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8-Hydroxyquinoline Derivatives.
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Synthesis and Biological

Evaluation of Arylglyoxal N-7-Amino-5-substituted 8-Hydroxyquinoline

Hemiacetals and 5-Phenylglyoxylidenamino-8-hydroxyquinolines
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A zertes of phenylglyoxal V-T-amino=i-zubstituted S-hivdroxyquinolive hemiacetals and of S-phenviglvoxyli-
denamino-N-hydroxyquinolines wax syvthesized and evaluated for their pharmacological, microbiological, and

antiviral activity,

The mnportabee of the phenylglvoxal inoiety on the antiviral activity and the influence of the

nature of S-hydroxyquinoline moiety on toxicity and antibacterial, aptifupgal, and avtipflammatory activities

are dizcussed.

The purpose of this paper was to deseribe the syuthe-
sis of a series of compounds with the following strue-
tures in order to study their antiviral activities, since
such properties are found in derivatives of arviglyox-
als,'=% and their antimicrobial properties as they are
observed for 8-hydroxyquinoline derivatives.
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Chemistry — N ,0-Acetals (1) were obtained by con-
densing  the 7-amino-S-hydroxyquinolines with the
substituted phenylglyvoxals, whereas only Schiff’s Dases
(IT) were obtained by condensing the d-amino-s-hy-
drgxyquinoline.

While prepuring I, we also isolated condensution prod-
uets (particularly at higher reaction temperature) to
which we could attribute the structure of Schiff’s bases
on the basis of analytical data.

The ir speetra of these compounds did not eontain
C=:0 and O-H bands in contrast to those of compound
[. This may be attributed to intramolecular H bond
involving OH. An analogous phenomenon was ob-
served by Durant, el al.,* for 4-biphenylglyoxal deriva-
tives.  Nmr speetia could not be determined because
of the low solubility of these compounds.
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Biological Results.—The uacute toxicity was  de-
ternuned intraperitoneally in mice far all compounds.
Most compounds showed low toxieity. except the de-
rivatives of S-hydroxyquinoline-3-sulfouie acid.

Al compounds were tested for bacteriostatic activity
iz vitro on the following microorganisms:  Escherichia
colt 100, Pscudomonas aeruginosa H2, Proteus rulgarts
OX. Microcgecus pyogenes SGi 511, Streptococcus pyo-
geres A S8, Bacillus subtilis ATCC Y466, 3 ycobacterivm
tuberculosts Har Ra, Trichophyton mentagrophyles 1236,
and Cardida albicans 28, All compounds were also
tested on embryonated eggs infeeted with A-PRS and
vaceinia virns.  The results are summarized in Table
L

Some dertvatives of 7-amino-S-hydroxyquiiohue ex-
hibited antibacterial activity (e vitro against F. coli, M.
pyogenes, B. subtilis, and M. tubeiculosis.  Compound 2
was also tested for its prophylactic aetivity on 5. coll
peritonitis in mice, and was found aetive intraperitone-
allv but inactive orally; 1o activity was shown against
M. tuberculusis infection i mice.

The devivatives of H-chloro-7-amino-S-hydroxyquino-
line exhibited antibacterial activity against J<. cold, M.
pyogenes. and B. subtilis, though in lower degree.  They
were found active against T mentagrophiytes but Inac-
tive against M. tuberculosis.

The derivatives of  7-umino-S-hvdroxyquinoline-d-
sulfonic acid anud of 3-aminto-S-hydroxyquinoline showed
no relevant antibacterial activity.

All compounds showed  antiviral activity  against
A-PRS virus, some also against vaceinia viris.

Most derivatives  of - D-amino-8-hydroxyquinoline
showed antiinflammatory activity.  This activity was
found also in two derivatives ol 7-amino-S-hydroxy-
quinoline-H-sulfonic acid (18, 20). and in two derivatives
of  T-amino-s-hydroxyquinoline (2, 6).  No analgetic
activity was shown by these produets in Randall and
Selitto’s test,

These results led to the conclusion that toxicity and
antibacterial, antifungal, and antiinflammatory activ-
ities are connected with the position and the nature of
substituents in the S-hydroxvquinoline rng, whercas
the antiviral activity, shown by the glvoxals, was nnt
aff ceted by such substitution.

No activity was found for the Schift’s buses listed in
Table 1. This observation points out the impartaee
al free O of s-hivdroxyquinoline devivatives Tor their
biologieal  activity.,  which involves  intramolecular
hydrogen bond formation.
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TaBLe I
ANTIMICROBIAL.® ANTIFUNGAL, ANTIVIEAL, AND ANTIINFLAMMATORY AcTiviTY OF 8-HYDROXYQUINOLINE DERIVATIVES
Antiinflam-
—————— Miniinal inhibitory concentration (g/ml)— Embryonated eggs — LDs matory
T. menta- C. MTD? —Virueidal activity—  mg kg activity®
No. K. coli B. cubtilis M. pyogene~s S. pyogenes grophytes ulbicans umoles/egg A-PRS8 Vaceinia ip mg/ kg
1 40 80 80 0d 0 0 1.25 1¢ 0 >3000 f
2 b 40 160 0 160 0 20 >2 1 >3000 100
3 20 80 160 160 0 0 0.62 1 0 >3000
4 10 80 20 0 80 160 g >3000
b 20 20 20 160 0 0 5 3 0 >3000
6 5 20 40 0 80 0 3 >2 2 >3000 50
7 0 160 160 0 0 160 1.25 2 1 >3000
8 160 80 80 0 160 0 10 3 0 3000
9 80 10 20 160 40 80 1.25 2 2 1000
10 40 40 40 160 80 0 5 >3 0 >3000
11 80 80 80 80 40 160 b 2 0 >3000
12 160 20 20 0 80 0 2.5 >3 0 >3000
13 160 20 20 0 0 0 3 3 0 >3000
14 80 b} 10 160 160 40 1.25 2 0 >3000
15 160 80 80 160 20 160 b >3 0 >3000
16 0 160 160 160 0 0 1.25 0 0 500
17 0 160 160 160 0 0 10 >2 0 750 100
18 0 160 160 160 160 160 b} 1 0 240
19 0 80 80 80 0 160 10 >2 0 250 60
20 160 80 80 160 160 0 1.25 >2 1 1200
21 0 80 40 160 0 160 20 2 0 >3000 50
22 0 0 0 0 0 0 20 1 0 2000 100
23 0 0 0 0 0 0 20 3 0 3000 109
24 160 0 80 0 160 0 20 2 0 >3000 209
25 0 0 160 0 0 160 20 0 0 3000
26 0 Q 160 0 0 0 10 Q 1 3000 40
27 0 0 0 0 0 0 20 2 0 > 3000
28 0 0 0 0 0 0 20 >2 2 2400 100
29 0 0 0 0 0 80 20 1 0 1800 50

@ All compounds except 4, 6, 20, 21, 25, and 26 were inactive against Ps. aeruginosa (at 40, 160, 160, 40, 160, aud 80 ug,/ml, respec-

tively).

All compounds except 9, 15, 20, and 21 were inactive against P. vulgaris (at 80, 160, 160, and 40 ug/ml, respectively). All

compounds except 2. 4, 6, 18, 19, and 20 were inactive against M. tuberculosis (at 10, 10, 40, 80, 80, and 40 wug/ml, respectively).

> Maximal tolerated dose.
dicates no activity under 160 ug/ml.
/ No etfect. ¢ Toxic.

Experimental Section?

The phenylglyoxals were prepared by kuownu procedurest—:1
from acetophenones by SeQO. oxidation, from «,a-dichloroaceto-
phenones by treatment with NaOMe followed by acid hydrolysis,
and from a-ketotriphenylphosphazines by reaction with HNO,.

5-Amino-8-hydroxyquinoline 12 and 7-amino-8-hydroxy-
quinoline!* were prepared by known procedures. 7-Amino-8-
hydroxyquinoline-5-sulfonic acid was prepared by catalytical
hyvdrogenation of an aqueous solution of 7-benzolazo-8-hydroxy-
quinoline-3-sulfonic acid monosodium salt on 109, Pd-C at 5 atm.
This substance crystallized from aqueons dilute HCIL.

5-Chloro-7-amino-8-hydroxyquinoline.—To a suspeusion cof
5.6 g (0.02 mol) of 5-chloro-7-nitro-8-hydroxyguinoline in 50
ml of concentrated HCl was added 22.5 g (0.08 mol) of SuCl,-
H,0. A vigorous reaction took place and the temperature rose
to 110°.  The reaction mixture was left to cool down to room
temperature and the separated solid was collected. The salt

(5) DMelting points were uncorrected and were determined in open capil-
laries in an oil hatl.  Where analyses are indicated only by symbiols of the
elements, analytical resvlte obtained for those elements were within £0.49,
of the theoretical valves.

(6) 3. Steinbach and E. J. Beker, J. Amer. Chem. Soc., 76, 5808 (1954).

(7) L. Mauriand D. Nardi, Farmaco Eid, Prat., 18, 651 (1963).

(8) G. Cavallini, J. Med. Chem., T, 255 (1964).

(9) D.Nardi, A. Tajana, and E. Massarani, Ann. Chim., in press.

(10) B. D. Tiffany, J. B. Wright, R. B. Moffet, R. V. Heinzelman, R. E.
Strube, B. D. Aspergren, E. H. Lincoln, and J. L. White, J. Amer. Chem.
Soc., 79, 1682 (1957).

(11) H. J. Bestmann, O. Klein, L. Gathilieli, and H. Backschenwski,
Chem. Ber., 96, 2259 (1963).

(12) A.F. Helinand C. A, Vanderwerf, J. Ocg. Chem.. 17, 229 (1952).

(13) K. Matsumura, J. Amer. Chem. Suc., 49, 810 (1927},

¢ Dose which provoked a statistically significant diminnution of edema over 3 hr.

4 The number zero in-

¢ The numbers represent the differeiice between log EIDg; of control and log EIDy; of treated.

was treated with 409 aqueons NaOH, aud the separated base
was filtered, washed with 109, agneons NaOH and 109, aqueons
NH.(CY, dried, and crystallized from CesHe-ligroin. Attempts to
use this material, as isolated, for further reaction usually gave
impure products, but it could be purified by sublimation at 130°
(15 mm). The sublimate, washed with H.O, gave 3.1 g (779.),
mp 162-163° (lit.14)

We prepared this product also by catalytical hydrogenation of
d-chloro-7-nitro-8-hydroxyquinoline suspended in HCl (H.O-
MeOH) on 109 Pd-C at normal pressure  The hydrogenation
wus stopped when the theoretical amount of Hs was adsorbed.
If more H; was adsorbed, we obtained 7-amino-S-hydroxyquin-
oline.

Arylglyoxal \-7-Amino-5-substituted 8-Hydroxyquinoline
Hemiacetals, Method A.—To a solution, cooled to 10°, of
0.01 mol of e-ketoaldehyde in 60 ml of dioxane was first added,
under Ny, a solution of 0.01 mol of NaOAc in 30 ml of H,O, then
a solution cooled to 10° of 0.01 mol of 7-amino-8-hydroxyquino-
line-HCI in 30 ml of H,O. The mixture was stirred for 8 hr
at 10° under N.. The separated crystals were collected and
washed with Et,0 (see Table III). When the reaction was car-
ried out at 50-60°, a Schiff's base was isolated (see Table II).
If the reaction was carried out between 30 aud 50° a mixture of
N,0O-acetal and Schiff’s base was obtaiued.

Method B.—7-Amino-8-hydroxyqninoline-HCl (0.01 mol)
was dissolved in 100 ml of H,0), and the solution was made alka-
line with Na,C(); nnder N;. The base was extracted with Et,O
(three times with 150 ml). After drying on Na,SQ, and filter-
ing, a solution of 0.01 mol of a-keto aldehyde in 15 ml of dioxane
was added to the Et;O solution. The mixture was kept at

(14) K. Margumnra and M. lto, J. Org. Chem., 25, 853 (1960).
procedure we were not able to obtain constant yields.

By s
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Tavne 11

T-ARYLCLYOXILIDENAMINO-3¥-HYDLEOXYQUEINOLINES AND 5=-CHLORO=T=-ARYLGLY OXYLIDINN AMINO=S-11Y DRONYQL INOLIN S

i
Z
Sy | Ne==('1]—f 'UJQ»H
) ; —
Ol 1
R i R« Metliod My, TCH Yickl, e Formila®
I8! NO; 11 A 271 56 Ci:Hp N0,
I3 11 NO. A 270 S0 CdIN;0,
11 Cl Ii A 260262 CH,,CINSO.
11 il Cl A 268 W~ G Hy, CINGO,
11 NO. 1 A A S CrlTCINGO,
11 11 1l I3 280-251 (16N 0O-
1 N 11 (& 280 D0 Cy:HyCINGO,
1 11 NO., & 275 62 C): I, CIN, O,
Cl 1 11 C 270 35 CrHpCLNLO,
1 11 1 @ 200 H2 CyrHgClaN 0Oy
Cl NO; Cl & 284 51 Cy; HoCLN 0,
“ With decomposition.  # All componnds were analyzed for ¢ 1, N,

Tanne 111
ABYLGLYOXAL N-T-AMINO J-3UBSTITLTED S-HYDROXYQUINOLINE Hluarvcrr s

OH
No R R R 14
| 1l 1 NO. 1
2 1 I8 1 NO.
3 11 I Cl H
4 11 Il II 1
D 11 H NOa 1
G I If H CyH,
7 Cl 11 NO. 11
S (@3 H 3! NO:
0 1 1 11 if
10 Cl 1 Cl 11
11 1 1 11 1
12 1 11 NO, 1
13 1 Cl 11 NO.
14 1 11 OCH; 11
15 1 11 11 Cells
5 =0,H 11 11 11
17 SO ff 1 N
IN SO,1 11 11 O,
19 NO,1 11 11 SCH,
20 =0, H 11 11 Gyl

* All compounds were analyzed for C, 11, N.
reaction was carried out at 25°.
was used. ¢ Reaction time, 4 hr. * Digxane (60 ml) was used.
20--25° for 40 hr, and the separate crystals were collected and
washed with Et,0) (see Table [11).

Method C.---I,0) (60 ml) wax added ta a solution of 0.01 ol
ol 3-chloro-T-amino-8-hydroxyquinoline and 0.01 mol of -
keto aldehyde in 60 ml of dioxane, and the mixture was kept at
20-25° for 24 hir. Then the separated crystals were collected
and washed with 15.0 (see Table ITI). When the reaction wus
carried ont at 50-60° in aphydrons dioxave the Schiff’s base was
ohtained (see Tuble 11).

2-Chlorophenylglyoxal V-7-Amino-5-chloro-8-hydroxyquinoline
Hemiacetal. Method D.—1'0 a solution of 1.68 g (0.01 mol)
ol 2-chlorophenyiglyoxal in 15 ml of DMP at 10°, a solution
cooled to 10° of 1.94 g (0.01 mol) of 5-chloro-7-amino-S-lydroxy-
quboline in 15 ml of DMF and 60 ml of H.0O were added.  After

(e

Nl—C1-—C0

OH

A

& Donble amonuny of solvent was used.
¢ The reactinn was carried ot at 10° for 8 hr in 120 ml of dioxane aud 40 ml of H.0.
enled, 74.58;

Vi

Kooon
Tertual Mp O Yielkd, Formuata™
A 200 1lee 47 (,‘;;11)3‘:\:;}( ),.
AB 180 dee 8K CieH N0
A 205 dec a2 CriH i CINGO,
AB 185 dee 0 ()-H,,CIN ;4
Ar 21N 47 (:]71{]:(;11\-;,(",
A, 134 145 5l ClayHisNaQy!
Cr 175 G2 Cy:HCINGO),
( 206 dev 06 Cp11:CIN,O-
3] 127 dee 77 ;1 CLN O,
( 173 dee N0 ;1 1CLNLO,
( 16 dee w CrrHRpCINLO;
( 2l N (+11,,CLN,0.,
& 155 dee tt} Cy7 11, CLN, 0O,
¢ 4N dec ™ CH,.CINLO,
(v 150 9u ColT,;CINLO;
12 200261 6N Cyrl1N20:8- 2110
I Rt 0 CraH N0 - 3110
1 2T 40 ( 'r;:yHH:\:g():-"
12 20t dec a7 Cal TN OS,- 11,0
I 242 o CouHuNaOeS - 11,0

= The reaction was carried out for 24 hr. “ The
1.0 (40 mis
fonnd, 735,98,

standivg for & hr, the separated crystals were collected wnd
washed with H.) (xee Table I11).

Phenylglyoxal N-7-Amino-5-sulfo-8-hydroxyquinoline Hemi-
acetals. Method E. “T'o a solution of 0.01 mol of 7-amino-%-
hydroxyquiboline-3-snlfonic acid and of .02 mol of NaOAc i
G0 ml of H,0, 0.01 mol of «-kelo aldehyde dissolved in 30 ml
of dioxane was sdded apd the mixture was kept at 20-25° for
4 1. After filtering with chareoal, the solution was acidified
with 201l of 1 NV 11CL After cooling, the crystals were colleeted
and washed with 1510 1see Tahle I11).

5-Phenylglyoxylidenamino-8-hydroxyquinolines. Method F.
--To a solution cooled to 10°, of 0.01 mol of 3-aminoe-8-hydroxy-
quinoline - 2ICT iu 25 ml of Hy0, a solution of 0.02 mol of NaOAc
v 25 wl of H.0 was added.  To this sclution was added a sobi-
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PoTENTIAL ANTIMALARIALS., IV

tion cooled to 10° of 0.01 mol of a-keto aldehyde in 50 m} of
dioxane. The mixture was stirred at 10° for 4 hr and the sep-
arated erystals were collected and crystallized (see Table IV).

Pharmacological Methods.—For all tests NMRI albino mice
(18-20 g) and Wistar albino rats (200-250 g) were used.

Acute Toxieity.—LDjs; values were determined in mice intra-
peritoneally, and the mortality over 48 hr was recorded. The
animals were also observed for behavior and objective symptoms
according to the Irwin scheme.'®

Other Tests.—All compounds were screened also for their
antispasmodic activity ¢n vitro following the methods described
by Setnikar and Tirone,* and for their coronary vasodilatator
activity on the isolated rabbit heart following the method of
Setunikar, et al. ¥

Antimicrobial and antifungal activity in vitro, peritonitis with
E. ¢oli 100 in mice, antiviral activity, anticonvulsant activity,
and antiinflammatory activity were determined according to
the methods previously described '8

Infection with M. tuberculosis.—A group of 25 female mice
(16-18 g) was challenged intravenously with 0.2 ml of a suspen-
sion of M. tuberculosis murium SG 851 Vole strain, in buffered
saline solution at pH 7.2 containing 10 LDg; (lethal dose 95 calcu-

(15) This scheme was discussed informally by S, Irwin at a Gordon Re-
search Conference, New London, N. H., 1939,

(16) 1. Setnikar and P. Tirone, Arzneimittel-Forsch., 16, 1146 (1966).

(17) 1. Setnikar, W. Murmann, and M. T. Ravasi, Arch. Intern. Phurma-
codyn., 181, 187 (1961).

(18) E. Massarani, D. Nardi, L. Degen, and M. J, Magistretti, J. Med.
Chem., 9, 617 (1966).
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TasLe IV
5-ARYLGLYOXYLIDENAMINO-8-HYDROXYQUINOLINES
’=CHCOQ
& R
N
OH
Recrystn Yield,

No. R solvent® Mp, °C 7 Formitla®

21 H A 158 47 C:Hi2N:0,

22 p-N02 D 234 36 C”H11N304

23 p-Cl A 188 71 C:H,;,CIN,Oq
24 m-Cl 175 87 CnHuClN202
25 p-CH; A 160 49 CsH:N-2O,

26 p-OCHs A 159 79 ClgH14N203

27 p-OCeH:, A 142 5-.-) C23H16N~203

28 p-SCSHa A 161 65 ngHlsNZOjS

29 p-CeHs A 178 58 Ca23H1eN:02

2 A = EtOAc, D = dioxane. ¢ All compounds were analyzed

for C,H, N.

lated at day 40) The infected mice and control groups of 10
mice were treated subcutaneously 1 day after infection and daily
for 40 days with a suspension 109, arabic gum of 0.4 mmol/kg
per 10 ml of the compound. The iicrease in weight and mortality
of the animals was recorded.

V.2

Potential Antimalarials.

Quinoline-a,a-dialkylmethanols

J. B. Womumack, Jr.,® axp D. E. Prarsoxt

Department of Chemistry, Vanderbilt University, Nashville, Tennessee,

37203

Receiwed September 11, 1969

Quinoline-a,a-dialkylmethanols, tertiary alcohols, QC(R)(OH)(CH:),NR’, have been made to compare

their antimalarial activity with the corresponding secondary a-alkylmethanols, QCHOH(CH;),NR’..

Feasible

routes for their synthesis are described: a mixed Claisen route for compounds where n is 3 or greater and an

epoxidation route for compounds where n = 1.

All quinoline-a,a-dialkylmethancls synthesized herein have

greatly reduced antimalarial activity compared with the corresponding secondary alcohols and, in the 2-aryl-4-
quinoline-a,e-dialkylmethanol family, retain their high phototoxicity.

Very few quinoline-e,a-dialkylmethanols have been
made?¢ and none has been compared rigorously with the
highly active secondary quinoline-a-alkylmethanols.
Model compounds were synthesized first to explore
Grignard routes to quinoline-a, a-dialkylmethanols (see
Table I and Experimental Section). They were not
expected to have, nor did they have, antimalarial ac-
tivity. More suitable quinoline-a,a-dialkylmethanols
were then synthesized by the mixed Claisen route (see
below) which served well to make the intermediate ke-
tones (see Table II) as long as n was 3 or greater for rea-
sons that the amino ketones with smaller chains (n = 1
or 2) were less stable under conditions of condensation.

(1) Paper I: D. E. Pearson and J. C. Craig, J. Med., Chem., 10, 737
(1967). Paper II: J. C. Craig and D. E. Pearson, J. Heterocyel. Chem.. §,
631 (1968). Paper I1I: J. B. Wommack, T. G. Barbee, Jr., D. J. Thoennes,
M. A. McDonald, and D. E. Pearson. J. Heterocycl. Chem., 6, 243 (1969).

(2) Contribution No. 712 to the Army Research Program on Malaria.
We are indebted to the U.S. Army Medical Research and Development
Command for Grant DA-49-193-MD-2752 in support of this program.

(3) Taken from the Ph.D. thesis of J. B. W., Vanderbilt University. 1968,
‘“The Synthesis of Quinoline Tertiary Alcohols of Antimalarial Potential,"”
University Microfilms Order No. 68-18003, Ann Arbor, Micl.

(4) To whom correspondence should be addressed.

(5) K. Feist, W. Awe, and M. Kuklinski, Arch Pharm., 276, 420 (1938).

(6) R. B. Woodward, N. L. Wendler, and F. J. Brotschy J, Amer. Chem.
Soc.. 67, 1425 (1945).

The excellence of this route for aminoketones with
n = 3 was ascribed to the more powerful catalyst used
(KO-t-CHy) and the very slow addition of the amino
ester (to prevent self-condensation). Surprisingly,

1. KO-t-CiHs
QCO.CH; + (CH;)N (CH2),C0.C-H; —_H—O—__—>
2. 30+

QCO(CH,),N(CH;): + CO; + C:H;0H

, R

1. RLi |

L—————> QCOH(CH.),N(CHz)
2. Hs0-

Grignard reagents would not add to these ketones,
but alkyllithiums did (see Table III and Experi-
mental Section). The antimalarial activity of com-
pounds in Table ITT was quite low, the best having an
increased survival time of only 1.8 days at 640 mg/kg.
With the exception of methylquinine and dihydro-
quinine, a true comparison with the best of the highly
active quinoline-sec-methanols had not been made (C
side chains were too long, n = 3). Another route had
to be devised to obtain shorter side chains (n = 1),
a necessity which resulted in the development of the
epoxidation route:



