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tested (4, 5. 7, 11, 14-16, 22, 25, 26, 29) suppressed
ooeysts or sporozoites of P, gallinacewm when ted ta
infected mosquitoes at a concenutration of 0.1¢¢ in
sucrose."  waiaa’ o’ o’ 4 06-Octachloro-m-xyvlene (11)
(8) wax examined for therapeutic action against patent
P. eynomolgl mfections it two Rhesus monkev= % The
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drug was given orally twice daily for 10 deys. A dose
of 200 mg/kg per day suppressed the parasitemia

rapidly and cured the ufection, while & dose of 50 mg,
kg per day partially suppressed the mfeetion but failed
fo cure.

a0’ o o 4 6-Octachloro-m-xviene (IT1) (8) wux
stih=equently tested against representative drug-resis-
taut lines of 2. berghe/ In the mouse to determine
whether or not the hexechloroxyvlene derivatives might
represent o unique chemieal type with respeet to
spparent mode of action. T two parallel studies 8 wax
administered by gavage at doses of 12, 50, and 200
mg/kg daily to mice infected with the sensitive parent
line P aud the following drug-resistant lines: line T,
contpletely (>300-fold) resistant to evelogunnil; line S,
completely  (>600-fold) resistant to 4.4'-sulfonyldi-
aniline (DDX): and line C, 77-fold resistant to chloro-
quine.”  Groups of 10 mice were employved throughout.,
and treatment extended ()\(1 a 4-day period starting
the dayv before infection. The SDy; (daily dose required
for 8397 suppression of the parasitemia) for each line
was ax follows: line P. 114 mg/kg: hne T, 37 mg/kg:
e S0 132 mg/ke; Hine €, 150 mgy kg, Thus the
clloroquine- and DDS-resistant Hies were nearly as
enxitive to 8 ax the parent hne. and there was an
hdication  that the  eyveloguanil-resistaut  line  was
hypersensitive to the drug. Th(\se results suggest that
the principal mode of aetion of 8 and the 011191 hexa-
chiloroxvlenes may be different tmm that of chloro-
quitie, eveloguanil. and DDS, and encourage further
chentieal work (le(,(l toward the development. of more
potent analogs.

Antischistosomal Studies.— Eighteen compounds (3.

7-11. 13, 15, 17-20, 22-24, 26. 27. Table ) were
tested i1 mice agalist a Puerto Riean strain of Sehisto-
sope mansont® by Dr. Paul K. Thompson and co-
workers of thesc laboratories.  Drugs were administered
it a powdered diet for 14 dayvs or by gnvage in 10 mi/kg
of nqueous 195 hydroxyethyl- or CM-cellose for 10 dayvs.
a.oaa o o' 4.6-Octochloro-m-xvlepe  (8).
o' o’ 2.3-0octachloro-p-xylene (9), and a,avo,o’ o o’ 2-
heptaehloro-p-xylene (13) possessed =ignificant <chisto-
sonmiieidal wetivity and effected 2 65-749 reduction of
Hve schistosomes in infeeted mice at deily doses ranging
from 200 to 327 mg kg, However, none was 2hpreci-
ably niore aetive theo 18 which produco da ()4‘?(, reduc-
tion of live schistosomes when given i the diet ot 223
mg kg per dey for 7 dexs. All other compounds lecked
significant :ntischistosome effects it diug-diet dose
levels rangiug from 105 to 346 mg/kg per dey for periods
of 7 or 14 davs.
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¢37) For a description of test methods. see P. E. Tlkkompson, J. F, Mleisen-
helder, and H. Najarian. Amer. J. Trop. Med., Hyg.. 11, 81 (19621.
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also tested against the Puerto Riean strain of 8. mansoni
in Rhesus monkev=.™ The drug was given orally by
gavage twice dailv 5 davs a week for 1 or 2 weeks to
three monkey=. A regimen of 400 mg/kg per dav for
5 davs produced only o slight, temporary suppression
of egg production. Regimens comprising 200 mg,/ kg per
day for 5 davs followed by 400 mg/kg per day for 5
davs or 400 mg kg per day for 10 dayvs effected o
partial permanent suppression of egg produetion but
were 1ot curafive,

Experimental Section?.*¢

w,a,a-Trichloro-yni-tolunitrile (15).-—Cl. was bhnbbled inta
98.6 g (0.84 mol) of »u-tohmitrile at bath temp of 180° for 150
hr.  The apparatus wax irradiated with a 75-W floodlight.
Dixtillation of the rexalting product vielded 145.4 g (794 ) of 15,
bp 74-76° (0.10 mun), mp 37-39°.  Ana/. (C;H,CLN) C, II, N.

3,5-Bis(trichloromethyl)benzonitrile (25).—Cls was buabbled
into 41.0 g (0.313 mol) of 3,5-dimethyvlbenzonitrile® at 1X0°
{oil bath temperature) for 21.5 hr. The reaction flask was
irradiated with a 75-W floodlight during the chlorination.  Four
recrystallizations from aqueons EtOH gave 43.1 g (43¢7) of the
desired product, mp 90-92°. Anal. (C,H;CLN) ¢, H, N,

4,4'-Bis(trichloromethyl)benzophenone (29).—Cl; wax bubbled
into n melt of 20.0 g (0.095 mol) of 4,4’-dimethylbenzophenone
for 15.25 hr as above. The bath temperature was steadily in-
creised from 160 10 220° during the conrse of the reaction to nuain-
tain the reaction mixtire ax a nielt.  Recervstallization from
evelohexane vielded 20.4 g of prodiet mp 202-204° und a =econd
crop of 7.8 g, mp 197- "()2°‘ which combined represent a 71¢,
vield, A 4.5-g sample recrystullized for analysis from 500 wl of
FEHOH vielded 3.4 ¢ of matertul, mp 203-204°. Inal. (CH.-
ClLOy ¢, 1
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38) Aelting poinas icarrecied] were taken an a T'hownas—-1loaver eapillirs
melting poim appararas.

2300 Where analyses are indicated only by symbols of (he eleinems or

funetions. analytical resnhis obrained for 1hose elemnenis or funciions were
within 0.4 of the theorvetieal valnes.
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Many maturally occurring coumarin compounds have
been shown to possess strong coronary vasodilating
activity  (visnadin, samidin, and dihydrosamidin).!*

ily T. 0. foine, J. Phrom. Sed.. 83, 231-261 (1964,
25 T. M. Blake. E. G. Waod. ID. O'Maore, and R. G. Neel, Amer. J
Med, Sei., 248, 7198 (19621,
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TaBLE I
R
Yield, Recrystn

Compd N——R- Mp, °C % solvent Formula Analysis
3 N(C:H;)2 2000 45 Me,CO-EtOH CaH3N20;-2HCI C, HC,N
4 CH:NO 2600 50 MeOH-EtOH CauHyoN:0,-2HC! C,H, C,N O
5 C;HoN 270p.¢ 40 Me;CO-MeOH CoHpNoO; - C,H CLN,O

0.5H,0-2HCl

6 4-CyH;~C H Ny 180-182 60 MeOH-DMF CHys N304 C, H, N
7 C4H3N 190—192b 50 :\ICOH CleaoNzO:g'QHcl C) H, Cl, N, O
= 4-(2-OCH305H4)C4H8N2“ 152-154 65 MeOH-EtOH ngH37N304 C) H) N
9 3-CH;-C;H,N 2400 40 EtOH CxH3N:03- 2HCI C, H N
10 N(CsH7): 225-227% 45 EtOH Co3H3eN0;- 2HCH C, H N
11 4-HO-H.C-H,C-C,HsN,¢ 119 20 EtOH CaoH;33 N30, C) H, N

a 4-Substituted piperazinyl. ? Dihydrochloride salt.

° The synthesis of these compounds was disclosed by Cassella Farbwerke

Mainkur Aktiengesellschaft to the author in a private communication after the above studies were complete.

TaBLE 11
pOe ———Blood pressure——— ————Heart rate————
Dosage. Change Duration Change Duration Change Duration
Compd mg/k percentage {min) mm Hg {min) percentage (1nin)
Tutensain 2 50 60 ) 60 2 60
3 10 0 0 0 0 0 0
4 10 0 0 0 0 0 0
b} 10 —15 8 —10 5 16 5
6 5 52 4 7 31 —21 30
7 10 24 15 2 20 6 20
S 2 6 10 —-20 10 4 10
9 7.2 -7 60 0 0 0 0
10 2 —a7 5 0 0 0 0
1 10 19 36 0 0 0 0

The common characteristic feature of these compounds
is the 7-oxycoumarin skeleton as in 1. Recently a
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synthetic 7-hydroxy coumarin derivative, 3-8-diethyl-
aminoethyl-4-methylcoumarin-7-ethyloxyacetate- HCI
(IT, R = CH,COOC,H;) has been introduced as an anti-
anginal drug.?-4

CH,
CH.CH,N(CH;),
R—O 0”0
2

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.CHN(CH,),
HO O 6]
T
N,
R R,
3-1

(3) A. C. Sonntag Annu. Rep. Med. Chem. 1967, 71 (1968).
(4) (Intensain®) Cassella Farhwerke Mainkur A.G.. U.S. Patent 3,259,635
(1966); Chem. Abstr,, 69, 11438 (1963).

are synthesized by refluxing an aleoholic solution of
equimolar amounts of 3-8-diethylaminoethyl-4-methyl-
7-hydroxycoumarin (2, R = H), paraformaldehyde and
a secondary amine.

By analogy with previous work in this area,® 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 (pO.), heart rate
and blood pressure were recorded by a procedure de-
scribed by Schoepke, et al.” (Table II). A compound
possessing good coronary vasodilating activity should
cause an increase in pQO. 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 pOs. 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 pO, with
minor or no effect on heart rate and blood pressure,
but the duration of the increased pO, was too short
(relative to the effect of II, R = CO,Et) to warrant
further investigation.

(5) P. Dare, L. Verlicchi, and . Setniker. J. Org. Chem., 28, 1087 (1960).

(8) V. N. Gupta, B. R. Saarma, and R. B, Arora, J. Sci. Inatan Res. Sect.
B, 20, 300 (1961).

(7) H. G. Sclioepke, T. D. Darby, and H. D. Brondyk, Pharmacologist,
8, 204 (1966).

(8) Von P, Heistracher, O, Kraupp, and G. Spring, Arsnetm. Forsch., 14,
1098 (1964).
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Experimental Section®*

Synthesis of Compounds 3-11.--Puraformaldehyde (0.01 mol)
and a secondary amine (0.01 mol) were refluxed in EtOH solution
for 2 hr. The intermediate 2 (R = H) (0.01 mol) was then added
1o the reaction mixture and reflnxing was continned for 6-8 hr.
The solvent wus evaporated and the residne, if solid, was re-
cryvstallized. Bases which did not crystallize were converted into
the dihydrochloride salts by treatiment in Et,O with dry HCL
I*or physical datu, =ee Table 1.

Acknowledgments.-—The author wishes to express
hisx appreciation to Dr. T. Darby. Mr. L. Wiemeler, and
Mr. C. Shannon of the Pharmacology Department ot
Abbott Laboratories, North Chieago, Ill., for pharma-
eological investigations and permission to nse their data.

193 A maelting polies weee aken witly the Thomas—-Hoover eapilfary
mnelting poiunt apparatns.  ADeroapalyses were peclorined at i1he Micro-

amlviieal Laboratories of ALbott Labworatories, Nordh Chicago, 1 le
speeira were recorded on g Beckmwan 1R-8 infrared spectrophorometer,

Antimalarials. Antagonists of
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The antimalarial activity of some pantothenic neid
antagonists (1b,c,d) is well documented.®* However,
at the time the antimalarial activity of 1b was dis-
covercd, it was observed that the only analogs that
acted as pantothenie acid antagonists were those which
retained unehanged the pantoie aecid portion (i.e.,
HOCH,C'(CH,;),CHOHCOOH) of the pantothente acid
(1a). Siuce then thiz hax been found to be incorrect.
w-Methylpantothenie acid (2a) ix in faet the most
inhibiting analog of pantothenic acid.  Similarly w-
methylpantovitaurine (2b) iz morve inhibitory than
pantovitaurine.* It wux therefore considered of interest

CHy
CHe-C—-CHCONHCH.CILR
! ; |
OH CH,OH D-(+}
la, R = COOH 1¢, R = SO.NHCH;
b, R = COGH; d, R = SCeH,,

ROLCelg

CH,
CH;CH-C—CHCONHCHLCTLR
OH CH,011

22, R = COOl
b, R = SO,

i1) This investigation wis supported by the U.8. Army Medical Research
and Development Comimnand Contract No. DA-49-193-MD-2879. This
paper is Coniribution No. 722 from the Army Research Program on Malaria
snud was the subject of a preliminary report at the First Northeast Regional
Meeting of the American CChemical Society. Boston, Mass,, Oct 1968.

(2) 7a) F. Y. Wiselogle, "\ Survey of Antimalarial Drugs, 1941-1945,""
Vgl 1.0, W. Edwards, Anun Arbor, Mich,, 1946, p, 250; (b) ref 2a, p J74;
see xlso pp 138-140.

i3) For leading references and bLiological! rationale seo 15, 17,
M. I Hute, and L. M. Werbel, J. Mel. Chem., 11, 1071 (1968).

1) (a) W. Drell and M. & Dunu., J. Amer. Chem. Soc., 68, 1868 119463
{L) ibid.. 70, 2058 (1048): {¢) <bdl., T6, 2801 (19541,
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to test variously substituted amides of pantoyvitaarine?
{10) and  ec-methylpantoyiaurine (9) ax potential
antimalarials. The compounds were synthesized ac-
cording to Sclieme 1.

The variously  substituted  sulfamoylethylphtlial-
imides (5, Table 1) and the corresponding 2-aumino-
ethanesulfonamides (6, Table IT) were conveniently
synthesized Dby following the previously described
procedure for such compounds.* Although most of the
amides of pantoyvltaurine (10, Table 1V) were obtained
by the direet condensation of 6 with n-(— )-pantolactone
(8) without =olvent.* the same procedure failed m the
svitthesis of 9 (Table TII).  They were successfully
obtaiued. however, by heating o mixture of the I salt
ol the sulfornmides 6 with the lactone 7 m a melt at
FES 1207\ similar method was used m the prepara-
tion of 10 (f. g. h). The tinel compounds 9 and 10
were obtained as cervstals only after great diffieulty,
nsually following chromatography and then standing
for davs. Similawe to the experience of Winterbotton.
el al.? we have found these compeunds to lave a
prounouteed tendencey to form supersaturated sohitions
or to separate ax ollk even when =eeded and cooled
slowly,

Biological Results.---The compounds were screencd
for potential antimalarial aectivity in mice® nfected
with Plasmodiwm berghei and chicks" with /2. gallinacenm
by subecutancous administration in o single dore. They
were alko evaluated against blood mduced . gal-
Unaceum ntections i mosquitoes® (Aedes aegypli).

None of the compounds submitted were considered
active at the 640 mg/kg dose level.  Fven the lead
compound from the World War II program. /.c.. 10.
R = p-CH,CL is inactive in the present chiek sereci.”
111 our opinion the noureprodueibility of its activity hes
it the present test procedure as the drug-diet method®
was used before.

A few of the compounds were also tested by Dr.
Trager in hix /i 17to <ystem with P. coatney! 11 monkey
ervthroceyvte suspension, in o medium contaimmng caleinm
pantothenate.'t  Compound 9b was found to he ax
active as 10 (R = p-CoH.CH and 10f much more active
than the latter.

Experimental Section'*

Melting points were obtained in capillaries and are uncorrected.
Elemental analyxesx were performed by Spang Microanalytical
Laboratolies and Galbraith Laboratories, In¢. The nv, ir, and
nnir spectra were as expected for the assigned strnctives,

2-Phthalimidoethanesulfonyl chloride (4) was prepared ac-
cording to the procedire of Winterbottom, ef > mp 160-162°.

i3 R. Winterbotiony, J. W, Clapp, W. H. Miller, J. P. Euglish, and R. (0.
Roblin, J. Amer. Chem. Soc., 69, 1393 (1947).

(6) 1. S, Osdene. V. Ii. Russell. and L. Rane. .J. Med, Chem., 10, 431
(1967).

() Chicks {4-12 days old} were infected (intravenously) witlen standard
inocithin to produce a disease fatal to 1009 of wntreated controls within
3-1 days, Candidate compounds were dissolved or suspended in peanut oil
and administered either subcutaneonsly or per ox immediately after infee-
tion. A 1009 increase in survival timme was considered ta be the minivmun
effective response to the antimalarial aciiviiy of the drug.  Cbicks surviving
30 days are recorded ax cnres,

(81 E. J. Geylrerg, 1.. T. Rienards, and J. B. Poole, Mesquilo News. 26,
359 (1966).

(49) Personal commmumnication from Drs. Strube and J3. Poon of WRAIR.

110) Reference 2, p 491: test procedure 0-1.

11y W, Trager, Trans, N. Y. Aecwd. of Sci., 28, 1004 (1966).

(12) Wiere analvses are indicated only hy symbols of the elements,
analyvtical results olvtained for those elements were within £0.4% of the
theorerieal valwes.



