
Experimental Sections 

5-Phenylisothiazole-4-carboxylic acid wa- obtairietl f i w n  3- 
arrii1io-4-bromo-:i-~~lieiiylisothiitz1rlefi iising procediires already 
tlesc*ribed ill the patent lite~atiire.9 3-I~r1inic1-,~-pl1e1i~lisothia~111e, 
nip :10-32', obtaiiied iii 277'; yield by the rediirt ive tleiimiiiation 
of ::-:imirio-4-brc)1no-~-phe11ylisottiiitzole," wheii heated with 
ciiproiis cyaiiide in dimethylEoi.maniide, gave i-c.yario-;,-phei1?-1- 
isothiazole, mp 1O3-10io, in ield. The 4-cyano-j-plienyl- 
isothinzole on acid hydr gave .i-phena.IL~othiazole-4- 
rnrhoxylic acid, nip 174-176" (70:;; ). 
N, H: neut equiv, foilrid 203. 

5-Phenylisothiazole-4-carbonyl chloride, nip 72-i?jo [O.-I~, ; ), 
was obtained by heating ii-phen~lisothiazole-4-(~nrbtix~-li(~ :rritI 
with excess SOCI, iinder reflux for 1 hr. 
3-Ethoxy-5-phenylisothiazole-4-carbonyl chloride, bp 138-140" 

((1.7 Inm) (i9%,), w w  obtained from 3-ethox3-3-pheiiylisothiaxole" 
iisirig identical procedures as described for 3-Inel hosy-3-phenyl- 
iiothiiizole-4-carboriyl ~ ~ h l o r i d e . ~  The iiitennediate compo1Ilida 
prepared were 4-l)romo-3-et hos~-?j-pheuyli;iot hiazole, bp 12% 
131 (0 .5  mm) i90c'; 1: 4-cyario-:~-ei hos~-,~-pheriylisothiazole, 

-et hoxy-5-pheiiylisot h 
~-l-ethcix~--.i-p~iei~ylis 

.1nal. (ClaFI;SO 

<)Or;). . l7!112. (C:i?Hi 
r i r i i t  rqiiiv, fo i in t l  2417. 
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IVh,  which, up011 tre:ttnieiit with thion~.l chloride, 
gave thc  acid chloridc 1.. Treatnierit of this acid 
chloride with :LII :tppropriate alcohol gave the desired 
e-ter of IT'. 111 :I \iniiliir immner the csters of othcr K- 
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a Solvent of recrystallization: A = aqueous DMF, B = CHCls-Skellysolve B, C = aqueous EtOIS. b CCHll = cyclohexyl. c Of 
analytical material. d tlll compounds analyzed for C, H, N. e Anal. H, N ;  C: calcd, 64.34; found, 64.70. J Fg/ml. Q b i d .  x 1. 

substituted quinolones were prepared from their un- 
isolated acid chlorides. Treatment of V with N,n'-di- 
ethylethylenediamine, hydroxylamine, and ethyl car- 

I 

C,H, C,H, 

\ VIII. R = NHCOOEt 

IVa-m, R =  0-alkyl or 0-cycloalkyl 

1'1, R =  NHCH,CHIN(C.H.,)I 
VII, R=KHOH 

V. R=C1 

(:& C,Hj I H O d C  OOH 

I 
R 

Xa, R = CH, 
b, R = C,H, 

IX HO 

hamate gave the amide VIa, the hydroxamic acid VII, 
and the acyl carbamate VIII, respectively. 

Decarboxylation of IVb could not be accomplished 

by the usual methods4 ( i e . ,  heating above the melting 
point; refluxing with copper and quinoline, etc.) but 
proceeded quite readily by heating at  ca. 300" with 
copper in dibutyl phthalate to yield IX.  

Hydrolysis of IVb by refluxing 48% hydrobromic acid 
led to the 6,7-dihydroxy compound Xb  and a similar 
reaction with the N-methyl analog gave the corre- 
sponding N-methyl-6,7-dihydroxy compound Xa.  

The isomeric quinolone XI11 was prepared by treat- 
ing nitropiperonal (XI) with diethyl ma1onat.e to yield 
XI1 which upon reductive cyclization gave the ester 

XI XI1 

H 
XI11 

C H ~  
x IV 

(4) V. Jfigrdichian, "Organic Synthesis," Vol, 2, Reinhold Publishing 
Corp., New Y ork, N. Y ., 1957. 





and the residiie was recrystallized from H20 to yield 39.6 g 
(73(7) of tan crystals, mp 93-96". The analytical sample was 
obtained by repeated recrystallization from H20 as colorless 
c:rystala of hydrated IS ,  mp 98-99'. Vacuum drying for 1 hr 
a t  78" gave the anhydroris material IS,  nip 162-163". Anal.  

1 -Ethyl-l,4-dihydro-6,7-dihydroxy-4-oxo-3-quinolinecarboxylic 
Acid Hemihydrate (Xa).-A mixture of 19.6 g (0.075 mole) of 
1% and 200 ml of 48% HRr was refluxed for 6 hr. The pH of 
the solution was adjusted to ea. 6.3 by addition of 30%;. aqueous 
XaOH with cooling. Filtratio rielded 14.8 g (76%) of light 
tau solid, mp 291-293". Rec tallimtion from I120 yielded 
failit tan crystals which melted at 294-206" after drying in vacuo 
(loo', 0.01 mm) for 8 hr. Ana/ .  (C,2H,,?r'O:,~0.31-120) C, 11, 
S,  E120 (Karl Fischer). 

The N-methyl analog ( S b )  was prepared similarly and re- 
crystallized from ,?i0Yc aqueous DMF to yield 8 2 5  of faint tan 
crystals of hemisolvat,e, mp 320-321 '. A n a l .  (C11H9N03.0.Z- 

Diethyl 2- [ (3,4-Methylenedioxy-6-nitrophenyl)methylene] - 
malonate (XU).-A mixture of 98 g (0.5 mole) of 6-nitr~piperonal~ 
(XI), 88 g (0.55 mole) of diethyl malonate, 34.5 g (0.25 mole) of 
anhydrous K2C03, and 200 g of Ac20 was heated for 3 hr on a 
steam bath. The mixture was poured onto 3 1. of ice and allowed 
to stand overnight. The solid was filtered and dissolved in 1 1. 
of Et2(), and the Et20 was washed successively with 500 ml of 
H 2 0  and 500 ml of 5% aqueous NaHCOa. The Et& layer was 
dried (lIgSO4) 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 (92c0) of yellow XII ,  mp 
52-.54. Repeated recrystallization from CHClr-petroleum ether 
(1:4) gave the analytical material: mp 59-61'; pmr, 374 ( 2  s, 
O-CE12-O), 414 (1 s, 2-H), 463 (1 s, vinyl H), 491 (1 s, 5-H). 

Ethyl 5,6-Dihydro-6-oxo-l,3-dioxolo[4,5-glquino~ine-7-car- 
boxylate (XIII).-Iron filings (10 g)  were added to a solution 
of 10 g (0.03 mole) of XII ,  50 ml of H20, 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 continued for an 
additional 2 hr. The mixture was filtered hot and the filter cake 
was extracted with 100 ml of boiling D N F .  The combined 
filtrate was freed of solvents in vacuo, and the residue was re- 
crystallized from absolute EtOH yielding 3.1 g (667,) of yellow- 
tan platelets, mp 272-275". Recrystallization from 90cc aqueous 
DMF gave the analytical sample: mp 276-277O; Xmax 214.5, 
243, 264 sh, 298, and 376 mp ( e  35,400, 25,000, 5300, 4800, and 
8600); pmr (D?\ISO-cls), 363 (2 s ,  O-CH2-O), 404 (1 s, 4-H), 
431 (1 s, 9-H), 495 (1 s, 8-H), 712 (1 s (broad), j-H). Anal. 

5,6-Dihydro-5-methyl-6-oxo-l,3-dioxolo[4,5-g]quinoline-7- 
carboxylic Acid (XIV).-Dimet,hyl sulfate, 5.1 g (0.04 mole), was 
added to a mixture of 6.0 g (0.023 mole) of XIII ,  50 ml of 10% 
XaOH solution, and 10 ml of 957, 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 570 NaOH solution and 2.3 g 
of lIe2SOn, and the solution was stirred for 2 hr. Acidification 
with 12 S HC1 yielded 5.1 g (85y0) of tan XIV, mp 329-330'. 
The analytical sample, from 90% aqueous DMF, had mp 326- 
331'; Amax (saturated solution in 95Fc EtOH) 221, 244..i, 264 
(sh), 298, 306, 378, and 389 mp. dnal. (C12H,NO:) C, H, X. 

(C12HiiXOr) C, H, N. 

CaH7NO) C, H, N. 

;2nal. (Ci:TII:XOg) C, 11, K. 

(C1~FIiiXO;) C, H, N. 
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The antibacterial properties of various carbanilides, 
especially when subqtituted with halogen and tri- 
fluoromethyl groups, are n-ell k n o ~ ~ r i , * ~ ~  arid some of 
these compounds are widely incorporated into toilet 
soaps for the control of skin fl01-a.~ 

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

Details of the new carbanilides are given in Table I. 
They were synthesized by reaction of an aminodi- 
phenyl ether with an aryl isocyanate 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 Ullmanri reaction. In  the Ullmann synthe- 
sis of 2-nitro-4,,5,4'-trichlorodiphenyl ether, we have 
assumed that the 0- rather than the p-chlorine atom of 
2,4,5-trichloronitrobenzene reacts, in view of the rel- 
ative reactivities of 2- and 4-halogenonitroben~enes.~ 

A preliminary screening test of bacteriostatic activity 
was carried out in the manner discussed by Gibbs and 
Stuttard.j Bacteriostatic activities of the new com- 
pounds, together with those of certain reference com- 
pounds, are shown in Table 11. The results show that 
compounds 2-4, 6, and 7 are extremely potent antibacte- 
rials, having minimum inhibitory concentrations (AIIC) 
to X. aureus of less than 1 ppm. 

In  view of possible applications of such germicides in 
soaps, \There hydrolysis might conceivably give rise to  
toxic anilines,6 we compared the rates of alkali-catalyzed 
hydrolysis of the new compounds. Each carbanilide was 
hydrolyzed by 2 N KOH in aqueous DMSO at 95.2", 
arid the liberated anilines were estimated by titration 
with S a S O z  solution. The results given in Table I1 
show that generally substituents have rather small 
effects on the rate constant. significant difference 
can be noted between the 2- and the 4-(4-chlorophen- 
oxy)carbanilides, the former being hydrolyzed almoPt 
ten times faster (compare 6 and 7). However, nom 
of the compounds seem appreciably more resistant to 
hydrolysis than the commercially used 3,4,4'-trichloro- 
carbanilide. 

Experimental Section 

Carbani1ides.-The general method of Beaver, Roman, and 
A solution of the isocyanate (C.005 mole) in Stoffell was used. 

(1)  D. J.  Bearer, D. P. Roman, and P .  J. Stoffel, J .  A m .  Chem. Soc., 79, 
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