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Racemic 5-EthyI-5-(3-hydroxy-l-methylbutyl)barbituric Acid 
{II).--l-pon standing for a few days in a refrigerator the filtrate 
from the above procedure deposited 2d0 mg of light brown long 
blunt Iieedles, nip 170-181 '. After decolorization with charcoal 
in EtOH, repeated precipitation by heptane from Rle2C0, and 
recryrtallizatioii iHYO), the product melted at  155-159", [ a ] * % ~  
0 i 0.1" 11.3, AcOI-I, Xmnxo 5-vsuoH 253 mp ( E  6600). Anal. 
c, 11, s. 

I ts  ir 
Ppectrrim wa*: identical with that of the d alcohol3 but different 
from that i i f  the I alcohol.3 I t  depressed the melting points of 
both optically active alcohol.. but not that  of synthetic 5-ethJ-l- 
5-(3-h\-clros~-l-nieth~-lbiit~-l)barbituric acid.* 

Chromatography.-The W-1 metabolites of pentobarbital were 
exarniiietl i n  fuiir .-?stems (Table I). The dried paper chromato- 
gram? were sprayed with 0.5 A\- S a O H  and inspected in IIV light. 
The dried t h i n  la>-er plates were ,sprayed with a saturated solution 
of;HgSOj t o  reveal the barbitinate:: as shiny, grayish white 
 spot^.^ 111 all system mixtiires of the d and racemic alwhols 
yielded only one .spot ~ \vhei,ea.- mixtiires involviiig the 1 alcohol 
yielded t\vo >pot-. 

The conipoiind dihplayed a positive iodoform tert,.8 
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LIP, OC [ a I z 8 D ,  deg A 13 C D 
209-210 +26.6 0.63 0.58 0 .63  0.44 
1.X-1.53 - 3 . 6  0.58 0.54 0.58 0 . 4 1  
188-159 0 0.63 0.58 0 .63  0.44 
uLA, i-PrOH-25S aqueoi XH, (4:1), Whatman No. 1; B, 

n-BuOII satiirated with 0.3, aqueous NHB, Whatman S o .  1 ; C, 
i-PrOH-28% aqrieons ?iH3 (4:1), thin layer silica gel G; D, 
CHC13-?\IeYC0 (1 : I ) ,  thin layer d i c a  gel G. 

Racemic 5-Ethyl-5-(3-acetoxy-l-methylbutyl)barbituric acid 
was prepared and purified in the iisiial manner3 and melted a t  
136-134'. Anal. C, H, K. 

( 8 )  E. W. Rlaynert, J .  Pharmacoi. Erptl. Therap., 160, 4 i 6  (1965). 
(!I) R .  Deiningrr, dTrneim.-Forsch., 5 ,  472 (1955). 
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The chemotherapy of malaria has been st'imulat'ed by 
t'he 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 ext,ensive 
studies with chloroquine as an antimalarial agent. Ter 
Horst and Felix2 demonstrated the high fungistatic ac- 
tivity of 2,3-dichloro-l,d-naphthoquinone; Fosdick, 
et found that l,-i-naphthoquinones were useful in- 
hibitors of acid formation by oral bact,eria, and Fieser4 
reported riaphthoquinones as potential antimalarials. 
DeGon-in, et ~ l . , ~  then showed that 4,4'-diaminodi- 

(1) T. H. Boldt and C. H. Goodwine, J .  S a t l .  Malarial  Soc., 8 ,  238 (1949). 
(2) 11.. P. Ter Horst and E. L. Felix, Ind .  Ens. Chem., Sa, 1255 (1943). 
(3) L. d. Fosdiek, 0. 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. 

l V o ~ 7 d  Hen? t i i  Orurtn.,  34, 6 i l  (1966). 

phenyl wlfone possesed high antimalarial activity. 
l'or a number of years, we have also synthebized and 
studied the effects of a number of naphthoquinone de- 
rivatives a. potential chemotherapeutic agents. The 
re,ults have indicated that certain amine derivatives of 
2-chloro-1,d-naphthoquinone may poszeis significant 
antibacterial activity 7ii  vzti 0. Thi. study stimulated 
our interebt in the poisibility of these amine derivatives 
a. potential antimalarial agent,. The chemical 
Ytructures of the amine derivatives are shown in I'igure 
1. The preyerit report includes the syntheiib arid eval- 
uation of G4 compound., n i th  analysei and tests for 
acute toxicity in mice for 111 L Z L O  antimalarial activity 
againit Plasinorlzuiiz bel qhez infection in mice. 
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Figiire l.--Imine derivatives of 2-chloro-1,4-iiaphthoqiiiiioiie: 

I, primar>- amine-substituted derivative, RSH = compoiieiit 
added; 11, secondary aniiiie-sribbtitiited derivative, (l?)zX = 
coinponelit added. 

Experimental Section 

General Procedure.-All the amine conipouiids employed were 
commercial pieparatioii,?. The iietv amine derivatives \rere 

. cnoiideiisatioii of 2,3-dichloro-l,~-iiaphthoqiiiiione 
primary and hecondary amine compoinid3 as follows. 

A 0.1-mole amorint of 2,3-dichloro-l,~-iiaphthoqiiiiioiie .*iispeiided 
in warm !)5cc EtOH (200 ml) was mixed with excess amine (0.2 

) aiid refluxed gently. Exces;.: amine \vas 
m to neiitralize the liberated IIC1. The 

mixtiireh tiirried red. The basic aliphatic amines condensed 
readily 011 refliixiirg for BO miii. 111 moht iiistaiices, the red cryrtal- 
line prodiict precipitated from the warm reactioii mixture. 
Equimoleciilar qiiaiitities of the sidfoiies, amiiio acids, and 
pyridine compoiuids with the 2,3-dichloro-l;i-1iaphthoqiiinoiie 
had to  be refliixed 15-18 hr for condensation to take place. After 
cooling, the iriioliible condensation prodiicts were filtered and 
crystallized (70';; EtOH). The prodiicts were fiiie shiny crystal- 
line compounds obtained in yields from 70-93$%. 

Acute Toxicity.-Toxicity studies on the compoiinda were per- 
formed in the DBA strain of mice, as maintained at the Kational 
Institiites of Health, Bethesda, A M .  The chemicals xere vis- 
pended in 0.257, llethocel (?\Iethylcelliilo5e, Dow Chemical Co., 
lllidlaiid, lf ich.)  so that, the dope per 20-g moiise \vas contailled 
in 0.25 ml for siibciitaiieoiis injection and the i,e$iilts were 
judged by 72-hr survival. The tolerated dose of the varioiis 
preparation? raiiged from 500 to 2000 mg/kg. LIost of the com- 
pounds Tvere of relatively low toxicity as compared with 2,3- 
dichloro-l,4-iiaphthoq~iiiioiie. The highest dose of the 2,3- 
dichloro-l,-l-iiaphthoqiiiiioiie tolerated by D B h  mice \vas 250 

Antimalarial Activity.--All of the derivatives of h h l o r o - l , l  
naphthoqriinoiie as ivell as the positive control chloroqiiine di- 
phosphate xvere evaliiated subcutaneondy for antimalarial ac- 
tivity in  Plasmocll'ioii berghei infected mice by Dr. Leo Rane of the 
University of Miami. The teatiiig procedure employed has been 
described precioiisly.6 Amoiig the 64 conipoiuids, bis[2-chloro- 
1,4-iiapht~hoqi1iriorie-3,3'-~iilfo1iylbis(p-phen)-leiiimiiie)] (I)  aiid 
~-(2-chloro-l,4-dihydro-l,4-dioxo-2-naphthyl)sulfaiiilamide (11) 

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 mgjkg, respectively. 
Higher doses of 320 and 640 mglkg were toxic. Compound I1 
was curative at 320, 640, and 1280 mg,'kg with four, five, and 

See Table I. 

mg/kg. 

(6) T .  S. Osdenr, P. B. Russell, and L. Rane, J .  .Wed. Chem., 10, 431 
(1967). 




