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of E, 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.
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The preparation and anticoccidial activity of a number of «,a,c-trifluorotoluamides and related conipounds
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 relatiouship. 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
coceidiosis has been known for several years.!=¢ In
these compounds the nitro group is known to be
essential for significant anticoccidial activity.? Certain
aminobenzoic acids and related compounds are also
known to have anticocecidial 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
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117, 488 (1964).

(7) C. Horton-Smith and E. Boyland, Brit. J. Pharmacol., 1, 139 (1946).
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compounds with interesting and often more powerful
and varied biological activity.

As part of a continuing search for new and improved
anticoceidial 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,e-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 anticoccidial
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. Bambhury, H. K. Yaktin, and K. K. Wycoff, .J. Heterveyel,
Chem.,, §, 95 (1968).
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TasLE I (Continued)

Conpd Ri Re Rs Ry
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.

My, °Ce Min effecl.
(reerystn e dore, %
Rs solvent) vield Tornulab i1y feed
CF; 87-89 (d) 6 CoHF;NO;
CFy 77-79 (d) 83 CoHF3NOs

b All compounds except

those for which no formula is listed were analyzed for C, H, N using au F & M Model 183 analyzer; analytical results obtaiued for those

elements were with 0.49 of the theoretical values.

¢ Also analyzed for F by Schwarzknpf Miecroanalytieal Laboratories, Woodside,

N.Y.; results obtained were within +=0.49; of the theoretical values. ¢ H,O-EtOH. ¢ C¢He. / Hexane. ¢ NeCN. * CHCl;. ¢ MeOH.

i H,0. * Hexane-C¢H,. *EtOH.
Qf-1 ou 30-60 mesh Chromosorb W.

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

R,
Ry R.
R; R
R,
R R: Rs R. Rs Rs
1 CONH. H NO, H NO. H
2 CONH, Cl H NO, H H
3 CONH; CH; NO: H NO. H
50 CO.H H C¥s H H H
51 CN H CFs H NO: H
52 C(NH)OEt H CFy H NO, H
53 CSNH, H CFs H NO. H
54 C(NH)NH, H CFs H NO. H
55 SO.;NH, H 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 CF; 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.’®=17
The ortho-substituted acids (39-43) were prepared
as outlined in the Experimental Section. Several
attempts to convert 6-chloro-e,e,a-trifluoro-m-tolu-
nitrile (59) to 6-hydroxy-«,«,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
60-63% 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-3-nitro-
isophthalic acid (60) in high yield.

Biological Results.—Irom the biological data in
Table I, it is apparent that optimum anticoceidial
activity is obtained when R; and R; are trifluoromethyl
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 R; 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 thicamide 53 and the sulfonamide 55 displayed a

(15) M. Hauptscliein, E. A. Nodiff, and A. J. Saggiomo, J. Amer. Chem.
Sor., 76, 1051 (1994).

(18) J. Lichtenlierger and ¥. Weiss, Bull. Soc. Chim. Frunce, 587 (1962).

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

(18) Iromn the results of previous testing, it would appear that the lowest
effective level of 3,5-dinitrobenzamide is 0.0125% and that m-nitrobenzainide
is not etfective.

= Boiling point at 15 mm; purified by glpc on a 183 X 0.48 ¢m stainless column packed with 10%,
» 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. Bae, Compt. 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,o,a-Trifluoro-m-toluic Acid Methyl Ester and Hydrazide (5).—
The methyl ester of «,«,a-trifluoro-m~tolic acid (50)® was
prepared in 869, yield by a normal Fischer procedure to give a
colorless liquid, bp 44° (1.0 mum), 1it.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-«,wa,«-trifluoro-m-toluic Acid (36), the Methyl Ester
(44), and Hydrazide (12).—Nitration of 50 according to the
niethod of Hauptschein® gave 36 in 85-909; yield from several
runs; lit.1* mp 128-128°, The methyl ester (44) was prepared
by refluxing 36 in anhydrous MeOH with H.SO4 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 SOClL.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 aniine 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,Cl,.

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 drypwise at 35-45°. The
mixture was then heated at 50-55° for 3 hr. H,O (30 ml) and
CHCI; (5 ml) were then added and the mixture was filtered to
give the amide as a residue.

5-Nitro-«,«,a-trifluoro-m-tolunitrile (51).—A mixture of 7
(60.0 g, 0.256 niol) 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 43.0 g (82¢7) of distillate which solidified
to a white, crystalline solid, mp 78-81°. Anal. (CsHsF;N,Os)
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 EtO 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.O
and dried to give 80.0 g (87.5%) of white solid, mp 120-121°.
Anal. (ClecCngNzOg) C, H, N

(19) Ir spectra of all coinpounds listed liere and in Table I were consistent
with the structure and were determined in KXBr or CHCls with a Beckman
IR 4 spectrophotometer. Wlere analyses are indicated only Iiy symbols of
the elements, analytical results obtained for tliose 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) O)in Mathieson.

(23) Matlieson Coleman & Bell,

(24) a,a.a-Trifluoro-o-tolunitrile was purchased froin Pierce Chemical Co.;
2-nitro-a,a, a-triffuoro-p-tolunitrile,’ and 4-nitro-a.«,a-triffuoro-m-toluni-
trile {W. T. Caldwell and A, N. Savin, J. Amer. Chem. Soc., 78, 5125 (1931) |
were prepared by the reported procedures,
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5-Nitro-«,a,«-trifluoro-n-toluamidine Hydrochloride Hy-
drate (54).--A slurry of 32 g (0.107 mnl) of 52 in 320 ml of
[SOTT was enoled to 5° and saturared with anlwvdrons N1,
The mixtnre was stirred overnight during which time i slowly
bheeante homgeneons and turned light vellow.  The snlution
wis then ireated with Norit and filtereil.  Lvaporation of 1he
filirare o dryness in air gave 25.0 g (81.5°7) of a whire =olid,
mp 80-85° dee.  Anal. (CsHoCIF;N;O5) C, T, N
5-Nitro-a,a,a-trifluoro-m-thiotoluamide (53).—A suspension
bl 75.0 g (0.32 mol) of 7 in 400 ml vf xylene wax heated 1o near
reflnx and treated with 33.5 g (0.16 mol) ot PyS; i =mall portinns.
The mixtnre was rhen heated at refinx for 2.5 hr and filtered hot.
The filtrate was chilled and filtered to give 57 g (v1) uf pale
vellow snlid, mp 131-132.5°. Anal/. (CiHF;N,0.8) C, H, N,
I°, =,
5-Nitro-a,a,a-trifluoro-m-toluenesulfonamide (55).--A mnix-
mre nf 580 g (0.304 mol) uf me-nitrobenzotrifinoride™  and
NSl nf freshly distilled CISO;H* was heated at reflux for 8 hr.
The vplatiles weve then distilled under vacuum, and the dark
svrupy residue was slowly poured into 500 ml of chilled eoncen-
mrated NTILOH with stirring.  The suspension was filtered and
the residue was recrystallized (H,O-E(OH) 1y give 13 g (16°7)
ol tan =plid, mp 140-142°) 1ir. 26 mp 140.5- 141°.
4,6-Dinitro-a,a,a-triflucro-o-tolunitrile 56)—A =olurion nl
N0 g (0,235 mol) of 4,6-dinitrn-a,a,a-triflunri-o-toluidine*
in 450 ml of AcOH was added dropwise at 10-20° 1 a splution nf
1.3 g (0.28 mol) nf NaNO, in 125 ml of coneentrated HaSO,.
The mixture was =uirred for a few minutes and then added slowly
witlt vigorous stirring to a chilled KCN-Ni(CN). solution pre-
vibnsly prepared by adding 98.3 g (1.51 mol) nf KCN in 590 ml
nf 150 to a solution of 82.0 g (0.31 mol) of NiSO,-6H.O and 413
g 1f NapCOy in 730 ml of HyO.  The temperature was allowed to
rise th 30-35° during the addition.  The mixture was then heated
tn N0° for 0.5 hr, cooled, and exrracied with Et;0. The Et,0)
was washed (H,0) and dried (MgSOy).  Filiration and vacuum
distillativn of the filtrate gave 56 as a vellow oil, 17.4 g (27¢),
bp 130-150° (1.5 mm), which splidified o1 standing, mp 92-94°.
.‘177(1,/‘ (CJI_:F;;N:;OQ C, II, N
6-Chloro-a,a,«-trifluoro-n.-toluic Acid (39).-—A mixiunre nf
100 g (0.487 mnl) of 6-chloro-a,q,a-trifluoro-m-tohuiitrile? (59)
and 600 ml of 334, NaOIl was heated at reflux for 4 Ir.  The
mixture was then cooled and filtered. The residue and filtrate
were washed with [$t.0, recombiried, and acidified to give a white
solid (97.0 g, 89C).  Recrystallization (CsHe-hexane) gave mp
D1-03°, 1it. % mp 91-04°.
Hyvdrolysis of 59 with 60-63%; H.304 ar reflux gave 39 in
H0--7047 vield.
6-Chloroisophthalic Acid (57 ). -Compound 59 (30.0 g, 0.146
mol) anrd 150 ml of 75¢7 .80, was heated ar 180-190° for 1 hr.
The =olid which precipitated after rooling was recovered by
filivation, washed (H.0), and dried w give 27.0 g (9491 nf
whire splid, mp 203-295°, 1it.2* mp 204.5°.
6-Chloro-5-nitro-a,q,«-trifluoro-m-toluic Acid (40) and the
Methyl Ester (46).—To 308 ml of fiuning 1180, below 25° was
added 102.5 g (0.50 mol) nf 89, The solwinn was then treated
Hmpwise below 70° with 98 ml of fuuuing HUNO,.  The mixiire
started (o Tonm duriug the latter part nt the addirion.  The
temperatnre was then slowly ratsed 10 95° where the mixire
exnthermed rapidly 1o ca. 160°.  After rhe exorherm had snb-
<iled rhe mixture was heated ar 120-130° for 45 min.  The
solniibe was then epoled and the resulting thick paste was
quernhed on crushed ice. The white solid suspension was stirred
0.5 hr, rentoved by filtration, and washed (cold H,0).  Drying
gave mp 172-173°.  Necrystallizativn (H.O) gave 112 g (83%7)
ni 40 as white needles, mp 175-177°.
The methyvl ester (46) was prepared as a white solid by the
Fiselter method (8 hr of reflux in MeOH-HqS0y).
6-Amino-5-nitro-«,a,a-trifluoro-m-toluic Acid (41), the Ester
(45), and Amide (26)—A mixvwe ol 15 g (55.8 mmol) of 40
aiml 150 ml of epneentrated NTLOH was heated at BO-100°

(25) Da ont.

(267 (3. W Staey and . R Bresson, J. (Feg. Clen., 24, 1895 (195411,

127) 1L B, Dirkey, 1. B. Towue, M. & Blopmy, . J. Taylor, 11 AL 111D,
R. A, Corbive, M. AL MeCall, W . Moore, and D. G. Hedberg, I+, Fay.
Chem., 45, 1733 (1943).

1281 (. Saucy and L. H. Sterubaclh, Helr. Chim. Acta, 45, 226 (19623,

cree Chiemieal Co.

§20% 0, Ullwsann and J. Gzbaclian, Chem. Bee., 836, 1704 (1403).
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1 Pare pressire apparains toe 2 e The mixiure was b
conled, transterred o an evaporating disb, aod deft o sl
overnight.  Thre resnliing crvstalline sospension was ilissolvigl
m owarm 110, treated with Novitc aml filiererl, Aridifivanion
of the chilled filtrate with crncenimned THCT gave 1200 g 1887,
of 41 as a vellsw prcipitaie.

The ester (45) was prepareld trom 41 by the Fischer metlnl
nsing MeOH ey HOT and a 3-hr reflns.

The amide 126 ) was hest pmpaved from 46 and excess concentra-
ted NIL,OH ina Parr pressnre apparatis at 90-100° for 2 hr. The
mixture was tren cooled and filtered, and 1he residite was washed
with HaO to give 26 ax a vellow splid,  Acndificatinn of the filirane
gave 41 as a vellow preripiiare which was reenvereld aiad illenrifierd
by mixtire melring point aml romparisin of infraved <perqra
with previonsly identified material. A preliminary attempt 1
prepare 26 from the amin ester 1457 and eoncentrareld N11,01]
ina pressure bratle at SO-100° for 2 L was not =neess<il, - Oely
45 was reeoverell.

6-Methoxy-5-nitro-c.cv,cv-trifluoro-;-toluic Aeid (42) and the
Methyl Ester (47).- "' a mixiiee of 269 g 70,10 mol) of 40
aml 100 ml ot anhydrous Meil was alded 16,2 g r0.30 mols of
NaOMe  Alter the exotherm hal snbsided, the wixtinre was
hearesd aioreflux for 7 hee The MeOUT was then retmoverl vniler
vaerng, anl the resillue was lissoslved in 100 ml of 11,0, rreateld
witlt N, il filteral. Aewdifiration of the filiate with con-
centrated HCT gave 26 g (D871 of a light s <plid.

The meihyl exter 1471 was preparel]l by the Fiselier proeednre
S 0-MeOl1, 24-Ir reflnx).

6-Hydroxy-5-nitro-«,a,«-trifluoro-;.-toluic Acid (43), the Ester
(483, Amide !27), and Hydrazide (29).- A niixtore of {00 g
(37N ol of 42l 125 ml of 487, TTBr was Leaval at 120
140° for 4 he il then msolel. The sodid was removed by til-
trarion, washerl (1.0, lvied, aml veervaiallized 1o give 6.8 ¢
of 43 (729, ax whitr plates.

The merthyl »srer 1481 wax prepared T 43 by the Visednr
proredinre © MeO 11500, 24-hr refluxs,

The amide 1271 wax prepared from 48 by siirring in conren-
(rated NHOIT for 24 T in o sealed flask. "T'he solwrinn was then
rhilled, acidifierd with 207, TICL anil 27 was recovered by filira-
101,

The hydrazide (291 was prpaved Trow 48 by rifinxing for 4
Ir with a sixfold excess of hyilrazine hydrare in MeOH,  The
MeOH was then removed nnder vacwin and the dark, syviipy
residue was ilissolved in warm AcOH and pmured urtn ice-Ha().
The yellow solid 129} wax vecovered by filtration, washed (1.0,
and dried.

6-Hydroxy-5-nitroisophthalic Acid {60). -A =olutiur ol 155
g (0169 mol) 1vf 40 and 175 ml +f Naoll (5-200,% was heanul o
reflix for 2 hre The resnlting red suspension was then 1ronled
aml quenrhed in 200 ml ol roncenirated HCE-200 md ol proshed
ice.  The =olid was rerovered by filtration and meervsiallized
(11O (o give 370 g W67 a~ a white =olid, np 232.234°.
dnal. (CHIGNOG G 1, N

The dimethvl exter of 80 wax prepared in 93¢, vielll nsing
MeOH--11,5304 and a G-l refbix (o give a whiie <olid, mp 101~
102° tnal. (Cylly Ny C, 11, N

5-Amino-o,«,a-trifluoro-a-toluic Acid Methyl Ester (49 and
Amide 124). -The acid 38 was prepared Dy the methnd of
Mauptsclietn' nial estertiiail in 83¢, vield by heating ar reflnx
for 4 hr with MeOll-11.204  The MeOH was then remved
pider vaenum and the restdne wasipreocheld witltipre-11.0. Nen-
tralization with NaliCOy, filtratinin, and dryving 1he restiliie gavi
49 as a wlire =plid.

Neveral aiterupts 1o ronvert 49 (1 the amide 242 with roneen-
rated NH O met wirh limited sireeess, annl it was snbsequenily
fornd thar the mnst epnvenient route in 24 was by rratalvtie
redietion ol rhe niiroamide 7. Ti a rypueal experinlent 195
g (83 munnl i 7, 0.35 g of 10%, 1'd-C,; and 100 ml nf 157, FtOH
was stirred a1 room temperature for 1.5 he nnder 3.5 kg/em?
of Ty in a Parr presstie apparatus.  The mixture was then
filtered and ile filirare was concentrated to an nil ninder vacnmn.
Perroleum ether (hp 30-60°) was alded and then rempved wniler
vaeont dnring whirl the oil ivystallized.  The <olil was slnrried
m 109, HCL and filterer]l. Nentralization ol the filtrwe at 5°
with NaHCy gave 24 as a white preeipirate whiclt was recivrred
by filtration, washed with eold H.0O and dried.

Biological Methods. - (‘liicks n=ed in the vocrklinsis eflirary
irials wrre pither broiler-typre heavy-breed nr hybrinl Teghooen-
typie birds raiserll in batteries dueing the growing perimd nsing
spriad precantions o ensnee freedom fromn rorrbidiosts infiaetion,
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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 lenella 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.3
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helpful discussions of this work. They are also in-
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A series of new d-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 in vivo for antimalarial and antischistosomal
activity and in 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. 87 Favorable pre-
liminary results against two other parasitic diseases,
dracunculosis®~ and strongyloidiasis,®!! have also

(1) This work was supported by the U. 8. Anny Medical Researcli and
Development Command under Contract No. DA-49-193-MD-2750. This
is Contribution Numlier 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 S. Kendall in "Experimental Clemo-
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) Acta Trop., Suppl 8, 1 1966, This publication comprises (he proceed-
1gs 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, Lyuncet, 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., 60, 288 (1966).

(7) (a) 8.7J. Powell, A, J. Wilmot, I. MacLeod, and R. Elsdon-Dew, Am.
J. Trop. Med. Hyg., 18, 300 (1966): (b) T. Kradolfer and R. Jarumilinta,
Awa, Teop. Med. arasitol., 59, 210 (1963).

(8) G. Ratfier, ref 4.

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

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

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

been reported for this drug. In arecent 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, II,
R.J.Schnitzer and F. Hawking, Ed., Academic Press, New York, N. Y., 1964,
Chapter 7.

(14) K. Miura and K. Reckendrof, Proge. Med. Chem., §, 320 (1967).



