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Previously we reported that a series of 6-amino-3-
(p-substituted-phenyD)-8-{ [4-(diethy lamino)-1-methyi-
butvl]amino}pyrido[2,3-b pyrazines (e.g., VI) showed
activity against mice infected with the sensitive strain
of Plasmodiune berghei*  To determine the effect of
the -amino group on activity, the svnthesis of a com-
pound without this group was undertaken. Reaction
of 2,4-dichloro-3-nitropyridine (I)* with 2-amino-)-
diethylaminopentane gave a complex mixture contain-
ing I, I, I1I, and IV, which was separated by column
chromatography. A pure saumple of IV was obtained
n 4567 vield. Amination of IV and reduction of the
NO; of the resulting compound VII with Ra Ni gave
the corresponding diaminopyridine, which was con-
densed e situ with p-chlorophenvlglyoxal to give V.
The assignment of the position of the chlorophenyl
group 1% based on analogy with the major produet ob-
tained in the condensation reactions of other 2,3-di-
aminopyridines.

The test results showed that V is more active and
less toxie than the corresponding 6-amino compound VI
(see Table I). These data suggest that the G-amino
group of VI inhibits, either sterically or eleetronically,
the funetion of the pyridine ring N, which is probably
neeessary for antimalarial aetivity?
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+Tests were carried out L 5 mice infected with a lethal dose
of PP berghei by L. Rane and coworkers, Malaria Screening Lab-
orvatory, University of Miami, Miami, Fla. [For a description
of the test procedure, ~ee T. 8. Oz=dene, P. B. Russell, and L.
Yane, J. Med. Chem.. 16, 431 11067)].  Results were supplied
by the Walter Reed Army Institute of Research, Washington,
1. Co P MRT, mean swrvival time over controls (6.2 = 0.49
davs); A, active (MNT of treated animals is greater than twice
the MRT of control groupi: €, nuaber of cures (mice swrviving
to 60 davsy; T, number of toxie death= (mice dying before 6.2 -
0.49 dayvs).

Chloroguine

Experimental Section®

Reaction of I with 2-Amino-5-diethylaminopentane.- A ~oln of
2-amino-5-diethylaminopentane (17.0 g, 107 mmoles) and 1 (20.7 g,
107 mmoles)in MeOIT (250 ml) was stirred at room temperature for
24 hr, then refluxed uuder Ny for 15 hr.  Evaporation of the
solvent in vacuo gave a fAuorescent orange oil which was dissolved
in CHCl; and poured onto a silica gel H column (300 g) [pre-
washed with CHCL;-MeOH (9:1)].  Elution with CHCL-~MeOH
(9:1) gave 4 fractions, the first containing crude I (5.4 g, ~26°
recovery’. The residue from each of the remaining fractions
was converted into the corresponding HCI salt by treatment with
excess 1 .\ ethanolic IHCL, and evaporation of the whole in vacuo
1o give a brittle hygroscopie glass.  The first component isolated
in this manner was identified as I11; yield 0.4 g (1¢¢).  Amina-
tion of this material with =aturated ethanolic NHj; in a stainless
steel bomb at 60° for § hr gave a yellow oil which was identified
as  4-amino-2-{ [4-(diethylamino)- I-methylbutyljamino }-3-nitro-
pyridine by comparison of its chromatographic behavior and
spectral characteristics with those of an authentic sampley
Nwne 11 (e X 10753 pIT T, 255 (<h), 348 (8.2).

The second comnponent was identified as 1V: wvield 186 g
(37015 Aax 1 e X 10735, pH 7, 248 (16.4), 370 (2.0}, Anal.
(CrHCINGO,- HCL 1AH0) ¢, H, CL N

The third component (12.0 g) was dissolved in aq NaOH (pH
>11Y, and the soln wax extd with CHCly (4 X 200 ml;. The
combined exts were wushed with 1LO, dried (Na.30y), and evapd
to dryness in racuo to give 11; vield 7.6 g (169 ); Npux nm fe
X104y, pH T, 263 (sh), 367 (9.61. nal. (CullpNeOy C 11
N.

2-Amino-4{ [4-(diethylamino)-1-methylbutyl|amine | -3-nitro-
pyridine (VID).-—A soln of IV (15.0 g, 39.6 mmoles) in ethanolic
NH; (600 ml, saturated at 0°) was heated in a glass-lined stainles=
steel bomb at 80° for 3 hr, then at 65° for 18 hr. The bomb was
chilled and opened and its contents evapd to dryness.  The gum
was dissolved in CHCI; (100 ml); the resulting soln was filtered to
remove inorg salt and evapd to dryness in vacuo. A soln of the
residue in BEtOH (200 ml) was charcoaled, filtered, acidified with
I N ethanolic HC {100 ml), and evapd to dryness.  An aq (200
ml) soln of the glassy residue was charcoaled, filtered, and
adjusted to pH 10 with 3097 NaOH soln.  The mixture was extd
with CHCl; (3 % 100 ml), and the combined exts were wushed
with H.0, dried (Na:30;), and evapd to dryness in racio. The
residual amber oil was dried by prolonged evacuation on the il
pump; vield 7.2 g (629, ); Apux nm (e X 107%), pH 7, 330 (9.4
Anal. (CraHesN:O0) C) H, N
3-(p-Chloropheny!)-8-{ [4-(diethylamino)-1-methylbutyl| -
amino }pyrido[2,3-b]pyrazine - 2HCl- H.O  (V).—A solu of VII
(5.00 g, 16.9 mmoles) in EtOH (200 ml) was hydrogenated over
Ra Ni catalyst (~15 g} at an initial Hs pressure of 3.5 kg/em®
The catalyst was removed by filtration under N3, and the colorless
filtrate was treated with solid p-chlorophenylglyoxal monohy-

(6) Silica gel I was obtained from Brinkmann Instruments, lne., and
Raney Active Catalyst No. 28 from W, R, Grace & Co. Where analyses
are indicated only by symbols of the elements, analytical results obtained
for those elements were within #0.4¢7 of the theoretical values.
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Notes

drate (3.73 g, 20.0 mmoles). The resulting red soln was stirred
under N; at room temperature for 72 hr, then refluxed for 1 hr.
After treatment with charcoal the soln was evapd ¢n vacuo to
give a dark gummy residue that was dissd in H,O (300 ml) con-
taining coned HCl (5 ml). The resulting soln was warmed,
treated with charcoal, and filtered through Celite. The orange
filtrate was adjusted to pH 11 with 509, NaOH and extracted
with CHCl; (3 X 150 ml). The combined extract was washed
with H,O, dried (Na.S0,), and evapd to dryness. An EtOH
soln (100 ml) of the residue was acidified with 3 N ethanolic HCI1
(10 ml) and dild with Et,O (300 ml). After vigorous stirring for
several hours, an orange powder deposited slowly. The mixture
was dild to 1 1. with Et:O and filtered under N:. The orange
powder was recrystd under the same conditions to give a hygro-
scopic orange solid that was collected by filtration and dried in
vacuo over PyO; at 78°: yield 3.85 g (46%,): mp sintering and
gradual decpn 220-230° (Mel-Temp); Amax nm (e X 107%), pH
7, 243 (27.4), 293 (21.4), 338 (12.6), 385 (10.0); pmr (8%
DMSO-de w/v), 5 1.28 (m, 9, CHy), 1.82 (m, 4, CHs), 3.05 (m, 6,
CHLN), 424 (m, 1, CHN), 7.22 (d, 1, 7-CH), 8.04 (q, CsH.),
8.535 (6-CH), 9.57 (NH), 9.63 (2-CH). Anal. (CupHsCIN;-
2HC! H:0) C, H, Cl, N.

Acknowledgments.—The authors are indebted to
Dr. W. C. Coburn, Jr., and members of the Molecular
Spectroscopy Section of Southern Research Institute
who performed most of the microanalytical and spectral
determinations reported.

Hydroxylamine Derivatives as Potential

Antimalarial Agents. 1. Hydroxamic Acids®

JounN B. HYNES

Department of Pharmaceutical Chemastry,
College of Pharmacy, Medical University of South Carolina,
Charleston, South Carolina 29401

Received May 1, 1970

Hydroxamie acids have been found to exert a number
of diverse pharmacologic actions including antitubercu-
lous, antifungal, and antileukemic activities.? In addi-
tion, certain arylhydroxamic acids inhibit nucleic acid
biosynthesis ¢n vitro.3=* Since the quinoline type anti-
malarials such as chloroquine, quinacrine, and quinine
have been reported to function at least in part by block-
ing enzymatic synthesis of DNA and RNA,® a series of
hydroxamic acids was synthesized and evaluated as a
potential new class of antimalarial drugs.

A total of 33 mono- and dihydroxamic acids and re-
lated compounds was prepared and tested for in vive
antimalarial activity against Plasmodium berghei in
mice.”® Pertinent physical and chemical data for new
compounds or those for which the melting points were
significantly different from the literature values are sum-
marized in Table I. The preparation and properties of
other compounds have been deseribed earlier.

Of the compounds tested, two showed an increase in
mean survival time of infected mice of greater than
1009,. They were terephthalohydroxamic acid (2) and
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dibenzoylterephthalohydroxamate (15) and the per-
tinent testing data for them are summarized in Table
II. The most probable structure of 15 is based upon
ir data.

p-HONHCOCH,CONHOH
2

p-CeH;COONHCOCH,CONHOCOCH,
15

The similar level of activity of these two compounds
suggests that 15 is enzymatically converted into 2.
However, the lack of activity of the diacetyl derivative
14 is difficult to explain on this basis.

All of the derivatives of 2 involving ring substitution,
4, 5, 6, and 7, were inactive with the exception of the
tetrafluoro analog 3 which was slightly active (A =
2 days at 640 mg/kg). Similarly, alkylation of the
hydroxamie acid portion of the molecule (11, 12, and
13) resulted in inactive compounds.

Compounds 8, 10, and 20 as well as adipohydroxamic
acid® were prepared in order to evaluate the effect of
altering the distance separating the two hydroxamic
acid functions. Since none of these showed appreciable
activity, one may conclude that this value is extremely
critical.

The pyridine analog of 2, 2,5-pyridinedicarbohydrox-
amic acid (16), as well as its 3-position isomers, 17, 18,
and 19, were also prepared and evaluated for antimalar-
ial activity. As would be expected from the inactivity
of 8, only 16 showed appreciable activity but was also
toxic. 10

In addition to 4-carboxybenzohydroxamic acid (1)
two related compounds, terephthaldihydrazide!* and
terephthaldioxime,!? were also prepared and found to
be devoid of activity.

A series of 4-substituted benzohydroxamic acids
[p-XCeH,CONHOH (X = SO,NH;, NO,, Br, Cl, I)]
was prepared as described in the literature.®'* Only
the 4-Br derivative showed appreciable activity (A =
3.1 days at 640 mg/kg). In addition, 3,4,5-trime-
thoxy-, 2-bromo-3,4,5-trimethoxy-, 2-hydroxy-3,4,5-tri-
methoxy-, and 3,5-dichlorobenzohydroxamic acids as
well as 3,4,5-trimethoxyphenylacetohydroxamic acid
were prepared as described earlier® and found to be in-
active.

Compound 21 was synthesized as an analog of the
highly potent antimalarials, the quinoline methanols. !
It was also inactive.

CONHOH
CH, x
N/ CSH4C]~ D
CH,
21
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