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TABLE 1 m;R R, 

R1 

H R? RJ 
7% 

Compound" KI K2 Ka R4 yield h lp ,  OC Formula' 

1 H H H H 25 119-120c C13HiaN30 
2 c1 H €1 H T,Od 160-162 C13Hi2ClN30 
3 e1 H c1 H 35. 140-141 CuHilC12N30 
4 C1 H H F 40 187-1 88 CiaH11ClF330 
5 H H H Br 60 168-169 C13H~BrN30 
6 H H H OCHs 3 0 129-130 CiiHis~302 
7 H H H c 1  4 0 
S c1 H H c1 30e 185-186.5 CnHiiC12N30 
9 H H H F 4.5 133-137 CuH12FN30 

10 H e1 I€ c 1  3 5 191. .i-l93.3 Ci3HiiCLN30 
11 e1 C1 H c1 24 229-230 CnHioC4N30 

Ci3Hi2ClXaO 161-162 

tL Unless otherwise iioted the recrystallization solvent is EtOH. All compomidh analyzed satisfactorily for C, 13, S. c Lit. mp 12l0,  
liecrystallization from LleCS. e Ite- see A. Albert, "The Bcridines," 2nd ed, St. AIartin's Press, New York, N. Y., 1966, p 90. 

cryst,allizatiori from AIeOH. 

Jacobus, T. R .  Sweeney, arid E. A. Steck of the Walter 
Reed Army Institute of Research for these results. 

The title compoundswere testedagainst six microorga- 
nisms which included Bacillus sublilis, Staphylococcus 
aureus, E.  coli, Serratia marcescens, Neisseyia catarrhalis, 
and the yeast-like fungus Candida albicans. The in 
vitro tests employed were the paper disk-agar diffusion 
method9 and the method of turbidity measurement of 
growth in a nutrient broth.l0 The details of these meth- 
ods are described in the Experimental Section. As can 
be been from Table 11, these compounds inhibit the 
growth of the representative Gram-negative coccus, 
Gram-positive rod and coccus, and the one fungus 
tested. They are ineffective, at  all concentrations 
tested, against the Gram-negative rods, E .  coli and 
S .  marcescens. I t  is interesting that  none of the an- 
thranilic acid hydrazides tested inhibit the growth of 
E'. coli. A similar observation was made when anthrani- 
late esters mere tested against this microorganism.3 In 
contrast, simple substituted anthranilic acids are 
potent inhibitors of the growth of E .  coli.11 

Experimental Section 

All meltiiig points were obtained on a Thomas--Hoover Uiii- 
nielt and are uncorrected. Sat,isfactory ir spectra were recorded 
for all compounds using a Perkin-Elmer Model 337 spectro- 
phot,ometer. Elemental analyses were performed by Galbraith 
Laboratories, Knoxville, Tenn. Analytical results for the 
elements indicated were within *0.4% of the theoretical values. 

S-Phenylanthranilic Acid Hydrazides.-The anthranilic acid 
precursors were prepared by the Ullman condensation of o-chloro- 
benzoic acids with substituted anilines according to Albert'za 
and the carboxylic acids were esterified directly.'*b In  a t.ypica1 
reaction, 80 g of 4'-chlorodiphenylamine-2-carboxylic acid was 
dissolved in 400 ml of EtOH saturated with HCl. The mixture 
was refluxed for 8 hr, poured into 2 1. of HzO, neutralized with 
the ?r'a&Op, filtered, and dried. The crude ester (75 g ) ,  80 ml of 
hydrazine hydrate, and 20 ml of EtOH were refluxed 16 hr. The 

(9) C / .  11.. T. Colwell, J. H. Lange, and  D. W. Henry, J .  ,Wed. Ckem.,  11, 
282 (1968). 

(10) (a) A .  Bloch and C. Coutsoglorgopoulos, Biochemistry, 6, 3345 
(1966); (bj  Society of American Bacteriologists, "hlanuai of Xlicrohiological 
XIetlioda," RIcGrawHill Rook Co., New Tork. N. Y., 195i,  p 173. 

(111 13. E. I'olcani. S. Secher, E. D. Bergmann, and H. Bendas, J .  Bid.  
Chem., 207, 411 (1954). 

(12) (a) -1. .\lhert, " T h e  Icridinea," 2nd ed, St .  AIartids Press. Selv 
Y o r k .  S .  Y., 1966, p 50;  (11) p YO. 
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Dilution methodC (L& 
Inllibition a t  48 Fg/mlj 

Corn- B. iub- S. C .  5. cutar- B. s. c. 

1 + + -  + 0 0 P  
2 + + +  + 0 60 3o 
3 + + - ' +  60 900 30 
4 + + - ' +  P 70" P 
.J + + +  + P P P  

P P P  6 
7 + + +  + 0 40 20 
8 + + - f  + Y O L  Y O L  60' 

50 30 10 10 -' -I  - 
11 + + -  + 90$ 90k 10 
E. coli aiid S. marcescms showed 110 inhibition at  any con- 

centration by either method. ' Results shown are for 10 pg/disk 
unless otherwise noted. Per cent inhibition recorded for con- 
centration of 48 pg/ml unless otherwise noted. P indicates t,est 
compound precipitated out of broth solution at concentration of 
48 pg/ml and no inhibition shown at  concentration of 24 pglml 
for these compounds. KO inhibition was observed at  2.4 pg/ml 
for any compound. .I-. catarrhalis was not tested by this method. 
d Compound 9 was not tested. e -I-. catarrhalis results are for 
1 pg/disk. f Inhibition positive for 100 pgldisk. 0 60% iri- 
hibition at  concentration of 24 pg/ml. h 40% inhibition at  con- 
centration of 24 &ml. k 80% inhibition at concentratioil of 24 
pg!ml. i 20% inhibition at concentration of 24 pglml. 900, 
inhibition at  concentration of 24 pglml. 

---Disk methodh (10 ~g)-- 

poundd tilis oureua alLicn7ib rholise bubtil is  uureu,v olbicuris 

-./ -' -' + 

+ 

reaction mixture was cooled, filtered, and washed with hexane. 
The crude carboxyhydrazide was recrystallized from EtOH: 
mp 161-162", yield 34.7 g (50co). 

Antimicrobial Tests.l3-The agar platje diffusion method em- 
ployed 6-mm sterile paper disks impregnated with the test com- 
pounds. Three different tedts were performed by depositing 
100, 10, and 1 pg of compound, respectively, on disks and placing 
the disks on Difco Tryptic So)- Agar plates which had been 
previously inoculated with the test organism. Each plate was 
incubated at  the optimum growth temperature for the individual 
microorganism. Prior to the final inspection, checks were made 
after 8-12 hr incubation periods to adcertain that no regrowth had 
occurred in an inhibition area. A ring of inhibitedgrowth around 
the disk aft.er a 24-hr incubation was considered to indicate 
antimicrobial activity provided t,he control disk showed no 
inhibition. 

For the tiit)e-diliition assays:, a soliitioii of teat compound i i i  aii 

inert solvent, propylene glycol, was sterilized and then injected 

(13)  \Ve thank the Department of I3iologs, Georgia State Cniveraity. 
.1tlanta, Ga.,  for use of their facilities to perform tlieae tests. 




