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The relative potency of members of a series of drugs is 
often considered to be a function of differences in hydro
phobic, electronic, and steric factors. In the past several 
years considerable advances have been made in quantitat-
ing such relationships.1 The ability to anticipate or at 
least rationalize the boundaries of a series is a related but 
not identical problem. That is, what factors determine 
which compounds are members of a set and which appar
ent analogs will be completely inactive or act by a differ
ent mechanism of action? This sort of question implies an 
all-or-none or threshold type of relationship between a 
physical property and activity rather than the continuous 
correlation seen with analogs of varying potency. 

The antimalarial naphthoquinones first studied by Fies-
er, et al.,2 proved to be a very interesting example of this 
type of problem. In their original analysis of the structure-
activity relationships of the 2-alkyl-3-hydroxy-l,^naph
thoquinones, it was shown conclusively that there is a 
marked dependence of potency on lipophilic character.3 

However, nonoptimum hydrophobic character does not 
explain the inactivity of the large number of derivatives 
reported to be inactive4 (ED9S of >400 mg/kg in Table I). 
We were interested to discover if the compounds are inac
tive for electronic or for steric reasons. 
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The naph thoqu inones probably exert their an t ima la r i a l 
act ivi ty by compet ing with coenzyme Q to d i s rup t mi to
chondrial electron t r anspor t . 2 ' 5 - 6 On the basis of this 
mechanism of action we expected that the inactive mole
cules should differ from the active ones in oxidation-re
duction properties. As a measure of these properties we 
calculated (1) the energy of the lowest empty molecular 
orbital (£LEMO) by the Htickel technique and (2) the stan
dard redox potential, Eo. 

Experimental Section 

Since the drugs act within the lipoidal mitochondrion, the 
physical properties were calculated for the uncharged species. 

Part i t ion Coefficients (P). The log P values were calculated 
from known values by additivity procedures.7 Except where noted 
x values (log P [derivative] - log P [parent]) were taken from 
Fujita, et al.,8 for the aromatic ring substituents. The known log 
P's which were used are listed in Table II. Ring systems other 
than 1,4-naphthoquinones were calculated as follows. 

1,4-Quinolinequinone: the difference between the log P for 
naphthalene and quinone is 1.34. Therefore, since 1,4-naphtho-
quinone has a log P of 1.71, the equivalent quinoline would have a 
log P of 1.71 - 1.34 or 0.37. 1,4-Thionaphthenequinone: this log P 
was calculated in the same manner as the 1,4-quinolinequinone. 
The difference between the log P for naphthalene and thiona-
phthalene is 0.25; therefore, the log P for 1,4-thionaphthenequi-
none would be 1.71 - 0.25 or 1.46. 

Other values can be calculated in the same way. For example, 
the log P for a 3-isoamyl substitution is the log P for 2-hydroxy-
3-isoamyl-l,4-naphthoquinone minus the log P for 2-hydroxy-l,4-
naphthoquinone or 3.87 - 1.38 or 2.49. Likewise the log P for a 3-
(CH2)3C6Hu substituent is 5.31 - 1.38 or 3.93 and for 2-OH is 
1.38 - 1.71 or -0.33. Log P values were calculated in this manner 
for all compounds reported. 

It is assumed that 1,4-naphthoquinoneimine has the same log P 
as 1,4-naphthoquinone, or the imine group has the same contri
bution to P a s the carbonyl group. 

Log P's for the 1,2-naphthoquinones were reduced by 1.00 from 
that of the corresponding 1,4-naphthoquinone. This is based on 
the measured cyclohexane values reported in ref 7. 

EQ. Whenever data were available £o values were calculated by 
summing substituent effects upon Eo of the parent or related qui
none. For example, the substituent effect of a 2-methyl group was 

Relationship between Physical Properties and Antimalarial Activities 
of 1,4-Naphthoquinones 

Yvonne C. Mar t i n ,* T h o m a s M . Bus t a rd , and Ka th l een Riley Lynn 

Experimental Therapy Division, Abbott Laboratories, North Chicago, Illinois 60064. Received June 6, 1973 

Studies have been made of the lipophilic and oxidation-reduction properties of active vs. inactive naphthoquinone 
antimalarials reported by Fieser in 1948. The results suggest that, in addition to the appropriate partition coefficient, 
the active quinones possess a rather limited range in ease of reduction as measured by either the energy of the lowest 
unoccupied molecular orbital (UI.EMO) or the redox potential. These results are consistent with the known chemistry 
and biochemistry of the molecules. The model also correctly predicts the curative properties of 28 series of related 
molecules (more recently) synthesized as antimalarials. 



1090 Journal of Medicinal Chemistry, 1973, Vol. 16. No. 10 Martin, Bustard, Lynn 

T a b l e I. Ant imalar ia l Activi ty and Physical Proper t ies of Quinones 

Compd 
no. 

1 
2 
3 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 

16 

17 
18 
19 

T y p e 

I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

I 

I I 
I I 
I I I 

2 

OH 
O H 
OH 

CI 
C H , 
H 
SH 
N H , 
O H 
O H 
O H 
O H 
OH 
O H 

O H 

O H 

2 
OH 
O H 
(CHo^CeHis 

Subs t i tuen t 
3 

t -C 5 H n 

(CHz^CeHn 
(CH^sCeHn 

i-CsHu 
i-C5Hi, 
(•C:,H„ 
e 
i-C:,Hu 
C10H21 
C10H21 
(CH2)4C6Hn 
(CH 2) 3C 6H„ 
C,„H21 

t-CjHu 

j-CoHn 

(CH2)3CeHn 

3 
C11H23 
(CH2)3C6H 11 
O H 

6 

H 
H 
H 

H 
H 
H 
H 
H 
O C H 
H 
H 
O H 
Br 
C H 3 

H 

H 

5 
OH 

-

7 

H 
H 
H 

H 
H 
H 
H 
H 

3 H 
OCH3 
CI 
H 
H 
H 

C H 3 

7,8~(J4-H4 

6 
H 

(CH 2 ) 4 -

Ant imalar ia l E D 95, m g / k g 

Obsd-

68 
20 
23 

Curative1* a t 
120 

> 4 0 0 
> 4 0 0 
> 4 0 0 
> 4 0 0 
> 4 0 0 
> 4 0 0 
> 4 0 0 
> 4 0 0 
> 4 0 0 
> 4 0 0 

Slightly active 
a t 100 
m g / k g 

Slightly active 
a t 100 
m g / k g 

> 4 0 0 

> 4 0 0 
> 4 0 0 
- 1 0 0 

Calcd6 

on basis 
of log P 

111 
32 
61 

29 
71 
45 

58 
28 
28 
29 
57 
35 
59 

59 

29 

71 
30 
39 

L o g P 

3.87 f 

5 . 3 1 ' 
7 .81 

4 . 6 4 
4 .69 
4 .20 

4 . 3 7 
6 .47 
6 .47 
6 .69 
4 . 6 4 
7 .17 
4 .26 

4 .26 

6 . 6 3 

5.04 
5 .93 
5 .06 

•ELEMO 

- 0 . 3 8 4 
- 0 .384 
- 0 . 3 8 4 

- 0 . 3 3 9 
- 0 . 3 3 0 
- 0 . 3 2 7 
- 0 . 2 9 2 
- 0 . 4 2 0 
- 0 . 3 9 9 
- 0 . 3 9 7 
- 0 . 3 8 7 
- 0 . 3 9 9 
- 0 .386 
- 0 . 3 8 5 

- 0 . 3 8 5 

- 0 . 3 1 0 

- 0 . 3 2 8 
- 0 . 2 7 7 
- 0 . 3 5 0 

E, 

0.294 
0 .294 
0 .294 

0 .439 
0 .359 
0.422 
0 .438 
0.212 
0 .256 
0 .256 
0 .351 
0 .240 
0 .342 
0 .277 

0 .279 

0 .418 

0 .379 
0 .416 
0.369 

" Reference 4 except where noted. ' Equa t ion 3. 
ported. 

• Reference 7. d Reference 15. " T h e s t ruc ture of t he side chain was not re

calculated from £ 0 (2-methyl-l,4-naphthoquinone) - £ 0 (1,4-
naphthoquinone) = 0.063 V. Except where noted the £o's were 
taken from ref 9. Data were not available to allow this method of 
calculation for the £0 of compounds 7, 9, and 10. In these cases 
the £0 was estimated from the regression equation which relates 
£0 with Hammett <r(p) constant.10 For variations in the 2 posi
tion the relationship is 

£ 0 ( r ) = 0.398 + 0.270CT, (1) 

where n = 5, r = 0.984, and s = 0.019. For molecules substituted 
in the 6 position the relationship is 

E,{v) = 0.308 + 0.191a,, (2) 

where n = 4, r = 0.982, and s = 0.011. Finally, the £0 tor mole
cule 10 was assumed to be equal to that of molecule 9. The £0 
values of molecules 19-22 were calculated from ref 11 and 12 as 
well as 9. 

Hiickel Molecular Orbital Calculations. The parameters used 
in these calculations are listed in Table III. 

Calculated ED95 Values Based on Lipophilicity Alone. Since 
lipophilic factors are such an important determinant of potency 
in this series, one must be certain that the inactive molecules in 
Table I do not owe their inactivity to nonideal lipophilic charac
ter. To evaluate this possibility, the relationship between log P 
and potency of a series of 2-alkyl-3-hydroxy-l,4-naphthoquinones 
(Table IV) was formulated by the Hansch technique. Equation 3 
is the result. 

l o g ( 1 / C ) = - 4 . 0 2 + 1.63 ( ± 0 . 3 7 ) l o g P -

0 . 1 3 ( ± 0 . 0 3 ) (logP)2 (3) 

The standard deviations of the coefficients are in parentheses. In 
this data set C is the molar ED95 us. P. lophurae in ducks; n, the 
number of compounds, is 10; r = 0.920; £2.7 = 19.33; s = 0.186. 
The optimum log P is 6.37 with 95%' confidence limits of 5.94-
7.73. Equation 3 represents a statistical refinement of the original 
observations.3 It is also a base line from which to measure the ef
fect of changes due to electronic and steric properties. From eq 3 
and the calculated log P, the "expected" ED9 5 of each derivative 
in Table I was calculated. These calculations are to be used as a 
rough guide only, since the original data suggest that there are 

substantial steric effects on potency and that the potency values 
are precise only to within a factor of twofold. 

Resul t s 

Interrelat ionships be tween Electronic Propert ies . 
The correlation between the H a m m e t t a cons tant and 
measured £0 values of compounds varied a t a single posi
tion has been repor ted previously. 1 3 The £ 0 values are 
more useful in the cur rent analysis since compar isons can 
be made between molecules in which the subs t i tuen t is 
located at different posi t ions. 

As would be expec ted , 1 4 there is a high correlat ion be
tween the EI.EMO a n d £0. For all compounds in Tab le I 
except the ha logen-subs t i tu ted derivat ives, the relat ion
ship is 

0.921 + 1.663 (±0.135) E LEMO (4) 

In this case n = 14, r = 0.962, Fj,12 = 152, and s = 0.022. 
T h u s , if £I .KM(I can be calculated, then E0 can also be es
t i m a t e d . 

The three analogs with halogen subs t i tuen t s require 
subs tant ia l ly different potent ia ls to be reduced t h a n 
would be expected from the molecular orbital calcula
t ions. Adjus tment of the value of the pa rame te r s of hc\ 
within the range 1.0-3.0 and kC-a wi thin the range 0.4-0.8 
does not improve the resul t . Since the £0 values were 
measured and they fit the H a m m e t t re la t ionships (eq 1 
and 2), £0 values probably are not in error. Thus , the 
Hiickel ca lcula t ions apparen t ly fail to t ake into account 
some factor which affects the ease of reduct ion of halogen-
subs t i tu t ed naph thoqu inones . 

Relat ionship b e t w e e n Electronic Propert ies and Ac
tivity. T h e d a t a in Tab le I confirm the hypothesis t ha t 
only molecules with the appropr ia te ease of reduct ion are 
an t imalar ia l s . The only active naph thoqu inones are those 
with an £ L E M O between - 0 . 3 4 9 and approx imate ly - 0 . 3 9 0 
3 uni ts or with an £0 between +0.294 and +0.369 V. 
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Table II. Log P's Used in the Calculation of 
Partition Coefficients0 

LogP 
(octanol-

2 3 6 water) 

Naphthoquinones (Structure I) 
H 
O H 
CI 
C H 3 

N H 2 

ra-NHC4H9 

N H C 6 H 5 

7 i -NHNHC 4 H 9 

N H C O C H 3 

T I - S C I H S 
O H 
O H 
O H 
O H 
CI 
H 
N H C O C H s 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
C H 3 

i-CjHn 
7I-C12H25 
(CHa^CeHn 
n - N H C H , 
H 
7I-SC4H9 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
C H 8 

H 

1.7.1 
1.38 
2 . 1 5 
2 .20 
1.88 
3 .11 
2 . 8 4 
0 .95 6 

1.29 
3 .29 
1.20 
3 .87 s 

7.34 
5 .31" 
4 .26 
2 .10 
2 .07 

Other Structures 
0 

M l 0-20 

0 

CO 
k.Xy 2 0 3 

y O 3-12 

" Reference 7. b Measured in ether-water; calculated for 
octanol by means of regression equations listed in ref 7. 

The lack of correspondence between calculated and ex
perimental measures of the ease of adding an electron to 
these molecules allows one to judge which measure is 
more predictive of antimalarial properties. For the halo
gen derivatives the ELEMO properly predicts that the 2-
chloro compound (no. 4) would be inactive while it is am
biguous for the 6-bromo and 7-chloro analogs (no. 11 and 
13); the £0 value erroneously suggests that all three de
rivatives should be active. The thionaphthenequinone 
(no. 19) is perhaps better predicted by £LEMO then EQ. 
Thus, the £LEMO values are better predictors of activity. 

Extension of the Calculations to Newer Molecules. 
During the 1960's several additional series of molecules 
closely related to the naphthoquinones were synthesized 
as potential antimalarial agents.15-22 Table V contains a 
listing of the structure, activity us. Plasmodium berghei in 
mice, and physical properties of these molecules (Eo's 
were, in general, not available). Groups A and B include 
13 types of compounds whose partition coefficient would 
suggest curative properties. The three active molecules in 
group A have an EQ in the range associated with activity 
in the original data set; the other ten molecules are both 
inactive and outside of the postulated range of £LEMO-

The series listed in part C of Table V are expected to be 
inactive on the basis of both hydrophobic and electronic 
properties. All are inactive. Finally, group D contains a 
series which is too hydrophilic but has the appropriate ox
idation-reduction properties. They too are inactive. 

Thus, a model derived from the hydrophobic and elec
tronic properties of 29 molecules synthesized before 1950 
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Table III. Parameters Used in Hiickel Calculations" 

Atom (a) 

C 
C (methyl)6 

= H 3 or = H 2
6 

N ( - ) 
N ( - - ) 

N( + ) 
O(-) 
0 ( - - ) 
s(--y 
Cl 
B r 

/ la 

0 
- 0 . 1 
- 0 . 5 

0 .4 
1.0 
2 . 0 
1.2 
2 . 0 
0 
2 . 0 
1.5 

Bond (a-b) 

C - C 
C - C (methyl) 
C = H 3 or C = H 2

6 

C - N ( - ) 
C - N ( - - ) 
C - N ( + ) 
C-O( - ) 
C - 0 ( - - ) 
C-S« 
S-S ' c 

C-Cl 
C - B r 
C ( m e t h y l ) - 0 ( - - ) 
C (me thy l ) -N( - - ) 

X a b 

1.0 
0 .7 
2 . 5 
1.0 
0 .9 
1.0 
2 . 0 
0 .9 
0 .8 
1.0 
0 .4 
0 . 3 
0 . 6 
0 . 6 

" Parameters have been taken largely from B. Pullman 
and A. Pullman, "Quantum Biochemistry," Wiley-Inter-
science, New York," N. Y., 1963, and A. Streitwieser, 
"Molecular Orbital Theory for Organic Chemists," Wiley, 
New York, N. Y., 1961. b Hyperconjugative model for 
methyl and methylene: C. A. Coulson and V. A. Crawford, 
J. Chem. Soc, 2052 (1953). c Sulfur has been assumed to 
be pd hybridized: H. C. Longuet-Higgins, Trans. Faraday 
Soc, 45, 173 (1949). 

Table IV. Dependence of Antimalarial Potency of 
2-Hydroxy-3-alkyl-l,4-naphthoquinones on 
Hydrophobic Character 

3 subst i t -
uent 

C4H9 
C 5 H„ 
CeHi3 

C7H15 
CsHn 
C9H19 
C10H21 
C11H23 
C12H25 
Ci3H27 

L o g P 
(octanol-

water) 

3.35= 
3.85 
4.41= 
4 . 8 5 
5.35 
5.98" 
6.50« 
6 .85 
7.34c '« 
7 .84 

Log (1 
Obsd" 

0 .10 
0 .33 
0 .54 
0 .83 
0 .89 
1.54 
1.19 
0 .95 
1.09 
0 .87 

,'C) 
Calcd6 

0 .00 
0 .35 
0 .68 
0 .87 
1.03 
1.15 
1.17 
1.14 
1.05 
0 .89 

Obsd -
calcd 

0 .10 
- 0 . 0 2 
- 0 . 1 4 
- 0 . 0 4 
- 0 . 1 4 

0 .39 
0 .02 

- 0 . 1 9 
0 .04 

- 0 . 0 2 

" Logarithm of 1/molar ED a; calculated from data, ref 4. 
b Calculated from eq 1. c In ref 7. The other log P values 
are calculated. d Measured in ether-water and converted 
to log P (octanol) by means of regression equations listed 
in ref 7. 

correctly predicted the presence or absence of curative 
properties of 30 molecules or series of molecules synthe
sized since that time. 

The thioether molecules (22) appear to fit into the same 
structure-activity pattern as the other naphthoquinones 
in spite of the fact that sulfur is easily oxidized by ani
mals. Such oxidation would substantially increase the £0 
and decrease the partition coefficient of the administered 
drug. 

Discussion 

The requirement for a certain ease of reduction for a 
quinone to be an antimalarial is consistent with their pos
tulated mode of action. The active antimalarials are ac
tive inhibitors of electron transport.2 '8 '6 Experimental ev
idence indicates that they compete with coenzyme Q.5 

Since the active compounds are more difficult to reduce 
than coenzyme Q (.ELEMO = 0.303 /3), perhaps these mole
cules act as an electron sink. The optimum £I.EMO 
suggests that the source of the electrons is not strong 
enough to reduce molecules with an £LEMO greater than 
-0.390/3. 

The parabolic relationship between potency and parti
tion coefficient of 2-hydroxy-3-alkyl-l,4-naphthoquinones 
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T a b l e V. Observed vs. Predicted Cura t ive Proper t ies of Newer Po ten t ia l Ant imalar ia l Quinones 

C o m p d 
no. T y p e 

Cura
tive? Log P° ED 

20 
21 
22 

23 
24 
25 
26 
27 
28 
29 
30 

31 
32 

33 
34 
35 
36 
37 
38 
39 
40 

41 

42 

49 

IV 
IV 
IV 

IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 

V 
V 

IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 

V 

V 

N 
N 
N 

N 
C H 
C H 
C H 
C H 
C H 
N 
N 

C H 
N 

C H 
N 
N 
N 
N 
N 
N 
N 

N 

N 

43 
44 
45 
46 
47 
48 

V 
V 
V 
V 
V 
V 

N 
N 
N 
CH 
CH 
CH 

o 
o 
o 

Group A. Proper Par t i t ion Coefficient" and ELEUO'' 

O O H C13H31 Yes d 

O (CH,)SC»H„ O H Yes" 
O O H -SR Yese 

Group B . Proper Par t i t ion Coefficient,0 Wrong .ELEMC 

O 
O 

o 
N R 
N R 
NCuHs 
NC«H4-p-Cl 
NC 6H 3-3,4-(CH 3) 2 

H 
CI 

o 
NC6H4-
NC6H4-
N H 
NC6H4-
NC6H3-
NC6H4-
N C 6 H 5 

O NHC 1 6 H 3 3 H 
O N H N H C O R H 
O N H R H 
O N H R H 
O N H C 6 H , H 
O N H R H 
O NHC 6 H 4 -p -Cl H 
O NHC 6 H 3 -3 ,4-(CH 3 ) 2 H 

3 4 < 
H N R , H 
H N R 2 H 

Group C. Wrong Par t i t ion Coefficient" and E 

No-' 
No» 
No* 
N o ' 
No" 
N o ' 
N o ' 
No'' 

No' ' 
No'1'* 

LE5IO 

p - C 0 2 C 2 H 5 

p O C H 3 

•p-Cl 
•3,4-(CH3)2 

•p-OCH3 

z Z 3 
O CO(CH 2 ) 2 C,Hu H 
O NC 6 H 4 -p -C0 2 C 2 H 5 H 
O N H 2 H 
O n - N H C i H , H 
O N H . H 
O N H 2 H 
O NHC 6 H 4 -p -OCH 3 H 
O N H : H 

3 4 6 

H N R , H 

H N ^ ) C H 3 

H N H , H 
CI NHC 6 H 4 -p -CH 3 H 
CI N H C 6 H 5 H 
H NHC 6 H 4 -p -OCH 3 H 
H N(C 6 H5)(CH 2 ) 3 N(CH 3 ) 2 H 
C H 3 OH H 

No* 
N o ' 
N o ' 
No'' 
N o ' 
N o ' 
N o ' 
No'' 

N o ' 

N o ' 
N o ' 
N o ' 
N o ' 
N o ' 
N o ' 

7 . 5 
6 . 5 
7 . 6 - 8 . 6 

5 - 8 . 7 
3 - 6 . 3 
1-15.1 
4 - 7 . 7 
7 - 7 . 7 
6 
6 

0 . 9 - 9 . 1 
1 .4 -6 .8 

4 . 1 
4 . 5 
1.5 
1.5 
2 . 5 
2 . 5 
4 . 5 
1.5 

No* 0 . 7 - 2 . 0 

1.5 

1.2 
1.5 
1.3 
1.9 
3 .4 
0 .2 

V C H 

G r o u p D . W r o n g Pa r t i t i on Coefficient," R igh t ELEJIO'' 

H OR H N o * ' 1 .4 -3 .4 

-0 .378 0 .383 
- 0 . 3 7 5 0 .383 
-0 .353 

0.322 

0.232 

0.295 

-0 .415 
-0 .453 
- 0 . 4 2 1 
- 0 . 3 1 3 
-0 .300 
-0 .264 
-0 .249 
-0 .258 

-0 .422 
-0 .413 

-0 .463 
- 0 . 1 1 4 
- 0 . 2 7 4 
- 0 . 2 9 5 
- 0 . 2 6 0 
- 0 . 2 5 8 
- 0 . 2 6 8 
- 0 . 2 5 7 

-0 .408 

- 0 . 4 0 9 

- 0 . 4 0 7 
- 0 . 4 0 3 
- 0 . 3 9 9 
-0 .412 
-0 .409 0 .295 
- 0 . 5 3 4 

-0 .388 

" Log P > 5.5. b —0.390 < .ELEMO < —0.349. c T h e log P range of t he series is given if a number of analogs in an inac
t ive series wi th the same .ELEMO were reported. d Reference 15. " Reference 22. ! Reference 16. « Reference 17. * Reference 18. 
' Reference 20. ' Reference 19. * Reference 21 . 

shown in eq 3 is not restr ic ted to whole an ima l tes ts . 
Turnbu l l , et al.,5 observed t h a t in th is series the most po
t e n t inhibi tor of oxygen up t ake by the electron t ranspor t 
par t ic le is 2-hydroxy-3- isononyl- l ,4-naphthoquinone . This 
molecule is also the most po ten t isoalkyl homolog vs. P. 
lophurae in ducks . T h u s , potency at the subcel lular level 
is a good predic tor of whole an ima l act ivi ty; for ducks , the 
crit ical l ipid barr ier appears to be t he lipid of t he electron 
t ranspor t par t ic le . T h e s t ruc tu re -ac t iv i ty da t a are less 
complete on t he relat ive potency of analogs us. P. berghei 
infections in mice; however, the o p t i m u m log P is ap
proximately 1.0 log un i t h igher . 2 3 T h e a p p a r e n t difference 
in the o p t i m u m par t i t ion coefficient of naph thoqu inones 
in ducks a n d mice may be a reflection of differences in the 
ra te or extent of metabo l i sm between the two species. 

T h e basis of the selective toxicity of these an t imala r ia l s 
is not directly explained by the r equ i remen t of a cer ta in 
l ipophilic and electronic na tu r e . One would expect t h a t 
these molecules could inhib i t electron t r anspor t equally as 
well in the host and as in t he pa ras i t e . However, P inde r 2 4 

suggested t h a t ma la r i a p lasmodia are deficient in enzyme 
sys tems which produce reducing agents , specifically 
N A D H . This suggests t h a t pe rhaps t he naph thoqu inones 

are inac t iva ted in host cells by normal cons t i tuen ts : 
whereas in the malar ia p lasmodia such protect ive sub
s tances are absen t and the naph thoqu inones survive long 
enough to kill the cell. 

The requi rement t h a t analogs of a series m u s t possess a 
cer ta in electronic character is t ic ( £ L E M O or ease of reduc
t ion in this case) is not a new observat ion. J . C. Craig, et 
al, reported t h a t the only phenoth iaz ines with apprecia
ble an the lmin t i c act ivi ty are those with an oxidat ion po
ten t ia l in the range of 550-850 m V . 2 s In another s t ruc
tu re -ac t iv i ty s tudy of naph thoqu inones , Ikeda showed 
t h a t the an t ibac te r ia l act ivi ty of subs t i t u t ed 1,4-naphtho-
quinones is a function of their reduct ion po ten t i a l . 2 6 Mol
ecules wi th a reduct ion poten t ia l more negat ive t h a n 
- 0 . 3 4 5 V show m a x i m a l potency; those less negat ive show 
a potency roughly proport ional to the i r reduct ion poten
t ia l . 

When one a t t e m p t s to pos tula te a molecular mode of 
act ion of a series of drugs on the basis of their s t r u c t u r e -
act ivi ty re la t ionships , ambigui t ies often arise. T h u s , in 
th is s tudy the s t ruc tu re -ac t iv i ty and biochemical da t a 
suggest t h a t t he naph thoqu inones act as electron accep
tors . An a l t e rna te proposal based on the critical na tu re of 
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£ L E M O alone would be t h a t these molecules act as electron 
acceptors in t he formation of a charge-transfer bond . Such 
a mechan i sm for quin ine an t ima la r i a l s has been suppor t 
ed by molecular orbi ta l ca lcu la t ions ; 2 7 however, no bio
chemical evidence suppor t s th is m e c h a n i s m for naph tho 
quinones . ( 

A th i rd exp lana t ion of the observed s t ruc tu re -ac t iv i ty 
re la t ionships might focus on the re la t ionships between ( 
£ [ , E M O and a (eq 2 and 4). If a represents electronic effects 
on ionization of the hydroxyl group, then one might post- : 
u la te t h a t t he ac id -base propert ies of the group a t the 2 ( 
posit ion de te rmine act ivi ty vs. inact ivi ty of the molecule. 
Series no. 23 was synthesized on th is basis and found to ( 
be inac t ive . 1 7 In addi t ion , t he naph thoqu inones act in the 
lipid mi leau of the mi tochondr ion which would suppress * 
ionization and they are compet i t ive with coenzyme Q , 
which is not acidic. T h u s , a considerat ion of t he biochem- ( 
istry e l iminates two of t he three explana t ions and leaves 
only the first. ( 

A c k n o w l e d g m e n t . The au thors t h a n k Dr. Pe t e r Beak 
for his discussions which led to t he ini t ia t ion of this 
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T h e foregoing information p r o m p t e d us to synthesize 
several addi t iona l p h e n a n t h r e n e amino alcohols wi th spe
cifically designed side chains in order to gain a be t t e r un
ders tand ing of t he mode of act ion of these an t imala r i a l 
compounds . T h e ou t s t and ing an t ima la r i a l act ivi ty dis
played by several 3 ,6-bis( t r i f luoromethyl)-a-(alkylami-
nomethy l J -Q-phenan threnemethano ls 1 suggested the 
p repara t ion of shorter a -a lky laminomethy l side chain de
rivatives l a - c . C o m p o u n d s l b and l c are of par t icu la r in
teres t since t he side chain of l b and l c is ident ical wi th 
t h a t of ephedr ine (epinephr ine , adrenal ine) and norephe
drine (norepinephr ine , noradrena l ine) , respectively. T h e 
proposed hydrogen-bond feature p rompted the p repara 
t ion of compounds of type 2, 3, and 4. 

Chemistry . T h e 3 ,6-b i s ( t r i f luoromethyl ) -a -a lky lami
nomethy l ) -9 -phenan th reneme thano l s l a - c were prepared 
by the in teract ion of 3 ,6-bis( t r i f luoromethyl)-9-phenanth-
ry loxi rane 1 ' 7 (5a) wi th a p r imary amine or a m m o n i a . 3,6-
D i c h l o r o - a - ( 2 - p i p e r i d y l m e t h y l ) - 9 - p h e n a n t h r e n e m e t h a n o l 
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Several phenanthrene amino alcohols with specifically designed side chains attached to the 9 position have been 
synthesized and their structure-activity relationships in animal screening against Plasmodium berghei and P. gal-
linaceum have been studied. The shorter chain 3,6-bis(trifluoromethyl)-a-(alkylaminomethyl)-9-phenanthrene-
methanols displayed activity at 10 mg/kg and are curative at 20 mg/kg against P. berghei with no toxicity to the 
host. Activity of the corresponding a-(2-piperidylmethyl) derivatives conforms with the postulated triangle phar
macophore for antimalarial activity. 


