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Figure 2—Representative gas

< chromatogram obtained from a

i plasma  sample containing

o 0.104 ug/ml meperidine (as

= base). Key: peak 1, meperidine

(X8 attenuation); and peak 2,
internal standard (X16 at-
tenuation). Scale was expanded
on first peak for more accurate
measurement and to show lack
of interference from other peaks.
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standard versus amount meperidine. The coefficient
of variation of 2% was typical over the concentration
range encountered. The limit of sensitivity attain-
able was approximately 0.005 ug/ml. A representa-
tive chromatogram is shown in Fig. 2.

Because procaine (and many ester-type local anes-
thetics) is susceptible to base-catalyzed hydrolysis
with the general method, the following modifications
were found useful. The plasma samples (previously
treated with sodium arsenite to prevent enzymic hy-
drolysis) were made basic, where appropriate, with
sodium carbonate solution (2 M, saturated with so-
dium chloride). Saturation with sodium chloride as-
sisted the partition into the organic phase at the
lower pH of the sodium carbonate (where the terti-
ary amine is still appreciably ionized). Final extrac-
tion was best accomplished with chloroform, which
increased the partition of the basic drug.

The technique presented here offers the following
advantages over that described by Goehl and Davi-
son (1):

1. It is applicable, with appropriate choice of in-
ternal standard (i.e., similar physiochemical proper-
ties to drug) and GC conditions, to most basic drugs
and is routinely used in the authors’ laboratories for
the determination of lidocaine, mepivacaine, etido-
caine, bupivacaine, ketamine, and, with small modi-
fications, to base-labile ester-type local anesthetics
such as procaine.

2. It has greater sensitivity.

3. It is an internal standard technique and hence
is not dependent on volumes transferred, diluted, or
injected.

4. No evaporation of solvent is required; therefore,

there is no potential for drug loss by volatilization (3,
4).

5. Inclusion of hexamethyldisilazane, with its po-
tential detector contamination problems, is not re-
quired.

6. Final solvent may be altered to chloroform for
greater polarity or to carbon disulfide (centrifuged at
10,000 rpm for 10 min) for greater sensitivity (i.e.,
reduced solvent peak size and larger injection vol-
ume permitted).

7. This technique may be combined with an alkali
flame detector for even greater sensitivity?.

(1) T.d. Goehl and C. Davison, J. Pharm. Sci., 62, 907(1973).
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Novel Common Structural Feature among
Several Classes of Antimalarial Agents

Keyphrases 00 Antimalarial agents—discussion of common struc-
tural feature O Structure-activity relationships—antimalarial
agents, common structural feature of several classes discussed

Sir:

A common triangular feature among certain anti-
malarial cinchona alkaloids, aminoalcohols, and 2-
{p-chlorophenyl)-2-(4-piperidyl)tetrahydrofuran was
recently proposed from this laboratory (1). The com-
ponents as well as parameters involved in this phar-
macophore are interestingly similar to those pro-
posed for a-adrenergic receptor features (2).

In connection with a structural modification study
of some 6-aminoquinolines (I) (3-6) and 8-aminoquin-
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CH3

CH,—CH—(CH,);—NR,
I
CH,

Ma:X=H

I116: X = OCH;,
CH;0

NH

CH;— CH—(CH,),—N(C,H;),
v

olines (II) (3, 7-17), three deaza analogs, 3-(4-di-
ethylamino-1-methylbutylamino)-1-methoxynaphth-
alene (I1la), 2-(4-diethylamino-1-methylbutylamino)-
1,4-dimethoxynaphthalene (IIIb), and 1-(4-diethyl-
amino-1-methylbutylamino)-3-methoxynaphthalene
(IV), were synthesized and their antimalarial activi-
ty was evaluated (18). Compounds Illa and [V were
devoid of antimalarial activity, but some antimalar-
ial activity was observed with Compound IIIb (18).

A comparative study of the structures of the active
versus the inactive compounds revealed an inter-
esting pattern. The active compounds (I, II, and
I116) possess three electronegative elements, each
containing one or two lone pairs of electrons (N, O,
etc.), substituted on a benzene (planar) ring at the
1-, 2-, and 4-positions; the inactive compounds (Illa
and IV) lack such an arrangement. One of the three
substituents in the active compounds consists of a
substituted aminoalkylamino side chain. The same

CH3Q

—CH,

CHS_ CH— (CHz)a—N (CH;), (CHZ).?_ N(C,H;).
A% \Y o
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pattern can also be extended to 1,2,3,4-tetrahydro-
8-aminoquinolines such as V (19-21) as well as to the
corresponding open chain o-phenylenediamines such
as VI (22, 23), both of which have demonstrated an-
timalarial activity.

Apparently, substitution of an additional electron-
donating group, such as a methoxyl, at the 5-posi-
tion of the benzene nucleus does not destroy and
may even enhance the original antimalarial activity.
This is illustrated by the activity exhibited by Com-
pounds I (X = OCH3s; R, R” = Hor CH3) (5) and I
(X = OCHs; R = H or CoHs) (3). However, addi-
tional substitution at the 3-position of the benzene
nucleus with an electron-donating group gave delete-
rious results, as shown by the lack of antimalarial
activity of Comp_ounds VII and VIII (3).

Certain aminopyrocatechol antimalarials (24-31),
represented by 1,2-dimethoxy-4-[bis(diethylami-

(CHp,—N(C,H;),
CHOZ--=:-"= <

N
' ™ (CHy, —N(CH),
R

CH;0
IXa: R=Br
X R=H

CH,

- N
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(CHy),N

CH; CH;
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Scheme [

noethyl)amino]-5-bromobenzene (IXa, RC-12) and
its debrominated derivative dimeplasmin (IXb), also
possess a similar structural feature. Again, one sub-
stituent is a substituted aminoalkylamino side chain,
which is probably necessary for secondary binding
with certain biopolymers such as with mitochondria
(32, 33) in vivo. The trisubstitution feature can also
be visualized with the antimalarial methylene blue
(Xa) (34, 35) and related compounds (Xb and Xc)
(36, 37). However, the dibasic side chain is absent in
Compound Xa. This chain is also absent in another
antimalarial, methyl 6-decyloxy-7-diethylamino-4-
hydroxy-3-quinolinecarboxylate (XI) (38), which
does, however, possess the substitution pattern noted
in other active compounds.

Thus, a common triangular feature (Scheme I) is
proposed for the aforementioned antimalarials. The

substituents X;, X2, and X3 represent lone pair elec--

tron-containing electronegative atoms such as nitro-
gen, oxygen, or sulfur. Minimum distances between
each of the atoms were obtained through measure-
ments of Dreiding molecular models (39).

Lapinone (XIlIa), other 2-hydroxy-3-alkyl-1,4-naph-
thoquinones (XIIb and Xllc) (40-42), and some
quinone imines (e.g., XIII) and 4-amino-1,2-na-
phthoquinones (43-45) showed most antimalarial ac-
tivity in prophylactic tests. The absence of the diba-
sic side chain probably necessitates different secon-
dary structure-activity requirements. Nevertheless,
introduction of an amino function at the 3-position
(XIId and XllIe) still led to inactive compounds (46,
47).

XIla: R = (CHy);—C(OH){(CH,),—CH,),
XII»: R =CH,— CH(CH;)—(CH,);,—CH,

XIIc: R =(CH,),
XIid: R =NH—NH—COR’
XIle: R = NH SO,NH,

“,NH-(CH».—O

Although the 4-aminoquinolines (such as chloro-
quine) and the 9-aminoacridines (such as mepacrine)
contain functional groups similar to those of 6-ami-
noquinolines and 8-aminoquinolines, they do not
possess the proposed triangular pattern. Differences
in structural features between these two types of
compounds and their structural dissimilarity with
the earlier reported aminoalcohols (1) may explain
the variance in the mode of action (47-50) as well as
the rarity in occurrence of cross-resistance between
these three types of antimalarials (51, 52). Com-
pounds possessing the presently postulated feature
that may participate in biological redox reactions,
such as on the energy-producing pathways of oxida-
tive phosphorylation and the electron transport sys-
tem (3, 53, 54), may have a closer relationship to
causal prophylactic or radical curative agents rather
than schizonticidal or suppressive agents. The anti-
malarial test results of the compounds were obtained
from various literature sources and different test sys-
tems. The proposed structural feature serves only as
a working hypothesis for classifying certain types of
antimalarials without consideration of drug trans-
port, distribution, and metabolism. Additional at-
tention may be focused on the redox potential and
partition coefficient studies (54, 55) as well as on the
nature of side-chain substituents for designing more
effective and less toxic antimalarial agents.
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