounds were also tested by Dr. 
Trager in his in vitro system with P. voatneyi in monkey 
erythrocyte suspension, in a medium containing calcium 
pantothenate.1 1 Compound 9b was found to be as 
active as 10 (R = /)-Cf,H.i(T) and lOf much more active 
than the hitter. 

Experimental Section12 

.Melting points were obtained in capillaries and are uncorrected. 
Klemental analyses were performed by Spang MicroanalyUcal 
Laboratories and Galbraith Laboratories, Inc. The nv, ir, and 
nmr spectra were as expected for the assigned structures, 

2-Phthalimidoethanesulfonyl chloride (4) was prepared ac
cording to the procedure of Winterbottom, el at'1 mp 100 •l(i'2°. 

15) R. W i n t e r b o t t o m , J. W. C lapp , W. H. .Miller, .1. P, English, and R. O. 
Robl in , ,/. Arner. Chem. Hoc, 69, 1393 (1947). 

(B) T. S. Osdene, P. P.. Russell , and L. Hane, ./. J / f J , Chem.. 10, 431 
(1967). 

(7) Chicks (9-12 days old) were infected ( in t ravenous ly) with a s t a n d a r d 
inoculum to produce a disease fatal to 100% of un t r ea t ed controls wi thin 
3-4 days . C a n d i d a t e c o m p o u n d s were dissolved or suspended in p e a n u t oil 
and admin i s t e red ei ther subeu taneous ly or per os immedia t e ly after infec
t ion. A 100% increase in survival t ime was considered to be the m i n i m u m 
effective response to the an t ima la r i a l ac t iv i ty of the d rug . Chicks surv iv ing 
30 days are recorded as cures, 

(8) E. ,1. Gerberg . [., T. Richards , and J. P.. Poole. Ui»qiii.to Xeic*. 26, 
359 (1966). 

(9) Pe r sona l c o m m u n i c a t i o n from Drs . S t r t ibe and H. Poon of W R A I R . 
(10) Reference 2, p -till: test p rocedure 0-1 . 
i l l ) W. Trage r , T r a n s , .V. V. Acnrl. of Sri., 28, 1094 (1966). 
(12) Where analyses a re indicated only by symbols of t he e l emen t s , 

ana ly t ica l resul ts ob ta ined for those e lements were within .-1:0.4%, of t he 
theoret ical values . 


