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All compounds except 4, 6, 20, 21, 25, aiid 26 were inactive against Ps. aeruginosa (at 40, 160, 160, 40, 160, and 80 pg, ml, respec- 
tively). All compounds except 9, 15, 20, and 21 were inactive against P .  oulgaris (at 80, 160, 160, and 40 pglml, respectively). All 
compounds except 2. 4, 6, 18, 19, and 20 were inactive against 31. tuberculosis (at  10, 10, 40, 80, 80, and 40 pgfml, respectively). 
b ;\laxima1 t,olerated dose. Dose which provoked a statistically significant diminution of edema over 3 hr. d The iiumber zero in- 
dicates no activity under 160 pg;'ml. a The numbers represent the difference between log EIDoj  of control aiid log EIDBj of treated. 
J S o  effect. 0 Toxic. 

Experimental Section; 
The pheiiylglyoxals were prepared by knowii procedures6--" 

from acetophenones by Se02 oxidation, from a,a-dichloroaceto- 
phenories by treatment with XaOlIe followed by acid hydrolysis, 
and from a-ketotripheriylphosphazinea by reaction wit,h " 0 2 .  

5-Amino-8-hydroxyquinoline~~ and 7-amino-8-hydroxy- 
quinoline13 were prepared by known procedures. 7-Amino-8- 
hydroxyquirioliiie-5-sulfoiiic acid was prepared by catalytical 
hydrogenation of an aqueous solutioii of 7-benzolazo-8-hydroxy- 
quirioliiie-3-sulfoiiic acid monosodium salt on 10% Pd-C at, 5 at,m. 
This substarice crystallized from aqueoiis dilute HC1. 
5-Chloro-7-amino-8-hydroxyquinoline.-To a suspeii;;ioii c,f 

5.6 g (0.02 mol) of 5-chloro-i-riitro-8-hydloxyqiiiiioliiie in 50 
ml of concentrated HC1 was added 22.5 g (0.08 mol) of SiiCl?. 
H20. A vigorous reaction took place and the temperature rose 
to 110'. The reaction mixture T w s  left to cool down t,o room 
temperature aiid the separated solid was collected. The salt 

(51 RIelting points vere uncorrected and irere determined in open capil- 
laries in an  oil Ijath. Wiere  analyses are indicated only 11s. symhols of the 
elements. analytical results ohtained for those elements were ivithin =t0.4Y0 
of the theoretical \.aloes. 

(6) S .  Steinliach and E. J. Beker, J .  d m e r .  Chem. Soc., 7 6 ,  5808 (19%). 
( T I  L. .\Iauri and D. Nardi, Fnrmaco Ed. Prut., 18, 651 (1963). 
(8) G. Cavallini, J .  -%fed. C h e m . , 7 ,  255 (1964). 
(9) D. S a r d i ,  A. Tajana, and E. Massarani. 4 n n .  C k i m . ,  in press. 
(10) 13. D. Tiffany, J. B. Xr ight ,  R. B. J lof fe t ,  R. V. Heinzelman, R. E. 

Struhe, U. D. .ispergren, E. H. Lincoln, and J. L. White,  J .  Amer.  Chem. 
Soc. .79,  1682 (1957). 

(111 H. J. 13estmann. 0. Klein, L. Gutlilicli, and €3. Ruckschen\vski, 
Chem. Ber. ,  96, 225'9 (1Y63). 

(12) .\. F. Hel inandC.  .\. l 'anderwerf, J .  O r g .  C h e m . ,  17, 22Y (1952). 
(13) li. l l a t sumura ,  .I. d m e r .  Chrm.  Sue,, 49, 810 (lY2T:. 

was treated with 40:; aqueous SaOH, aiid the yeparated base 
xas  filtered, washed with 10% aqueous SaOH and 10% aqueoiis 
SHdC1, dried, and crystallized from C&-ligroiii. Attempts to 
use this material, as isolated, for further reaction usually gave 
impure products, but it could be purified by sublimation at 130" 
(1-5 mm). The sublimate, washed with H20, gave 3.1 g (77'5), 
mp 162-163' (lit,.14) 

R e  prepared this product also by catalytical hydrogenatioii of 
~j-chloro-7-nitro-x-hydroxyquiiiolirie suspended iii HC1 (HjO- 
NeOH) oil 107; Pd-C at normal p lire The hydrogenation 
was stopped when the theoretical amount of H2 w-as adsorbed. 
If more Hn was adsorbed, we obtained 7-amino-8-hydroxyyuiii- 
oliiie. 

Arylglyoxal .\'-7-Amino-5-substituted 8-Hydroxyquinoline 
Hemiacetals. Method A.-To a solution, cooled to lo", of 
0.01 mol of a-ketoaldehyde iii 60 ml of dioxaiie was first added, 
under X2, a solution of 0.01 mol of XaOAc i n  30 ml of HsO, then 
a soliltion cooled to  10" of 0.01 mol of 7-amiiio-8-hydroxyquiiio- 
line.HC1 in 30 ml of H2O. The mixture was stirred for 8 hr 
a t  10" wider S2. The separated crystals were collected and 
n-ashed with EtpO (see Table 111). Xhen the reaction was car- 
ried oiit at 50-BO", a Schiff's base was isolated (see Table 11). 
If the reaction was carried oiit betxveen 30 aiid 50' a mixtiire of 
,V,O-acetal and Schiff's base was obtained. 

Method B.-7-Amino-8-hydioxyqiii~ioli1ie~HCl (0.01 mul) 
was dissolved iii 100 ml of H20 ,  aiid the solution was made alka- 
line with Na2C03 iuider S2.  The base was extracted with Et20 
(three time,< with 150 ml). ilfter drying 011 Sa2SOa and filter- 
ing, a solution of 0.01 mol of a-keto aldehyde in 15 ml of dioxane 
was added to the EtyO sohitioil. The mixtiire n-as kept at 

(14) E;. .\Iatrurnrira and AI. It", J .  O r y .  C h t m . .  25, 8 5 3  (1Y60). 13y tliib 
urocedure n e  \rere not aljle t u  olitain cunctant yields. 
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tion cooled to 10' of 0.01 mol of a-keto aldehyde in 50 ml of 
dioxane. The mixture was stirred at 10' for 4 hr and the sep- 
arated crystals were collected arid crystallized (see Table IV). 

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

Acute Toxicity.-LDbo values viere 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 in vitro following the methods described 
by Setnikar and Tirone, l6 and for their coronary vasodilatator 
activity 011 the isolated rabbit heart following the method of 
Setnikar, el al." 

Antimicrobial and antifungal activity in vitro, peritonitis with 
E.  coli 100 in mice, antiviral activity, anticonvulsant activity, 
and antiinflammatory activity were determined according to 
t,he methods previously described 

Infection with M .  tuberculosis.-A group of 25 female mice 
(16-1s g )  was challeriged intravenously with 0.2 ml of a susperi- 
sion of ;If. tribcrc~tlosis muriunz SC, 861 Vole straiii, i n  buffered 
saline soliition at, pH 7.2 mtit,aiiiitig 10 Ll)e: (lethal dose 93 calcu- 

(15) This scheme was discussed informally b y  S. Irwin a t  a Gordon Re- 

(16) I. Setnikar and P. Tirone, Arrneimittel-Forsch., 16, 1146 (1966). 
(17)  I. Setnikar, W. hlurmann, and M. T. Ravasi, Arch. Intern. Pharma- 

(18) E. Massarani, D. Kardi, L. Degen. and 11. J. blagistretti, J .  M e d .  

search Conference, Kew London, N.  H., 1959. 

coifyn., 131, 187 (1961). 

Chem., 9, 617 (1966). 
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TABLE IV 
~-ARYLGLYOXYLIDEN.~~~INO-8-HYDROXYQ~I:INOLINES 

OH 
Recrystn Yield. 

R solvent" RIP, " C  % 
H A 138 47 
p-NO2 D 234 56 
p-c1 A 188 71 
m-C1 175 87 

A 160 49 p-CH3 
p-OCH3 A 1.i9 79 
p-OC6H; A 142 5.5 
p-SC6Hj A 161 65 
p-CeHs A 178 58 

\ 

R 

a A = EtOAc, D = dioxane. * All compounds were analyzed 
for C, H, N. 

lated a t  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 10% arabic gum of 0.4 mmoljkg 
per 10 ml of the compound. The increase in weight and mortality 
of the animals was recorded. 

Potential Antimalarials. 1V.l~' Quinoline-a,a-dialkylmethanols 
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Department of Chcmisfry, Vanderbilt  l n i v e r s i t y ,  Nashville, Tennessee, 57203 
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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(CH2),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-dialkylmethanols synthesized herein have 
greatly reduced antimalarial activity compared with the correbponding secondary alcohols and, in the 2-aryl-4- 
quinoline-a,a-dialkylmethanol family, retain their high phototoxicity. 

Very few quinoline-a, a-dialkylmethanols have been 
made5>'j and none has been compared rigorously with the 
highly active secondary quinoline-a-alkylmethanols. 
Model compounds were synthesized first t o  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 11) as long as n was 3 or greater for rea- 
sons that the amino ketones with smaller chains (n = l 
or 2) mere less stable under conditions of condensation. 

(1) Paper I :  D. E. Pearson and  J. C. Craig. J. M e d .  Chem.,  10, 737 
(1967). Paper 11: J. C. Craig and  D.  E. Pearson, J .  Heterocycl. Ctiem., 6 ,  
631 (1968). Paper 111: J. B. Wommack, T. G .  Barbee, Jr., D. J. Thoennes, 
M. A .  McDonald, and  D.  E. Pearson, J .  Heterocycl.  C h e m . ,  6, 243 (1969). 

(2) Contribution No. 712 t o  the  Army Research Program on Malaria. 
\Ye are indebted t o  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. TI'., Vanderbilt University, 1968, 
"The Synthesis of Quinoline Tertiary Alcohols of Antimalarial Potential," 
University Microfilms Order KO. 68-18003, Ann Arbor, MicIi. 

(4) T o  whom correspondence should be addressed. 
(5) K. Feist, W. Awe. and &I. Kuklinski, Arch  Pharm., 2T6,  420 (1938). 
(6) R. 13. Woodward, N. L. Wendler, and F. J. Brutschy J. A m e r .  C h e m .  

Soc., 67, 1425 (1945). 

The excellence of this route for aminoketones with 
n 2 3 was ascribed to the more powerful catalyst used 
(I<O-t-C4H9) and the very slow addition of the amino 
ester (to prevent self-condensation). Surprisingly, 

Grignard reagents would not add to these ketones, 
but alkyllithiums did (see Table 111 and Experi- 
mental Section). The antimalarial activity of com- 
pounds in Table I11 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-see-methanols had not been made (C 
side chains were too long, n I 3).  Another route had 
to be devised to obtain shorter side chains (n = I) ,  
a necessity which resulted in the development of the 
epoxidation route: 


