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Racemic 5-Ethyl-5-(3-hydroxy-1-methylbutyl)barbituric Acid
(II).—TUpon standing for a few days in a refrigerator the filtrate
from the above procedure deposited 250 mg of light brown long
blunt needles, mp 170-181°. After decolorization with charcoal
in EtOH, repeated precipitation by heptane from Me,CO, and
recrystallization (H.O), the product melted at 188-189°, [«]%*D

0 £ 0.1° (1.5, AcOH, Aot 5VNeOH 255 mu (e 6600). Anal.
C, 1, N.
The compound displayed a positive iodoform test.? Its ir

spectriun was identical with that of the d alcohol® but different
from that of the ! alcohol.? It depressed the melting points of
both optically active alcohols but not that of synthetic 5-ethyl-
5-(3-hydroxy-1-methylbut vl)barbituric acid.?

Chromatography.—The -1 metabolites of pentobarbital were
examined in four systems (Table I). The dried paper chromato-
grams were spraved with 0.5 N NaOH and inspected in uv light.
The dried thin layer plates were sprayed with a saturated solution
of JHgN O, to reveal the barbiturates as shiny, gravish white
spots.® In all sy~tems mixtures of the d and racemic alenhols
yielded only one spot, whereas mixtures involving the { alcohol
vielded two spots.

TasLe I
R; Varvres oF
5-ETHYL-3-(3-HYDROX Y- 1-METHYLBUTYL)BARBITURIC ACID

———\etabolite System?

Mp, °C [«]®D, deg A B C D
209-210 +26.6 0.63 0.58 0.63 0.44
152-153 -5.6 0.58 0.54 0.58 0.41
188-189 0 0.63 0.58 0.63 0.44

afA, -PrOH-289 aqueous NH; (4:1), Whatman No. 1; B,
n-BuOH saturated with 0.59; aqueous NH;, Whatman No. 1; C,
1-PrOH-28¢: aqueous NH; (4:1), thin layer silica gel G: D,
CHCl13-MMe.CO (1:1), thin layer silica gel G,

Racemic 5-Ethyl-5-(3-acetoxy-1-methylbutyl)barbituric acid
was prepared and purified in the usual manner? and melted at
136-137°. Anal. C. H, N.

(8) E. W. Maynert, J. Pharmacol. Exptl. Therap., 160, 476 (1965).
(Y R. Deininger, Arzneim.-Forsch., 8, 472 (1955},
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The chemotherapy of malaria has been stimulated by
the use of several classes of effective compounds such as
quinolines, naphthoquinones, and sulfones, but it has
been limited appreciably by the toxicity of the various
chemicals. Boldt and Goodwine! reported extensive
studies with chloroquine as an antimalarial agent. Ter
Horst and T'elix? demonstrated the high fungistatic ac-
tivity of 2,3-dichloro-1,4-naphthoquinone; Fosdick,
et al.® found that 1,4-naphthoquinones were useful in-
hibitors of acid formation by oral bacteria, and Fieser*
reported naphthoquinones as potential antimalarials,
DeGowin, et al.5 then showed that 4,4’-diaminodi-

(1) T. H. Boldt and C. H. Goodwine, J. Natl. Malarial Soc., 8, 238 (1949).

(2) W. P. Ter Horst and E. L. Felix, Ind. Eng. Chem., 36, 1255 (1943),

(3) L. 8. Fosdick, O. F. Fancher, and J. C. Calandra, Science, 96, 45
(133?).14. F. Fieser, Transactions of the 3rd Conference on Biological Anti-
oxidants, 1948, p 24.

(5) R. L. DeGowin, R. D. Eppes, P. E. Carson, and R. D. Powell, Bull.
World Health Organ., 34, 671 (1966}.
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phenyl sulfone possessed high antimalarial activity,
Lor a number of years, we have also synthesized and
studied the effects of a number of naphthoquinone de-
rivatives as potential chemotherapeutic agents. The
results have indicated that certain amine derivatives of
2-chloro-1,4-naphthoquinone may possess significant
antibacterial activity 7n witro. This study stimulated
our interest in the possibility of these amine derivatives
as potential antimalarial agents. The chemical
struetures of the amine derivatives are shown in Figure
1. The present report includes the synthesis and eval-
uation of 64 compounds, with analyses and tests for
acute toxicity in mice for 7n vivo antimalarial activity
against Plasmodium bergher infection in mice.

H 0 H 0

1 Il

Figure 1.—Amine derivatives of 2-chloro-1,4-naphthoquinone:
I, primary amine-substituted derivative, RNH = compouent
added; II, secondary amine-substituted derivative, (R).N =
component added.

Experimental Section

General Procedure.—All the amine compounds employed were
commercial preparations. The new amine derivatives were
prepared by condensation of 2,3-dichloro-1,4-naphthoquinone
with various primary and secondary amine compounds as follows.
A 0.1-mole amount of 2,3-dichloro-1,4-naphthoguinone suspended
in warm 95%; EtOH (200 ml) was mixed with excess amine (0.2
mole) in EtOH (30 ml) and refluxed gently. Excess amine was
emploved i the system to neutralize the liberated IICl. The
mixtures turned red. The basic aliphatic amines condensed
readily on refluxing for 30 minn. In most instances, the red crystal-
line product precipitated from the warm reaction mixture.
Equimolecular gquantities of the sulfones, amino acids, and
pyridine compounds with the 2.3-dichloro-1,4-naphthoquinone
had to be refluxed 15-18 hr for condensation to take place. After
cooling, the insoluble condensation products were filtered and
crystallized (709, EtOH). The products were fine shiny crystal-
line compounds obtained in yields from 70-93%. See Table I.

Acute Toxicity.—Toxicity studies on the compounds were per-
formed in the DBA strain of mice, as maintained at the National
Institutes of Health, Bethesda, Md. The chemicals were sus-
pended in 0.259; Methocel (Methylcellulose, Dow Chemical Co.,
Midland, Mich.) <o that the dose per 20-g mouse was contained
in 0.25 ml for subcutaneous injection and the results were
judged by 72-hr survival. The tolerated dose of the various
preparations ranged from 500 to 2000 mg/kg. Most of the com-
pounds were of relatively low toxicity as compared with 2.3-
dichloro-1.4-naphthoquinone. The highest dose of the 2.3-
dichloro-1.4-naphthoquinone tolerated by DBA mice was 250
mg/kg.

Antimalarial Activity.—All of the derivatives of 2-chloro-1,4-
naphthoguinone as well as the positive control chloroguine di-
phosphate were evaluated subcutaneously for autimalarial ac-
tivity in Plasmodium berghei infected mice by Dr. Leo Rane of the
University of Miami. The testing procedure employed has been
described preciously.® Among the 64 compounds, bis{2-chloro-
1.4-naphthoquinone-3,3’-sulfonylbis(p-phenylenimine)] (I) and
N-(2-chloro-1,4-dihydro-1.4-dioxo-2-naphthyl)sulfanilamide (1I)
were found to possess high antimalarial activity against this
parasite, as evidenced by the curative effect of I with survival of
one, three, and two of five infected mice for 60 days in the mice
that received doses of 40, 80, and 160 mg/kg, respectively.
Higher doses of 320 and 640 mg/kg were toxic. Compound II
was curative at 320, 640, and 1280 mg/kg with four, five, and

(6} T. S. Osdene, P. B. Russell, and L. Rane, J. Med. Chem., 10, 431
(1967).
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Tanee I

CneMICAL AND PHYSICAL PROTERTIES OF AMINE DDERIVATIVES
(RNH,) oF 2-CHLORO-1,4-NA'HTHOQUINONE

Mp, 00

Awine leriv Pormata”

Merhyl 101 C CINO,
Propyl 110112 CiHLCINO,
Txopropyl 1% Cal1CIN O,
Allvl 140150 Ced1):CINO,
Byl 112 CLI1L,CINO,
Isobmyl Pin 1, CIN O,
see-13nryl N2-8i CJHnCINOY
{-Bntyl Tr2-11s ol CEN L
Penvyl 0708 CullpCINO,
Heptyl 91 )11 CIN Oy
p-Crervl S6 ) HRCIN Oy
Naonyl oI L CINGO,
Dedeeyl N el 1 CIN O,
Hexadeevl NS4 Col L CIN G
Octadeceyl 0N Co 1 wCIN O,
Merhoxyethyl N CullCIN Gy
Methoxypropyl T Coll)CINO;
Medhoxyisopropyl 7596 CLllGCIN G
S-r-Bitoxypropyl 406 47 CelluwCINGO;
3-MeN(Cly a5 Cel:CINLO,
TLN(CH N ao--101 CollCLNO,y
TLN(CLHLONTT 70171 Casl L CLNL Oy
Iithoxyverthoxyethyl TR0 CellsCING,
Ihibexyerhoxypropyl 15-46 Oy W CIN G,
Iithoxyethoxyethoxypropyl B Cya L CINO;
Dicmerhoxyethyl) 42495 a1 CIN Gy
Ditethoxyethyls 51 Cu e CINGY
n-Aminopropyldiethanol (RN Cy; 1 CINLOy
Dieyelepentyl 65-0% Cay 110 CIN O2
Di-n-hexyl 160162 Cal 1 CIN O
Di-n-deevl 150 Cad LeCIN Y
Di-r-dodecyl 171 (W '
Methyliminobispropyl LEs &

3.3 -Iinobispropyt 0N s

Benzyl 245247 Cy: 1 .
p-Anisidine 200 O 11eCINO,
Phevetidine 28 -241] CelCING,
Thyviyl 254 11 CIN O,
p-Aminobenzenesntfonic acid =300 Crull, CINO =
Sultanilamide > 300 Crel CINLOR
Sulfapyvridine 2001 Call THCINLONR
4. 4’-Diaminodiphenyl sullone 142-104 Caad i CLNOS
n-Anminomorpholine 12 C 1 CEINLO,
n-Aminopropylmorpholine 154 W CINLO;
2,6-Dimethylmorpholine 126120 11 CIN O,
Piperazine 250 CulaCLN O
I-Methylpiperazine 220225 CLlCINLO,
n-Aminoethylpiperazine 240) ( :

Bisi aminopropyl)piperazine 200204 Colly CL2

2-1vdrazing-3-nitropyridine 220 Cu L CING Oy
2-Aminopyridive 275 CLHLCINLO.
2-Aminothiazole 165168 Crl LCINGOS
x-Naphthyl 170 CoullsCINO,
S-Aminoquinoline 280 Clly CINGO.
Fetfuryl 124-1506 CLlCINO;
Inidazole TOE-195 CyHCINLGO,
2-1yvdrazinobenzothiazole RIGEY CilTwCINGO,S
Glntarvie dihydrazide 170-173 Caal1,CLNOs
1.4-Dihvdrazinophthalazine 192-194 Cau T CLNGO,
S-Aminoindazole 267-270 11, CIN, O,
t-Aminoindazole . C 11, CING O
2-Aminoethylphosphonic acid 108 CpllCINOP
Glyeine 174 CrlTLCIN Oy

1Ivdrazine > 500 Col1)CLINLO,

+ All melring points are ncorrected and were determined on a
Iisher-Johus melting point apparatns.  © All componnds were
analyzed for C, H, N (=2=0.39 limit), except where indicated
otherwize, ¢ 1 caled, 5.35; found, 5.61.
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ANTIMALARIAL Activity OF CEVrAaly DERIVATIVES 1
2-CHLORO-1,4-N APHTHCQUINGONE MGVINSY
Plasmodan bergher 1N Micn

Toecenar
Mean in
srrvival <rvivd
Towse, e, oy, Mor-
Campd G ke ddays iy tahry Remarks
1 200 144 I
U245 170 45 T mense snrvved 60
days
SO BT 20 S miee suvvived G
days
160 20 2 toxie deahs,” |
nsnse strvived 22
davs, 2 mee s
vived 60 dayvs
20 0 4 exic deaths, 1
Hense sirvived 60
|1:l}>
[EETR) 40 renae deas, o
mse sprvived G
AR
11 ST I T PRSI
s~ 1hLN G690

160 16,4 102 505
a200 10 7N

'
.

miee staeyived 6

days
640 15 5 mtee syevived G
days
280 P50 Lroxte death, fhnice
<irvived G0 davs
Chloroquine 400 1.0 4.0 054
diphosphate N0 128 SN0

e 17,0 1o 58
53200 2400 1V.00 550 2 voxte deamhs
(41 ( 500 texie deaths
2 Mean survival time of conrrols: 7.5 for 1, 6.2 Yor I, and 7.0
for chlorognine diphosphate. » Dearhs doe vy (oxicity o g
neenr in 3-0 davs, Mice sieviving 60 days are considered onves,

four mice, respeciively, siurviving o cach gronp Yot 60 dayvs wirh
vo evidence of voxiciiy.  The resnb= of the antimalaial neovity
of the two achve componnds aud of the comrol drg ehliroguine
diphosphate, supplied by Dr. David P. Jucobos of the Walter
teed Army Institive of Research, arve siunmarized e Table 11
Initial blood stndiex in normal white mice have ndieated vhat
the chemical =truetures of these complex molecndes made them
dithiendr to cleave, since no derecinble amonuvis of vhe oiginnd
compettents were fonnd present in vhe blond.
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In connection with other work in progress in this
laboratory we synthesized the title compound (1) by
the condensation of isatin and o-nitrophenylhydrazine,

{1) (a) Part XIX: 17, P. Zilver, I D, Popp, A, C. Casey. . P Chakra-
Unety, E. Collen, W. R. Kirseli, J. E. M¢Cleskey, and B. Sinha, /. Med.
Chem., 10, 986 (19¢7). (b) Sapported by a research grant (CA 10345 from
the National Cancer Tustitite.



