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of En at pH 7. Although this potential is greater than
the potential of normal biological substrates, correction
for the solvent system may, in fact, make the electrode
potentials E,, Es, and E,, smaller by as much as 200-300
mV, resulting in a potential within the range of the
isolated cytochromes, and considerably below the
electrode potential of oxygen-water (0.810 V) at pH 7.
One might speculate that the electron-transport
particle is the site of action of these anthelmintics.
Aoreover, such a correction would result only in a
bulk shift of the data as well as the curves as they
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appear in Figures 4 and 6, and would not affect any
conclusions derived from these figures.

It should be emphasized that in the foregoing dis-
cussion the site and mechanism of action of the phe-
nothiazine anthelmintics are hypothetical, and little is
therefore known about the possible effects of other
factors such as distributive and metabolic parameters.
However, the observed correlation appears interesting
and significant enough to encourage further inves-
tigation of systems in which semiquinone free radicals
are suspected to be the biologically active species.

a,asa=Trifluorotoluamides as Anticoccidial Agents
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Research Division, Salsbury Laboratories, Charles City, Iowa 50616

Recetved September 3, 1968

The preparation and anticoceidial activity of a number of «,q,a-trifluorotoluamides and related compounds
are reported. Several active compounds were obtained, but the most active were the amide, dimethylamide,
ethylamide, and diethylamide in which the trifluoromethyl and a nitro group are in a 3,5 relationship. One other
amide with 2-chloro-5-trifluoromethyl showed similar activity.

The use of nitrated and halogenated benzamides
(1-3) as feed additives for the control of poultry
coccidiosis has been known for several years.!=¢ In
these compounds the nitro group is known to be
essential for significant anticoceidial activity.? Certain
aminobenzoic acids and related compounds are also
known to have anticoccidial activity.® These com-
pounds are believed to act as p-aminobenzoic acid
(PABA) antagonists because simultaneous admini-
stration of PABA is reported to reduce their efficacy.
Also, it has long been recognized that certain coccidia
are sensitive to known PABA antagonists such as the
sulfonamides and 4,4’-diaminophenyl sulfones.”=*!' In
contrast there is no direct evidence that compounds
such as 1-3 act as PABA antagonists.

During the past 20 years a substantial effort has
been devoted to the replacement of hydrogen, nitro,
halogen, or methyl by fluorine or trifluoromethyl in
prototype molecules which are known to have chem-
otherapeutic activity.!2—1* This work has led to some

(1) N. F. Morehouse and W. C. McGuire, Poultry Seci., 86, 1143 (1957);
37, 1228 (1958); 88, 410 (1959).

(2) T. A. Hymas and G. T. Stevenson, tbid., 89, 1261 (1960).

(3) R. R. Baron, M. W, Moeller, and N. F. Morehouse, ibid., 45, 411
(19686).

(4) S.J. Ball and E. W. Parnell, Nature, 199, 612 (1963).

(5) Salsbury Laboratories, unpublished results.

(6) E.F.Rogers, R. L, Clark, H. J. Becker, A. A. Pessolano, W. J. Leanza,
E. C. MeManus, F. J. Andriuli, and A. C. Cukler, Proc. Soc. Exp. Biol. Med.,
117, 488 (1964).

(7) C. Horton-Smith and E. Boyland, Brit. J. Pharmacol., 1, 139 (1946).

(8) L. P. Joyner and 8. B. Kendall, ¢bid., 11, 454 (1956).

(8) E. Waletzky and C. O. Hughes, Amer. J. Vet. Res., T, 365 (1946).

(10) E. H. Peterson, ibid., 9, 77 (1948).

(11) L. C. Grumbles, J. P. Delaplane, and T. C. Higgins, Poultry Sci., 27,
605 (1948).

(12) For a review of the trifluoromethyl group in medicinal chemistry and
references to its inductive and hyperconjugative comparison to other groups,
see H. L. Yale, J. Med. Pharm. Chem., 1, 121 (1959).

(13) A. Burger, ‘“‘Medicinal Chemistry,” Interscience Publishers, Ine.,
New York, N. Y., 1960, p 82.

compounds with interesting and often more powerful
and varied biological activity.

As part of a continuing search for new and improved
anticoccidial agents and prompted by previous work on
organofluorine drugs, we became interested in tri-
fluoromethylbenzamides similar to 1-3. The object
of the study was to determine if replacement of a nitro
group by a trifluoromethyl group would give a com-
pound with anticoccidial activity, and, if so, what
structural requirements were necessary for this activity.

Chemistry.—The compounds initially prepared for
testing are listed in Table I. Most of the amides were
prepared from the acid chloride using commercially
available a,a,a-trifluoro-m-toluic acid (50) as a starting
point. However, several attempts to prepare the N-
aminoethyl- and N-hydroxyethylamides by this route
always gave the disubstituted derivatives 22 and 23.
Amides 31, 34, and 35 were obtained from hydrolysis
of the appropriate nitriles.

The amino derivative 26 and the o-hydroxyamide
(27) were prepared from the esters 46 and 48 and
concentrated NH,OH under pressure. A cursory
attempt to prepare 26 from the o-amino ester 45 was
not successful. The preparation of 24 was best accom-
plished by catalytic reduction of 7 rather than ammo-
nolysis of the ester 49. The other amides were pre-
pared by the acid chloride-N'H; route.

During the course of this investigation it was of
interest to determine if a change in the amide portion of
the molecule would give compounds with anticoceidial
activity. Consequently the thicamide 53, sulfonamide
55, nitriles 51 and 56, and amidine derivatives 52 and
54 were prepared as described in the Experimental
Section.

(14) R. E. Bambury, H. K. Yaktin, and K. . Wycoff, J. Heterocyel.
Chem., 5, 95 (1968).
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TaBLE 1 (Continued)

Compd R Re Rs Rs
48 OCH;, OH NO, H
49 OCH; H NH, H

o Melting points are uncorrected and were taken in open capillaries using a Thomas-Hoover apparatus,

Mp, °Ce Min effect.
(recrystn Ye dose, %
Rs solvent) vield Formulub in feed
CFy 87-89 (d) 36 CoHeF3NO;
CF,  77-79 (d) 83 CoHENO,

b All compounds except

those for which no formula is listed were analyzed for C, H, N using an F & M Model 185 analyzer; analytical results obtained for those

elements were with £0.49 of the theoretical values.

¢ Also analyzed for F by Schwarzkopf Microanalytical Laboratories, Woodside,

N.Y.; results obtained were within 0.4 of the theoretical values. ¢ H,O-EtOH. ¢ Cg¢Hg. 7 Hexane. ¢ MeCN. # CHCl;. ¢ MeOH.

i H,O. * Hexane-Ce¢H,. ! EtOH.
Qf-1 on 30-60 mesh Chromosorb W.

Soc. Chim. France, 915 (1962), reported mp 180-181°.

R,
Ry R,
R, R,
R,
R R: Rs Rs Rs Re
1 CONH, H NO, H NO. H
2 CONH, a H No. H_H
3 CONH; CH; NO. H NO, H
50 CO,H H CF; H H H
51 CN H CF; H NO. H
52 CNH)OEt H  CF, H  NO, H
53 CSNIH, CF, H  NO, H
54 C(NH)NH, H CFs H NO, H
55 SO,NH. 1 CF, H NO; H
56 CN CF; H NO, H NO.
57 CO.H H CO.H H H Cl
58 CO,H OH H H CFy H
59 CN Cl H H CF, H
60 CO.H H CO.H H NO; OH

Some of the carboxylic acids (36-38) shown in
Table I were synthesized by reported procedures.!>~"
The ortho-substituted acids (39-43) were prepared
as outlined in the Experimental Section. Several
attempts to convert 6-chloro-e,a,a-trifluoro-m-tolu-
nitrile (59) to 6-hydroxy-a,a,a-trifluoro-m-toluic acid
(58) with 10 or 339, NaOH gave the 6-chloro acid 39.
Treatment of 59 with hot 759, H,S0, gave 6-chloro-
isophthalic acid (57) (949% yield), but refluxing with
60-639%, acid gave 39 in 50-709, yield. Treatment of
40 with 5, 10, or 209, NaOH at reflux did not give the
salicylic derivative (43), but gave 6-hydroxy-5-nitro-
isophthalic acid (60) in high yield.

Biological Results.—From the biological data in
Table I, it is apparent that optimum anticoccidial
activity is obtained when R; and R; are trifftuoromethyl
or nitro and R; is amino, dimethylamino, ethylamino,
or diethylamino (7, 9-11). One other compound (30)
showed similar activity.

Removal of the nitro group at Rj; resulted in lowering
of activity (4) and its reduction to amino (24) gave no
activity .18

Only one acid (37) displayed activity and none of the
esters were active. It is also of interest that although
the thioamide 53 and the sulfonamide 55 displayed a

(15) M. Hauptschein, E. A. Nodiff, and A. J. Saggiomo, J. Amer. Chem.
Soe., 76, 1051 (1954).

(16) J. Lichtenberger and F. Weiss, Bull. Soc. Chim. Frunce, 587 (1462).

(17) M. Hauptschein, U. 8. Patent 3,052,603 (1962).

(18) From the results of previous testing, it would appear that the lowest
effective level of 3,5-dinitrobenzamideis 0.0125% and that m-nitrobenzamide
is not effective.

= Boiling point at 15 mm; purified by glpc on a 183 X 0.48 ¢m stainless column packed with 109,
» L. M. Yagupol'skii and N. I. Man'ko, Zh. Obshch. Khim., 23, 988 (1953), reported mp 161°.
o P. Buu-Hoi, N. D. Xuong, and N. V. Bac, Compl. Rend., 257, 3182 (1963), reported mp 123°,

» J. Lichtenberger and F. Weiss, Bull.

minimum effective dose of 0.00625%,, the nitriles
51 and 56 and amidine derivatives 52 and 54 showed no
activity.

Experimental Section'®

a,a,a=Trifluoro-m-toluic Acid Methyl Ester and Hydrazide (5).—
The methyl ester of «,a,c-trifluoro-m-tolic acid (50)2 was
prepared in 869, yield by a normal Fischer procedure to give a
colorless liquid, bp 44° (1.0 mm), lit.2! bp 207° (757 mm). The
ester was refluxed for 7 hr in EtOH with a twofold excess of hy-
drazine hydrate?? to give the hydrazide 5.

5-Nitro-a,a,a-trifluoro~m-toluic Acid (36), the Methyl Ester
(44), and Hydrazide (12).—Nitration of 50 according to the
method of Hauptschein® gave 36 in 85-909; yield from several
runs; lit.1* mp 128-129°, The methyl ester (44) was prepared
by refluxing 36 in anhydrous MeOH with H.SOy catalyst for 48
hr. It was converted to the hydrazide 12 by refluxing for 4 hr
in EtOH with excess hydrazine hydrate.

Preparation of Amides 4, 6-11, 13-18, 19-21, 22, 23, 25, 28, 30,
32, and 33.—The acid chloride of 36 or other appropriate acid
was prepared by heating at reflux for 3-4 hr in excess SOCl,.2
The SOCI; was then removed under vacuum and the residue was
added slowly to chilled concentrated NH,OH or a mixture of the
appropriate amine and NaHCO; in H.O. The suspension was
then heated at 35-50° for 0.5 hr, cooled, and filtered or, in the
case of the liquid produet 11, extracted with CHCl; or CH,Cls.

Preparation of Amides 31, 34, and 35.—The nitrile®* (0.05
mol) was dissolved in 25 ml of EtOH and 2 ml of 6 ¥ NaOH.
H:0: (309, 20 ml) was then added dropwise at 335-45°. The
mixture was then heated at 50-53° for 3 hr. HO (30 ml) and
CHCl; (5 ml) were then added and the mixture was filtered to
give the amide as a residue.

5-Nitro=a,a,a-trifluoro-m-tolunitrile (51).—A mixture of 7
(60.0 g, 0.256 mol) and 90.0 g of P;O; was carefully heated at
reflux for 10 min with a bunsen flame. The mixture was then
distilled at 0.2 mm to give 45.0 g (8297) of distillate which solidified
to a white, erystalline solid, mp 78-81°. Anal. (CsH;F;N,0;)
C, H, N.

5-Nitro-a,a,a-trifluoro-m-toluamidic Acid Ethyl Ester Hy-
drochloride (52).—A solution of 66.0 g (0.306 mol) of 51, 18.2
g (0.396 mol) of EtOH, and 400 ml of dry Et,O was cooled to
0° and saturated with dry HCl. The mixture was left to stand
overnight and then filtered. The residue was washed with Et.0O
and dried to give 80.0 g (87.5%,) of white solid, mp 120-121°,
Anal. (CmeClF:;NzOs) C, H, N

(19) Ir spectra of all compounds listed here and in Table I were consistent
with the structure and were determined in KBr or CHCl with a Beckman
IR 4 spectrophotometer. Where analyses are indicated only by symbols of
the elements, analytical results obtained for those elements were within
+0.49% of the theoretical values.

(20) Pierce Chemical Co., Rockford, Ill.

(21) 8. DeBrouwer, Bull. Soc. Chim. Belges, 89, 298 (1930).

(22) Olin Mathieson.

(23) Matheson Coleman & Bell.

(24) a,a,a-Trifluoro-o-tolunitrile was purchased from Pierce Chiemical Co.;
2-nitro-a, e, a-trifluoro-p-tolunitrile, and 4-nitro-e,a,a-trifluoro-m-toluni-
trile [W. T. Caldwell and A, N. Bayin, J. Amer. Chem. Soc., 18, 5125 (1951))
were prepared by the reported procedures.
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5-Nitro-«,a,a-trifluoro-m-toluamidine Hydrochloride Hy-
drate (54).—A slurry of 32 g (0.107 mol) of 52 in 320 ml of
IO was cooled to 5° and saturated with anhyvdrous NHi.
The mixture was stirred overnight during which time it slowly
became homogeneous and turned light vellow. The solution
was then {reated with Norit and filtered. Livaporation of the
filtrate o dryness in air gave 23.0 g (S1.57/) of a white solid,
mp 80-85° dec.  Anal. (CsHCIF;NO5) C, T, N
5-Nitro-a,a,a-triftuoro-m-thiotoluamide (53).—A ~uspension
of 75.0 g (0.32 mol) of 7 in 400 m! of xylene was heated to near
vefliux and treated with 35.5 g (0.16 mol) of P8, in small portions.
The mixture was then heated at reflux tor 2.5 hr and filtered hot.
The filtrate was chilled and filtered to give 57 g (71¢.) of pale
vellow solid, mp 131-132.5°. Ana/. (C;H;F3N.0.8) C, H, N,
I, s
5-Nitro-a,a,a-trifluoro-m-toluenesulfonamide (55).--A mix-
ture of 580 g (0.304 mol) of m-nitrobenzotrifiuoride® and
98 ml of freshly distilled CISO;H?* was heated at reflux for 8 hr.
The volatiles were then distilled under vacuum, and the dark
syrupy residue was slowly poured into 300 ml of chilled concen-
trated NH,OH with stirring. The suspension was filtered and
the residue was recrvstallized (HyO-EA1OH) to give 13 g (169,)
of tan solid, mp 140-142°, 1it.2 mp 140.5- 141°.
4,6-Dinitro-o,«,a~trifluoro-o-tolunitrile (56).—A =olution of
300 g (0.235 mol) of 4,6-dinitro-a,e,a-trifluoro-o-toluidine?
n 430 ml of AcOH was added dropwise at 10-20° to a solution of
10.3 g (0.28 mol) of NaNO, in 125 ml of concentrated HaSOs.
The mixture was stirred for a few minutes and then added slowly
with vigorous stirring to a chilled KCN-Ni(CN ), solution pre-
viously prepared by adding 98.3 g (1.51 mol) of KCN in 590 ml
of 1.0 to a solution of 82.0 g (0.31 mol) of NiSO,-6H,0 and 413
g of NaoCOy in 730 ml of HiO.  The temperature was allowed 1o
rise to 30-35° during the addition. The mixture was then heated
{o 90° for 0.5 hr, cooled, and extracted with Et,0. The Et,0
was washed (H0) and dried (MgS0Oy). Filiration and vacuum
distillation of the filtrate gave 56 as a yellow oil, 17.4 g (27¢/),
bp 130-150° (1.5 mm), which solidified on standing, mp 92-94°.
Anal. (C;H.F3N;04) C, H, N.
6-Chloro-a,a,a-triffuoro-mtoluic Acid (39).—A mixiure of
100 g (0.487 mol) of 6-chloro-a,e,c-trifluoro-m-tolunitrile? (59)
and 600 ml of 339, NaOIH was heated at reflux for 4 hr. The
mixture was then cooled and filtered. The residue aund filtrate
were washed with Et,0, recombined, and acidified to give a white
solid (97.0 g, 89¢7). Recrystallization (CsHs~hexane) gave mp
91-93°, 1it.2 mp 91-y4°.
Hydrolysis of 59 with 60-63¢;
50707 vield.
6-Chloroisophthalic Acid (57 ).~ -Compound 59 (30.0 g, 0.146
mol) and 150 ml of 759 HoS0, was heated at 180-190° for 1 hr.
The =olid which precipitated after cooling was recovered by
filiration, washed (H;0), and dried 1o give 27.5 g (949 ) of
white solid, mp 203-295°, 1it.2* mp 294.5°.
6-Chloro-5-nitro-«,«,a-trifluoro-m-toluic Acid (40) and the
Methyl Ester (46).—To 308 ml of fuming H.S04 below 235° wax
added 102.5 g (0.50 mol) of 9. The solution was then treated
dropwize below 70° with 98 ml of fuming HNO,;. The mixture
started to foam during the latter part of the addition. The
temperature was then slowly raised to 95° where the mixture
exothermed rapidly o ca. 160°  After the exotherm had sub-
sided the mixture wag heated at 120-130° for 45 min. The
soluiion was then cooled and the resulting thick paste was
quenched on erushed ice.  The white xolid suspension was stirred
for (1.5 hr, removed by filtration, and washed (cold H,0).  Drying
gave mp 172-173°.  Recrystallization (H,O) gave 112 g (83%7)
of 40 as white needles, mp 175-177°.
The methyl exter (46) wax prepared as a white solid by the
Fischer method (8 hr of reflux in MeOH-HR0y).
6-Amino-5-nitro-o,a,a-trifluoro-n:-toluic Acid (41), the Ester
(45), and Amide (26).—A mixture of 15 g (35.8 mmol) of 40
and 130 ml of concentrated NH,OH was heated at 90-100°

Hs80, at reflux gave 39 in

(25) Du Pont.

(26) G. W. Stacy and C. R. Bresson, J. Org. Chem., 24, 1895 (19549).

127) J. B, Dickey, . B, Towne, M. 8. Bloom, (. J. Taylor, H. M. Hill,
R. A. Corbitt, M. A, MeCall, W. H, Moore, and D). G. Hedberg, Ind. Erng.
Chem., 48, 1733 (1953).

(28) G. Sauey and L. H. Sternbach, Helv. Chim. Acta, 45, 226 {(1962);

erce Cliemical Co.

24 . Utlmann and J. Uzbachian, Cheme. Ber., 36, 1790 (1903).
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in a Parr pressure apparatus for 2 hro The mixtnve was then
cooled, transferred to an evaporating dish, and left 1o stand
overnight.  The vesulting ervstalline ~su=pension was dissolved
i warm 110, treated with Norvit, and filtered.  Acidification
of the chilled filtrate with concentated HCOU gave 122 g (SR,
of 41 as a vellow precipitate.

The ester (45) wax prepared from 41 by the Fischer method
using MeOH -dry HCLand a 3-hr reflux.

The amide (26) was best prepared from 46 and excess concent -
ted NHiOH in a Pare pressure apparatus at 90-100° for 2 hr. The
mixture wa= then cooled and filtered, and the residue was washed
with H,0 to give 26 ux a vellow solid.  Acidificaiion of the filtrate
gave 41 ax a vellow precipitate which was recovered and identified
by mixture melting point and comparizon of infraved specira
with previously identified material. A preliminary attempt to
prepare 26 from the amine ester (451 and concentrated NTT,OH
ha pressure bottle at SO-100° for 2 hr was not suceessful, . Only
45 was recovered.

6-Methoxy-5-nitro-w,«,o~trifluoro-,.-toluic Acid (42) and the
Methyl Ester (47).- To a mixture of 26,9 g (0.10 mol) of 40
and 100 ml of anhydrons MeOH was added 16.2 g (0.30 mol) of
NaOMe.?  After the exotherm had subsided, the mixture was
heated at reflux for 7 ho. The MeOIH was then removed under
vacuum, and the residue was dissolved in 100 ml of 11O, treated
with Norit, and filtered.  Acidification of the filtrate with con-
centrated HOCl gave 26 g (9877 of a light tan solid.

The methyl ester (47) was prepared by the Fizeher procedure
(HyS04~-NMeOH, 24-hr reflux).

6-Hydroxy-5-nitro-w,«,a~trifluore-n-toluic Acid (43), the Ester
(48), Amide (27), and Hydrazide (29).- A mixture of 100 g
(37N mmoly of 42 and 125 ml of 4877 HBr was heated at 120
140° for 4 hy and then eooled. The solid was removed by fil-
tration, washed [1LO), diied, and recrvsiallized 1o give 6.8 g
of 43 (72¢)) ax white plates.

The methyl ester (48) wus prepared from 43 by the Fizeher
procedure ( MeOH - Ha=0,, 24-hr veflux).

The amide (27) wax prepared from 48 by stirring in coucen-
trated NHLOH for 24 hr in a =ealed flask.  The solution was then
chilled, acidified with 20, TICl, and 27 was recovered by filtra-
tion.

The hydrazide (29) wax preparved from 48 by refluxing for 4
hr with a sixfold excess of hydrazine hvdrate in MeOH. The
MeOH was then removed nnder vacuum and the dark, svrupy
residue was dissolved in warm AcOH and poured into ice-H0.
The yellow =olid (29) wa~ vecovered by filtration, washed (11,01,
and dried.

6-Hydroxy-5-nitroisophthalic Acid (60). -A =olution of 15.0
gz (0.169 mol) of 40 and 175 ml of NaOH (5-20¢,) was heated at
veflux for 2 hr. The resulting red suspension was then cooled
and quenched in 200 ml of concentrated HCI-200 ml of erushed
ice.  The ~olid wax recovered by filtvation and veervstallized
(H20) to give 37.0 g (9670 a~ a white =olid, mp 232-234°.
Anal, (CRHLEFNO; 3 C) H N

The dimethyl exter of 80 wax prepared in 93¢, vield using
MeOH--HySOy and a 6-hr reflux to give a white =olid, mp 101~
12° tnal. (CHN: C) H, N

5-Amino-o,w,a~trifluoro-»-toluic Acid Methyl Ester (49) and
Amide (24). -The acid 38 was prepared by the method of
Hauptschein® and exterified in 830, vield by heating at reflux
for 4 hr with MeOII-1180O;.  The MeOH wax then removed
under vacuum and the residite was quenched with ice-H.0.  Nen-
tralization with NallC'Oy, filtration, and dryving the residue gave
49 ax a white =olid.

Neveral atterupts 1o convert 49 to the amide 124) with concen-
trated NH;OH met with limited sueecess, and it was subsequently
found that the most convenient route o 24 was by catalviie
reduction of the niiroamide 7. Tn a typleal experiment 19.5
g (83 mmol; of 7, 0.35 g of 107 Pd-C, and 100 ml of 85¢, tOH
was stirred at room temperature for 1.5 hr under 3.5 kg/em?
of Hy in a Parr pressure apparatus. The mixture was then
filtered and the filtrate was concentrated to an oil under vacuum.
Petroleum ether (bp 30-60°) was added and then removed under

acuum during which the oil ervstallized.  The solid was slurried
in 100, HCL and filtered.  Neutralization of the filtrate at 5°
with NaHCO), gave 24 as 4 white precipitate which was recovered
by filtration, washed with cold H,O and dried.

Biological Methods. - Chicks used in the coceldiosis efficacy
ivials were either hroiler-type heavy-breed or hybrid Leghori-
type birds rajzed in batteries during the growing perind using
speciad precautions to ensure freedom from coceldiosis infection.
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At 3-5 weeks of age, the chicks were transferred to individual
cages with hardware cloth floors where the efficacy experiments
were conducted.

The Eimeria tenella cultures used in these experiments were
serially propagated in our laboratory over a period of several
vears. These cultures were isolated by single oocyst inoculation
of coccidiosis-free birds to ensure the purity of the cultures.
Infection was accomplished by depositing a predetermined vol-
ume of calibrated oocyst suspension directly into the crop of each
chick.

The compounds tested in these trials were incorporated into a
standard ration and fed to the birds for 2 days prior to infection,
and continued for the duration of the test.

The anticoccidial efficacy in these experiments was based on
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three factors: (1) mortality, (2) weight gain or loss, and (3)
droppings scores. The primary criterion of efficacy was the
mortality produced in the medicated—infected chicks as compared
to the nonmedicated-infected chicks. Droppings scores and
ratios of mean weight gains, medicated-infected vs. nonmedi-
cated-noninfected, were used as indicators of morbidity.?
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A series of new 3-nitrothiazoles bearing carbon substituents in the 2 position has been prepared. Treatment
of 2-bromo-3-nitrothiazole with CuCN provided 5-nitrothiazole-2-carbonitrile, a key intermediate for subsequent
conversion to other derivatives of 3-nitrothiazole-2-carboxylic acid. The corresponding aldehyde was obtained
by condensing 2-methyl-5-nitrothiazole with benzaldehyde and oxidatively cleaving the resulting styryl inter-

mediate.

The compounds prepared in this study were evaluated n vivo for antimalarial and antischistosomal
activity and ¢n vitro for activity against bacteria, yeast, and a fungus.

Little activity was noted in the malaria

and schistosomiasis tests, but broad-spectrum inhibitory effects were widely evident in the 7n vitro assays. The
most potent compound, 3-nitrothiazole-2-carboxaldehyde acethydrazone, was inhibitory at 1 ug/ml or less in all

but one of the latter tests.

Among the several classes of nitroheterocyclic drugs
possessing useful properties in clinical or veterinary
medicine,? the 5-nitrothiazoles are of special recent
interest. In addition to the well-established use of
2-amino-5-nitrothiazole, and simple derivatives thereof
(la-c¢), for the treatment of histomoniasis in turkeys,?
another closely related nitrothiazole, niridazole (1d),
has been found highly effective in human schis-
tosomiasis*=® and amebiasis.*57 Favorable pre-
liminary results against two other parasitic diseases,
dracunculosis® =1 and strongyloidiasis,®!! have also

(1) This work was supported by the U. 8. Ariny Medical Research and
Development Command under Contract No. DA-49-193-MD-2750. This
is Contribution Number 420 from the Army Research Program on Malaria.

(2) W.T. Colwell, J. H. Lange, and D. W. Henry [J. Med. Chem., 11, 282
(1968) ] provide leading references in this area.

(3) L. Joyner, 8. Davies, and 8. Kendall in ‘‘Experimental Chemo-
therapy,” Vol. I, R. J. Schnitzer and F. Hawking, Ed., Academic Press, New
York, N. Y., 1963, pp 341-343.

(4) Conference on the Pharmacological and Chemotherapeutic Properties
of Niridazole and Other Antischistosomal Compounds, New York, N. Y.,
Oct 10-13, 1967; sponsored by The New York Academy of Science, Section
of Biological and Medical Sciences and Division of Microbiology.

(3) Actu Trop., Suppl 9, 1 1966, This publication comprises the proceed-
ngs of a symposium entitled Therspuetique Nouvelle de la Bilharziose et de
i'amebiase that was held in Lisbon, June 2—4, 1965, under the sponsorship of
Professor F. 8. da Cruz Ferreira of the Institute de Medicine Tropicale.

(6) (a) H. L. Wolfe, Lancet, 350 (1967); (b) J. E. McMahon and C. P.
Kilala, Brit. Med. J., 1047 (1966); (¢) P. Schmidt and M. Wilhelm, Angew.
Chem. Intern. Ed. Engl., 5, 857 (1966); (d) A. Ruas and L. T. Almeido
Franco, Ann. Trop. Med. Parasitol., 80, 288 (1966).

(7) (a) 8.J. Powell, A. J. Wilmot, I. MacLeod, and R. Elsdon-Dew, 4m.
J. Trop. Med. Hyg., 18, 300 (1966); (b) T. Kradolfer and R. Jarumilinta,
Ann, Trop. Med. Parasitol., §9, 210 (1963).

{8) G. Raffier, ref 4.

(9) G. Raffier, Acia Trop., 22, 350 (1965).

(10) A. O. Lucas, ref 4.

(11) G. Raffier, Erperientia, 22, 826 (1966).

been reported for this drug. In a recent paper in which
Avramoff, et al.,'? revealed a group of bis-5-nitro-
thiazoles with marked in vitro antiprotozoal activity,
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they provided a brief survey of current developments in
the nitrothiazole field.

A characteristic feature of essentially all reported
chemotherapeutic nitrothiazoles is the presence of a free
or substituted amino group in the 2 position. In
contrast, the antiprotozoal nitrofurans'®'4 (e.g., furazol-

(12) M. Avramoff, 8. Adler, and A, Foner, J. Med. Chem., 10, 1138 (1967).

(13) H. Paul and M. Paul in “Experimental Chemotherapy,” Vol. IIT,
R.J.Schnitzer and F. Hawking, Ed., Academic Press, New York, N. Y., 1964,
Chapter 7.

(14) K. Miura and K. Reckendrof, Progr. Med. Chem., 8, 320 (1967).



