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fuiction by forming a 7 complex with a reccptor site.
Recently, Tried® has shown along these lines that
fusidiec ncid and related steroidal derivatives, which
have antibacterial activity, require at least one anionic
site clore to an oxygen fuuction or to the sp? clectrons
of a double bond.

The aldehyde group was found to be esgential for
maximum activity. Replacement of the carbonyl by
a smali hydrazone derivative resulted in compounds
which still had relatively small, minimum inhibitory
concentrations against S. albus, The hydrazone (10)
and thiosemicarbazone (3) derivatives had about half

{18y I. Vried, G. W, IKrakower, 1), Rosenthal, awl H. Basel, J. Med.
Chem., 8, 279 (1965).
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the activity of spiramycin, while bulkicr hydrazone
derivatives were inactive.  Reduction of the aldehyde
to the aleolol, dihvdrogpivinyein (14). veduced the
activity at least twofold.  This is scen also in the
hexaliydroneospiramyein, which is only half as active
as the tetrahydro devivative,  The electronic character
of the group appears to be important for masimum
activity but can he masked by bulky substituents
resnlting in the loss of activity,

Acknowledgment.-Tlie authors wish to thank M.
I.. Dorfman for performing the microanalyses and
running the ultraviolet and nmr spectra.
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The preparation and anticoceidial activity of a nmmber of 6,7-dialkoxy-4-hydroxy-3-quinolinecarboxylates are

reported.
are disctissed.
nndergoing extensive evaluation.

Qur intercst in the synthesis and biological evalua-
tion of quinoline compounds' led to the screening of
these compounds for anticoccidial properties. Several
6,7-dialkoxy-4-hydroxy-3-quinolinecarboxylates. which
are useful intermediates in the synthesis of many
types of 4-substituted quinolines, were found to possess
desirable activity. Accordingly, a more extensive
program was initiated to study the effect of certain
structural changes on the anticoceidial activity of
this type of quinoline compound.

Chemistry.—Most of the conipounds in Table I
were prepared by known procedures.? The appropri-
ately substituted 1,2-dialkoxybenzenes were obtained
by alkylation of catechol with alkyl halides or alkyl
sulfates in ethanol or dimethylformamide i the pres-
ence of a base such as sodium methoxide, sodium hy-
droxide, or potassium carbonate. Nitration of the
¢thers with dilute nitric acid readily produced the 1,2-
dialkoxy-4-nitrobenzenes which were then reduced
catalytically, The substituted anilines were con-
densed  with  diethyl ethoxymethylenemalonate or
dimethyl methox ymethylenemalonate, and cyvcliza-
tion of the anilinomethylenemalonic esters was effected
in boiling Dowtherm A® # after the procedure of Price,
el al.* to give the 4-hydroxy-3-quinolinecarboxylates.

{11 (al R. K. Bickerton, R. F. Dadey, W. T. Rockhold, and R. H. B«ller,
J. Phoarvoenl. Exptl, Therap., 144, 218 (1964): (h) G. R. Petitt and A, 3.
Neill, Can. J. Chem., 42, 1764 {1964): (c) British Patent 942,524 {1963).

i2) (a) M. Conrad and L. Limpacli, Ber., 20, 944 (1887): {b) R. G. Goubl
aml W. A. Jacabs, .J. Am. Chem. Soc., 61, 2890 {1939); {c) B. Riegel, G. R.
Lappin, 13, 1. Adelson, R. I. Jackson, C. J. Albisetti, Jr.. R. M. Dodson, and
1. H. Baker, J. Am. Chem. Soc., 68, 1264 (1946): (d) C. C. Price and R. M.
Raliects, ibid., 68, 1204 (1946).

%) A commercial leat-transfer liquid, whiell is a euteetic of 26.59% hi-
phrayl arnd 73.57, dinlenyl ether.

A number of highly active componnds were obtained, and the relationships of striecture and activity
One of the most active compounds, ethyl 4-hydroxy-6,7-diisobutoxy-3-quinolinecarboxylate, is

Esters other than ethyl or methyl were prepared
by two general procedures. The methyl or cthyl
quinolinecarboxylates were cither heated with the
appropriate alcohol in the presence of p-toluenesulfonic
acid or were saponified and treated with thionyl chlo-
ride and then with the appropriate aleohol.

Compounds 4 and 13 (Table I) were prepared by
acetylation of the corresponding hydroxy derivatives
with a mixture of acetic anhydride and sodium acetate.

Biological Methods and Results.—White Rock
Crogs chicks (Cohb’s strain) 7-14 days of age were
used in the anticoccidial e¢valuations. The chicks
were 1naintained in wire-floored battery cages, 20
chicks/cage, equipped with outside feeders and
waterers.

Au open formula, custom mix, chick starter mash
composed of unatural feedstuffs and supplemented
with minerals and vitaming but containing no other feed
additives was used as the basal ration. The com-
pounds under fest were mixed in desired amounts with
6.8 kg of mash. The mixing was done in a stainless
steel twin-shell mixer. The medicated feeds were
placed in the feeding troughs immediately after the
inoculation of the chicks with sporulated oocysts of
Cimeria tenella.

The chicks were moculated by gavage with a 1-ml
tuberculin syringe. The inoculum was standardized
to provide 250,000 sporulated oocysts suspended in
b ml of 0.759% carboxymethylcellulose. The tests
werce terminated 10 days after inoculation.

I all experiments, two groups (20 chicksi/group) of
nonmedicated, inoculated chicks were maintained for
controls.
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TasLE 1
ALKYL 6,7-DIALKOXY-4-HYDROXY-3-QUINOLINECARBOX YLATES
OR”
RO “S—COOR/
RO N#
Min®
effective
Caled, 9, Found, % dose,
No.® R il Mp, °C¢ Formula C H N C H N % i feed
CH, C.H; 272-273¢ T
2 C.H; CH; 277278 CisHiyNOs  61.85 5.88 4.81 61.73 5.96 4.95 0.00825
C:H; C:H; 285-286 CgH)NOs; 62.94 6.27 4.59 62.79 6.36 4.57 0.0165
4° C.H; C.H; 168-170 CisHaNOs 62.24 6.10 4.03 62.19 6.08 4.05 0.0055
5 C:H; C;H; 261-264 CyHaNO; 63.93 6.63 4.39 63.85 6.48 4.38 0.03
[§} C.H; CH(CH;). 254-256 C;HyNOs; 63.93 6.63 4.39 63.78 6.59 4.54 0.022
7 C.H, CH.CH=CH, 255-257 C;H\;NO; 64.34 6.04 4.41 64.10 6.12 4.48 0.011
8 C.H; CH.CH(CHj;). 262-265 CisHxNOs 64.85 6.95 4.20 64.97 6.94 4.41 0.033
9 C;H; CH; 262-264 CpHaNO:; 63.93 6.63 4.39 63.87 6.64 4.49 0.011
10 C,H,; CoHs 271-273  CigHuNO; 64,85 6.95 4.20 64.70 6.80 4.41 0.00825
11 C:H; CH(CH;). 244-246 C,,HssNO; 65.69 7.25 4.03 65.65 7.20 4.11 0.022
12 CH(CH;). CH; 255-257 CyHaNOs 63.93 6.63 4.39 64.03 6.52 4.33 0.00275
13° CH(CH;,), CH; 103-105 C\¢HuyNOs 63.14 6.42 3.88 63.03 6.44 4.00 0.00275
14 CH(CH,). C.H; 234-235 CisHuNO; 64.85 6.95 4.20 64.53 6.94 4.37 0.0055
15 CH(CHjs), C;H: 233236 C,HyxNO; 65.69 7.25 4.03 65.76 7.30 3.79 0.011
16 CH(CHj). CH(CH,): 222-225 CHyuNOs  65.69 7.25 4.03  65.39 7.24 3.90 0.0055
17 CH(CH;). CH.CH=CH. 238240 CHxNO; 66.07 6.71 4.06 66.02 6.66 4.12 0.00825
18 CaH, CoHs 279284 CoHyNO; 66.46 7.53 3.88 66.36 7.42 3.87 0.1
19 CH,CH(CH,;). CH; 280-282  ClIxNO; 6569 7.25 4.03 65.75 7.18 4.16 0.00275
20 CH.CH(CH;). C.H; 288-291  CyHxNO;  66.46 7.53 3.88 66.43 7.532 4.02 <0.0007
21 CH,CH(CH;). C;H: 229-230  CauHeNO; 67.18 7.79 3.73 67.37 7.68 4.16 0.011
22 CH.CH(CH;). CH(CHjs): 245-248  CyHeNO;  67.18 7.79 3.73 67.26 7.72 3.90 0.011
23 CH,CH(CH;). CH.CH=CH, 234235 CyHxNO; 67.54 7.29 3.75 67.59 7.15 3.95 0.00275
24 CH(CH;)CH.CH; CH; 246248 C\HuNO; 65.69 7.25 4.03 65.77 7.10 4.01 0.0055
23 CH(CH;)CH.CH; CoH; 216-217 CxHxNOQ; 66.46 7.53 3.88 66.51 7.50 3.97 0.055
26 CH.CH(CH;)CH.CH; CH; 265266 CuH:sNO, 67.18 7.79 3.73 67.42 T7.67 3.79 0.00825
27 CoHa CH; 234-240 CyHENO; 72,19 9.58 2.72 72.15 9.64 2.66 0.033
« R’ = H unless otherwise noted. *R” = COCH;. ¢ Melting points are corrected. ¢ See ref 2c. ¢ 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 is 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 R!: 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),* is under-
going extensive evaluation. This compound at
0.008259%, in feed compares very favorably with am-
prolium?® at 0.01259, against I. tenella infections,

{4) Generie name, haquinolate,
(5) Amprol®,

Experimental Section

The experimental procedures described below are typical for
the preparation of the compounds listed in Table 1.

Ethy! 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 isobuty!l bromide was added dropwise at 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 109, NaOH solution and then with water.
After drying the ether solution was concentrated to give crude
o-diisobutoxybenzene, 125 g (33%,).

At a temperature below 25°, 105 g (0.47 mole) of o-diisobutoxy~
benzene was added dropwise to a 1:1 solution of water and con-
centrated HNO; 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 (399,).

Hydrogenation of 16 g (0.06 mole) of the nitro compound in
200 m! of absolute ethanol over 2 g of 59, Pd-C catalyst (50%
water) at 2.8 kg/cm? was complete in 20 min. After filtration,
13 g (0.06 mole) of diethy! ethoxymethylenemalonate® 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 (759%) of the
anilinomethylenemalonate.

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

(6) Kay-Uries Chemicals, Tne.
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10 coal tn room temperature.  The praduet was filtered, washel
with o little Dowthernn, then with acetane, mnl deied ot 1a®
i vield 3.9 g (92 Ly of 200

Methyl 4-Hydroxy-6,7-bis( 2-methylbutoxy )-3-quinolinecarb-
oxylate (26).—To a solution of 110 g (1 mole} of catechol in 38t10
nit of dimethylformamide (DMFE) in o nitmgen atmosphere wis
added 108 g (2 males) of sodinm methoxide powder with stirring.
The reaction mixture was stirred at 40-43° for 1 additional hr
and then 302 g (2 moles) of I-bromo-2-methylbutane wiet ndded
in sthout 45 min. A clear solution was obtained about 1.5 hr
wfter the addition, kept under nitrogen overnight, and then
ponred into water.  This mixture wits acidified to pll 5 and ex-
trieted with benzene.  The combined extracts were washed with
104 NaOH solittion followed by water.  After dryving, the ben-
zelle was stripped in zacuo, vielding 98 g (39905 of o-bis(2-
methylbntoxy)benzene.

To a solution af 200 mt of concentrated HNO; and 20 ml of
water was added gradually 86 g (0.344 mole) of o-bis(2-methyl-
butoxy)benzene with stirring, so that the temperature never
rose above 30°.  Addition was completed in 1.5 hr and the rese-
tiote mixture was further stirred far 2.5 hr and then ponred over
eracked ice.  The gnmmy solid was dissolved in cther and wished
well with water antil the washings were ahnost neutral.  After
drying, the ether was distilled to vield 87 g (86 1 of dark, Hgaid
,4-bix(2-methyhutoxy nitrobenzene.

Hydrogenation of 30 g (0.1 mole) of the ernde nitvo componnd
in 200 ml of ahsolite ethanol over X g of 3¢ Pd-C eatalyst (500
water) at 2.8 kg/cm? initial pressure was complete in 1 hir. After
filtration, the filtrate was heated nnder reflux with 17 g (0.1
mole) of dimethyl methoxymethylenemalonate® for 2 hr.  The
solution was stripped in vacuo to vield 40 g of residne. A 120-
g sample of the anilinomethylenemalonate prepared in this way
was added to 500 ml of boiling Dowtherm A, After boiling fir
11 nin, the solution was allowed to cool to room temperature,
the solid product was filtered, aud the filtrate was again healed
to boiling as rapidly as possible.  After four such heatiug periods
of 8110 min ench, 46 g (41071 of ernde prodinet wis abtained.
Recrysiallization from 2 L of DAE with charcoal guve 37 g
of white produet.

Propy! 6,7-Diethoxy-4-hydroxy-3-quinolinecarboxylate (51.-
A mixture of 61 g (0.2 mole) of ethyvl 6,7-diethoxv-4-hvdroxy-i-
quinolinecarhoxylate (3), 16600 ml of propancl. and 2 g of p-
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thienesntforde aeid was heated nnder reflux for 6 slavs. Phe
mivtnre was filtered od, and the <olid was wiched with cether
andoalried (o give 12 g of prodners A saanl craycal 15 g sepo-
rated from the filunte, giving o botabad 57 g 0800 D) ad the propyd
exter. Recrvstadhizadion of 55 g Vo BAE with choveand gave
A g of pire nederiad.

Propy! 4-Hydroxy-6,7-diisobutoxy-3-quinolinecarboxylate
1210 - A mixture of 37 g (101 mole) of ethyl 4-hvdroxy-6,7-
diisobutoxy-3-quinolinecarboxylare (200 and 300 ml of 100
NaOH ~alution wies heated nnder rethix far 4 hree Ater liloe
tion the kot <ohition wans acidified with HCE and allowed (0
cool.  The precipiiate wies filtered, washed well with warer,
and dried. A snspenstnn of 1 g of this sold e 600 ml of Len-
zene was heated nnder retlux with a Dean-SGuk trap 1o remaove
sy water stll present. Therc i mb of SOCL wie sudded :nd 1he
mixtre wis heated nnder reflux for 1 hr aud ddlowed 1o cand
cverrdght. The ermde reid ehloride 118 g was fibered, washed
with henzene and ether, and dried at 100°,

A mixtnre of 6.0 g (0017 mole) of the acid ehloride in 30t ml
of propanol wie reflnxed for 1.75 hr. The sohition was filiered
and enoled, and a =mall amonnt of NHLOH was added to adjnst the
solition ta pH 7 <. The precipitate was (ritirated with wadter,
filtered, randd dried ot 100¢. The vield was 4.8 ¢ (76 ,) of the
prapyl ester. Recervstallization of 1 g Jrom 100 mlb of alsolare
ethanol gave (085 gl white needles.

Ethyl 4-Acetoxy-6,7-diethoxy-3-quinolinecarboxylate (41.

A mixtnre of 530 g (0016 mole) of ethyl 6,7-dicthoxy-4-hyvdroxy-i-
quinolinectaloxylice 73) and 30 g of anhydrous sodinm acetate
m 1250 ml of weern anhyvdride was heated nuder reflux for 2.25
hr and then allowrd to ool The solid was eolleceted wnd wished
with enld water and dried ac y00°: vield, 49 g (86073 of 1he 4-
acetoxy compoand.  Reervstallizanon from etlinol gave on
analvtiral sunple.
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Fifteen analogs of phenethyl alcohol have been prepared to explore the effect of ring substituents, and to a

lesser degree solubility, on bacteriostatic activity.

All of the monomethoxy- and dimethoxy-, all of the mono-

hydroxy-, and three dihydroxyphenethyl alcohols have been prepared by the utilization of a variety of procedures

and subjected to biological evaluation.

The bacteriostatic concentration of each of the phenethyl alcohals for

Escherichia coli B was determined and the reversibility of the bacteriostasis established. The influence of p-
methoxy-, 2,3-, 3,4-, and 3,5-dimethoxyphenethy! alcohol in the synthesis of DNA, RNA, and protein by £. coli

B was studied.

thesis of DNA, RNA, and protein when present at its bacteriostatic concentration.

Each of these compounds, as well as the parent compound, caused 100G% inhibition of the syn-

When the inhibitor was

removed, these biosynthetic processes, as well as cell divizion, were reinitiated and resumed, rates parallel to

those characteristic of the control, uninhibited cultnre.

In 1953, Lilley and Brewecr® reported that phenethyl
alcohol exhibited a marked inhibitory effect on gram-
negative bacteria while inhibiting gram-positive bac-
teria only slightly if at all.  They found that the iu-

i1} This wark was sypported (m part by the Damon Ranyon Memaorud
Furel (DRG No. 845), the Natioual Cancec Institute {CA-07949), and
American Cancer Society Institational Grant.

(1) This report constitutes part of the thesis submitted hy LK. Z.
Ilidngy far the Pl D, degree, University of Nebraska, 1966.

O 1 Do Ldley and I, T Brewer, /. Ao, Pharn, Assor., 42, G 1115310

corporation of 2.05 X 10~* moles/ml of plicncthyl
aleohol in a trypticasc oy agav preparvation produced
a medium which could be used to isolate selectively the
gram-pozsitive bacteria from a mixed bacterial flora.
Phenethyl aleohol appeared to be one of the few com-
pounds which i more inhibitory to gram-negative
than to gram-poxitive bacteria.  This unusual property
of the material prompted Berrah and Konetzka* to

1 (L Uernids aad W, (Gaelzk, /o Bagleriol., 83, 738 {10G2).



