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v Prepared as the 1CI salt and the fiee base by ester interchange of wethyl anthranilate:

(1921).  Brill reported bp 182° which conld not be confirmed.
ported by 136-157° (13.5 nun).

anthranilates are essentially  quantitative (with the
exception of the isopropyl esters which experience a
competitive formation of isopropyl N-o-carboxyplienyl-
carbaniate),® the yields expressed in Table I are based
on analytically pure material.  All esters were purified
by distillation except IX which was recrystallized from
cyclohexare.

Biological Results.™ -The anthranilates were screened
at a conceutration of 250 ppii mixed in melted Difco
brain-heart infusion agar in which the test organisms
were later cultured.  The results are reported in Table
IT employing a visual rating of amount of colonial

Tasle i

TrsriNng REsvnrst

Ntaphylo- Eewivia Nanthomonas
coccus weylo- ‘mulra-
Compel aurews E.oonli vl cearunt 1. gey
I 1 1 ] 3 3
11 3 1 5 ) B
II1 hi I 0 a3 3
v 1 1 3} 1 1
V 1 1 1 1 1
VI 1 1 1 1 1
VII 5 1 1 I 1
VIl 1 1 1 1 1
IX L 1 1 1 L
» See text for an expluation of data.
growth: I = no inhibition, 5 = complete inhibition.

It is interesting that none of the esters inhibited
Lscherichia coli growth although anthranilic acid itself
18 active in this regard.!?  The three lower alkyl esters
of anthranilic acid, 7.e., I. II, and III, showed a slight
inhibition of Aspergillus niger, but the parent an-
thranilic ueid is more active.®  Secondary sercening at
reduced concentration levels, 60 and 15 ppm, demon-
strated the esters to be of minimum cffectiveness and
of no commercial interest.

Experimental Section®

General Procedure.—For the formation of isopropyl and «-
butyl esters the correspanding aleohols were employed as solvent

{7} We are grateful to the Union Carhidle Corp., Agricultural Reszearch
Sdon, Clayton, N, C,, fur providing the testing data.

(8) Combustion analyses were performed by V. B. F. in these laboratories.
{nfrarml sperira were wluaine] neat vn o Perkin-Elmer 237 speciropiro-
tometer.  Isaioie anhyidride, H-chloroisaciie anbiyvlride, and Nemetby!-
H-viloroisainie anhydride were provislel os getngvrs samples by Manmnee
Clivnsiea! Co., Toledo, Obio,

If. C. Brill, J. Awm. Chem. Soc., 43, 1322

b Also reported by J. Bredi nud H. ITof, Ber., 83, 29 11000), who re-
= All camponiuds were analyzed for N.

Analytical datn wore within (0,237 of theoretical vilies.

and reactant,  To 3061 ml of the aleohol® in which o chip of
freshly cue Na, approximately (.1 g, had been dissolved, 0.02
mole of the regunired isatoic anhyvdride was added and the sns-
pensions was stirred at reflux. When the evolntion of Q. had
ceased and a clear solution resulted, the reaction medinm wax
heated for another 0.5 hr iaud treated caationsty with 2-3 mi of
6 ¥ HCL The coutents were filtered through MgS0;, conven-
trated i vacuo, and distilled.

Esters of other alcohols were prepared by reaction of a 101
ratio of the alecohol, in which a chip of Nu had been dissolved,
and the ixatoie anhvdride in nuhydrons dioxane. Typieally,
0.02 mole of aleohol containing alkoxide, 0.02 mole of anhydride,
and 35-30 mt of dioxune wonld be employed.  The former pr-
cednre was utilized for isolation of produet. All ir speetra were
as expected.

) Berause eonsuleralyie Toarnine ¢ CO2 rexuliz vnleconmposhion ol isaoin
anhwidrides, it is Jdesiralile (5 mnploy o faeger than normal reaction vessel,

The Preparation and Histomonastatic
Activity of Some Haloethylimidazoles
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In a study of the synthesis and biological uetivity of
nitroimidazoles we were led to investigate the halo-

ethylimidazoles (I-IIT), These compounds werce of
interest because of the reported activity of the corrve-
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sponding hydroxyethyl derivatives (Ia, 1Ilal) agaiust
certain protozoans.?—* Duriug the late stages of this
imvestigation a report appeared which deseribed the
in vitro activity of I and I against Trichomonas vagin-

Q1) Ilagyl¥.

25 ML Buoek. Avzwermittel-Fovsok, 11, 587 11961),

50 R, Mandou!, R. Dargelos. and 1. Millan, Bull. Soc. Pathol. Keotipore,

54, 12 (1961).
(1) DL I ared L Benned, UL 2 Pycent 5,107,201 (Oc th, 14963).
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Tabre I:  Ac11viry AGAINST Histomonas meleagridis

Total e ——Eflicacy————r
Conen in No. of no. of %% without® o
Cowmpd feed, 9% expts turkeys blackhead survival
1 0.015-0.05% 9 31 100 100
1 0.0125 1 B 80 100
I 0.0075 4 15 13 27
I 0.005 3 11 0 27
11 0.05 4 10 100 100
11 0.03 3 10 80 S0
I 0.025 1 D 60 80
11 0.015 3 10 0 40
II 0.0038-0.0125 8 33 0 0
1,2-Dimethyl-5- 0.0125-0.025 3 18 100 100
nitroimidazole 0.0075 2 9 44 56
Infected controls . 9 25 All died of blackhead
TUninfected controls S 0 25 No blackhead infections
¢ Total absence of cecal or liver lesions at postmortemn examination. ¢ At 0.059 the birds demonstrated slight neurological distur-

bances as evidenced by movements characteristic of intoxication.

alis®  Because certain compounds have shown activity Experimental Section®
against both Trichomonas sp. and Hustomonas melea- 1-(2-Chloroethyl)-5-nitroimidazole (I).—Ethylene oxide (100
gridis, the causative organism of blackhead (histo- g, 2.27 moles) was slowly added over a period of 6 hr to 98 g

moniasis) in poultry, the investigation of I and II for (0.29 niole) of 4(5)-nitroimidazole' in 830 ml of 88¢7 formic acid

histomonastatic activity in vivo was particularly signif- 8t 35° The mixture was then filtered to give a yellow filtrate
icant.t7 i and a white residue of unreacted 4(35)-nitroimidazole. The

. . ) formic acid was distilled from the filtrate under vacintin, 50 mi
The synthesis of I-I1I was accomplished by treating of H:O was added to the residue, and the mixture was made

4(5)-nitroimidazole or 2-methyl-4(5)-nitroimidazole basic with 505, NaOH. The basic solation was then extracted
with ethyleue oxide to form the hydroxyethylimidazoles =~ (EtOAc). The EtOAc extracts were dried (N2,804) and con-

. t ‘ centrated to an oily residue under vacuum. The oil was Qis-
(Ia, IIla). Subsequent treatment of Ia or Illa with solved in anhydrous CHCl; and heated at reflux for 4 hr with

thionyl chlqmde or thionyl bromide gave the desired SOClL. The mixtare was then distilled under vacuum to give a
haloethylimidazole. solid residue which was dissolved in HoO and made basic with

The efficacies of I-III were determined against the NaOH while chilling in an ice bath. The crude produet pre-
protozoan H. meleagridis in Broad Breasted Bronze or cipitated, was collected, and dried to give 21.5 g (42 ) of yellow

Broad Breasted White turkeys. Poults which were solid, mp 49-51°. Recrystallization (CHCl;) gave a pale yellow
' solid with mp 49-51°, lit.* mp 51°.

reared in wire-bottom cages were orally inoculated with Anal,  Caled for CsHsCIN,O,:  C, 34.20; H, 3.45: N, 23.93;
approximately 1000 embryonated cecal worm (Heterakis ~ Cl,20.20. Found: C,34.10; H,3.79; N, 23.98; Cl, 20.03.
gallinarum) ova per bird at approximately 6 weeks of 1-(2-Chioroethyl)-2-methyl-5-nitroimidazole (III).—1-(2-Hy-

age. Prior experimentation ha nfirmed th s droxyethyl)-Q-methyl-.ﬁ-nitroimidazole1? (20 g 0.117 mole) was
age o penme N d confirmed € pre added to 100 ml of SOCl; and the resulting mixture was heated at

ence of Histomonas orgar.nsms m.these ova, . reflux for 3.5 hr. The reaction mixture was then treated as
All tests were 28 days in duration. Turkeys were iu- described for I to give 17 g (76.69,) of cream-colored solid with
fected on the first day of the test. DMedicated feed was mp 77-79°. Recrystallization from Et:0 gave a white solid,

given the first 21 days and nonniedicated the final 7 ~ mp78-80°,1it.> mp 78°.
4nal. Caled for CHCIN,Op: €, 38.01; H, 4.26; N, 22.16;

days of each experiment.

3 ; Cl, 18.70. Found: C,38.29; H, £43; N, 21.91; CI, 18.98.
Results shown in Table I demonstrate that I has h18.70. Found 38.29 43 Cl, 1898
greater histomonastatic activity at lower concentrations Acknowledgment.—The authors are indebted to
than II. This is in accordance with the efficacy re-  Mr. Marvin Carr for assistance with some of the ex-

ported for the corresponding hydroxyethyl compounds periments.

1 4
Ia and IlIa agalnSt blaCkhead In contrast, I and Ia (10) Melting points were determined in open glass capillaries with a
are reported to be less effective than II and I11a agamst Mel-Temp heated block and are corrected. Microanalyses were perforined

., 3 by the Schwarzkopf Microanalytical Laboratory, Woodside, N. Y.
Trichomonas. (11) R. G. Fragh dF.L. P J. Ch S 115, 217 (1919)
. . . . G. Fragher and F. L. Pvman, J. Chem. Soc., .
The correspondmg bromoethyl derivative (III)S at a (12) From extraction of Flagy1® tablets with CHzClzyor by hydroxy-

conecentration of 0.059 provided 1009, blackhead ethylation of 2-methyl-4(5)-nitroimidazole; mp 158-160°.
preventive efficacy in two experiments. It was only
little effective at 0.0259, and no efficacy was provided

at concentrations of 0.015 and 0.0059%,. All concentra- Synthesis of cis-9-Tetradecen-1-ol Acetate,
tions were pglatable and nontoxic to the poults, the Sex Pheromone of the Fall Armyworm
A comiparison of the efficacy of I-1I1 with that of 1,2-
dimethyl-5-nitroimidazole,® a well-known antiblack- Davip WARTHEN
head product, shows that I compared favorably with
the standard drug while IT and III did not. Entomology Research Division, U. 8. Department of Agricullure,

Bellsville, Maryland 20705
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(7) D. K. McLoughlin, dvian Diseases, 10, 288 (1966). insect sex attractants,! the four possible geonietric iso-
(8) G. Karnas, U. 8. Patent 3,244,726 (April 5, 1966).
9) Eintrs1®, Emtrymix®, (1) D. Warthen and M. Jacobson, J. Med. Chem., 10, 1190 (1967).



