
function by forming a K complex with :t recrptor *it(>. 
Ilcwntly. Pried1* h:is s1ion.n along tEirsr lines that 
frisidica :usid :mI ro1:ttc~l htvroi(1:tl tlcriv:ttivc~.. \vliic*li 

ti;tv(> mt ih:wfcri:tl wtivity, rcyiiirc. : i t I (>:  
site (.lo*(> t o  an oxygcw function o r  Io t hc sp? c.lcrtrori* 
of a double bond. 

The aldehyde group was found to he cshential for 
imxinium wtivity. Rcplaccmcwt of the c-arbonyl t)y 
:i h i n d ;  hydrazorir derivative r e d t c d  i i i  (~oriipoiiiid~ 
\rhich *till had relatively ~m:111, miriinium inhibitory 
c*oiicw~tratious against b'. albus. 'l'he hychzonc (10) 
:tnd thioucniic:irbazoii(~ (3) derivative.; had about half 

( ' h r m  , 8, 279 (1463) 
(18) I. I rird. G.  I\, 1ir.ihoner I 1  Kownthn l ,  and I T  ILiwli, J Ifcd 
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-4nticoccidial Activity in a Series of 
Alkyl 6,7-Dialkoxy-4-hydroxy-3-quinolinecarbox~lates 

Our interest iri the synthesis and biolog i d  evalua- 
tion of quinoline compounds1 led to th e screening of 
these compounds for aiitic.oc.cidia1 properties. Several 
6.7-dialkoxy-4-hydroxy-3-quinolinecar boxylates:. which 
are useful intcrmrdiates in t he  synthesis of many 
typcs of 4-substituted quinolincs, were found to possess 
tieqirable :wtivit y. .Iccordingl y, a more extensive 
program was initiated to study the effect of certain 
itrurtural changes or1 the :t~itic~~ccitli:il activity of 
this type of quinolirie compound. 

Chemistry.--Most of the compounds in Table I 
\ Y e w  prcpared by known The appropri- 
:itely rubqtituted 1,2-dialkoxybenzenes were obtained 
by alkylation of catechol with alkyl halideq or alkyl 
iu1fatc.q in ethanol or dimethylformaniide in  the pres- 
( ~ r i ( ~ >  of :i base qwh as .;odium methoxide, <odium hy- 
clroxidc.. or potassium carbonate. Kitration of the 
vthers with dilute nitric acid readily produced the 1,2- 
clinlkoxy-4-nitrobenzenes which were then reduced 
c~nt:ilytic*ally. The sub-tituted anilines were coti- 
e l ( ~ n ~ r ( 1  with tli ethyl et hoxyniethylenemalonat e or 
tliinctliyl methoxymethylenemalonate, and cycliza- 
t ion of the :~nilinomethyl~~nemalonic esters was effected 
i l l  h i l ing 1)owtherni L4m after the procedure of Price, 
r.1 nl. ,?'l to give the  4-hydroxp-,3-quinolinecarhoxylates. 

, I \ fa1 I < .  I<. I3ickerton. K .  1'. Ilailey, \T. T. Rockliold, and K .  13. l%iiller, 
.I. I J h a r ? n u r o l .  h'xpt l .  Therap. ,  144, 218 (1964): (1)) G. R. Pet i t t  and  A. 13. 
Nrill. Can.  . I .  (:hem., 42, I764 (1964): 

(b) R. G. Goiilrl 
ani1 I V .  .\..Jacobs, . J .  .4m. Cheni. Soc.. 61, 2890 (1939); ( c )  €3. Riegel, G. K. 
Iaririin, I { .  IT. .\delson, R .  I. .Jackson. C. J. .llbisetti, Jr . .  R. A I .  Dodson, anti 
I t ,  11. I3akrr. .I. Am. ChPm. Soc.,  68, 1264 (1946); (d) C. C .  l'ricp a n d  R. 11. 
l<ul ,er ts ,  &id., 68, 1201 (1946). 

\ rommercial heat-transfer l iqli i i l ,  r r l i i ch  is a eiibectic of 26.5% bi- 
l ~ l ~ c ~ i i y l  : , r i d  i 3 .5%,  <liphrnyl ~ t l i i ' r  

( e )  British Pa ten t  942,524 (1963). 
2)  l a )  \ I .  Conrad and  L. Limpach, Ber.. 20, 944 ( 1 8 8 i ) ;  

( 3 )  

Ester- othcr t h i  ethyl 01' methyl \\err prrparcd 
by two gencral protdurc+. The  methyl or (11 hyl 
quiiiolinecarbosyltttes were cither heated with iht .  
appropriatt. nlcohol in the presence of p-tolucnc.siilfoiii(* 
:wid or ~vrrc '  huponified and treated with thionyl chlo- 
ridci and t h m  with the appropriate alcohol. 

Coinpouiiclh 4 and 13 (Table I) n-erc. prcpirctl tiy 
:tcc~tylation of t hc correspontling hydroxy dwivut h 
FT ith a mixture of :wetic anhydride ant1 sodium w c ~ t a t ~ .  

Biological Methods and Results.---White Rock 
C'ros.; chicks (Cobb's strain) 7-14 days of age ~-(wt 

u d  in the :tnt icoccidial evnluationq. rI'licl chick< 
w r e  maintained i n  wire-floored 1)atterp c2agch. 20 
cxhickq cage. equipped with ont-ide feeder\ and 
waterer.;. 
.In oprii forniula, custom mix, chick starter i n :~s l~  

romposed of iintural feedstuffs :tnd wppleineritcti 
with mincralc, arid vitamins but containing no o t h c ~  fcrtl 
additiws m ~ s  u i r t l  :i\ the b a i d  ration. The. corn- 
pouiids under teht n-ere mixed in desired anmint- wit 11 
6.8 kg of mash. The mixing was done i n  a \t:tiiile,> 
steel 1 win-shell mixer. The medicated feeds w t w  
placed in the feeding troughs immediately aftw the 
inoculation of the c.liirl\-s with sporulatrd oocy 
Eimeria fenella. 

The chick3 u P ~ C  iiioculated by gavagr \vi th :I 1 -nil 
t ubercrilin syringe. The inoculum was st:ind:trdiz(v1 
t o provide 2e50,000 sporulated oorysts suspended i i r  

1 nil of 0.'7T,ph carboxynietliylcellulosc. The tc-th 

\I rrc terminated 10 dnyi after inoc~ulation. 
Iri all esperinwnts, two groups (20 chir1;s 'group) of 

no nmedic:tt r t  I ,  in or1 i h t  rt l  chi cl;. n PI-(' rn:tiiit ai ncd f'( 11' 

l'f)Il t rol .. 
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NO." 

1 CH3 
2 C?Hj  
3 C2Hj 
4' C2Hj 
5 CzHj 
6 C2Hj 
7 CzHj 
8 CzHj 
9 C3H7 

10 C3H7 
11 C3H7 
12 CH(CHI)? 
13' CH(CH3)z 
14 CH(CH3)z 
15 CH(CH3)2 
16 CH(CH3)2 
17 CH(CII3)z 
18 C4Hs 

R 

AKTICOCCIDIAL ALKYL 6,7-DIALKoXY-~-HYDROXY-3-QUINOLISECARROXYLA1'ES 

TABLE I 
AALICYL 6,7-DI.\LKOXY-4-HYDROXY-3-QCIKOLIXECARB~XYL \TES 

Y C a l c d ,  %--- -Found, %-- 
R' Mp, OCC Formula C "  C H X  

CzHj 272-273d . . .  . . .  . . .  . . .  . . .  . . . . . .  
CH3 277-278 CijH17N05 61.85 5.88 4.81 61.73 5.96 4.95 
C2H5 285-286 Cl6HI9NO5 62.94 6.27 4.59 62.79 6.36 4.57 
C2Hj 168-170 CiaHziX06 62.24 6.10 4.03 62.19 6.08 4.05 
C3H7 261-264 Ci,H2iXOe 63.93 6.63 4.39 63.85 6.45 4.38 
CH(CH3)2 254-256 Ci7HnNOj 63.93 6.63 4.39 63.78 6..59 4.54 
C,H&H=CH2 255-257 Ci7HiyNOj 64.34 6.04 4.41 64.10 6.12 4.48 
CHzCH(CH3)2 262-265 CisHyaXOj 64.85 6.95 4.20 64.97 6.94 4.41 
CH3 262-264 C17H21?1TOj 63.93 6,63 4.39 63.87 6.64 4.49 
CzH, 271-273 C I ~ H ? ~ X O ~  64.85 6.95 4.20 64.70 6.80 4.41 
CH(CHa)? 244-246 CigH2jXOj 65.69 7.25 4.03 65.65 7.20 4.11 
CH3 255-257 CI,H,iTu'Oj 63.93 6.63 4.39 64.03 6.52 4.53 
C,H3 103-10.5 CigH?3N06 63.14 6.42 3.88 63.03 6.44 4.00 
CZHj 234-235 C ~ & ~ N O B  64.85 6.95 4.20 64.53 6.94 4.37 
C3H7 233-236 ClgH,,NOj 65.69 7.25 4.03 65.76 7.30 3 . i 9  
CH(CH3)2 222-225 CigH2jNOj 65.69 7.25 4.03 65.39 7.24 3.90 
CH2CH=CH? 238-240 CigH23NOj 66.07 6.71 4.06 66.02 6.66 4.12 

279-284 CroH17N0i 66.46 7.53 3.88 66.36 7.42 3.87 

935 

hline 
effective 

dose 
7c In feed 

>0 1 
0 00825 
0 0165 
0 0055 
0 03 
0 022 
0 011 
0 033 
0 011 
0 00825 
0 022 
0 00275 
0 00275 
0 0055 
0 011 
0 0055 
0 00825 
0 1  .~ . 

19 CHzCH(CH3)z CH3 280-252 C1yH?jSOj 65.69 7.25 4.03 65.75 7.18 4.16 0.00275 
20 CHGH(CH3)z CZHS 288-201 CyOH2;XOj 66.46 7.53 3.88 66.43 7.52 4.02 <0.0007 
21 CH,CH(CH3)z CaH; 220-230 C?1H2yP;Oj 67.18 7.79 3.73 6i.37 7.68 4.16 0.011 
22 CHzCH( CH,)? CH(CH3)e 245-248 CziH29NOj 67.18 7.79 3.73 67.26 7.72 3.90 0.011 
23 CH2CH(CHa)a CH2CH=CH~ 234-235 C?,Hz7NO5 67.54 7.29 3.75 67.59 7.15 3.95 0.00275 
24 CH( CH3)CHzCHs CH3 246-248 CigH2jSOj 65.69 7.25 4.03 65.77 7.10 4.01 0.0055 
25 CH( CH,)CH,CR3 C2Hj 216-217 C?OH2iS'Oj 66.46 7.53 3.88 6ti.51 7.50 3.97 0.055 

26 CH2CH(CH,)CH2CH, CH3 265-266 C21H29NOj 67.18 7.79 3.73 67.42 7.67 3.79 0.00825 

u 11' = H tinless otherwise noted. 
27 ClOR2, CH3 234-240 C31HdgXOj 72.19 9.58 2.72 72.15 9.64 2.66 0.033 

b R" = COCH3. Melting points are corrected. See ref 2c. e See text. 

At the end of the experimental period, the number of 
surviving birds in each group was recorded. For each 
group the percentage of deaths was calculated from 
the ratio of the number of deaths to the total number 
(20) of birds used. A compound is considered active 
or effective if the number of deaths in the untreated 
control group is statistically significantly greater than 
that of the treated group. 

From the biological data in Table I it is apparent that 
optimal anticoccidial activity js obtained when the 
ether groups (RO) are isobutoxy (20). Branched 
groups at  these positions confer greater activity than 
normal alkyl groups; the dimethoxy compound (1) 
is totally inactive. Within the isobutoxy series modi- 
fications of the ester group result in the following order 
of activity for R1: ethyl > methyl = allyl > propyl 
and isopropyl. This order of activity varies somewhat 
in the other alkoxy series. Acetylation of the 4- 
hydroxy group results in increased activity in the di- 
ethoxy compound (compare 3 and 4), and in the same 
activity for the diisopropoxy compounds (12 and 13). 

One of the most active compounds, ethyl 4-hydroxy- 
6,7-diisobutoxy-3-quinolinecarboxylate (20),4 is under- 
going extensive evaluation. This compound a t  
0.00825~0 in feed compares very favorably with am- 
prolium5 a t  0.0125% against E. tenella infections. 

(4) Generic name, hiiquinoiate. 
( 5 )  AmproI@:. 

Experimental Section 
The experimental procedures described below are typical for 

the preparation of the compounds listed in Table I. 
Ethyl 4-Hydroxy-6,7-diisobutoxy-3-quinolinecarboxylate (20). 

-To a solution of 197 g (1.8 moles) of catechol in 730 ml of ab- 
solute ethanol was added 143 g (3.6 moles) of NaOH pellets in a 
nitrogen atmosphere. When salt formation was complete, 490 
g (3.6 moles) of isobutyl bromide was added dropwise a t  55-65', 
and the mixture refluxed for 17 hr without nitrogen. After 
filtration, the filtrate was concentrated and the residue was taken 
up in water and extracted with ether. The combined extracts 
were washed with l0yo NaOH solution and then with water. 
After drying the ether solution was concentrated to give crude 
o-diisobutoxybenzene, 125 g (33TC). 

At a temperature below 2 5 O ,  105 g (0.47 mole) of o-diisobutoxy- 
benzene was added dropwise to a 1 : 1 solution of water and con- 
centrated " 0 3  over a period of 30 min. Stirring was continued 
with occasional cooling until the reaction was no longer exo- 
thermic. The mixture was poured into ice-water and the result- 
ing solid was filtered, washed well with water, dissolved in warm 
methanol, and filtered. A little water was added to start crystal- 
lization of the 3,4-diisobutoxynitrobenzene, yield 49 g (397,). 

Hydrogenation of 16 g (0.06 mole) of the nitro compound in 
200 ml of absolute ethanol over 2 g of 5y0 Pd-C catalyst (50% 
water) a t  2.8 kg/cm* was complete in 20 min. After filtration, 
13 g (0.06 mole) of diethyl ethoxymethylenemalonate6 was added, 
and the solution was heated under reflux for 1 hr. The white 
crystalline product which separated upon cooling was filtered, 
washed with ethanol, and air-dried, giving 18 g (i5yo) of the 
anilinomethylenemalonate. 

A 4.8-g portion of this malonate was added to 48 ml of boiling 
Dowtherm A. After boiling for 12 min, the snliition was allowed 

(6) Kay-lWes CIIPmiraln, Tnr. 




