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and the residie was recrystallized from H,O to yield 39.6 g
(73%) of tan crystals, mp 93-96°. The analytical sample was
obtained by repeated recrystallization from H,O as colorless
erystals of hydrated IX, mp 98-99°. Vacuum drying for 1 hr
at 78° gave the anhydrous material IX, mp 162-163°. Anal.
(Ci:HuNO3) C, H, N.

1-Ethyl-1,4-dihydro-6,7-dihydroxy-4-0x0-3-quinolinecarboxylic
Acid Hemihydrate (Xa).—A mixture of 19.6 g (0.075 mole) of
IVb and 200 ml of 489, HBr was refluxed for 6 hr. The pH of
the solution was adjusted to ca. 6.5 by addition of 509, aqueous
NaOH with cooling. Filtration yielded 14.8 g (76%) of light
tan solid, mp 291-293°. Recrystallization from H,O yielded
faint tan erystals which melted at 294-296° after drying ¢n vacuo
(100°, 0.01 mm) for & hr. dnal. (CH,NO;-0.5H,0) C, II,
N, H:0 (Karl Fischer).

The N-methyl analog (Xb) was prepared similarly and re-
cerystallized from 509, aqueous DMF to yield 829, of faint tan
crystals of hemisolvate, mp 320-321°. Anal. (ConHyNO;-0.5-
C;H;NO) C, H, N.

Diethyl 2-[(3,4-Methylenedioxy-6-nitrophenyl)methylene]-
malonate (XII).—A mixture of 98 g (0.5 mole) of 6-nitropiperonal?
(X1I), 88 g (0.35 mole) of diethyl malonate, 34.3 g (0.25 mole) of
anhydrous K:CO;, and 200 g of Ac.O was heated for 3 hr on a
steam bath. The mixture was poured onto 3 L. of ice and allowed
to stand overnight. The solid was filtered and dissolved in 1 L
of Et:0, and the Et.O was washed successively with 500 ml of
H,0O and 300 ml of 59, aqueous NaHCO;. The Et;0 layer was
dried (MgSQy4) and freed of solvent. The residue was crystal-
lized by dissolving in toluene, adding 2 vol. of petroleum ether
and cooling. Filtration gave 164 g (929;) of yellow XII, mp
52-54. Repeated recrystallization from CHCl;-petroleum ether
(1:4) gave the analytical material: mp 59-61°; pmr, 374 (2 s,
0-CH,-0), 414 (1 s, 2-H), 465 (1 s, vinyl H), 491 (1 s, 5-H).
Anal. (C:Hi:NOQg) C, H, N.

Ethyl 5,6-Dihydro-6-o0x0-1,3-dioxolo[4,5-g]quinoline-7-car-
boxylate (XIII).—Iron filings (10 g) were added to a solution
of 10 g (0.03 mole) of XII, 50 ml of H,O, and 200 ml of
HOAc on a steam bath, The mixture was heated with stirring
for 1 hr. More iron filings (20 g) were added in 4-5-g portions at
1-hr intervals with heating, and stirring was coutinued for an
additional 2 hr. The mixture was filtered hot and the filter cake
was extracted with 100 ml of boiling DMF. The combined
filtrate was freed of solvents ¢n vacuo, and the residue was re-
crystallized from absolute EtOH yielding 5.1 g (669 ) of yellow-
tan platelets, mp 272-275°. Recrystallization from 909 aqueous
DMF gave the analytical sample: mp 276-277°; Amex 214.3,
243, 264 sh, 298, and 376 mu (e 35,400, 25,000, 5300, 4800, and
8600); pmr (DMSO-ds), 363 (2 s, O-CH,-0), 404 (1 s, 4-H),
431 (1 s, 9-H), 495 (1 s, 8-H), 712 (1 s (broad), 5-H). Anal
(CsHuNO;) C, H, N.

5,6-Dihydro-5-methyl-6-o0x0-1,3-dioxolo[4,5-7] quinoline-7-
carboxylic Acid (XIV).—Dimethyl sulfate, 5.1 g (0.04 mole), was
added to a mixture of 6.0 g (0.023 mole) of XIII, 50 ml of 109,
NaOH solution, and 10 ml of 959, EtOH, and the mixture was
stirred for 3 hr. After leaving overnight, the mixture was re-
fluxed for 2 hr, treated with charcoal, and filtered hot. To the
cooled filtrate were added 50 ml of 39, NaOH solution and 2.5 g
of MeySOq, and the solution was stirred for 2 hr. Acidification
with 12 N HCI yielded 5.1 g (85%) of tan XIV, mp 329-330°.
The analytical sample, from 909, aqueous DMF, had mp 326-
331°; Mmax (saturated solution in 959 EtOH) 221, 244.5, 264
(sh), 298, 306, 378, and 389 mu. Anal. (C.HyNO;) C, H, N.
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The antibacterial properties of various carbanilides,
especially when substituted with halogen and tri-
fluoromethyl groups, are well known,"? and some of
these compounds are widely incorporated into toilet
soaps for the control of skin flora.?

We now report the synthesis of some new compounds
of this class bearing 4-chlorophenoxy substituents,
most of which show very high in vitro activity against
Staphylococcus aureus.

Details of the new carbanilides are given in Table I.
They were synthesized by reaction of an aminodi-
phenyl ether with an aryl isoeyanate and characterized
spectroscopically and by elemental analysis. The re-
quired isocyanates can either be obtained commercially
or can be readily synthesized by the Curtius reaction,
and the aminodiphenyl ethers were obtained by reduc-
tion of the corresponding nitrodiphenyl ethers, synthe-
sized by the Ullmann reaction. In the Ullmann synthe-
sis of 2-nitro-4,5,4’-trichlorodipheny] ether, we have
assumed that the o- rather than the p-chlorine atom of
2,4,5-trichloronitrobenzene reacts, in view of the rel-
ative reactivities of 2- and 4-halogenonitrobenzenes.*

A preliminary sereening test of bacteriostatie activity
was carried out in the manner discussed by Gibbs and
Stuttard.® Bacteriostatic activities of the new com-
pounds, together with those of certain reference com-
pounds, are shown in Table II. The results show that
compounds 2—4, 6, and 7 are extremely potent antibacte-
rials, having minimum inhibitory concentrations (MIC)
to S. aureus of less than 1 ppm.

In view of possible applications of such germicides in
soaps, where hydrolysis might conceivably give rise to
toxic anilines,® we compared the rates of alkali-catalyzed
hydrolysis of the new compounds. Each carbanilide was
hydrolyzed by 2 N KOH in aqueous DAISO at 95.2°,
and the liberated anilines were estimated by titration
with NaNO, solution. The results given in Table II
show that generally substituents have rather small
effects on the rate constant. A significant difference
can be noted between the 2- and the 4-(4-chlorophen-
oxy)carbanilides, the former being hydrolyzed almost
ten times faster (compare 6 and 7). However, nore
of the compounds seem appreciably more resistant to
hydrolysis than the commercially used 3,4,4’-trichloro-
carbanilide.

Experimental Section

Carbanilides.—The general method of Beaver, Roman, and
Stoffel' was used. A solution of the isocyanate (C.005 mole) in

(1) D.J. Beaver, D. P. Roman, and P. J. Stoffel, J. Am. Chem. Soc., 79,
1236 (1957).

(2) W. E. Frick and W. Stammbach, U. S. Patent 3,214,468 (1965).

(3) D.P. Roman, E. H. Barnett, and R. J. Balske, Proc. Sci. Sect. Toilet
Goods Assoc., 28, 12 (1957).

(4) J. A. Brieux and V. Deulofeu, Chem. Ind. (London), 971 (1951).

(5) B. M. Gibbs and L. W, Stuttard, J. Appl. Bacteriol., 30, 66 (1967).

(6) Cf. R. R. Johnson, R. Navone, and E. L. Larson, Pediatrics, 31, 222
(1963).
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TasrLe I1
BacreriosTaric PROIERTIES AND [IyprOLY$18 RATE CONSTANTS

kX 108,
Compnl MIC, ppm sec™!
1 100) 4.7
2 0.02
3 0.2
4 015 4.9
b 10 (.84
0 0.25 0.76
n 0.5 6.0
Carbanilide >200 5o
34,4 -Trichlorocarbanilide 0.2 1.0

anhydrous ether or benzene was added dropwise with stirring
to u solution of the aminodiphenyl ether (0.005 mole) in anhy-
drous Et20 or Csll;. The resulting solution was boiled under
reflux with stirring for 1 hr. A precipitate formed which was
filtered, washed with Et,0, and dried. The product was further
purified if necessary by recrystallization from EtOH. All the
carbanilides had characteristic “‘amide bands I-IIT"’ at 1600-
1700, 1540-1560, and 1260-1320 cm~1.

Isocyanates.—The method of Allen and Bell" was followed.
A solution of the aeyl chloride in Me,CO was added dropwise
with vigorous stirring to an excess of NaNj in H,O at 10-15°.
The mixture was then stirred for 1 hr, the aqueous layer wus
removed, and the organic layer (acyl azide) was added to n sohi-
tion of CgHe at 60°, or toluene at 100°, daring which a vigorous
eyvolution of Ny occeurred. The mixture was kept at 60° (100°
for toluene) for 1 hr and was then dried (MgSOs). The solvent
was removed 7n vacwo, and, after the residue had been checked
for absence of residual azide, it was distilled. Yields of iso-
cyanates by this method were 70-90%:. The compounds had
physical constants in agreement with the literature valies and
had a pronounced peak at 2280 cm ™ (N=C==-0) in their infrared
spectra.

Nitrodiphenyl Ethers.—The following compounds were pre-
pared by the Ullmann syuthesis, and had physical constants
in agreement with the literature values: 2-nitro-4-chlorodiphenyl
ether,® 2-nitro-4,4’-dichlorodiphenyl ether, and 4-nitro-2,4-
dichlorodiphenyl ether.1o

2-Nitro-4,5,4’-trichlorodiphenyl Ether.-—2,4,5-Trichloronitro-
benzenel! (22.6 g), KoC0Q3 (39 g), p-chlorophenol (19.2 g), pyridine
(1 ml), and Cu bronze (1 g) were heated at 200° for 2 hr (air
condenser). The mixture was allowed to cool below 100°, then
extracted with hot Ho0O. The aqueous solution was extracted
with four 200-ml portions of CHC};, and the CHCl; extracts were
wushed successively with H.0, 2 N KO, 4 & HCI, and H,0.
The solution was dried (MgSO,) and distilled; yield 10.4 g
(339, bp 170-180° (1 min).

(7) C.F. 1. Allen and A, Bell, Org. Syn., 24, 94 (1944).

(8) 1D, Cobern, A. P. Rhodes, and J. L. Warren, Chem. Ini. (London),
1625 (1965).

©) J. 0. Jilek, J. Pomykacek, J. Metysova, J. Metys, and M. Protiva,
Collertion Czech, Chem. Commun., 80, 463 (1965); Chem. Abstr., 63, 8365¢
(1963).

(10) V. ¢ Barry, J. . Betton, M. L. Conalty, L. O'Rourke, and ).
Twomy, roc. Roy. Itish Acad., 83B, 61 (1950).

(11) R. 8. Tipson, J. (4rg. Chem., 22, 587 (1957).

Aminodiphenyl Ethers.—The nitro compounds were reduced
by Zn dust in boiling, aqueous ethanolic CaCl,.1*  The resulting
aniino compounds were isolated in CHClL aund recrystallized
from Eng—Csts‘

Rates of Hydrolysis.—The hydrolyses were carried ont in 2.V
KOH in DMRO-HLO (1:1 v./v) by heating in a thermostatic
bath maintained at 95.2 = 0,1°. The carbanilide was added
quickly to the KOH sohition at the reaction temperatire, whe,
in all cases, it readily and completedly dissolved.  Aliquots (3
ml) were removed fram the reaction flasks at 1-hr intervals, 1HLO
was added to precipitate unveacted carbanilide, and the mixtire
was then extracted thoroughly with Et.O to remove the e
banilide and auilines.  The uanilines were removed Irom (hLis
solution by extraction with 4 & HCL.  The acid solition was
titrated at 5° with standard NaN O, solution to form ithe dinzo-
nim salt, the end point being detected by the bhie calar imparted
to starch-iodide paper.
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Chloroquine, quinacerine, and other 4-aminoquinolines
and 9-aminoaeridines, which have been of great clinical
value in the treatment of malaria, have all encountered
the problem of parasite resistance.?  This suggests that
further synthetic designs involving the attachment of

(1) Tbis investigation wus snpported by the Waller Reed Armny Instirnte
of Research (WRAIR), Walter Reed Army Medical Center, Department of
the Army, and Headquarters, U. 8. Army Medical Research and Develop-
ment Command, Office of the Surgeon General, Contract No. DA-~40-195-
MD-2749. This paper iz contribution No. 226 from the Army Research
program on malaria.

(2) See. for example, ‘a) R. L. Jacohs, J. Parasitol., 51, 481 (1965); (i)
U. Sandhinand, K. Pinswasdi, and J. M. Neely, Am. J. Trop. Med. Hyg.,
14, 354 (1965): (¢) T. Harinasuta, P. Suntharasamai. and C. Viravan,
Lancet, 657 (1963); (d) E. E. Lasch and 1. L. N'Guyen, Brit. Med. J., 1219
(1865); (e) R. L. Degowin and R. D. Powell, Am. J. Trop. Med. Hyg., 14,
719 (1965); (f) T. Wilson, Luncet, 747 (1965); (g) I. W. Sherman, J. 1.
Mudd, and W. Trager, Nature, 208, 691 (1965); (h) R. L. Degowin, R. I3,
Eppes, P. E. Carson, and R, D, Powell, Bull. World Health Organ., 34, 671
(1966); (i) 8. Schmidt, Rer. Brasil, Malariol.,, Doencas Trop., 17, 179
(1965): (i) J. R. da Silva and P. F. A. Lopes, Hospital (Rio de Janiero), 69,
967 (1966); (k) E. H. Sadun and H. S. Osborne. Military Med. Suppl., 131,
847 (1966).


NH.0O.NH~/

