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and 6 are the same(d wg/ml), although the ehemical and
physical properties of the n-butyl, isobutyl. sec-butyl.
and -butyl compounds vary significantly.  Likewise,
unsaturation in the alkyl chain does not seemn to iu-
fluence the bacteriostatic aectivity. The MIC of the
O-n-decenyl compound (14) is the same as that of the
n-decyl derivative (13). However, slight changes in
the anilide portion of the niolecule cause considerable
rariation i activity,  For example, 1-(3.4-dichloro-
phenyl-3-n-octylurea (10) inhibited the test organism
at 0.2 pgs/ml. whereas 1-(3-chilorophenyl)-3-n-octyl-
urea (27) did not inhibit the organism at 20 ug 'l

Siuce the bisureas (20-26) were not effective at the
highest concentration tested (5 pg/1l), no relationship
of chain length to activity can be postulated. It is
tteresting to note that 3,4-dichloroaniline, au expected
hydrolysis product from all these compounds, is 1ot s
active under our test conditions as most of the ureas.

These compounds were also tested against Escherichia
eoli ATCC 11229, They were faund to he mactive at
50 pg/ml
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The antibacterial activity of a variety of halo- and
nitrosalicylanilides is well documiented.! Many of these
conipounds possess good bacteriostatic activity and also
are substantive to skin and cloth. We wish to report
the preparation and bacteriostatic activity of additional
anilides in which the o-hydroxyphenyl moiety has been
changed to alkyl, haloalkyl, alkenyl, eycloalkyl, benzyl
phenethyl, phenoxymethyl, aud phenyl groups. The
N-aryl portions of the conipounds possess both uitro
and halo substituents.

The methods of preparation depended upon the
anilide or starting materials and were generally modifi-
cations of known procedures. For the acid anhydride
reactions a trace of sulfuric acid was added to catalyze
the condensations with the aniline. When an acid
chloride was employed, it was allowed to react in a
solvent with the aniline either with or without tri-
ethylamine as the hydrogen chloride acceptor. It
was necessary to reflux the rcaction mixture several
hours to remove the HCl when no acceptor was used.
The N-methylanilide (15) was prepared by the action
of dimethyl sulfate on the sodium salt of 14.

(1) H. Lamaire, C. H. Schramm, and A. Colui, J. Pleoom. Sei., 50, 831
(1981), and references cited tlierein,

Vol. 9

The infrared speetra of the anilides were exmnined
and characteristic absorptions® were observed with the
NH stretehing band occurring at 5210 3310 ¢ € and
the amide T and 11 bands at 1670-1690 and 1 1570
1600 et respectively.  The amide 1I band was
obscured somewhat by other absorptions.  Amide
bands for those dertvatives (c.g.. 45 and 52) with
ortho gubstituents were shifted to the lower Hiits of the
ranges.  ‘The characteristic NH streteliimg band was
absent for 15, the N-methylanilide.

Bacteriostatic activity of the halonitroanilides against
Staphylococcus aureus was determined <n vitro. The
scope of activity is limited to those compounds which
are substituted in the 3, 4, and § positions of the N-
phenyl ring with a nitro and one or two halogen groups
and in which the acid-derived molety incorporates
alkyl, haloalkyl, alkenyl, or cycloalkyl groups and
coutaing from 5 to 13 carbon atoms. The phenyl,
benzyl. phenethyl, and phenoxymethyl derivatives
were inactive.  Substitution of an alkyl group ou the
nitrogen forming the N-methylanilide (15) destroys
the bacteriostatic activity. Those anilides containing
atertinry e-carbon exhibited a lower order of activity.

The requirements for optinnun activity attributed 1o
ring substitution parallels, in general, the findings ol
Beaver, et al..? for sertex of substituted carbanilates and
carbanilides in which substitntion in the 3 and 4 posi-
tions gave maxitum activity,  Snbstituents i the
ortho position reduced drastically or completely sup-
pressed activity. The correlation of activity with the
salicylanilides* 1s not readily apparent.  In the latter
case, an orthe substituent i allowable for 2°.4'-sub-
stituted derivatives bt not for those containing gronys
i the 2°.48° positions,

Experimental Section

Chemical Procedures.—Most of the acid anhydrides, acid
clilorides, and substituted anilines were obtained conumercially.
3-Chloro-4-nitroaniline,5 3-bronio-4-nitrouaniline,® 3-chloro-3-ni-
troaniline,” 3,5-dichloro-4-nitroaniline,® e-bromononancyl clhilo-
ride,® 2 4-dicliloraphenoxyacetyl chloride,® and 2,4,5-trichlor-
phenaxyucetyl cliloride® were prepared i1 a manner similir to
thiose reported in the literature.

«-Chlorononanoy! chloride was prepared from the cor-
responding acid' and SOCL by o procedure employed for the
preparation of similar acid chlorides;’2 bp 91-95° (2 mm), yield
64¢;.  This lntermediate was characterized by conversion to
23.

Anilides. Method 1.-—-A wmixture of 0.10 mole of required
auniline, 15-18 ml of the acid anhydride, and a drop of conceo-
trated H.SO, was leated at reflux for 1-2 Iir and paured into
cold water. The crude product wax collected, washed with
water, dried, and recrystallized.

Method 2.---The acid chloride (0.055 mole) was added dropwise
to a stirred and reflixed =olution of the aniline (0.030 mnole) in
150-200 ml] of tolnene or methyleyclohexane or a mixture of these
solvents. The mixture was refluxed until HCl evolution ceused.

{2; L. J. Bellamy, "The Infrared Spectra nf Complex Molerules,” Jobn
Wiley and Sons, Ini., New York, N, Y., 1958, pp 203-223.

(3) D.J. Beaver, D. . Roman, anil ’. J. Stoffel, J. Med. Chem., 8, 5U1
(1963); J. Org. Chene., 24, 1676 (1959); J. Am. Chem. Soc., T9, 1236 (1957:.

(4) R. E. Stenseth, J. W, Paker, and ID. P. Roman, J. Med. Cheva., 6, 212
$1963).

(3) H. H. Hodgson aud A. Kershaw, J. Chem. Soc., 2017 (19205,

(6) A. Claus and W. Sclhieulen, J. Pvakt, Chem., 43, 200 (1891).

(7) J. B. Cohen anil 1). McCandlish, J. Chem. Soc., 1257 (19075,

(8) F. Beilstein and A. Kurbatow, A»n,, 196, 214 (1879).

@} A, Hopwood anil (". Werzinann, J. Chem. So»,, 15377 (10113,

10y J. W, Woold and 1'. 1). Yontaine, J. Org. Chere,, 1T, 891 (1952,

(1ly 11 M. Guest, J. 4. Chem. Soc., 69, 300 (1947).

12y AL WL Ralscon, B, W, Regerbireebt, and X, T, Baaer, J. Ovg, Cheo, 4,
SO 1930,
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TaBLE I
HALONITROANILIDES

1
RCNH-@

Re-
Prepn crystn  Yield,

Compd® R X method solvent® 9,
1 CHs 3-Cl-4-NO: 1 T 98
2 CH;CH: 3-C1-4-NO» 1 T 88
3 CHi(CH:): 3-C1-4-NO: 2 M-T 53
4 (CH3):CH 3-Cl-4-NO: 2 T 75
5 CH3(CH): 3-C1-4-NO2 3 H-T 65
6 (CH;):CHCH: 3-Cl-4-NOq 2 T 59
7  CH3;CH:CH(CHs) 3-C1-4-NO: 2 T 43
8 (CH3)sC 3-Cl-4-NO2 2 T 59
9  CH3(CHz)s 3-C1-4-N O 2 37
10 (CH:):CH(CHo): 3-Cl-4-NO: 2 M-T 62
11  CHa(CHa)s 3-C1-4-NO2 2 T 49
12 CH;3(CH,):C(CHza)a 3-C1-4-N O, 2 T 64
13 CHs3(CHz)e 3-C1-4-NO: 2 M-T 21
14 CH3(CHz)r 3-Cl-4-NO: 3 T 92
15 CHi(CHnr" 3-Cl-4-NO: 4 58
16 CHs(CHy)s 3-C1-4-NO: 2 H-T 86
17 CH3(CH2)sC(CHs)» 3-C1-4-NO2 2 64
18 CHi(CHy)s 3-C1-4-N O+ 2 M 77
19 CH3(CHz)1o 3-Cl-4-NO- 3 H-T 94
20 CH:(CHx)n 3-C1-4-NOs 2 T 51
21 CH3(CHy)iC(CHzs)s 3-Cl-4-NO: 3 27
22 CH3(CH2) 12 3-Cl-4-NO: 2 M-T 63
23 CH3(CHy):CHCl 3-Cl-4-NO: 2 M 90
24 CH:(CHy)sCHBr 3-Cl-4-NO 2 T 20
25 CHy=CH(CHy)s 3-C1-4-NO- 2 73
26 Cyclobuty! 3-Cl-4-N O 2 T 74
27  Cyeclopentyl 3-Cl-4-N O, 2 M-T 60
28  Cyeclohexyl 3-C1-4-NO: 2 T 67
29 CsHs 3-C1-4-NOq 2 T 94
30 3,4-ChLCsHs 3-Cl-4-NO- 2 C 84
31 CsHs;CH: 3-Cl1-4-NO: 2 T 62
32 C¢H;CH:CH: 3-Cl-4-NO: 2 T 33
33 2,4-CLCsH;0CH: 3-Cl-4-N O, 2 T 92
34 2,4,5-ChiCH:0CH: 3-C1-4-NO: 2 T 20
35 CHs(CHys 3-Br-4-NO; 2 M-T 43
36 CHs 3-N0O2-4-Cl1 1 T 90
37 CHsCH-: 3-N0O:~4-C1 1 T 90
38 CH3(CHz)7 3-NO:4-Cl 3 M-T 99
39 CHs(CHy)s 3-N0O:-4-C1 2 T 52
40 CHs(CHz)s 3-NO:-4-Cl 2 M 77
41 CH;(CHzy)s 3-C1-5-NO, 2 M-H 33
42  CH3(CHy 3-1-5-NO: 2 M 90
43 CH3(CHzg)7 2-C1-4-NO2 2 M 30
44  CH3(CHys 2-Br-4-NOq 2 T 59
45 CH3(CH1 2-N0:-4-Cl 2 M 61
46  CH3(CHa)s 2-C1-5-NO: 2 M 72
47 CHs 3.5-Cl-4-NOq E-W 65
48 CH3(CHy)1 3,5-C1;-4-NOq 2 HP-T 39
49 CH;3(CHa)r 2,5-C1-4-NO; 2 59
50 CHa(CHy 2,6-Cl;-4-N O2 2 T 46
51 CH3(CHa2)7 2-N0»-4,5-Cl; 2 H 88
52 CHs(CHoa)s 2-CHs4-NOz-5-Cl 2 M 59

o T = toluene, M = methylcyclohexane, H = hexane, C = chlorobenzene, E = ethanol, W = water, HP = heptane.
points, taken on a Fisher-Johns melting point apparatus, are corrected.

X

Conen

for
inhibi-
—Halogen, % — —Nitrogen, 9%—  tion of
Mp, °CP Formula Caled Found Caled Found S.a.f
144-1453%  CgH:CIN,Os +
159-160 CsHyCIN;0s 15.5 15.5 12.3 12.2 T
83-84 CigHiiCIN:Os 14.6 14.8 11.5 11.4 10T
145-147 C1oH11CIN:Os 14.6 14.7 11.5 11.6 +
64-65 CuHisCIN;Os 13.8 14.0 10.9 10.9 100T
116-118 CuHisCIN:Os 13.8 14.1 10.9 10.5 10T
123-125 CuHisCIN20s 13.8 14.0 10.9 11.2 10T
133-134 CuH13CIN;Os 13.8 14.0 10.9 11.2 +
40-42 Ci2Hi5CINOs 13.1 13.2 10.3 10.1 M
81-83 C12H1sCIN;Os 13.1 13.0 10.3 10.1 M
55-56 CiyHirCINOs 12.5 12.6 M
109-111 C1sHiyCIN:20s 12.5 12.7 9.80 10.1 +
70-71 C1sHisCIN:03 11.9 12.2 9.38 9.21 M
79-80 C1sHa CIN:Os 11.3 11.6 8.96  8.79 M
1.54367  CisHaCIN:04¢ 10.8 10.4 8.57 8.46 +
65-66 CisH2sCIN:Os 10.8 11.2 8.57 8.23 M
1.5302/  CieH2CIN2Os 8.57 8.36 T
69-71 Cy1HaCIN:205 10.4 10.5 8.22  8.40 M
70-71 CigHyrCIN:Os 9.99 10.2 7.8  8.03 M
73-75 Ci1sH2sCIN:0s 9.61 9.70 7.5 T.55 100T
1.52867  CioHzsCIN:20s 9.61 9.92 7.59 7.45 100T
83-84 CaoHy CIN:0s 9.26 9.40 7.32 7.42 +
91-92 Ci1sH2eClyN;Os 20.5  20.3 8.08  8.13 M
139-140 CisH»BrCIN:O; 7.15 7.55 M
36-38 CirHuCINOs 10.5 10.3 8.257 7.91 M
115-116 CiHy CIN,Os 13.9 14.1 11.0 10.7 100T
135-136 Cr2H1sCIN 05 13.2 13.4 10.4 10.2 100T
118-119 CisHisCIN:Os 12.6 12.7 9.98  9.89 100T
162-164"  GisHyCIN:0s 12.8 13.1 10.1 9.82 +
227-228 CisH7C1sN205 30.8  30.9 8.11 7.99 +
112-114 CuH1 CIN:Os 12.2 12.4 9.64  9.98 +
111-113 CisHisCIN:Os 11.6 11.6 9.19 8.8 +
223-226 CuuHyClLiN:04 28.3  28.2 7.46  7.34 +
224-226 CisHgClNO4 34.6  34.2 6.83  6.53 +
82-83 CisHuBrN:O3 22.4 22.6 7.84 7.66 M
155-156°  CsHsCIN20s 44 .87 44,9 3.29%  3.13 T
100-101 CoHsCIN:0s 15.5 15.5 12.3 12.0 T
39-40 CisHau CIN:03 11.3 11.0 8.96 9.05 M
60-61 C1sH23CIN20s 10.9 10.9 8.57 8.290 M
59-60 CirHas CIN:0s 10.4 10.6 8.22  8.16 M
70-71 CisH21CIN:Os 11.3 11.7 8.96  8.99 M
89-90 CisHuIN-Os 6.93 6.91 M
64-65 CisHa CINOs 11.3 11.7 8.96 9.12 +
58-60 CisHuBrN;Os 22.4  22.6 7.84 7.88 +
73-74 C1sHz1CIN2Os 11.3 11.3 8.96  9.21 +
104-108 CisHa CIN:Os 11.3 11.2 8.96 8.78 +
226-228¢ CgHsClyN20a +
101-102 CisHaClLN:Os 20.4  20.7 8.0y  8.28 M
74-75 CisHaClLN:Os 20.4 20.7 8.07  8.02 +
126-127 Ci1sH20C1eN Oz 20.4 20.4 8.07 8.10 +
61-62 C1sH2sCl:N 203 20.4  20.8 8.07  8.21 +
111-112 C1sHaCIN;Os 10.9 11.0 8.57 8.71 +

b All melting

¢ 8.a. = Staphylococcus aureus; -+ represents growth at a

concentration of 1 X 10%; T, 10T, 100T, and M represent no growth at a concentration of 1 X 103 1 X 104 1 X 105 and 1 X 108,

respectively.
tive index, n*p. ¢ Anal.
1287 (1937)] give mp 163-164°,
analysis. * H analysis. ! Lit.® mp 222°,

The product was obtained either by cooling the solution to
allow precipitation or by removal of the solvent with a rotary
evaporator. The solid products were purified by recrystalliza-
tion after decolorization with activated carbon.

Method 3.—The appropriate acid chloride (0.05 mole) was
added dropwise to a stirred solution of the aniline and triethyl-
amine (0.05 mole of each) in 200-300 ml of ethyl ether. The
mixture was refluxed for 2-4 hr and cooled, and the insoluble
triethylamine hydrochloride was separated by filtration. The
solvent was removed with a rotary evaporator and the product
was recrystallized, using activated carbon.

Method 4.—An equimolar mixture (0.016 g-atom or mole) of
sodium and the anilide in 50 ml of toluene was refluxed for 2 hr.

4 F. Beilstein and A. Kurbatow [Ann., 182, 94 (1876)] give mp 141-142°,
Caled: C, 58.8; H, 7.09. Found: C, 58.6; H, 7.28. *R. Adams and L. M. Werbel [J. Org. Chem., 22,
*F. D. Chattaway, K. J. P. Orton, and R, C. T. Evans [Ber., 83, 3057 (1900)] give mp 145°,

¢ Methyl group substituted on N. 7 Refrac-

1C

Dimethyl sulfate (0.009 mole) was added and the mixture was
refluxed for 2 hr. The mixture was extracted with water, dried,
and treated with activated carbon, and the solvent was evapo-
rated to yield the product.

Infrared Spectra.—The infrared spectra of the solid anilides
were taken as Nujol mulls using a Beckman IR-5 spectropho-
tometer. The liquids were examined as thin layers between NaCl
plates.

Bacteriostatic Test Procedure.—The standard procedure used
in screening the compounds against Staphylococcus aureus was as
follows, Stock solutions were prepared by dissolving 100 mg of
the test compound in 10 ml of acetone, alcohol, or other solvent.
The stock solutions were diluted serially by pipetting 2 ml of
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the stock solutions into 10 1nl of sterile nutrient agar to obtain u
102 dilution and continuing in the same manner for dilutions up to
108, The agar was poured into Petri dishes, allowed to harden,
and spot inoculated with 1 drop of a cell suspeusion of 8. aureus
wlich was prepared by suspending the growth from a 24-lir
nntrient agar slant culture in 10 ml of distilled water. The
plates were incubated at 37° for 48 hr and examined for the
preselice or absence of growtll.  The results reported in Table I
are the mininnm concentration of the test compound which will
completely inhibit the growth of the bacteria.
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Among the many types of organic compounds which
have been tested for their antiviral action, thiosemi-
carbazones of different carbonyl compounds have been
found to be active.! Most thiosemiicarbazones with
high activity contaiu the group =NNHCSNH; sep-
arated by two carbon atoms from a nitrogen or a
sulfur atom. We have recently established that the
incorporation of the thiosemicarbazone group in a cyclic
systent also leads to considerable antiviral activity.
Thus 3-(4-bromophenyl)-3-carboxymethylthiazolidine-
2 4-dione 2-benzylidenehydrazone was found to prevent
at 2 X 10~* 3] the cytopathogenic changes in cell
cultures of human embryonic kidneys infected with
herpes simplex virus and poliovirus type 1.2 Now,
soute new compounds of this type have been prepared
mm order to examine some structural effects on their
activity. The corresponding thiosemicarbazones of
some carbonyl compounds were treated with inaleic
anhydride in benzene or toluene as described before.?

Biological Results.—The inhibitory effect of the
compounds under investigation on viral growth as well
as the prevention of cytopathogenic changes of the
infected cells were tested using human embryonic
kidney cell monolayers. The cells were infected with
tenfold dilutions of the appropriate virus (from 1032 to

(i (ay 1'. W, Sailler, U, G. O'Sullivan, and D. J. Bauer, Antibiot. Chemo-
therup., 3, 403 (1963); (by D.J. Bauer and P. W, Sadler, Brit. J. Pharmacol.,
15, 101 (1960): (¢) D. Buttimore, D. If. Jones, R. Slack, and K. R. H.
Wooldrilge, J. Chem. Soc., 2032 (1963); (e) R. Slack, K. R. H. Wooldridge,
J. A, McFadzean, and S. Squires, Nature, 204, 587 (1964); (d) R. L. Thomp-
son, 3. A. Minton, J. E. Officer, and G. H. Hitchings, J. Immunol., T0, 229
(1953); (e) E. Campaigne, R. L. Thompson, and J. E, Van Werth, J. Med.
Pharm. Chem., 1, 577 (1959).

(2) P. Schauer, M. Likar, M. Tisler, A. Krbav&ié, and A. Pollak, Pathol.
1 icrobiol., 28, 382 (1963).

i AL Tidler, Yeste, Sloven. Kene Dvaltne 4, 91 (1057).

Val. ¢

10-7).  "FThe test compounds were added usnally to the
cultire medinm simultancously.  The conceutration of
the sereened componnds in the culture mediimm wie
10 L N the same thne the virns was jiratel
in the enlture mwedimm which contuined none ot the
tested cotmpotda,

Thus 3-+4-bromophenyl)-5-carboxymethyithinzoli-
dine-24-digne  2-benzylidenchydrazone  delayed  the
evtopathogenic changes produced by herpes simplex
virus strain Z and polio virus no. 1 (Bruunhilde) when
applied to the nfected cells by direct contact or even
short time intervals (up to 8 hr) after the infection
(therapeutic effect). The virus cancentration  wis
lowered on the fifth day for 1.3--2.0 log (virus/mb.
Similar results were obtained with polio virus type 2
(Saukett) and  vaceinia  virns.,  However, it was
inactive with wmeasles virus.  All other compounds
were tested with herpes virus strain Z and foiund to
reduce the virus titer.  The most significant effeets
were presentted by thie compounds, colleeted in Tuble

R

Tasur
ANaviraL Acmiviry

Rednetion of virus roner,

Comyel to (virus om0
1 1.5
5 4.1
5 1.1
8 1.1
4] 0.8

Experimental Section

Melting points were determined on a Kofler heating niiero-
scope. Ultraviolet spectra were measured with a Becknuwo
Model DU spectrophotometer.

Thiosemicarbazones.—The following compounds were pre-
pared as described in the literature: uacetoplienone thiosemieni-
bazone,* acetophenone 4-p-tolylthiosemicarbazone® propiophe-
none thiosemicarbazone, 4.8 p-dimethylaminobenzaldehyde thin-
semicarbazone,*d7 furfural thiosemicarbazone, ™ and furfural 4-
p-tolylthiosemicarbazone.® The remainder were obtained by
refluxing equimolecnlar amounts of the correspouding thiosemi-
carbazide and the carbonyl compound (0.01 mole) in an ethanolic
solution for 1 hr aud evaporating tlie solveut in »acio to half »f
its volume. The crystals thus obtained were crystallized from

ethanol. New compounds are as follows.

Acetophenone 4-phenylthiosemicarbazone, uip 193-114°) yicld
689.

Anal.  Caled for CHENgS: € 66.00; 11, 3.61; N, L5.61.
Found: ¢, 66.76; II, 5.52; N, 15.78.

Acetophenone 4-p-methoxyphenylthiosemicarbazone, mp 18
184°, vield 719.

Anal. Caled for CH,N;08: €, 64.20; I, 5.72;
Found: C, 64.08; 1, 5.65; N, 14.22.

Propiophenone 4-p-tolylthiosemicarbazone, mp 92-05°, vicld
629%. The product separated as an oil but after 2--4 days crystals
were formed.

N, 14.04,

(4) (a) K. Miyatake, J. Fharm. Soc. Jupan, T8, 455 (1953); by P. Chu-
brier and E, Cattelain, Bull. Soc. Chim. France, 48 (1130); (¢) C. Neubery
and W, Neimann, Ber., 36, 2049 (1902): (d) P. P. T. Sah and T. . Danicls,
Rec. Trav. Chim., 89, 1545 (1950).

(3) R. W. Bost and W. I, Smith, J. Am. Ckem. Soc., 63, 652 (1931).

(6) (a) D.Libermann, M. Moyveux, A. Rouaix, J. Maillani, L. Heugl
and J. Himbert, Bull. So¢, Chim. France, 957 (1953): b) B. Holmbery,
Arkiy Kemd, 9, 65 (1935).

(7) (a) C. N. lonescu, 1. Selmicin, V. Niculescu, M. Voinescu, and 1.
Gostea, Acad. Rep. Populare Romine, Bul. stiint., Sect. Stiinte Technice
Chim., 4, 453 (1952); Chem. Abstr., 50, 13812 (1956); () M. Raghavan,
Current Sci. (India), 21, 10 (1852): (¢) E. & Campaigne aud W. L, Archer,
J. Am. Chem. Soc.. T8, 080 (1953).

(8) (a) F. E. Andersen, C.J, Duca, and J. V. Sculi, ibid., T8, 4967 (1031}
(b G. N. Mitra and (. 8ircar, J. Indian Chem. Soc., 82, 435 (1453),

(A M. Tisler, Frperieadse. 12, 261 (14586},




