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Racemic 5-EthyI-5-(3-hydroxy-l-methyIbutyl)barbituric Acid 
(II).—Upon 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 Me2CO, and 
recrvstallization (H,0) , the product melted at 188-189°, [a]2sn 
0 ± 0.1° (1.5, AcOH, Xmax

05VXaOH 255 mM (e 6600). Anal. 
C, H, X. 

The compound displayed a positive iodoform test.8 I ts ir 
spectrum was identical with that of the d alcohol3 but different 
from that of the I alcohol.3 It depressed the melting points of 
both optically active alcohols but not that of synthetic 5-ethyl-
5-(3-hydroxy-l-methylbutyl)barbituric acid.2 

Chromatography.—The w-1 metabolites of pentobarbital were 
examined in four systems (Table I) . The dried paper chromato-
grams were sprayed with 0.5 A" XaOH and inspected in uv light. 
The dried thin layer plates were sprayed with a saturated solution 
of^HgX03 to reveal the barbiturates as shiny, grayish white 
spots.9 In all systems mixtures of the d and racemic alcohols 
yielded only one spot, whereas mixtures involving the / alcohol 
yielded two spots. 

TABLE I 

Ri VALUES OF 

5-ETHYL-5-(3-HYDROXY-1-METHYLBL"TYL)BARBITURIC ACID 

-Metabolite— -System*7-
Mp, °C 

209-210 
152-153 
188-189 

[al!8D, deg 

+ 26.6 
- 5 . 6 

0 

A 

0.63 
0.58 
0.63 

B 

0.58 
0.54 
0.58 

C D 

0.63 0.44 
0.58 0.41 
0.63 0.44 

\A, ?'-PrOH-2S% aqueous XH3 (4:1), Whatman Xo. 1; B, 
w-BuOH saturated with 0.5% aqueous XH3, Whatman Xo. 1; C, 
i -PrOH-28% aqueous XH3 (4:1), thin layer silica gel G; D, 
CHCI3-Me2CO (1:1), thin layer silica gel G. 

Racemic 5-Ethyl-5-(3-acetoxy-l-methyIbutyl)barbituric acid 
was prepared and purified in the usual manner3 and melted at 
136-137°. Anal. C, H, X. 

(8) E. W. Maynert, J. Pharmacol. E'xptl. Therap., 150, 476 (1965). 
(it) R. Deininger, Arzneim.-Forsch,, 5, 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 Goodwine1 reported extensive 
studies with chloroquine as an antimalarial agent. Ter 
Horst and Felix2 demonstrated the high fungistatic ac­
tivity of 2,3-dichloro-l,4-naphthoquinone; Fosdick, 
et al.,3 found that 1,4-naphthoquinones were useful in­
hibitors of acid formation by oral bacteria, and Fieser4 

reported naphthoquinones as potential antimalarials. 
DeGowin, et al.,6 then showed that 4,4'-diairiinodi-

(1) T. H. Boldt and C. H. Goodwine, J. Xatl. Malarial Soc, 8, 238 (1949). 
(2) W. P. Ter Horst and E. L. Felix, Ind. Eng. Chem., 35, 1255 (1943). 
(3) L. S. Fosdiek, 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). 

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-l,4-naphthoquinone may possess significant 
antibacterial activity in 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 Pigure 
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 berghei infection in mice. 

NHR N(R), 

I II 

Figure 1.—Amine derivatives of 2-chloro-l,4-naphthoquinone: 
I, primary amine-substituted derivative, RXTH = component 
added; II , secondary amine-substituted derivative, (H)iX = 
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-l,4-naphthoquinone 
with various primary and secondary amine compounds as follows. 
A 0.1-mole amount of 2,3-dichloro-l,4-naphthoquinone suspended 
in warm 95% 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 HC1. The 
mixtures turned red. The basic aliphatic amines condensed 
readily on refiuxing for 30 min. In most instances, the red crystal­
line product precipitated from the warm reaction mixture. 
Equimolecular quantities of the sulfones, amino acids, and 
pyridine compounds with the 2,3-dichloro-l,4-naphthoquinone 
had to be refluxed 15-18 hr for condensation to take place. After 
cooling, the insoluble condensation products were filtered and 
crystallized (70% EtOH). The products were fine shiny crystal­
line compounds obtained iu yields from 70-95%.. See Table I. 

Acute Toxicity.—Toxicity studies on the compounds were per­
formed in the DBA strain of mice, as maintained at the Xational 
Institutes of Health, Bethesda, Md. The chemicals were sus­
pended in 0.25% Methocel (Methylcellulose, Dow Chemical Co., 
Midland, Mich.) so 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-l,4-naphthoquinone. The highest dose of the 2,3-
dichloro-l,4-naphthoquinone tolerated by DBA mice was 250 
mg/kg. 

Antimalarial Activity.—All of the derivatives of 2-chloro-l,4-
naphthoquinone as well as the positive control chloroquine di­
phosphate were evaluated subcutaneously for antimalarial ac­
tivity in Plasmodium berghei infected mice by Dr. Leo Rane of the 
University of Miami. The testing procedure employed has been 
described preciously.6 Among the 64 compounds, bis[2-chloro-
l,4-naphthoquinone-3,3'-svdf onylbis(jO-phenylenimine)] (I) and 
X4-(2-chloro-l,4-dihydro-l,4-dioxo-2-naphthylSulfanilamide (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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T A H L E I 

C H E M I C A L AND P H Y S I C A L P R O P E R T I E S O F A M I N E 1 ) E U I \ AiivEt 

( R N H 2 ) O F 2 - C H L O R O - ] , 4 - X A P H T I I O Q I M N O N E 

Amine denv Mp, °("' Formula'' 

M e t h y l 101 Cnl l^CUXO. 

P r o p y l 110 112 C1 : iII ! 2ClX0.2 

I sop ropy l 117 t. 'uII, ,(:iX<)-. 
Allyl 140-150 C l ; lH ] ( ,ClX() , 
B u t y l 112 ( : , ,n„C' lX() . , 
I s o b u t y l l l : i C J l n C l X O , 
w r - B u t y l s 2 - 8 0 (VitI,4ClX()o« 

/ - B u t y l 112-113 (:,,II,iClX(>.. 
P e m y l 07-0S ( ' , , I I , ,C1X() , 
H e p t y l 01 ( ' , , - ID,( ' lXO, 

/i-Octyl sd C' iJI , ,ClX() . . 
X o n y l 00 ('',,H,,C1N'().. 

Dodecyl SO (UH.wClXO, 

Hexadecyl s s - 02 ('.28IU(.'1X'<>.. 

O d a d e c v l OS 0.,,II,,C1N< K 
M e t h o x y e t h y l s(i 

M e t h o x y p r o p y l 70 
M e t h o x y i s o p r o p y l 75 70 
0 - / ( -Butoxypropy l 40 47 
3-Me2X(OH.)3 ' :..'. 
H2X(CH2)3XII 00-101 
n ,x (cn , ) 9 xi r 170-171 
K t h o x y e t h o x y e t h y l 70 -SO 
K t h o x y e t h o x y p r o p y l 45 -40 
K t h o x y e t h o x y e t h o x y p r o p y l 73 

DM m e t h o x y e t h y l ) 0 2 - 0 5 
1 ) i ; e i h o x y e t h y l ) 51 53 

/ / . -Aminopropyld ie thanol 02 -05 

1 Hcyclopenty l 05 -OS 
Di -» -hexy l 100-102 
Di-n-decyl 150 

1 )i-/i-dodecyl 171 
M e t h y l i m i n o b i s p r o p y l 1 15 
3 ,3 ' - Iminob i sp rnpy] OS 

Benzyl 245 247 

yj-Anisidine 205 
P h e n e l i d i n e 230-241 
T h v m v l 254 

?t-Aniinobenzenesulfonic acid >.'!00 

Su l fan i lamide > 3 0 0 
Kulfapyridine 200 
4 , 4 ' - l ) i a m i n o d i p h e u y l stilfone 102-104 

n - A m i n o m o r p h o l i n e 1 32 
M-Aminopropy lmoipho l ine 150 
2,0-1 l i m e t h y l m o r p h o l i n e 120-120 

P iperaz ine 250 
I -Methylpipe i 'Rzine 220-225 
« - A m i n o e t h y l p i p e r a z i n e 240 

I5isf a m i n o p r o p y p p i p e r a z i n e 200-204 
2-1 l yd raz ino -5 -n i t ropy r id ine 220 

2 - A m i n o p y r i d i n e 275 
2-Aminoth iazoIe 105 -16S 
a - X a p h t h y l 170 
S-Amiiioquii iul ine 2S0 
Pitrftiryl 134-136 
Imidazo le 101-403 
2-1 Iyd raz inobenzo th i azo le 204 
G l u t a r i c d i h y d r a z i d e 170-173 
1 ,4 -Dihydraz inoph tha l az ine 102-194 
5-Aminoindazo le 207-270 
t>-Aminoindazole 252-255 
2 - A m i n o e t h y l p h o s p h o n i e acid 10S 
( l l yc ine 174 
Hydrazine; > 3 0 0 

" A.11 me l t i ng po in t s are uncor rec ted a n d were d e t e r m i n e d on a 
F i s h e r - J o h n s me l t ing poin t a p p a r a t u s . >> All c o m p o u n d s were 
a n a l y z e d for C, H , X ( m O . 3 % l imi t ) , except wliere indica ted 
o the rwise , '' I I : calcd, 5.35; found, 5 .61. 

C,31I,201X(>3 

C J I n C l N O s 

C K H M C I X O S 

(VIDnClXO:, 

C i : n 1 7 c i X 4 ) , 
(',3H,,;C:I2X,(), 
('26n,,ci,x,o, 
caUsCixo., 
( ' ' , 71I 2 I ,C1X(.) , 

c, n2 1cixo7 
( ' • . J I . sClXO, 
( \ J I , , C 1 X ( ) , 

(.• I7H.,,(.:IX. J()4 

C 2 d l 2 2 n x < ) 2 

C2 2H3 ! , ( '1X02 

(VillifiClXO.. 

c51n;,;Cix<>2 
(VII. . ,C1,X. !() ; 

(VH..r,Cl3X:.()« 

e17n12cixo., 
C,7H,..CTX03 

( V H r , C l X 0 3 

C2„II,X -1X()2 

(',8n,„c.'iX(),-,s 
C , B H u ( . l X 2 ( ) . i S 
c ; !1n,1nxso.1s 
c::i2n,X:i..X,()f,s 
c,,n13ciN2()3 
C^Hp.ClX.O: , 

C J b f . C l X O i 
('••,n,,-.n,xio1 
Cl:.H,,ClX.,(), 
C^H^CbX; ,* ) , 

(:3„H:«<,c:i..x4()1 

( V . I U C I X . O , 
C13H ; (C1X2(>2 

C I3I ITC1X..0 ;S 

0 2 „ I I 1 2 n X O > 

C : :,H,,C1X2(V2 

C,;,H10C1X()3 

CY,II7C1X202 

C ,nHJ,JC4X3()2ri 

c..,nlsci,x4()e 
c,ji l6ci,x6o.i 
C:17II10CIX3()2 

c.,7n,„eix3o2 
( V J I H , C I X O . - , P 

c: , 2 n,axo 4 
C^HnCIbXoO. 

T A B L E I I 

A N T I M A L A R I A L A C T I V I T Y OK C ' E U I A I X D E R I V A T I V E - m-

2-CHLOR0-l,4-XAPHTH(KiUINONE AC. A INST 

Plasmodium berglu i IN M I C E 

IlKO-i-ii-i-

Meau in 

I),,M>, time', n m e , M>;r-
( 'omp. l in*: k^ days" ifa>-- ratify i t r - m a r ^ 

I 20 14.4 7 .1 5 5 
40 2 4 . S 17 .5 4 5 1 mouse su rv ived 00 

days 

SO 4 4 . 4 37 .1 2 5 3 mice surv ived 00 
d a y s 

100 •_' 5 2 toxic deal lis,'' 1 

mouse surv ived 22 
• lays, 2 mice sur­
v ived Oil d a y -

320 4 5 4 toxic d e a t h - , 1 

mouse surv ived (id 

040 4 5 4 toxic d e a t h - . I 
mouse surv ived tilt 
. l a w 

II 40 13.4 7 . 2 5 5 
sO 15.S 0 , 0 5 '5 

100 10.4 10 .2 5 5 
320 14 .0 7 s 1 5 4 mice su rv ived 00 

days 
040 II 5 5 mice su rv ived 00 

days 
12S0 i 5 1. toxic d e a t h . 1 mice 

surv ived (ill d a y s 
Ch lo roqu ine 40 11 .0 4 . 0 5 5 

d i p h o s p h a t e sO 12. S 5 . S 5 5 

100 17 .0 10.(1 5 5 
320 2 4 . 0 17 .0 5 5 2 toxic d e a t h -
040 0 5 5 5 toxic d e a l h -

° M e a n surv iva l t ime of con t ro l s : 7.3 for I, 0.2 for I I , and 7.0 
for ch loroquine d i p h o s p h a t e . '' D e a t h s due to toxici ty ..f drujt 
occur in 3 -5 days . Mice su rv iv ing till d ays are considered cures. 

four mice, respect ively, surv iv ing in each g roup for 00 days w i t h 
n o ev idence of toxici ty. T h e resul ts of the an t imala r ia l ac t iv i ty 
of t h e two act ive c o m p o u n d s and of the control d rug ch loroquine 
d i p h o s p h a t e , suppl ied by Dr. David P . .Jacobus of the W a l t e r 
P e e d A r m y I n s t i t u t e of Research, are summar ized in T a b l e I I . 
In i t ia l blood s tud ies in n o r m a l whi te mice have indica ted t h a t 
the chemical s t ruc tu re s of these complex molecules m a d e them 
difficult, to cleave, since no de t ec t ab l e a m o u n t s of ihe original 
componen t s were found present in the blood. 
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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: V. P. Silver, 15 I). I'opp, A. ('. Casey, I). P. Cliakra-
Lorty, E. Cullen, W. K. Kirsch, J. E. McCleskey, and B. Sinha, J. Med. 
Chem,, 10, 986 (1967). (b) Supported Ly a research grant (CA ]0:U.">) from 
tire National Caneer In-titule. 


