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Racemic 5-Ethyl-5-(3-hydroxy-1-methylbutyl)barbituric Acid
(IT).—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
recryvstallization (H>0), the product melted at 188-189°, [«]*D

0 = 0.1° (1.3, AcOH, AmudVN0H 235 mu (e 6600). Anal.
C, H, N.
The compound displayed a positive iodoform test.d Its ir

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

Chromatography.—The -1 metabolites of pentobarbital were
examined in four svstems (Table I). The dried paper chromato-
grams were spraved with 0.3 N NaOH and inspected in uv light.
The dried thin layer plates were sprayed with a saturated solution
of JHgN O, to reveal the harbiturates as shiny, grayish white
spots.? In all sy=xtems mixtures of the d and racemic aleohols
yielded only one spot, whereas mixtures involving the  alcohol
yielded two spots.

TasLe I
R; VALUES OF
5-ETHYL~3-(3-HYDROX Y-1-METHYLBUTYL)BARBITURIC ACID

————letabolite 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

oA, -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,
CHCI;—Me,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).
(9) 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 Felix? 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.,’ then showed that 4,4’-diaminodi-

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

(2) W. P. Ter Horst and E. L. Felix, Ind. Eng. Chem., 88, 1255 (1943).

(3) L. 8. Fosdick, O. F. Fancher, and J. C. Calandra, Science, 96, 45
{1942).

(4) L. 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.
For 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 aectivity 7n vitro. This study stimulated
our interest in the possibility of these amine derivatives
as  potential antimalarial agents. The chemical
structures 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 in vivo antimalarial activity
against Plasmodium bergher infeetion in mice.

H 0 H 0

[ 11

Figure 1.—Amine derivatives of 2-chloro-1,4-naphthoquinone:
I, primary amine-substituted derivative, RNH = component
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-dichlore-1,4-naphthoquinone suspended
in warm 957, EtOH (200 ml) was mixed with excess amine (0.2
mole) in EtOH (50 ml) and refluxed gently. Excess amine was
employed in the system to neutralize the liberated HCI. The
mixtures turned red. The basic aliphatic amines condensed
readily on refluxing for 30 min. In most instances, the red erystal-
line product precipitated from the warm reaction mixture.
Equimolecular quantities 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 70-95%,. See Table 1.

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 (Methyleellulose, Dow Chemical Co.,
Midland, Mich.) 2o that the dose per 20-g mouse was contained
in 0.25 m! 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-
naphthoquinone as well as the positive control chloroquine di-
phosphate were evaluated subcutaneously for antimalarial ac-
tivity in Plasmodium berghet 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 (II)
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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TanLe I

CHEMICAL AND PHYSICAL PROPERTIES OF AMINE DERIVATIVES
(RNH;) oF 2-CHLORO-1,4-NAPHTHOQUINONE

Mp, o0

Amine deriv Formula®

Methyl 101 Cy HCINO.

Propyl 110112 CuHLCINO,
I=opropyl L7 ClTRCINO,
Al 149-130 CrllCING,
Butyl 112 CLITCINO,
l,\'()hlll.\'l 115 ("””;](:]N()j
see-Butyl =283 CuyHLCINOy:
{-Butyl 12113 CuIlCINO,
Peniyvl 0708 CiHCINO,
Heptyl 0l CiHCINGO,
n-Oetyv] S6 CrllCINO,
Nonyl 06 O HCIN O,
Dodeevl NG Co Tl CINO,
Hexadeeyl N840 Cop T CEIN O,
Octadecyl ax oL CIN O
Methoxyethyl N6 C L CIN G,
Methoxypropyl 7Y Cr T CINGO;

Methoxvisopropyl 76 CuCINO;
S--Butoxypropyl 46 47 CHHCINOy
3-MeaN(CHa )y a5 CLCINGO,
LN (CH, ), NH Hy-101 CoH s CLNLO,
TLN(CH, NI 170171 ol L CLNLO,
Ethoxvethoxyethyl TU-N0 CipllsCINO,
IZthoxyethoxypropyl 1+5-40 CrtlCING,
I thoxyethoxyvethoxypropyl 73 Cr I CIN Gy
Ditmethoxvethyl) 02--03 CHLCING,
Diteihoxyethyl) 5193 CrlLCINO,

CranCINLOy
Cu I T CINGO,

6245
6568

n-Anminopropyldiethanol
Dievelopentyl
Di-n-hexyl

160-162 . NO,

CollwCINO;

Di-n-decyl 104

Di-re-dodecyl 171

Methyliminobizpropyl 115

3,3 -Iminobispropy! 68 ,
Benzvl 245247 CrTCINO,
p-Anisidine 200 CiHCINO,
Phenetidine 2340 -241 CLITCIN Oy
Thynivl 254 Co I CIN O,
p-Aniinobenzenesutfonic acid >300 el CINOR
Sultanilamide > 300 Cpd1 CINLOS
sulfapyridine 26() Co 1T CINOR
4,4’-Diaminodipheny] sulfone 192104 Col TCLNL O
n~Aminomorpholine 132 CdCEINLO,
n-Aminopropylmorpholine 139 11, CINLO,
2,6-Dimethylmorpholine 126129 s CIN Oy
Piperazine 250 CoIaCLN O,
t-Methylpiperazine 220220 O CINLO,
n-Aminoethylpiperazine 240 CuHu CLN O,
Bixiaminopropyl)piperazine 200204 CaCLN O
2-11vdrazino-hH-nitropyridine 220 CpHLCIN GO,
2-Aminopyridine 270 ) HLCINLO,
2-Aminothiazole 165 -16% ClLCINLON
a-Naphthyl 170 Coul T CING,
S-Aminoquinoline RS CuI 1 CINLO,
Furturyl 134-136 CiHpCINO;
Imidazole 191193 CILCINGO,
2-Hydrazinobenzothiazole 204 CpCINGO.S
Glutarie dihydrazide 170-173 CoLCLNOg
1,4-Dihvdrazinophthalazine 192~ CoH 1 6CLN GOy
J-Aminoindazole 267~ C T CINGO,
6-Aminoindazole 252-25: Cr 11, CINGO:
2-Aminoethylphosphonic acid 198 Cpll CINO P
Glyeine 174 CpII,CINO,

Hydrazine >300 CopH 1 CLNGO,

+ All melting poinis are uncorrected and were determined on a
Iizher-Johns melting point apparatus. ¥ All compounds were
analyvzed for C, H, N (==0.39; limit), except where indicated

o

otherwize, < H: caled, 5.35; found, 5.61.
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Tanre I1
ANTIMALARIAL ACtIviTy OF CERVAIN DERIVATIVES 1t
2-CHLORO-1,4-NAPHTHOQUINONE AGAINST
Plasmod i berghei 15 NMice

Inereasc

Mean in
strvival survivad
Dloxe,  time, time, Mor-
Compd me kg days? days  taliry Remarks
1 200 14,4 LS5
10 245 175 45 1 mouse survived 60
davs
SO BT0T 25 3 mive survived 60
duavs
160 20 2 ioxie demths? 0
notse survived 22
a2 milce s
vived 6t davs
320 £ 4 toxie deaths, |
mouse srvived 60
davs
640 405 4 tonie dewrbs, o
motse ~invived B
v
I1 0 34 205
SOOI LN [ IR TR T
60 10,4 .2 55
3200 140 7.8 15 dmice spevived 60
days
6340 05 A mice survived B
day=
1250 15 L toxie death, | mice
<urvived 60 dayvs
Chloroguine 40 11.0 100055
diphosphate 001208 ST I

D
6y 17,0 100 55
3200 240 170005
644 ()

2 toxie deaths

5 0 toxie deaths
a NMean survival time of controls: 7.3 for 1, 6.2 for I and 7.0
for chloroquine diphosphate. * Death

oceur in 3-5 dayvs. Mice surviving 60

= due 1o toxicity of dimg
days arve considered enres,

forr mice, respectively, surviving in each group yor 60 days with
no evidence of toxicity.  The resultx of the antimalarial activity
of the two active compounds and of the control drag chloroquine
diphosphate, supplied by Dr. David P. Jacobus of the Walier
teed Army Institute of Research, are siummarized in Table 11
Initial blood =tudies in normal white mice have indicated that
the chemical structures of these complex molecules made them
difficult to cleave, since no deteciable amounts of the original
components were found present in the blood.

Synthesis of Potential Antineoplastic Agents.
XX.
3-0-Nitrophenylhydrazone of Isatin!

Compounds Related to the
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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 e-nitrophenylhydrazine.

(1) {a) Part XIX: ¥, P. silver, ', D. Popp, A, €. Casey, IN. P Chakra-
horty, . Cullen, W, R. Kirseh, J. E. McCleskey, and B. Sinha, J. Med.
Chem., 10, 986 (1967). (b) Supported by a research grant (CA 10343) from
the National Cancer Iustitute.



