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ANTIPROTOZOAL QUINONES. III

Antiprotozoal Quinones. III. Synthesis of

8-Amino-5,6-quinolinediones, 8-Amino-7-chloro-5,6-quinolinediones,

and 8-Amino-5,5,7-trichloro-6(5H)-quinolones as Potential Antimalarials'

I'. J. BvrLock AND J. . TWEEDIE
Arthw D. Little, Inc., Acorn Park, Cambridge, Massachusetts 0210
Received September 29, 1969

Cutt-catalyzed oxidation of 6-quinolinol in MeOH with a variety of secondary amines gave a series of S-
dialkylamino-5,6-quinolinediones (5). The reaction was useless when attempted with primary amines and
other amines which complex cupric ion. Several 8-amino-7-chloro-3,6-quinolinediones (7) were obtained by
reaction of amines with 7,8-dichloro-5,6-quinolinedione. A muimber of 8-amino-3,3,7-trichloro-6(3H )-quinolones
(10) were obtained by reaction of amines with 5,5,7,8-tetrachloro-6(5H)-quinolone. All the new quinones and
quinone derivatives were evaluated agaiust blood-indiiced Plasmodium berghei infections it mice, P. gallinaceum
in chicks, and P. gallinaceum in mosquitoes (Aedes aegypti). None of the compounds showed high antimalarial
activity. The series 5 in particular is highly toxic iu both mice and chicks. 8-Hexylamino-7-chloro-3,6-
quinolinedione resulted in increased survival time in P. berghei infected mice of 3.1 days at 320 mig kg and
3.9 days at 640 mg/kg with 1o toxicity but with no activity in the other screens. These results are part of an
increasing body of circumstantial evidence which suggests that the 1n pivo metabolism of the autimialarial 6-

methoxy-8-aminoquinolines to quinones may not be coutributing to their antimalarial activity.

Interest in 8-amino-5,6-quinolinediones and related
compounds was stimulated by their relationship to the
presumed active quinonoid metabolite of antimalarials
derived from 8-amino-6-methoxyquinoline.? We report
here the synthesis and results of biological evaluation
of further analogs (5, 7, 10, Scheme I) related to these
metabolites az well to 8-amino-3,6-quinolinedione.
Previous evaluation of 8-amino-3,6-quinolinediones has
been by an indirect means.? A d-methoxy-6-hydroxy-
quinoline and a 3,6~-dihydroxyquinoline, expected to be
converted in vivo into 8-amino-5,6-quinolinedione, were
used. Related carbostyryl analogs have been more
thoroughly explored.*

8-Dialkylamino-5,6-quinolinediones (5).—Extension
of syntheses of Brockman and Havinga® and Soviet
chemists® using Cu®*-catalyzed oxidation of 6-quinolinol
in MeOH in the presence of a variety of secondary
amines provided facile entry to the series 5. The
particular compounds prepared are given in Table I
We did not attempt to prepare compounds incorporat-
ing a common dialkylaminoalkyl moiety in view of the
high toxicity encountered with such compounds among
the related 1,2-naphthoquinones.” Considerable ex-
perience with this reaction has helped delineate its
scope. No oxidation occurs when an N-alkylated
ethanolamine or primary aliphatic amine 1s used,
presumably due to the formation of the cupramine
complexes 1° and 2, respectively, in which the cupric

(1) This work was supported by the U. 8. Army Medical Research and
Development Command vunder Contract No. DA-49-193-MD-2880. This
paper is Contribution No. 743 from the Army Research Program on Malaria
and was the subject of a preliminary report at the First Northeast Regional
Meeting of the American Chemical Society, Boston, Mass., Oct., 1968.

(2) Background information js summarized in our previous paper, F, J.
Bullock, J. F. Tweedie, D. D. McRitchie, and M. A. Tucker, J. Med. Chem.,
18, 97 (1970).

(3) N. L. Drake and Y. T. Pratt, J. Amer. Chem. Soc., T8, 544 (1951).

{4) Cf. R. R. Holmes, J. Conrody, J. Guthrie, and R. McKay, 14id., 76,
2400 (1954): G. R. Pettit, W. C, Fleming, and K. D. Paull, J. Org. Chem.,
88, 1089 (1968).

(5) W, Brockman and E. Havinga, Rec. Trar, Chim., T4, 937 (1955).

(8) (a) Yu. S. Tsizin and M, V. Rubtsov, USSR Patent 188,495; Chem.
Abstr., 67, 9069s (1967). (b) Yu. 8. Tsizin and M. V. Rubtsov, ¢bid., 79,
87520m (1969). (c) zbid., 70, 87516q (1969).

(7) See our paper, ‘‘Antiprotozoal Quinones. II," ref 2.

{8) ¢f. A. E. Martell and M. Calvin, "Chemistry of Metal Chelate
Compounds' Prentice-Hall, Inc., Englewood Cliffs, N, J., 1952, p 179.

lon is catalytically inert. With secondary amines the
formation of cupramine complexes such as 2 is ap-
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parently less favored and catalytic oxidation unin-
hibited. Attempts to extend the scope of the reaction
by use of various cobalt salts as catalvst failed.
8-Amino-7-chloro-5,6-quinolinediones (7).—Exhaus-
tive chlorination of 3-amino-6-quinolinol prepared from
6-quinolinol gave 7 8-dichloro-3,6-quinolinedione (6),°
which reacted with primary and secondary amines to
give the new quinones 7. During our work we ob-
served that the pmr spectra of 17 did not support the
older formulation® of these compounds as the tautomer
3. The «-CH; protons of the Bu group (8 4.14 ppm
from (CHs)4St in CDCl;) appear as a quartet which is
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analyzed as an overlapping doublet of triplets (Joucny =
7 Hz, Jxuca = 7 Hz) and which collapses to a clean
triplet (Jcuca = 7 Hz) on D exchange of NH. This
clearly necessitates that the exchangeable proton be
situated on N as indicated in 7 (R' = H).
8-Amino-5,5,7-trichloro-6 (5H)-quinolones (10).—
Exhaustive chlorination of 6-quinolinol in acetic acid
gives the pentachloroquinolone 8 which is easily con-
verted into the tetrachloroquinolone 9 by dehydro-
halogenation.’® Reaction of 9 with a variety of amines
gave 10. Extensive secondary reactions can occur
during this transformation; for example, the quinone-

(9) T. Zincke and K, Wiederhold, Ana. Chem., 280, 359 (1896).
(10) T. Zincke and H. Miller, 1bid., 290, 223 (1891).
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AN componids were aralyzed for C, H, N or C, H, CI, N and results obtained for these elemenrs were withine £0.44 of the theo-

retieal values nuless otherwise indivated.

it= hydrate.

Each of these hydrates has the same number of earbons between basic sires.
(. 6636, 66.14, 66.08; H, 5.36, 5.60, 5.91.
rel omp 145°, analvsis C, H.
0* lostead of KrOH a1 —50° (see Experimental Section).

b Presenve of H.O of hydration vonfirmed by wmr (CDCl).
of d-amino-1,2-naphthioquinones ref 23 the quinone bearing the 4-substitution ~N(CH;)(CIH. 3N (CH;). vould also be isolated only ax

¢ Thix componnd has been prepared independently; see ref 6b.
¢ Thexe compotuls were prepared using a wixture of Ft.0 25 ml) and petrolenm ether (250 ml .
“ Previously prepared; =ee ref 10, mp 200-202°.

Caled:

Iv previons work with o =eriex

C, 65.58: H, 5.51.
4 Previously prepared: scu

Foand:
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imine 4 has also been claimed to be formed on reaction
of 9 with aniline.’® Success in obtaining the series 10
was achieved only under reaction conditions which
resulted in the product precipitating from solution
essentinlly as it formed. This was achieved by using

0
NHCH.

NCH.
4

low renction temperatures or decreasing the polarity
of the reaction medium. We also obtained in low
vield the compound corresponding with 4 reported by
Zincike and Miller!® but have not yet completed an
imdependent confirmation of the assigned structure.
We were unable to isolate such compounds as 4 from
resactions of other amines with 9 and it is clear that such
it route is not a practical approach to the synthesis of
- unino-8-imino-5(8H)-quinolones.

Biological Results.—All the compounds of Table T
have been evaluated against blood-induced P. berghei
infections in mice.!' P. gallinacewm in chicks,'* and
F. yailinaceum m nrosquitoes (Aedes aegypti).'* The
5.53,7-trichloroquinolones  (29-36) showed no anti-
malarial aetivity in any of the sereens. The 8-amino-
5.6-auinolinediones (11-16) showed weak activity but
alzo high toxicity in both mice and chicks. Quinone 16
produced abnormal oocysts at a concentration of 0.019
in the mosquito screen and partial sporozoite suppres-
ston at 0.19.. Aectivity against the sexual phase of the
parasite’s life evele was not found with other compounds
of this class, however.

Quinone 18 caused an increased mean survival time
of P. berghet infected mice of 3.1 days at 320 mg/kg and
of 3.9 days at 640 mg/kg with no toxicity, but no
activity in the other screens. As a class the 8-amino-7-
chloro-5,6-quinolinediones are less toxic than the 8-
amino-3,6-quinolinediones which in turn, however,
appear to be more toxic than the analogous 4-amino-
1.2-naphthoquinones.”

These studies have failed to produce a compound
with potent #n zwo antimalarial activity, although the
quinones prepared are closely related to the presumed
netive quinoid metabolites of antimalarials derived from
fi-methoxy-8-aminoquinolines. In our previous study,!?
an analogous series of 4-amino-1,2-naphthoquinones
ieluding several compounds bearing the dialkylamino-
alkyl group were also found inactive. It is also of
interest that the hydroquinone, 5,6-dihydroxy-8-(5-iso-
propylaminopentylamino)quinoline trihydrobromide,
1< exsentially inactive against P. berghei in mice although
H.6-dimethoxy-8-(3-isopropylaminopentylamino)quino-

(11) T. 8. Osdene, P. B. Russell, and L. Rane, J. Med. Chem., 10, 431
(1967).

t12) Chicks t9-12 days old) were infected (intravenously) with a standard
inoendnm to produce a disease fatal to 1009, of untreated controls within
3-4 days. Candidate compounds were dissolved or suspended in peanit oil
and administered eitlier subcutaneously or per os immediately after infec-
tion. A 1009% increase in sirvival time was considered to be the minimum
effective response to thie antimalarial activity of the drng. Chicks surviving
30 days are recorded as cnred.

(13) E. J. Gerberg, L. T. Richard, and J. B. Poole, Mocquito News, 26,
259 (1966).
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line has definite activity.' Taken together this body
of circumstantial evidence suggests that the in vivo
activity of the 6-methoxy-8-aminoquinolines may
not be related to their 7n riro metabolic conversion to
quinones. Their toxicity may be related to this trans-
formation as has been suggested previously,¥

Experimental Section ¢

8-Dialkylamino-5,6-quinolinediones (11-16).—These com-
pounds were prepared by the following modification of the pro-
cedure of Tsizin and Rubrsov® Cu(OAc) (0.1 g) and the di-
alkylamine (4 ml) were added 1o a =tirred sohition of 8-quinolinol¥
(1.45 g, 10 mmol) in 30 ml of MeOH. A steady stream of O, was
bubbled through thix red reaciion mixture for 1 hr with external
cooling so that the temperature did not exceed 50°,

Quinones 11-14 were ixolated in the following manner. The
solvent from the reaction mixture was removed under reduced
pressure and the oily residue dissolved in CHCl;. The CHCl;
sohition was washed with H.0, dried (MgS0,), and evaporated to
a dark red oil. Chromaingraphy on neutral ahimina (CHCL)

(14) Dr. R. E. Strube of Walter Reed Army Institinte of Research informs
us that this 5,6-dimethoxy/uinoline results in an increased survival time in
P. berghet infected mice of 2.1 days at 40 mg kg and 5.3 days at 160 mg kg,
and shows toxicity at 640 g ‘kg. Tbe analogois 5.6-Uiliydroxyquinoline in
the same test resilted in an increased mean sirvival time of 0.4 day at 40
mg/kg and showed toxicity at 160 and 640 mg. kg.

(15) B. B. Brodie and 8. Udenfried, Proc. Soc. Exzp. Biol. Med., T4, 845
(1950).

(16) Melting points were deterniined on a Mel-Temp or Fisher-Johns
apparatus. Tle ir and uv spectra were ohtained on Perkin-Elmer Model 137
and Beckman DK instruments, respectively. The nmr spectra were taken
in CDCI; on a Varian A-80 instroment nsing TMS as internal standard.
Mass spectra were determined witlh a CEC Model 11 instrument. Micro-
analyses were performed by Galbraith Microanalytical Laboratories,
Knoxville, Tenn. The ir, uv, and nmr spectra were as expected for the
assigned stmicture.

(17) Prepared in up to Y53% yield fron1 8-methoxyjuinoline with refluxing
48% HBr. The yield varied considerably with the source of material which
was used as pnrchased, the best yields being obtained with material from
Distillation Products Industries.
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gnve ole evaporiatioo, and tritueations with Foat), the desired
produet,

Componnd 15 was isolated by dilution of vhe reactiow mixiare
with H.O (80 mb el acidification with HOA«¢ ¢ miby. The wmix-
tare was extracted with CHCL, washed <everal tiines with H.t),
dried (Mg=Oy), and evaporated 1o ca. 25 mb. Carefnl acddition ol
petroleam ether caused ervstatlization.

Quinote 16 was isolated directly Tromn the resction mixtare
after it was chitledd 10 02,

8-Amino-7-chloro-5,6-quinolinediones (17-27).—7The appro-
priate amite (30-40 nuuol) ina few millimeters of FtOH was added
rapidhy to a <tirred =olution of 3 g 13 mmol) of 7,8-dichloro-5,6-
quinwolinedione? e 400wk ol E1OE ar 0°0 The renction mixture,
which mumediately tnrned deep red, was stirred for 30 min.
The red quinones 17--25 were ixolated directly by evaporating the
solvent mnoracde to a volume of 25-30 ml, cooling the cesidnad
sispension 1o 02, ardd filtering.

Vol. 15

Compound 26 was obtained by evoporativg the solvear ol
dixsolving the resnbing =olid it betzene. Petroleam etlae wos
carefully added to the point of cloaditess aad the wagxtare chilled
to 02 el filtered.

Quinone 27 was prepared asiug the provedure described by
Zineke and Wiederhold® for the adlido derivative.

8-Amino-5.5.7-trichloro-6{5H ;-quinolones i 23-35:. - -\ ~nlit1au
of 3.5,7.8-tetrachloro-600H -quinwolone®™ <205 o 8 ol 10 o
b of E1OH® was conled (o = 230° with constaa <irring, FPhie
sndne 127 mmnob irca tew mithinaeters of ErOH was added sapidly,
The product begaw e <eparate frome the vellow browie ceaieling
mix ture withine 5 omde ased adrer 10 wane the mixonee was Rloered
to give the prodaet as o vellow <olid.

18 A few votopeomds were poepared sug o tess polar reactom vesdiion
sev footnate ¢ of Table 1

Preparation and the Results of Antitumor Secreening of Some
Substituted Amino-, Azido-, Halogeno- and Hydroxy-p-benzoquinones'

Kwang-YUEN ZEE-CHENG AxD O, O CneENG
Mudwest Beseaech Institade, Kansas City, Wissoaei 0110

Recevped Septembee 10, 108

Syithesix of =ome auino-, nzido-, hydroxyls, and halo-subsuruted p-betzogquinoes are reported. The aminn-
benzoquinones were prepared by catalyiic rednetion of the corresponding azide componuds; rhe tatter in turi
were obtained by the treatiment of halobenzoqunones with NaNy  Alkyvlamiogquinones were prepared either
by the replacement of miethoxyquitones with appropriate amines orby refluxing dialkyl- or diaryherzoguinones
with amines.  Nome alkyl aualogs of 2,5-dihvdroxy-3,6-diphenyl-p-berzoquinone tholypuric acid s were prepaved
by free-radieal alkylaiion of 2,5-dihydroxy-p-benzoquitone with aevl peroxide.  Preliminary <creening resulix
of these compounds indicated that 2,5-diazido-3,6-dimethoxy-p-betzoqiinone, 2,5-dichloro-3,6-diphenyt-p-
benzogquinoue, and 2,53-bis(p-ethyipheuyl)-3,6-dihydvoxy-p-benzognitone possessed nmoderafe activity agnins

Walker earcinosarcoma 256.
weight los< i the surviving ardmals was obrerved.

The antibacterial activity of many quinone derivi-
tives hax long been recognized.?* Thix property hus
been attributed mainly to protein binding. 4 A
nuniber of benzoquinones, naphthoguinones, anthr:-
quinones, nud quinoxazines possess activity agullst
protozow, Grani-positive and Gram-negative bueterin,
and M ycobacterium tuberculosis.*  Compounds of this
type are also used as :ntitumor agents.* A common
p-aninoquinonoid unit was noted™ among some tumor-
inhibitory antibiotics such us streptonigrin, nctino-
myein C, mitomyeins, and porfiromyein.  Certain 2,5-
bis(alkylanine)-3,6-dimethoxy-p-benzoqguitiones are in-
hibitory to sarconma 180.''  Polvporic acid (2,5-li-

t1) ra) This investigavon was supporled Ly the Cancer Chentoryerapy
National Service Center. National Cancer lngiitute, of the Natioual ln-
stitntes of Health, Public Mealth Service; Contrace Nu. PH-43-65-94:
ih) presented in part before tlie Division of Medicinal Chewisiry, 157th
National Meeting of 1he American Chewmical Society, Minneapoli=. Miun..
April 1960 (MED1 173,

(2) {a) L. AL Cooper, Biockeor J.. T, 186 (1013): (bt L. A, Cooper, .
Soc. Chem. fnid., 46, 59 (19975,

3) 8. Hayashi, Rumamoto Phwere. Bull., 1, 93 {1954).

1) I, A, Couper antd R. B. Haines, Biachemn. J.. 22, 317 (102%8).

3) M. Raciburski. Aazeiger Afad. Wiew, Krahaw, 333 (10006):  Ciew.
Zautr, T8, 1595 (1907).

(6) 15, Fischer, Ber., 48, 525 (1010;.

(7) R. Ceeil, Advar. Protein Chem.. 9, 287 (1939,

(&) 3. Hayasbi, T. Tannve, . Ujinka, and X. Yano, Kwawwoto au.
Bull., 2, 62 (1955).

i) T.V. P Raoand V. Veukateswarly, "Syimposium on the Svnthesia 0l
eterocyelic Covpounds of Physiclogical Interest,” Ilyderaba:d, lIndia,
1464, p 134, Chem. Abstr., 68, 70571 (19681,

i10) K. V. Rau, K. Biesnann. and R. L. Wooldward, J. dwer. Chea, Sar.
85, 1532 (1U83).

11y 11 8. Verter il J. Rogers, J. Org. Cheni., 31, 987 11901,

The last componnd also possesses some activity against leukemia L-1210,

Marked

hydroxy-3,6-diphenyl-p-benzoquinone) was veported 1o
be netive against leukemin L-1210.72 Some quinones
are potent inhibitors of dehvdrogennse aetivity of
tumor cell=.*?

It ix concervable that, m addition to the protein
binding characteristics, various =ubstituted quinones
with different oxidation-reduction potentials nuy pliy
an important role i the phosphorylation, H transfer,
and electron transfer in biological metabolism.  Selec-
tive inhibition of the tumor cells may be wchieved by
modification of <ubstituents on the quinone ring =vs-
tem. The present conmmunication mvolves the synthe-
<= of some amino-, azido-, hyvdroxyl-, and halo-sub-
stituted p-benzoquinones and the preliminary structure
detivity study i animal tumor ~ystenis.

Chemistry.- - Although 1 =ertes of 2.5-diaryl-3.6-d1-
hydroxy-p-benzoquinones (I, R = aryl) related 1o
polvporie aecid «I. R = CyH) wus synthesized and
evalunted by Cuiu, ' the corresponding diamino an:dogs
[T liave not vet been studied. T view of the impartance
of the aminoquinones m onceological stndies, ' com-
pounds IT were syvnthesized in this laboratory.

Sinee the primary :unino group is gusceptible to both
oxidation and hydrolysis, relatively few aminoqguinones
were reported 1n the liternture. By adaptation of a

Jo P Burtonand B30 UL Camn, Natere, 184, 1326 (1859).

Hayashi, H. Ueki. Y. tfeki. 1. Aopki, K. Tonaka, b Fujmoa,

N, Katsukawa and M. Mori. Chew. Pucem. Bull, (Tokyo), 11, D48 (1963).
14y (@) B F. Cain J. Ciem. See., U306 (10613 (b)) B. ¥, Cabn, (4id,, 3506

19633 fed B F. Cain, ibad., 5472 (1841 ) B, FL Clain, ihnd. ¢0 1011

1966},
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