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Antibacterial Activity.—The compounds were tested
for antibacterial activity by Dr. A. Goureviteh and his
associates in the Microbiology Departinent of Bristol
Laboratories, Syracuse, N, Y., using published tech-
ngues.’

In Table T the MIC values of the penieillins In-e
against sonie gran-positive microorgunisms and ngainst
two  penicillinase-produeing  Staphylococcus  aureus
strains are compared with the wvalues for oxaecillin,
obtained under the same conditions.  Although all
the compounds exhibit netivity agamst the resistant
8. aureus strains, only Id shows an activity comparable
to that of oxneillin.  When administered by the intra-
muscular route, themedian eurntive dose in nuce against
8. aureus BX1633-2 was found to he 45 mg/kg for both
[d and oxaeillin,

Experimental Section?®

5-Phenylisothiazole-4-carboxylic acid wu= obtained fromn 3-
amino-4-bromo-5-phenylisothinzole® nsing procedinres alveady
described in the patent literature.! 4-Bromo-3-phenylizothiazole,
mp 30-32° obtained in 279, yield by the reductive deaminution
of  3-nmino-4-bromo-5-phenylisothiazole,® when heated with
cnprons eyanide in dimethylformamide, gave 4-cyano-d-phenyl-
xothiazole, mp 103-107°, in 80¢, vield. The 4-cyang-3-phenyl-
isothiazole on ueid hydrolysis gave a-phenylisothiazole-4-
earboxylie acid, mp 174-176° (70%.).  Anal. (C,tH:NOS) C, T,
N, 8; neut equiv, found 203.

5-Phenylisothiazole-4-carbonyl chloride, mp 72~75° (1454),
was obtained by heating 5-phenylisothiazole-4-carboxylic aeid
with excess SOCI, under reflux for 1 hr.

3-Ethoxy-5-phenylisothiazole-4-carbonyl chloride, bp 138-140°
(0.7 mm) (79%.), was obtained from 3-ethoxy-3-pheuylisothiazole
using identical procedures as deseribed for 3-methoxy-5-phenyl-
i~othiazole-4-carbonyl chloride.® The interinediate compounds
prepared were 4-bromo-3-ethoxy-3-phenylisothiazole, bp 128~
131° (0.5 mm) (90%): 4-evano-3-ethoxy-d>-phenylizothiazole,
mp 72-78° (93%); 3-ethoxy-3-phenylisothiazole-4-carboxamide,
mp 165-180° (Y8¢ 3-ethoxy-3-phenylisothiaznle-4-carboxylic
acid, mp 124-127° (007%). dnal. (CuHANOS) C, 1, N, 8;
nent equiv, found 247.

Acknowledgments.—The authors thank Professor
R. U. Lemieux for guidance and advice in the eonduct
of this research and Messrs, R. A. Tortier and P. K.
Wolfert for their capable technical assistance.

(7) A. Goureviteh, G. A. llunt, J. R, Luttinger, (. C, Carmack, and 1.
Leyu, I'roe. Sue. Keptl, Biol. Med., 107, 455 (1961},

(8 As mosl of the experimental procedures have already beewn deseribed
yi a recent pateut,® ouly new compounds are reported lhere.  Where
analyses are indicated only by symbols of the elements, analytical resulls
obtained for those elements were within 0.4 of the thenretical values.

0y R. U. Lemieux and R, G. Mijcetich, U. 8. Patent 3,311,611 (1067).
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Quinolone Antibacterial Agents.
Oxolinic Acid and Related Compounds
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Extension of our efforts! at preparing more cfficient
agents s, gram-negative organismis led to the dix-
envery of oxolinie actd (IVh).2  In order to investignte
a possible structure-activity relationship, we prepared
i number of analogs and derivatives.  Condensation of
3,4-methylenedioxyaniline with diethyl ethoxymethyl-
enemalonate gave the unsaturated ester 1, and thermal
evelization in refluxing Dowthermn A? resulted in 70
059 vields of TI. The quinolone cthyl esters (ITD)
(zee Table I) were prepared by alkylation of IT, with
the nppropriate alkyl or substituted-alkyl halide. The
free aeids were obtained by basie aud/or neid hydrolysis
of the esters. No evidence of hydrolysis of the methyl-
enedioxy group wis noted during 1-6 hr (veflux) with
2109 aqueous caustic or with 5-109 hydrochlorie

acid.  In the case of IIT (R = ethyl), hvdrolvsis gave
COOC.H. COOC H- OH
/ ’:@\ | ( AN AOOCH, _,
\() N <() N#
H -
I 1
0
0 COOC.H,
‘ |
1) N
!
R
HI

IVh, which, upon treatment with thionyl chloride,
gave the acid chloride V. Treatment of this acid
chloride with an appropriate aleohol gave the desired
ester of IV, In a similar manner the esters of other N-

(1) D. Kamjnsky aimnd R. 1, Meltzer, U, S. Patent 3,172,811 (March 0,
1065},

(2) Generic name Ior H-e1lyl-5,8-dibydro-8-uxo-1,3-dinxolo [4.5-g]]quino-
line-7-carboxylic acid.

(3)

clLher,

7

\ eutectic nyxtnre covtaining 26.57% diphenyl and 73.57, diphenyl
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TaBLE I
7-CarBONYL DERIVATIVES OF 5-SUBSTITUTED 3,8-D1HYDRO-8-0X0-1,3-D10X0LO [4,5-¢] QUINOLINES

0 COR!
G
h

Yield.® MIc/ EDso, mg/kg? In vivo
No. R R? Mp, °C LA Solvent® Tormula? In vifro Po Se
IIa a 0C,H; 501-302 56 A Ci:HINO; >500 o .
IIh )Gl OH 313-315 92 A CuHNO; 62 >50 >50
I1Ia CI; 0OC.H; 202-203 81 B Cisl1yNOs >a00 o .
IIIb CQI{\; OC)II, 177—178 63 B C],Hl\;NO\, 16 4‘,) -)4
IIIc C.H; 0CsITn 159-160 70 B CeHizN Os N S Lo
IT1d C.li; OCIIy-n 131-133 72 B Ci711,4NO; 62 4.9 2.0
IHe C2H5 ()C‘;I‘{“-t 172—173 54 B C]gIIg]NO:, <4: e e
IITf C.li; OCsHz-n 90-92 61 B C1sHuNO; 8 6.8 6.2
IITh C,H; OC:H,, 204-206 86 B CsHuNO; >500 4.9 4.3
IITi C,H; OCpHa-n 99-101 o4 B CyuHaNO; >3500 8.0 >50
IIIJ Caf‘IT-n OCzI{:, 14:6—14:8 82 B C]eH]',NO:, >300
11Tk CsHyn OC.H; 116-118 76 B C1:HisNO; >3500 . o
IVa CH; o 341-343 71 A CHNO; 0.8 20 >50
IVh C.H; OH 313-314 93 A CisH )\ NO; 0.4 4.7 2.3
IVe CH,COOH OH 316-317 71 A CiHyNO+ 31 >50 >50
IvVd CH,CH.OH OI1 303-305 84 A CislNOs <4 17 3.0
IVe CH,CH=CH, (0281 282-284 66 A CuHiNO; <4 32 >50
18%i CsHrn Ol 271-273 72 A Ci1sHisNOs <4 41 >50
IVg CyHr¢ OIl 207-299 52 A CusHi3NO; <4 16 17.4
IVh CHy-n OI1 233-234 61 A Ci;:1):NO; 16 >50) >3
IVi CiHq-7 on 286-288 49 A Ci:HiNO; 31 >50 >40
IVj CiHy-s o 254-256 24 A Ci;Hi:NO; <4 >50 >50
IVk CeHizn OH 183-185 a8 A CirH1sNO;# >500 >50) >50
IVl CsHin OH 158-160 a6 A CuyHaXNO; >500 >50 >50
IVm CH.CeH; OH 312-313 63 A CisHisNO; >500 >50 >50
Via C,H; NH(CH:).N(C:H;). 199-201 86 C CiyH2: N304 >500 o S
VIb C.H; NHCH.OCH;-m 240-241 88 A CypH1sN-0; 250 >50 >50
VII C,H; NHOH 269-270 83 C Ci3H1sN0; <4 20) 16.5
VIII C.H; NHCOOC:H; 277-279 68 A Ci61115N 04 <4 25-50 25-30
Nalidixic acid 3.1 12.5 10.1

@ Solvent of recrystallization: A = aqueous DMF, B = CHCl;-Skellysolve B, C = aqueous EtOH. ?» CH, = cyclohexyl. ¢ Of
analytical material. ¢ All compounds analyzed for C, H, N. ¢ Anal. H, N; C: caled, 64.34; found, 64.70. 7 ug/ml. ¢b.id. X 1.

substituted quinolones were prepared from their un- by the usual methods* (i.e., heating above the melting

isolated acid chlorides. Treatment of V with N,N-di-  point; refluxing with copper and quinoline, ete.) but

ethylethylenediamine, hydroxylamine, and ethyl car- proceeded quite readily by heating at ca. 300° with
o copper in dibutyl phthalate to yield IX.

o ? COOH o COR Hydrolysis of IVb by refluxing 489 hyvdrobromic acid
< l < l led to the 6,7-dihydroxy compound Xb and a similar
0 N - 0 N reaction with the N-methyl analog gave the corre-

| | sponding N-methyl-6,7-dihydroxy compound Xa.
C2H5 CgH;,

The isomeric quinolone XIII was prepared by treat-
IVb IVa—m, R=0.alkyl or O-cycloalkyl ing nitropiperonal (XI) with diethyl malonate to yield
V. R=Cl XII which upon reductive cyelization gave the ester

VI, R=NHCH,CH,N(C.H,),

O VII, R=NHOH _CO0CH;
Viii, R= CHO CH=C
0 : NHCOOEt 0 _ 0 NCOOCH,
( | 0 -
0 0 NO.
XII

y HO COOH
Ca, |
x <<II —

Xa, R=CH,;
b, R=C,H, H,
XHI XIV
bamate gave the amide VIa, the hydroxamic acid VII,
and the acyl car‘bamate VIII, respectively. ‘ (4) V. Migrdichian, “Organic Synthesis,” Vol, 2, Reinhold Publishing
Decarboxylation of IVb could not be accomplished Corp., New York, N. Y., 1957.
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XIII  Alkylation with dimethyl sulfate followed by
alkaline hydrolvsis yielded XTIV,

Microbiological Testing.—'Ihe compounds were
tested against a smgle laboratory strain of Profeus
vulgaris (WLRI 240), and the technigues used wern
those reported by Turner, of o/ The compounds are
compared with nalidixic aeid (I-ethyvl-1,4-dihvdro-7-
methyvl-4-ox0-1,8-naphthyridine-3-carboxylic  acid) in
Table 1. The n vitro values are derived from n two-
fold =erial dilution and are reported ns minimum in-
hibitory concentration (MIC) in pe/ml. The i riva
values were obtained by two routes of administention
of drug, orally (pn) and subeutancansly (s¢), and are
reported as ED;ge 10 mmg/kg, bid X 1.

Compound IX was found to have only trace (~1000
pe/ml) activity in the in eiteo test. The N-methyl
compound Xa was inaetive in witro; however, the N-
ethyl compound Xb exhibited an in vifro MI1C value of
31 pg/ml and an 1 eive ED;, greater than 100 mg k.
Compounds XITI and XIV were inaective ngainst Pro-
feus.

Structure—Activity Relationship.—The accumulated
data (Table I) ({n ettro vs. in vivo values) suggest that
the nntiproteus activity resides in the free acid, wherens
the netivity of the esters and wmides apparently de-
pends upon solubility and rates of iydrolysisto the free
aeid,  Although the data are lhimited, it would <eem
that the free carboxyl function. an N-cthyl (or =ub-
stituted ethyl) and the S-oxo funetions are prevequisites
for enhanced activity. Broad speetrum antigram-
negative aetivity® suggests oxolinie neid (IVh) ax the
agent of choiee in this group.

Experimental Section

Where analyses are indicated only by =yinbmls of the elements
or funetions, analytieal resnlts obtained for those elements or
funetions were within =0.3¢; of the theoretical valnes. Melting
poiuts below 280° were measured with a Thomas—Hoover
Uni-Melt apparatus, those >280° with a Mel-Temp apparatns;
all are correeted.  Ultraviolet spectra were determined in 05¢
FLOH nsing 1 DK-1 spectrophotoineter.  Pmr spectra were
deterniined with a Vurian A-60 spectronieter (TAS ax internal
standard) with CDCly as solvent, nnless otherwise noted. The
pertinent assignments are reported i eps with the number of
protous followed by s (for xinglet), d (for donblet), or q (for
quartet), Infrared spectran were ax expected for the respective
strietures,

Florisil? was generally nsed sx an aid in decolorization diving
recrystallizations.  Skellysolve B refers t» commercial heptane
(bp 60-90°), und petrolenm ether was the fraction boiling at
30-G0°. o

Diethyl 2-[(3,4-Methylenedioxyanilino)methylene /malonate
(I)~—A mixture of 26.9 g (0.2 mole) of 3,4-methylenedioxyaniline®
and 43.2 g (0.2 mole) of diethyl ethoxymethyleuemalonate was
heated on o steam bath for 3 hr at atmospherie pressure and for
1 hr at ca. 10-15 mm. The residue was recrystallized from Skelly-
solve B to vield 52.7 g (86.5¢7) of vellow, crystalline I, mp 100~
t02°. The analytical sumple was obtained by a second cerystal-
lization; mp 101=102°; pmr, 364 (2 5, O-ClHa-()), 407 (L d, 2-H,
meta conpling, J ~ 2 ¢px), 400 (2, -1, 6-11, J = 8 eps, upfield

(5 1. J. Turuer. I, L. Lindo, P. J. Siorino, J. M. Daly, D, Mlen, wul
B, & Selhwartz, Antimicrolial dgents Chemotterupy, 815 (1862).

() S. M. Ringel, . J. Turner, 12. Kaminsky, and B. 8, Schwartz, pre-
sented at the 67thh Annual Meeting of the American Sociery Tur Micra
biology, New York, N. Y., April 30=May 4, 1967,

(7) Activated magnesium silicate.

(8) 1. A. Sreck, J. 8. Buck, and L. 1. ¥Fleteher, J. Am. Chem. Sne., 79,
4414 (1057).

Vol 1

tegs split by orelu conpling, J ~ 2 cp=y, 500 (b d, vinyt 1L,/ ~13.5
ep=), ~TGO 1L g broad, NFL O~ 135 epsi. Anal. (Cli:NOG
¢, I, N,

Ethyl 8-Hydroxy-1,3-dioxolo|4.5-ylquinoline-7-carboxylate
(ITai A mixtnre of 48 g (0,16 mole) of Tand 300 ml of Dowthern
A was heated 1o reflux duving 1 hr amd mainiained at this fem-
perature for | hr. The liberated aleohol was colleeted in o Dean
Stark tenp. The mixinre was ibrered. The filter eake was washed
with petrolenm ether and drvied 7o cocno, vielding 512 g (7671 of
crnde produet, mp 282-285° (zee Table 1),

Ethy! 5-Ethyl-58-dihydro-8-0x0-1,3-dioxolo|4,5-¢|quinoline-
7-carboxylate (IIIb).- -A mixture of 156 g (0.06 mate) of Tla,
230 mbof DMEF aud 3.0 g (0. E2 miole 1 of Natl powder was heated
with =tirring for (05 hre at s0-90° B (15,6 g, 0.1 mole) was
added dropwize over .5 hre The tempernture was maintained
above 109 for wn additional 2 hr. Thisx was followed by an addi-
Honal 7.8 g (.00 mole) of I aud 2 hr of =tirving at 70°. After
tenving overnight at roomn tempernture, the sulvents were removed
at co. 60 (01 nun i, aud the residne was triturated in 250 mt of
hot CHCEL. The CHCL =dlation was decolorized with charenal,
dilmed with au equal vohune of petrolennn ether, cooled, aml
tiltered to vield 5.6 g (7807 of almost colorless TITh: mp 172~
P75 (Table 1) pmr, 368G (2 5, O-CLLOY 41 o 5, 4-11), 468 11
s G-I, 409 (1 =, 6T

Acids IVa-m were ohtained by hydrolyvsiz of the exters 1
retlixing aqueons atkali or aeid for -2 hre and were purified by
recrv=tallizntion from agueous DMEP. Properties of the arids
are reported in Table 1. The uv spectin of the N-xubstitnted
free acids IVia-m exhibited the =mme maxima (=1 med A
220, 2555 (<l 2305, 268, 208 (<h), 31 (<N, 321, and 326 e
(e X HITH 15000 1S, 36.8, 38,4, 6.4 0.2, 10.8, and 11.2),

5-Ethyl-5,8-dihydro-8-0x0-1,3-dioxolo[4,5-y| quinoline-7-car-
bony! Chloride (Vi SOCL (13.2 ¢, 0.11 mole) wax added to a
hirey of 26,1 @ 10,1 mole) of pure IV in 100 mt of dry Calls, amld
the mixtiure was rethived for 12 hr. Petrolenm ether (230 ml)
wis added, and the mixture was filtered to vield 20 g of vellow-
brown =olid, mp 235-2:36° dee. The eynde =olid wis refluxed with
A0 b of CHLCL and filtered hot to vield 24,3 ¢ 187¢,) of -
soluble, light brown <olid (V9 mp 245° dee. Anal. (Ol CINO)
¢ N, CL

Cyelohexyl Ester (IITh).--A wmixture of 14 g (.05 mole) of V,
6 g (0.06 mate) of {reshly dixtilled evelohexanol, and 30 g of pyri-
dine was heaterl for 2 hr on n stenm hath. The volatiles were
removed fa reene, aud (the residite was triturated several times
i water and filtered. The erude produet was recrvstallized from
301 CCli-Rkellysolve B vielding 15.4 g (90€) of colarless crvstals,
mp 203-206° CPable 1.

N-(2-Diethylaminoethyl)-5-ethy!-5,8-dihydro-8-0x0-1,3-di-
oxolo{4,5-4]quinoline-7-carboxamide (VIa).—A mixture of 8.4 ¢
(V.03 molelof V, 4.6 g {0.04 maole) of N, N-diethyvlethvlenediamine,
and 1530 b of Calle was refluxed for & hr. The volatiles were
removed under aspirntor vaeuun, and the residue was trithnted
A0 Nat1 and reervstallized from agqueons Protl vielding
102 g (0475 of colorless VIn (Table ).

5-Ethyl-5,8-dihydro-8-0x0-1,3-dioxolo|4,5-¢]quinoline-7-hy-
droxamic Acid (VI[}.—Hyvdroxylamine hydrochlorvide (2.1
0.03 niole) wix added to a shirey of 4.2 g (0,015 mole) of Vin 25
nit of pyridine. After 2 hr (stivring), the mixture wus heated for
3 heon o <teom bath, The pyridine was renved nuder aspirator
vacunm, and the residae was reervstallized from 0000 aqneois
EtOll ta vield 4.0 g 79670) of Hght vellow VI, mp 205-208°
("Table .

Ethyl [(5-Ethyl-5,8-dihydro-8-0x0-1,3-dioxolo[4,5-/]quinolin-7-
vl)carbonyljcarbamate (VIII).——A mixture of 8.4 g (0.08 nole)
of V, 5.3 g (0.06 miole) of ethyl earbamate, and 100 mi of pyridine
was refluxed for » . The solvent was removed in vacuo, und
the residie wis Uitirated i .0 and recrystallized from G0y
agiteotts DM vielding 7670 of colorless VITI, mp 273-273° dee
(Table ).

5-Ethyl-1,3-dioxolo|4,5-g]quinolin-8(5H)-one (IX).——A mix-
tire of 60 g (10,23 male) nf TVh, | g of Cit powder, and 500 mil of
di-n-butyl phthalave was heated with stirring at 285-295° until
the evolution of CO. ceased (eca. T hr). The mixture wias cooled
and filtered, and the fivate was dilinted with an equal volume of
CHCL. The =ohitian was extracted with six 230-ml portions
of 4 N 1CHand  lismeded, The aqueous phase was eooled and
made <irongly basic with 507 aqueons NoOH. The precipitate
and zolution were extracted into four 500-ml portions of CHCL,.
The combined CHCl extruers were stripped on a steam bath,
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and the residne 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 ag colorless
crystals of hydrated IX, mp 98-99°. Vacuum dryiug 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
Acld 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 vielded 14.8 g (76%) of light
tunn solid, mp 291-293°. Recrystallization from H.0 yielded
faint tan crvstals which melted at 294-206° after drying in vacuo
(100°, 0.01 mm) for 8 hr. Anal. (CpH,NO:-0.5H,0) C, 1],
N, H.O (Karl Fischer).

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

Diethyl 2-[(3,4-Methylenedioxy-6-nitropheny!)methylene}-
malonate (XII).—A mixture of 98 g (0.5 mole) of 6-nitropiperonal?
(XI), 88 g (0.55 mole) of diethyl malonate, 34.5 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 1. of ice and allowed
to stand overnight. The solid was filtered and dissolved in 1 1.
of Et0, and the Et,O was washed successively with 500 ml of
0 and 500 ml of 59 aqueous NaHCO; The Et,O layer was
dried (Mg80,) and freed of solvent. The residue was crystal-
lized by dissolving in toluene, adding 2 vol. of petroleum ether
aud cooling. Filtration gave 164 g (929,) of yellow XII, mp
52-54. Repeated recrystallization from CHCly—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]:,f{]:,NOg) C, I{, N.

Ethyl  5,6-Dihydro-6-oxo-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;0, 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 DMF. The combined
filtrate was freed of solvents in vacuo, and the residue was re-
crystallized from absolute EtOH yielding 5.1 g (669 ) of yellow-
tan platelets, mp 272-275°. Recrystallization from 9097 aqueous
DMF gave the analytical sample: mp 276-277°; Amax 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.
(CuHuNO;) C, H, N.

5,6-Dihydro-5-methyl-6-o0x0-1,3-dioxolo{4,5-y] 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
NaQH 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 59, NaOH solution and 2.5 g
of Me;SO,, and the solution was stirred for 2 hr. Acidification
with 12 ¥ HCI yielded 5.1 g (85%) of tan XIV, mp 329-330°.
The analytical sample, from 909, aqueous DMF, had mp 326-
331°; Amax (saturated solution in 93¢ EtOH) 221, 244.5, 264
(sh), 298, 306, 378, and 389 mu. Anal. (CH,NO;) C, H, N.

Acknowledgment.—We are indebted to Mrs. Unni
Zeek and staff for the microanalyses, Mr. R. Puchalski
and staff for the spectra, Dr. 8. Ringel, Mr. D. Kronish
and staffs for the in vitro screening, and Mr. F. Turner,
Mr. P. Storino, and staff for the in vivo testing. We
should also like to acknowledge the aid of Mr. J.
Genzer and Mr, F. Fontsere of the Chemical Develop-
ment Department for supplying kilogram quantities of
several of these compounds.

(9) M. T. Bogert and F. R. Elder, J. Am. Chem. Soc,, 51, 532 (1929).
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Some New p-Chlorophenoxycarbanilides and
Their Bacteriostatic Activities

D. CoBErN AND A. P. RHODES

Unilever Research Laboratory, Colworth House,
Sharnbrook, Bedford, England

Received June 21, 1967

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 arvlisocyanate and characterized
spectroscopically and by elemental analysis. The re-
quired isocyanates can either be obtained commereially
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. Inthe 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 bacteriostatic 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
hyvdrolyzed by 2 N WOH in aqueous DASO 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 hvdrolyzed almost
ten times faster (compare 6 and 7). However, nor.c
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
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