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The 2-hydroxy-3-alkyl-1,4-naphthoquinones [I, R = 
alkyl or (CH2),-cycloalkyl] have received considerable 
attention during the malaria chemotherapy programs 
since 1940, a remarkable feat being the synthesis and 
successful clinical trial of lapinone [I, R = (CH2)sC- 
(OH) (n-CbHg)2].3 Success of lapinone stemmed largely 
from knowledge of metabolic disposition (fate of the 
side chains) and of the correlation of in vitro anti- 
respiratory activity with the cyitical extraction value, 
P E , ~  which reflects the drug’s “hydrophilic-lipophilic 
balance.” The most active member in any active 
series of I generally possessed a p E  value near or within 
the range 10-12.3,4 
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The 2-acylhydrazino-l,4-naplithoqui1iones [11, R = 
alkyl or (CH2).cycloalkyl] are a class of compounds 
marked by an acidity constant (pK,’) of about 8.0-8.5.j 
It was of interest to probe whether some degree of 
antiplasmodial activity would be obtained from analogs 
of 11, particularly in instances where the proper 
“hydrophilic-lipophilic balance,” as defined by a p E  
value of 10-12, was incorporated into 11. We report 
here the p E  data and some biological data of two series 
of 2-acylhydrazino-l,4-naphthoqui1io1ies (11). Related 
data for certain analogs of I are included for com- 
parison.6 

Methods and Results 

Except for IIg and IIh,  the two series of 2-acyl- 
hydrazino-1 ,4-naphthoquinones (11) reported in Table I 
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were synthesized by a general reactiori involving con- 
densation of a carboxylic acid hydrazide with 2- 
hydroxy-1,4-naphthoquinone in 80% Ac0H.j Com- 
pounds IIg and I Ih  were obtained in adequate yield 
and purity when 80% trifluoroacetic acid was employed 
as solvent. 

iidaptation of 2-~z-hexa1ioylhydrasi1io-l,4-naphtho- 
quinone (IId) to p E  theory4 MW checked by calculatiori 
of pE from determinations conducted at several H +  
and quinone concentrations. The data here (Table 11) 
supported the theory4 with an accuracy of h 0.05 p E  
unit. 

Critical extraction values, pE, for each series of 2- 
acylhydrazino-l,4-naphthoquinones (11) increased 1i:i- 
early with molecular weight. Interestingly, a close 
similarity in p E  values was observed for specific analogs 
of related series of I4 and 11; for example, I Im had p E  
8.53 and the corresponding analog of I (R = CH2- 
cy~ lohexy l )~  had p E  8.43. 
-4 sharp distinction in the physicochemical properties 

of specific analogs of I and I1 mas apparent through 
comparison of the log K term in eq 2. The constant, 
K ,  describes the ratio of concentrations of un-ionized 
quinone distributed between the ether and aqueous 
phases. 

The critical extraction value, pE, is defined as 

pE = PH - 2 + log { [ H + ] ( K / K a ) }  

( $3  + 2 )  - pKa = log K 

(1) 

(2) 

where K connotes [,AIether/ [HAIUater. I t  follows that,  

A rough value of log K can be estimated for each 
arialog of series of I and I1 by assuming pKuHZo of 
5.5 for I7 and pKaHZo of 8.5 for 1I.j Comparison of cal- 
culated log K values for specific analogs of related series 
of I4 and I1 indicated that,  for comparable analogs, a 
distribution ratio of un-ionized I (i.e., log K )  exceeded 
that for a corresponding analog of I1 by an exponential 
factor of roughly 2.52. 

Biological Data.-The 2-acylhydrazino-1,i-naphtho- 
quinones, IIa-IIn, ere evaluated as antimalarial 
agents against lethal Plasmod ium berghei infections in 
mice [Walter Reed Army Institute of Research (WR- 
AIR) screening program] .8 Compounds were adminis- 
tered subcutaneously as oil suspensions to lots of 5 mice 
a t  dosages of 40, 160, and 640 mg/kg. All analogs of 
I1 in Table I were n o n t ~ x i c ~  and inactive. The mean 
survival time (AMST) of treated over control animals 
ranged from 0.1 to 1.3 days, but AMST of less than 2 
days was considered insignificant. 

Berberian arid Slighter’O have recently reevaluated 
the efficacy of series of hydroxymphthoquiriones (I) as 
antimalarial agents against blood-induced P. berghei 
infections in mice; the screening procedure differed, 
however, from the standard WRAIR assay. Regarding 
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In the case where a hydrazide.HC1 was employed (ix., IIl) ,  
an equiv quantity of Et3N was added to the condensing medium. 
Thnj, a suspension of cyclopentylpropionic acid hydrazide. HCl 
(6.3 g, 33 mrnol) and 2-hydroxy-l,4-napthoquinone (5.0 g, 29 
mmol) in 807, HOBc (200 rnl) containing E t J  (3.3 g, 33 rnrnol) 
was stirred at  25” for 26 hr. The solvent was stripped in oacuo 
and the bright orange residue was freed from excess hydrazide 
arid Et& .HC1 using a wash solution of EtOH-KnO-concd HC1 
(10: 10: 1). Additional successive washings with EtOH-H20 
(1: l), AleaCO, and Et20 gave a crude product (4.6 g)  which 
afforded after two recrystallizations 2.73 g of 111, mp 174-179”. 

Critical Extraction Values (pE).-Extraction const,ants, pE, 
were determined using the standard procedures described as A 
and B by Fieser, c f  Procedure B4 was required only for IIf. 
Initial concentrations of naphthoquinone in Et20 were in the 
order of 30-60 mg =k 0.01 mg/2d0 ml; which is approximately 
0.4 that generally employed for the 2-hydroxy-3-alkyl-l,4- 
naphthoquinone~.~ This deviation from the standard procedure 
was necessary because of the lesser solubility of the lower rnolecu- 
lar weight, analogs of 11. The concentration of naphthoquinone 
in the alkaline buffer was determined by measuring the ab- 
sorbance at  533 mk uit,h a IIodel 2400 Beckman DU Spectro- 
photometer. 

standard route from G,S-dichloroquinoline-5-carboxylic 
acid, which in turn was prepared from 5-amino-2,4- 
dichlorobenzoic acid by a Slcraup reaction. 
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We have reported2 that no significant decrease in 
phototoxicity was observed when the structures of 
certain 2-phenyl-4-quinolinemethanol antimalarials 
were modified by replacing chlorine by fluorine, or by 
changing the nature of the S-containing side chain. 

We now report the results of a study of four addi- 
tional structural modifications, three of which might 
be expected, on theoretical grounds, to cause a signifi- 
cant decrease in phototoxicity. The fourth modifica- 
tion involved the synthesis of a 2-phenyl-5-quinoline- 
methanol drug, a structure not reported previously. 

Chemistry.-The synthesis route to compounds con- 
taining iodine or free phenolic groups (Table I )  n as the 
same as that used previously.2 Six novel oxides were 
prepared from the appropriate cinchoninic acids and the 
compounds in Table I ere prepared by the reaction of 
these oxides with the appropriate amine. During the 
preparation of oxides having free phenolic groups it was 
necessary to protect the latter by acetylation a t  the 
cinchoninic acid stage; the protecting group was re- 
moved during the reduction of the bromomethyl ketone 
intermediate by SaBH+ 

6,S-Dichloro-2-phenyl-a-(2-piperidyl)-l,2,3,4-tetra- 
hydro-4-quinolinemethanol (I) was prepared by catal- 
ytic reduction of the well-known antimalarial 6,s- 
dichloro-2-phenyl-CY- (2-piperidyl)-4-quinolinemethanol. 

The 3-quinolinemethanol 111 was prepared by way 
of I1 so that the antimalarial activity and phototoxicity 
of I1 could be measured also. I1 was prepared by our 
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Pharmacology.-Several major revien s of drug- 
induced p h o t o t ~ x i c i t y ~ - ~  are available. It is apparent 
that  phototoxic compounds fall into two classes, de- 
pending on whether the changes they evoke in tissues 
are oxygen-dependent or oxygen-independent. The 
best known oxygen-independent drugs are the furo- 
coumarins (psoralens) .’ Recent workB shows that the 
phototoxic quinolinemethanol drugs are definitely oxy- 
gen-dependent . The photosensitizing furocoumariris are 
known to react with DNA in a photochemical reaction, 
which has been studied in detail;g no mechanism has 
yet been proposed for the photosensitizing action of the 
quinolinemethanols. 

The possible role of long-lived triplet states in the 
phototoxic action of drugs4 was the basis of our study 
of the iodine compounds 1-6. It is known that molecules 
that contain atoms of large atomic number have a 
significantly decreased triplet state lifetime.I0 Ex- 
amples of the effect of iodine as a “heavy atom” are 
available in which iodine functions in an  intramolecu- 
lar” and intermolecular12 way. 

The antimalarial activity of the iodine compounds 
(Table 11) was equal or superior to that of analogous C1 
and F compounds studied earlier. I n  the standard test 
of phototoxicity, in which the drug mas administered ip, 
there was a significant decrease in phototoxicity (Table 
111) when iodine was at the 3’ or 4’ positions, but little 
or no decrease when iodine mas a t  the 7 position. How- 
ever, when any of these compounds mas administered 
orally, the minimum effective phototoxic dose was 30 
mg/kg or less. The high phototoxicity of the 4’,6-di- 
iodo compound 6 seems anomalous. 

The phenolic compounds 7-9 were prepared a t  a time 
when the differences in mechanism of phototoxic 
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