January 1970

SUBSTITUENT INDICES AND TETRACYCLINE POTENCIES 93

Predictability of Correlations between in Vitro Tetracycline
Potencies and Substituent Indices!

ARTHUR CAMMARATA AND SUH JEN YavU

Temple University, School of Pharmacy, Philadelphia, Pennsylvania 19140

Received July 31, 1969

Eleven structurally related tetracyelines having a single substitution on the D ring have had their inhibition
potencies against Escherichia coli W correlated with substituent indices using three alternative analytical ap-

proaches.

A compound not included in one of the analyses had its in vilro activity predicted satisfactorily. The

three approaches taken are shown to be equivalent and the results of the correlations were applied to predict
activities for tetracyclines having multiple substitutions on the D ring. Many of the predicted inhibition
potencles against Escherichia colt W are of the same relative order of potencies as is observed with Staphylococcus

aureus as the test organism.

In arecent communication?® the bactericidal potencies
of three and the bacteriostatic potencies of six mono-
substituted tetracyclines of general structure I against
synchronous and nonsynchronous cultures of FEs-
cherichia coli, respectively, were correlated with the
square of the Hammett substituent index (¢?). The

unprecedented use of o2 alone?® in order to gain a corre-
lation with biological potencies was clarified at least
partially by the observation of a correlation between
E, and o2 While E, was initially defined as a free-

n s r
E. = 03004 007 12 0.06 0.94 1)

radical index,® and correlations of biological activities
with this index have been reported,* the observation of
a correlation between E, and o2 suggests the possibility
that this index may also be a suitable measure of a
frontier-controlled interaction in which the desolvation
requirement is dominant.>® Hence, correlations of
biological potencies with either E. or ¢ may or may not
imply the participation of a free-radical-like species in
giving rise to the observed biological activity.
Recognizing that the actual physical significance of
E. and ¢? is obscure at present (see conjecture at end
of paper), we have used these physically indefinite
parameters as indices of convenience in correlating the
bacteriostatic potencies of 11 tetracyclines. The ac-
tivities of these tetracyclines againt Escherichia coli W
were determined using bacterial growth kinetics and a
comparison of viable with total cell counts was made
to show that these activites are suitable inhibition
potencies.”  Three alternative, but demonstrably
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(5) A. Cammarata, tbid., 11, 1111 (1868).
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equivalent, approaches were taken in correlating the
data and tests of the predictability of the correlations
obtained were made.

Method 1.—The compounds in Table I of structure I
were grouped depending on whether the substitution
was at the 7 or the 9 position, and at no other position.
The unsubstituted compound iwas considered common to
each set. A number of trial analyses in which the model
equation for each set was a linear combination of meta
and para substituent constants were not found suitable
for correlating the data. Considering the aromatic D
ring as a simple substituted phenol, however, led to a
correlation for the 7-substituted set

nos 7
logk = 0640 4+ 1.87 4 017 096 (2a)
logh = 248E, + 173 4 030 087 (2b)

and for the 9-substituted set

nos r
logk = 0.57¢> — 0.46rp + 256 4 0.11 0.98 (3a)
(£0.31) (+0.09)
0.85E, — 047rp + 259 4 0.09 097 (3b)
(£0.28) (%0.05)

Il

log &

where rp is the van der Waals contact distance for a
9 substituent on the D ring.® The parameter rp is
constant with the 7-substituted set and was therefore
not included. Combining the two sets provided the
relation

n s r
logk = 1.330> — 0.57rp + 2.51 7 021 0.93 (4a)
(£0.38) (%0.11)
log k = 2.70E, — 0.55rp + 2.51 7 0.45 0.67 (4b)

(£1.64) (£0.34)

Based on standard deviations the use of ¢2 in place
of E, leads to better correlations with the 7-substituted
and the combined sets of data. No great physical
significance should be attached to this apparent statisti-
cal discrepancy since with the limited number of data
points a wide separation between two or three points on
the E. scale relative to the ¢? scale can lead to statisti-
cally disappointing correlations in one instance but not
in the other (see footnote g, Table IT). The statistically
more satisfying correlations show a definite negative

(8) M. Charton, J. Amer. Chem. Soc., 91, 615 (1969).
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mfluence of large 9 substituents on the bacteriostatic
poteticies of these tetracyvelines. With the data at
hand, however, there is no indieation as to whether
sterie interactions between the 9 substituent and the
adjiacent hydroxyl group or between the 9 substituent
and the biological receptor substance (or both) is the
detrimental factor.

To take mito account the effeet of the 6-CH; and 6-OH
substitutions on the C ring and the 5-OH substitution
on the B ring it was assumed that either only the §-CH,
and dH-H or only the 6-OH and 3-OH came in contact
with the receptor surface. Only the latter assumption
led to a definite contribution for the aliphatie sub-
stituents in the regression eqiuttion

log £ = 0.93¢% — 04215 + 3.67i¢ — 1.99
(£0.17) (£0.12) (*£0.76)
H iy I3
11 020 0.93

log kb = 270k, — 0.3Lrp + 351 — 217
(£1.30) (£0.27) (=1.43)

11 036 0.77  (5b)

(5:1)

In this instance, however, there are too few substituent
variations at the 6 position to come to any definitive
conclusions regarding the validity of the assumption and
of the contribution of the van der Waals contact dis-
taice re it the correlation.

Method 2.-1In this approach compounds of general
structure I were considered ax having their activities
modified in an additive manner by substituents placed
on the C and B rings. The term 0.64¢? appearing in eq
2i1 was considered ax representing the effect of a D-ring
7 substituent in determining the potency of a tetra-
cyeline (I). Successive differences were then used to
determine the activity contribution characteristic for
ain aliphatic substituertt.

Cl H OH H H OH
) —0.64 X (0.227)
group contribution
for a 7-Cl substituent
OH O OH O
log £ =2.714 cobsd) log k = 2.681 (caled)
H H OH H HH
B 0.706
- group contribution
for a 6-OH substituent
OH O OH O

log # =2.681 (caled) log k =1.975 (obsd)

In o similar manner, the group contribution for a
(-CH; substituent can be calculated from the observed
activity of 7-chlorotetracyeline (log £ = 2.604) and the
derived group contribution of a 6-OH substituent.

[2.604 — 0.64(0.227)* — 0.706] — 1.975 = —0.110

Likewise using the observed activity of 5-hydroxy-
tetracycline the group contribution for a 5-OH sub-
stituent is found to be —0.170.,

A test of the validity of the approach taken in this
instanee mayv be made by caleulating the activity
expected for tetracyceline in the assay used. Based on
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Tasre [
INHIBITION CONSTANTS FOI NOME
TETRACYCLINES AGANINST Escherichia coli W
Inhd

- - ~R1bstitient s - R e coustam=
Rs R. Rs Ry low /:
| tl NOs H 2874
H OH Cl H 2714
H Cla, OH Cl B¢ 2,604
11 CHi, OH H I 2404
OH CH,., OH I I 2 400
EH I8! NH. I 2259
H ki 1 NH. 2161
H I 11 H 1.975
I t By H 1714
I 11 H NO. I.647
Li I H N(CHin [ 374

“ Data of ref 7.
[unsubstituted 1] + [6-OH] 4 {6-CH;] = |tetracyeline]
(1.975) + (0.706) + (—0.110) =

2,571 (caled)
2,434 (obxd)

this single test case the general approach seenns verified.

Sinee the group parameters are defined relative to the
unsubstituted parent molecule 1, they should be rekited
to the more usual substituent parameters. In fact the
derived group parameters may be used as a substituent
index in the usual fashion, as ean be seen by the correla-
tion obtained for those tetracyclines having o 7-
substituted D ring

log b = 15307 + 1.2S2G + 179 S 0.16 0.94  (6a)
(£0.30) (x0.24)

log o = 225K, + 1.082G -+ 1.79 S 0.21 0.89  (6b)
(£0.62) (£0.28)

In these correlations 26 ix the sum of the aliphatie
group contributions,

The group indices used in arriving at eq 6 may be
related to the inductive (field) influences due to the
respective substituents

1 N A
26 = 0.6920; + 007 S8 020 0.7Y (7)

or they nay be related to the contact distance re for
a 6-OH in the natural configuration.

I N i

TGo= 2900 — 348 N 0.08 097 (N)

I'or the latter case thie contact distance re for a 6-CHy
i the natural configuration leads to

1 hi P
TG = 049 — 045 N 026 0.64 9)

A wider range in 6 substitutions will have to be in-
vestigated before these alternatives can be resolved.
Method 3.—A procedure similar to that described by
Free and Wilson® was used to determine group contribu-
tions for all of tlie respective substituents on the 11
tetracyclines. In this instance, however, all activities
were expressed as log &, and g was assigned the value of
the unsubstituted tetracyeline I. As a limiting condi-
tion, the group contribution for a hydrogen substituent
(8) 8. M. Free and J. W. Wilson, J. Med. Chem., T, 395 (1964).
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at any position was assigned a value of zero; in this way
the group contributions become defined in an equiva-
lent manner as are other linear free-energy substituent
parameters. The group parameters calculated by this
approach are given in Table II.

TasLe IT
GROUP PARAMETERS FOR TETRACYCLINES®
(Escherichia coli W As THE TEsT SYSTEM)

Act.

Substituent? contrib, @ Ef a? ol rv¢

7-NO; 0.899 0.41  1.613¢ 1.20¢
6-OH 0.569 0.48 1.40
7-NH, 0.284 0.24 0.436 1.20¢
9-NH. 0.186 0.24 0.436 1.55
7-Cl 0.170 0.10 0.051 1.20°
5-0H —0.034 0.48 1.40
6-CH; -0.110 —0.04 2.00
7-Br —0.261 0.12 0.054 1.2Q¢
9-NO, —0.328 0.417 0.609 2.59
9-N(CHjs), —0.601 0.24 0.360 3.11

a Defined for [H] = Oand u = 1.975. ® From TableI. ¢ From
M. Charton, J. Amer. Chem. Soc., 91, 615 (1969). ¢ ‘‘Enhanced”
value. ¢ For 9-H. / A value of 0.15 could be said to be more
appropriate. The larger para value could then be indicative of
“enhanced” conjugation.

Those group parameters referring to D-ring sub-
stitutions are correlated by the equation

n S ¥

G =087¢2 — 057 + 084 7 022 093 (10a)
(=0.18)  (=0.16)

G = 2.38E, — 0.52rp + 0.58 7 047 0.62 (10b)
(£1.82) (+0.37)

The formal agreement between these relations and eq
4a and b (method 1) is very good and indicates that the
two methods are equivalent. This equivalence of the
two approaches should not be surprising as it was im-
plied but not demonstrated in a reported analysis of
biological linear free-energy relationships.® Similar
correlations involving the C- and B-ring substituents
were not sought since any agreement or lack of agree-
ment with eq 7-9 leads to no conclusion of significance
if one considers the limited variety of substitutions in
this case.

Predictability.—The group contributions found in
Table II were used to calculate the activities of some
tetracyclines having two substitutions in the D ring.
The compounds were those whose minimum inhibitory
concentrations relative to tetracycline against S. aureus
have already been determined.’® Unfortunately due to
uncertainty regarding the most suitable 7p value for
a 9-CH;CONH substituent two compounds are omitted
in this comparison. Table III presents the caleulated
relative order of inhibition potencies against E. coli W
and the corresponding activities observed against
S. aureus. Considering the difference in test organism
and assay procedure the general agreement, at least
with respect to order, is satisfactory. Three compounds,
most notably the 7,9-dinitro and the 7-chloro-9-nitro
derivatives, have their place in the order of activities
poorly predicted. Either a lack of additivity of the

(10) J. L. Spencer, J. J. Hlavka, J. Petisi, H. M. Krazinski, and J. H.
Boothe, J. Med. Chem., 6, 405 (1963).
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TasLE ITI
RELATIVE ORDER OF TETRACYCLINE AcTIVITIES CALCULATED
FOR Escherichia coli W as THE TEsT ORGANISM AND
OBSERVED WITH Staphylococcus aureus
A8 THE TEsT ORGANISM

————1In vityo act.————
—————S8ubstituents— — E. colt W S. aureus
Rs Rz Rs (caled)® (obsd)?
H Cl NH: 2.331 3525
H Br NH, 1.900 320
H NO. NH: 1.833 275
CH; NO, NH, 1.723 160
CH; Br NH, 1.790¢ 140¢
H NO, NO; 2.546¢ 60¢
H Cl NO, 1.817¢ 21¢
H Br NO, 1.386 15

- Based on the parameters, G, found in Table II. ? Data of ref
10 expressed as minimum inhibitory concentration relative to te-
tracyeline. ¢ Deleting these data points the agreement is found to

n s r

be log k(caled) = 0.50 log MIC(obsd) + 0.73 5 0.19 0.89

group parameters, experimental uncertainties (e.g,,
solubilities), or the difference in the test organisms may
be factors contributing to the large disparities in these
two instances.

Possible Origins of ¢%.—Because of the novelty asso-
ciated with the finding that the use of ¢ can provide a
correlation with and lead to reasonable predictions of at
least the order for the in vitro activities of tetracyclines,
it may be desirable to speculate into the possible
physical significance of this parameter. Which, if any,
of these speculations is correct will only be established
by appropriate studies on additional systems. A correla-
tion based on the tetracyecline data using quantum
chemical indices does, however, support the possibilities.
The significance of the present results rests on one funda-
mental prineciple: any statistical argument bearing
on real data must submit to the test of prediction.
In the current instance, method 2 correctly predicts
(within, as it is found, one standard deviation) the
bacteriostatic activity of tetracycline. I'urther, method
3 gives the correct order of activities for at least five
tetracyclines. To appreciate these facts. it is necessary
to recognize that methods 1-3 are operationally in-
dependent; the methods are equivalent because they
have been demonstrated to be so.

A possible way for ¢? to arise is through a coupling
mechanism. Consider, initially, the situation where a
tetracycline bearing a substituent X on its D ring is
capable of interacting with a second tetracveline having
a substituent Y on its D ring. Tetracycline chelates
MT, which can dissociate into an ionie form MT"*+
provide a possible example. An essentially neutral
chelate, each of whose tetracycline ligands is substituted
differently, might be presumed to pass through the
lipophilic bacterial cell wall, and once inside the cell to
dissociate into an ionie form

XT-M-TY —= XT-M"+ + TY or YT-M"* + TX (A)
The bacteriostatic activity of a tetracycline may be

considered as being determined by the ability of the
neutral chelate to dissociate to an ionic form!! which

(11) (a) A. Albert, Nature, 172, 201 (1953): (b) J. T. Dolvision, and A,
N. Martin, J. Med. Chem., 8, 16 (1963).
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enn subsequently lead to inhibition of protein synthesis
by interfering with the addition of wur aminoaeyl-tRNA
to the 308 ribosotual subunit.!'

Say o that o tetracyeline with the substituent X1
alwiays remains bound to the metal ion. The second
tetraeveline may have its substituent Y vavied, and
sinee it ois always the incoming or departing ligand,
obgerved biologienl poteneies might be correlited by
the eqution.

log b = ag00 + d (11)

[f thie substituent X1 is ehanged to X2, a correlation
similar to eq 11, but differing in slope, should be ob-
tained.

log b = aqo0 + i1 (12)

Thik, for N variations of the substituent X, there 1<
set of relations which ean be represented s
]()g L= (U, 0y + 7 (/ = 1,2 ..., \) (1;)
However, suel i systematic change in the substituent
X suggests the correlation

= poy + ¢ (14)

and, since all N substituent variations are taken into
accountt by eq 14, it way be substituted into eq 13 to
give

log b = pogo. + peo, + d (15:0)

or for the more general ease where both ligands ean
dissociate:

log b = aow, + go. + vo. + d (15h)

Lor the particuln case where X = Y. as in the usual
experimental situationn where only one substituted
tetrieyeline is used, eq 15 becomes

log k = pe* + pca + b (16)

[t certain instanees, it may happen that the intereept,
c. of eq 14 or the product, pe, of eq 15 is close to zero.
When this is the case, the substitution of eq 14 into
eq 13 leads to

log kb = pogo, + d (17

or. for the hnuting sttuation where X = Y
log b = po* + d (18)

Chelntionn  was  chosen 1o illustrate  substituent
conpling effects primarily because of the ease of con-
ceptualization.  The participation of  ionic tetra-
cvehine chelates has been suggested, however, ax u
binding mode for the tetracyclines in leading to their
baecteriostatic effeets. !V

An alternative is for a tetracyeline to bind either to
aminoacyl-tRNA or to the 308 ribosomal subunit.
Coupling effects could then arise because of the addition
of w0 second tetracyeline.  The coupling mechanisin
could be an electronie or a structural perturbation of a
linked hydrogen-bonding network to which each tetra-
cveline becomes attached. Quantum chemical indices
have been shown to correlate with the activities of those
tetrieyelines found in Table I.¥* The total net charge,
07, and the electrophilic =-delocalizability, SE, for each

(12) I3, Welshlum and J. Davies, Bacteriol. Rev., 32, 493 (1968).

{13) F. Peradejordi apd A. N. Martin. private communication, April
1068.
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of the conjugated oxygen atoms (10, 11, and 12) are
requived to gain a correlation. Thix observation ix
consistent with either chelation or hydrogen bouding as
a mechanisni leading to the effeets of the tetraceyelines.
A second possible basis for ¢* takes note of argunieints
already advanced ax to the menning of the parameters
LA QM and 8% with respect to monomer reactivity i
copolymerization.  That these argnments pertam is
evidenced by the correlation between £, and o
Simibar correlations are also fornd for @ and for .

() = 2430667 + 1039 7T 0172 0425 (1Y)
g = 15230 4+ 4855 0 0.087 0962 (200

The ecorrelations represented by eq 1, 19, and 20 are of
practical signiticance i polymer chemistry, and a
nwore detatled account will be preseuted elsewhere.
Ouly the potential significance of these correlations with
regard to tetracyveline activity will be dizcussed here.

A chelationn meehanisne similar to that deseribed
previously will be postulated as the controlling fiactor
in leading to the antibiotic effeets of the tetracvehnes,
In this mstmrce, however, it 1s the reaetion between n
metal 1011 aud tetraeyeline which leads to the presumed
biologically active ionie chelate

M+ TTO-AR-N == M —0-AR-N + 11~ 13

The ability of 21 metal fon to bind to w conjngated
Heand (tetreyeline) ean be suid to be controlled partly
by the mature of the Coulombic mteractions between
the renctants and partly by the tendeney of the metal
o to come into eonjugation with the ligand. With
little or no conjugation possible between the hgamd and
the metal ion, the stability of a chelate is determined
primarily by Conlonbic effects. A change i sub-
stitnent ou the avomatic ligand affects the stability of
the lgand, in this instauce, by varying the electronic
charge distribution within the ligand. It tetracyeline
poteney were determined by this type of speeies, then
a simple Hanunett-tvpe relationship might be expected
o hold.

log b = po + (21

On the other hand, the tendeney of a meral fon to
come iuto conjugation with a ligand should depend on
the extent of delocilization (resonancee) alrendy present
within the ligand. Snbstituents which resomate with
a ligaud equivalently should, m thi~ mstanee, eause o
conjugating metal ion to have essentially the same
affinity toward the lignnd. “The puranteters £, @, and
4 were originally established to provide 1 mensure of
the resomance stabilization die to a substituent. Since
these correlate with 2 one may say that when con-
jugation between a ligand aud a metal determines the
stability of the resulting chelate, aud if such a chelate
is biologically active, a relationship for the obscrved
biological activity could take the form

log b= p'o? 4+ 4 (22

Groups such as NH., or NOs appear to resonnte with
an aromatie muclens almost cquivalently, either by
virtne of donating (¢®xy. = —0.66) or withdrawing

(14) T. C. Seliwan and C. C. Price, J. Polymer Sei., 40, 477 (195,
(15) C. M. Bawford and A. D. Jenkins, Tranc. Faraday Soc., §9, 3¢
{196:3),
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(6Pn0, = +0.78) electrons. Indeed, seven resonance
forms can be drawn for 4-nitrochlorobenzene, for ex-
ample, and five resonance forms can be drawn for
4-aminochlorobenzene. Thus, while the delocalization
energy for conjugation of a substituent with an aromatic
nucleus is proportional to ¢, it appears that the reso-
nance energv of the substituted molecule should be
proportional to o

A general relationship taking into account both
Coulombic and resonance effects in the formation of a
chelate is obtained by linearly combining ¢ and o2
The result is operationally equivalent to eq 16. Proper
caution should be exercised in dealing with relations
such as 16. While there are at least three arguments
that can be advanced to explain a nonlinear dependance
of biological activity on ¢ (ref 6 and the two already
detailed) there is always the possibility that another
parameter exists that is essentially independent of o.

{16) F. L. J. Sixma, Rec. Trar. Chim., 72, 673 (1953).
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Use of this parameter in combination with ¢ could cause
an otherwise parabolic trend in ¢ to become linear.

With chelates as an active species, for example, a
knowledge of the association constants for reactions A
and B enables a calculation of the fraction of ionic
chelate present at a specified pH. The observed ac-
tivity could be “corrected” by nwltiplying the rate
constants by the calculated fraction. The use of this
corrected biological activity could then result in a linear
dependence on ¢. Lor the tetracyelines involved in
this study, insufficient information is available to
attempt this type of correction.

The basis for the precaution is essentially the saine
as for the linear free-energy approach taken by Hansch?
in his account of electronic and lipophilic factors which
influence biological activity. It must be concluded that
correlations based on eq 16 are most probably physically
significant, but the origin of ¢ may talke many forms.

(17) C. Hansch in ‘*Annual Review of Medicinal Chemistry,” C. K,
Cain, Ed., Academic Press, New York, N. Y., 1966,

Antiprotozoal Quinones. 1I.

Synthesis of 4-Amino-1,2-naphthoquinones

and Related Compounds as Potential Antimalarials!

IF. J. Burrock, J. F¥. TweEDpIg, D. D. McRircuig, aNp M. A. Tucker

Arthur D, Little, Inc., Cambridge, Massachusetts 02140

Received July 24, 1969

A wide variety of 4-amino-1,2-naphthoquinones, related to the presumed active metabolite of pamaquine,
has been prepared and evaluated as potential antimalarials in Plasmodium berghet infected mice, Plasmodium

gallinaceum infected chicks, and against the sexual phase of P. gallinaceum in mosquitoes.

A few new 2-amino-

1,4-naphthoquinones and 4-alkoxy-1,2-naphthoquinoues have also been prepared and evaluated. None of the
new quinones was curative but 4-(3-dipentylaminopropylamino)-1,2-naphthoquinone showed some activity in

all three primary screens.

In this series there seems to be a relationship between lipophilicity of the side chain
and antimalarial activity as has been observed for other antiprotozoal quinones.

Procedures for 1eaction of 1,2-

naphthoquinones with enamines to give a new class of naphthalenediol derivatives are also described.

The supporting evidence for the postulate that the
antimalarial action of 8-amino-6-methoxyquinolines
such as pamaquine may be due to their 7n vivo oxidation
to quinonoid products such as 1 has been detailed
elsewhere.?  The observation® that the presumed
quinonoid metabolite of pamaquine has 16-fold greater
in vitro activity than the parent drug againt Plasmo-

0

HNCH(CH,XCH.),N(CH,).
1

(1) This work was supported by the U, S. Army Medical Research and
Development Command under Contract No. DA-49-193-MD-2880. This
paper is Contribution No. 699 from thie Army Research Program on Malaria,
and was the subject of a preliminary report at the First Northeast Regional
Meeting of tiie American Chemical Society, Boston, Mass., Oct 1968,

(2) F. Schoenhofer, Z. Physiol. Chem., 274, 1 (1942); K. C. Blanchard in
F. W. Wiselogle, “A Survey of Antimalarial Drugs, 1941-1945" Vol. 1.
J. W, Edwards, Ann Arbor, Mich., 1946, p 129 ff: B. B. Brodie and S.
Udenfriend, Proc. Soc. Ezxptl. Biol. Med., T4, 845 (1950); N. L. Drake and
Y. T. Pratt, J. Am. Chem. Soc., 78, 544 (1951); E. S. Josephson, J. Green-
berg, D. J. Taylor. and H. L. Bami, J. Pharmacol. Exptl. Ther., 108, 7
(1951): R. R. Holmes, J. Conrady. J. Guthrie, and R. McKay. J. Am. Chem.
Soc.. 76, 2400 (1954): P. B, Russell in " Medicinal Chemistry,"” A. Burger,
Ed.. Interscience Publishers, Inc., New York, N, Y., 1960, p 814.

(3) E. 8. Josephson, D. J. Taylor, J. Greenberg, and A. P. Ray, Proc. Soc.
Ezptl. Biol. Med., 76, 700 (1951).

dium gallinaceum is in curious contrast to the report of
Drake? of negligible in vivo activity of related 3,6-
dihydroxy- and 5-hydroxy-6-methoxyquinolines in mon-
keys. These compounds were sensitive to oxidation
and were expected to be converted to quinones ¢n vivo.
Our efforts have been directed toward a search for new
quinones related to 1 which might possess in zivo
antimalarial activity. This paper reports the investiga-
tion of a series of naphthoquinones 3a-¢ and some
related derivatives. Some 4-amino-1.2-naphthoqui-
nones have been prepared previously by Fieser and
others,* but the series has not been explored for possible
antiprotozoal drugs.

Chemistry.—4-Ethoxy-1,2-naphthoquinone (2) was
prepared from the Ag salt of 2-hydroxy-1,4-naphtho-
quinone® with EtI (Scheme I). The related 4-alkoxy-
1,2-naphthoquinones 59 and 60 (Table I) were also
prepared in this way. The orthoquinone structure was
confirmed by the ready formation of phenazine deriva-
tives.

(4) (a) L. F, Fieser and M. Fieser, J. Am. Chem. Soc., §7, 491 (1935):
(b) L. F. Fieser and J. L. Hartwell ¢bid., 57, 1484 (1933): (¢) L. F. Fieser
and M. Fieser, ¢bid., 61, 596 (1939): (d) H. E. Fierz-David and E. Mannhart,
Helv, Chim. Acta, 20, 1024 (1937): (e) R. A, Henry and W. M. Dehn, J. Am.
Chem, Soc., T4, 278 (1952); (f) W. Brackman and E. Havinga, Rec. Truv,
Chim., T4, 937 (1955).

(5) L. F. Fieser, J. Am. Chem. Soc., 48, 2922 (1926).



