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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. 
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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. 
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M. A .  McDonald, and  D.  E. Pearson, J .  Heterocycl.  C h e m . ,  6, 243 (1969). 
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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: 



T \ l t l . l  1 Experimental Section 

mooth but re-tricted in the hrit  itep to tie- 
h \  dr:Ltioii of tertiary alcohol- (secondary alcohols gave 
\idc-products including thc sum-ether). The quinolinc- 
cu,a-dinlkylmetli:iriol~ are Yhon 11 in Table IT' and, in 
compariioii with :L kiiown, highly active quinolirie-wc- 
methanol, haye greatly reduced antima1ari:il activitj 
(ca. 0.04 times the activity of the corresponding yuirio- 
line-wc-methanol). d coniparable loss of activity i y  

iouiid i r i  the  quinine berieb where methylquinine a i d  

methyldihydrorluiniiie are compared with quinine :iricl 
tlihydroc~uiriine, reqpectivclv (-e? Tnblc 111). 



TABLE 111 
QUINOLIN e-4-a,a-DI.~LI(YLMETHANOLS 

8R 

R 2R 6R 7R 8R n yield hlp, oc (mp,  "c)  
70 Derivative Relative 

activity" 

CH3 CsHj H H 1% 3 71 127-129 0 . 1  
CH3 CH3b CHaO H K 3 31 Oil HC1 (240-242) 0 . 5 
CH3 p-CsH?Cl H C1 CHI 3 52 146-148 0 . 8  
CH2= CH CsH5 rf H H 3 64 110-11 1 0.5. 
CHI C6H5 H H H 3 9 113.5-1 1.5 Dipicrate (163.3- 0 . 2  

165) 
Hd CsH:, H H H 3 8S Oil Di(HC1.HpO) 0.2 

RIet,hylquinirie hydratee 20 102-112 decf O.0Q 
Llethyldihydroquinine dihydmte 61 106-116 dec 0 .0  

(222-224) 

P. b(2)ghi.i relative activit,y: the 4th compound in Table IV was arbitrarily given a relative activity rating = 100. It' showed 
AhIST (mean survival t,ime i n  days increased over that of controls) of 11.5 days a t  10 mg/kg dose). Other relative activities were 
calculat'ed from the formula 100 x AMST,/ll.5 x l0/dose on the assumption that relative activity is linearly related to AMST and 
linearly inversely related to dose, an estimate that is bett,er a t  the lower dose levels. * AIeLi added to the 2 positmioil as well as t,o the 
C=O group. d A sec-quinolinemet,hanol made from ketone by r edudon  with NaBH4 in EtOH-dioxane. Toxic at, 160 mg/kg. 

CH 

e ;\Iethylqriinine: C H = C H ~  Q = 6-methoxy-4-quinolyl; methyldihydroquiriine has an Et, rat,her than a vinyl group. 
0 H 

f Lit.6 mp 10.7-112" dec; AMST = 0.1 day. Q Quinine relative activity = 1, that of dihydroquiriine = 3. 

TABLE IV 
~ - ( ~ - C H L O R O P H E N Y L - ~ - ( D T . \ L K Y L . ~ M I N O ~ ~ ~ T H Y L ) - ~ , ~ , ~ U - T R ~ M I . ~ T H Y L - ~ - Q U I N O L I " : R . I I ~ T H . I N O L S  . i S D  ST.\ND.\RD 

R' 
I 

HOFCHJ'JR? 

Dose Relative 
R'  R2 cy  c Lield : M p ,  oc ( m d k d  AMST" activity 

CH3 C4Ho 42 Oi1b.c 160 1 . 8  4 
640 6.0 2 

CHI CHI 68 151-132 640 0.4 0 
CHs (CHz): 64 119-120.P 640 0 . 8  0 
H CaH9 (gift, used as C 10 11.5 100 

a standard) 
Lleari survival time in days of mice in P. bwghei tept [T. S. Osdene, P .  B. Russel, and L. Rane, J .  M e d .  Chcm., 10, 431 (1967)] : 

LIST of control mice (6 days). Dihydrochloride mp 167-169". Phototoxic at 30 mg/kg. Highly phototoxic at 300 mg 'kg. 

solid, mp 120-121°:11 product: bp 78-79' (25 mm); n z 6 ~  
1.4213; 40%; lit.1Z 

Typical Mixed Claisen Reaction. 7-Chloro-2-( 4-chloropheny1)- 
4-(~-dimethylaminobutyryl)-8-methylquino~ine.-~~Iethyl 7-chlo- 
ro-2-(4-chlorophenyl)-8-methyl-4-qi1inolinecarboxylate (0.028 
1nul) and 0.056 mol of commercial KO-t-Bu in 200 ml of CsH6 
were stirred under anhydrous conditions a t  80" 0.028 mol of 
ethyl -,-dimethylaminobutyrate in 50 ml of C6Hs was added in 6 
hr from a Kont,es constant dropping funnel, the mixture refluxed 
an addit.ioria1 25 hr and cooled, and 11.5 ml of concentrated HC1 
and 20 ml of HpO were added. CsH6 was removed by distillation, 
50 ml of dioxane was added, and mixture was refluxed for 21 hr. 
It was made basic, extracted with CHCI,, dried, and concentrated. 
The product is described in Table I1 together with other ketones 
but the nmr spectrum which is typical is given here: 8 8.2-7.5 
(m, 8, aromatic H) ,  3.1 (t, 2, COCHZ), 2.85 (s, 3, aromatic CHI), 
1.5-2.2 [m, 8, (CHI)&CH,]. 

Conversion of Ketones into Quinoline-a,a-dialky1methanols.- 
One typical example is described and all are listed in Table 111. 

a-( r-Dimethylaminopropy1)-~-methyl-2-phenyl-4-quinoline- 
methanol.-MeLi (50 ml, 2.76 M) in EtzO was stirred under N2 
while 0.0126 mol of 4-(~-dimethylaminobutyryl)-2-phenyl- 
quinoline in 50 ml of C6Hs was added in 45 min and the mixture 
refluxed 6 hr. It was poured on to cracked ice and SHaC1, 
Et20 extracted, and the ether evaporated: product: from 
hexane, fine needles; 3 g ;  71y0'0; mp 127-129". 

Methylquinine and Methy1dihydroquinine.-Quinine and dihy- 
droquinine were oxidized to quininone and dihydroqiiiriitioiie, 
respectively, by a modified procedure of Warrihoff.13 Quiiiine 
(0.046 mol), 0.25 mol of fluorenone, and 0.15 mol of KO-t-Bu 
in 300 ml of CBHG under NZ were held at 25" for 4 days, at 
which time an additional 0.12 mol of fluorenone was added, 
and the mixture was allowed to stand 2 days more. I t  then 

(11) S. M. McElvain and .J.  F. Voiaa, .I. Amer. Chem. ,5'or., 71, 846 (1440). 
(12) M. Olomiirki, A n n .  Cliim. (Parin). 5, 845 (1960). 

(13) E. W. Warnhoff and I'. R~.!.nolds-\l'nmhoff, . I .  Or0 Chem.,  28, 1431 
(l!lfi3). 




