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thoroughly before submitting for analysis; yield, 7.8 g. (94.770); 
m.p. 340-344' dec.; l k 2  320-330" dec. 

Anal .  Calcd. for C6H11N03S: C, 36.34; H, 6.71; 3, 8.48. 
Found: C, 36.53; H, 6.82; N,8.29.6 

Infrared and ult,raviolet spectras showed that no starting 
material was present. When reduction in aqueous ammonia was 
attempted in the presence of rhodium on a carrier, complete up- 
take of hydrogen was never achieved even when a 60% ratio of 
c4:ttalyst to compound was used. 

Attempted Hydrogenation of VI1.--4 solution of 6.3 g. (0.033 
mole) of TT14 in 100 ml. of water and 3 nil. of concentrated am- 
monium hydroxide was subjected to reduction under 3 atm. 
pressure in the presence of 2.0 g. of 5yo rhodium on alumina. 
S o  uptake occurred. The solution was filtered and rehydro- 
yenated ni th  fresh catalyst. This operation was repeated 
several times. T o  uptake of hydrogen was ever observed. At- 
tempted reduction in t,he ahsenre of animonia with the same 
cat,alyst or with plat,inuni oxide also failed. 
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(8) Infrared examination was carried out by Mr. A. Kammer and nltra- 
\.lolet work by M r .  V. Papendick, both of this laboratory. 
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Previous workers have shown that substituted car- 
banilides are a biocidally active group of compounds, 
but none have investigated the activity of the S-hy- 
droxycarbanilides. The introduction of a hydroxyl 
group on the nitrogen atom of a carbanilide should give 
the resulting cornpound chelating properties and thereby 
perhaps increase the germicidal activity. 

Although the reaction of phenylhydroxylamine and 
phenylisocyanate to give S-hydroxycarbanilide is 
known, only a very few S-hydroxycarbanilides are 
reported in the literature* and there are no exaniples 
where dihalo- and polyhalo-substituted phenylhydroxyl- 
amines are used. 

The preparation of dihalo- and polyhalo-substituted 
phenylhydroxylaniines, by reduction with zinc dust in 
the presence of aiiinioniuni chloride, proceeds quite 
smoothly. However, the isolation of the product is 
difficult since it mill oxidize rapidly in air in a matter of 
seconds to the azoxybenzene derivative. It was found 
that the phenylhydroxylamine could be used without 
isolation; care had to be taken however to reniove all 
alcohol and water used in the reduction step before pro- 
ceeding to the reaction with the isocyanate. 

The monohalo phenylhydroxylamines having a 
methyl group in the oitho position were found to be 
inore stable than the monohalo phenylhydroxylamines 
and could be isolated and recrystallized in good yields 
without undue oxidation. 

The S-hydroxycarbanilides were screened, by the 
agar dilution method, and were found to be a biocidally 

(1) E. Beckmann, J .  prakt. Chem., 12156, 71 (1897). 
(2)  B. Hirsoh, ibid., 184, 264  (1961). 
(3) 8. A. Waksman and H. C .  Reilley, Ind. Bng. Chem. Anal. Ed., 17, 

5.56 (1945). 

active class of compounds, I n  general, they were inore 
active than the corresponding carbanilides. Table I 
coinpares the relative activity of several carbaiiilides 
with that of the corresponding S-hydroxycarbanilides. 

TABLE I 
cOVP.4RISOX OF ACTIVITY OF CARBANILIDES ASD 

N-HYI)ROXYCARBAIVII,IDES AGAISST StUphl/~OrOCC/is U/// ' f ' ! l .S 

R 
3-C1 
4-CI 
4-c1 
3,4-C1? 
3,5-C12 
3,5-C12 
3,4,5-C1, 

R' 

3-CF3 
4-c1 
:3-CF3-4-C1 
3,4412 
3-NO2 
3-CF3-4-Cl 
3-CF3 

r----l\Iinimum inhibitory- 
concentration (p.p.m.) 

RZ = RZ = OH, R2 = H, 
R 3 =  H R 3 =  H R 3 =  OH 

125 31 31 
. . .  15 
31 2 

. . .  4 

. .  8 
8 0 . .i 

31 0 .5  8 

The physical data and germicidal activity against 
Staphylococcus aureus of the S-hydroxycarbaiiilides 
are shown in Table 11. 

Experimental 
The S-hydroxycarbanilides isolated were found to be white or 

off-white solids which could be recrystallized from aqueous 
methanol. They melted with decomposition, readily formed 
sodium salts, and gave blue or green colorations with ferric 
chloride solution indicative of chelate formatmion. They were 
soluble in alcohol, dimet'hylformaniide, and ether; part,ially 
soluble in benzene and chloroform; and insoluble in water and 
petroleum ether. Exposure to sunlight for 2-3 days gave changes 
in the melting point's and additional peaks in the infrared curves 
of t8he compounds, indicating instability under these conditions. 

Method A.-This procedure was suitable for the fairly stable 
monohalo phenylhydroxylamines which were isolated and purified 
before react'ing with t'he isocyanates. 

Method B.-Procedure A was modified by not isolating the 
freshly prepared phenylhydroxylamine. This method was used 
for the very unst,able dihalo and polyhalo phenylhydroxylamines. 
Any oxidized phenylhydroxylamine that was formed could be 
removed readily by washing the N-hydroxycarbanilide with 
petroleum ether (b.p. 40-60"). The isocyanates used, wit,h t.he 
exception of t.he monohalo derivatives which were commercially 
available, were prepared by the phosgenation of the amine.4 

3',4,5'-Trichloro-N-hydroxycarbanilide (Method A).-To a 
solution of 1.91 g. (0.0133 mole) of 4-chlorophenylhydroxylamine 
in 50 ml. of chloroform was added a solution of 2.5 g. (0.0133 mole) 
of 3,5-dichlorophenyl isocyanat,e in 50 ml. of chloroform. Aft,er 
stirring for a few min. a white precipit,ate was formed. The mix- 
t.ure was stirred for 1 hr., then filtered, the whit.e solid vacuum 
dried, and then recryst,allized from aqueous methanol to give 
whit,e crystals, m.p. 155-156', in i5yc yield. 

3,3',4,4'-Tetrachloro-N-hydroxycarbanilide (Method B).- 
A mixture of 21.9 g. (0.114 mole) of 3,4-dichloronitrobenzene in 
240 ml. of 2B alcohol and 4.8 g. of ammonium chloride in 60 ml. of 
wat,er was st,irred well and heated t80 reflux. At reflux small por- 
t'ions of pure zinc dust were carefully added over approximately a 
1-hr. period until the mixture became colorless. Approximately 
43 g. of zinc dust were necessary. The mixture was then cooled 
slightly, quickly vacuum stripped t,o dryness, then slurried with 
500 ml. of chloroform, filtered, the filt,rate quickly was dried with 
anhydrous sodium sulfate and then filtered into a solution of 12.68 
g. (0.068 mole) of 3,4-dichlorophenyl isocyanate in 100 ml. of rhlo- 
roform. The whit,e precipi- 
tate, which formed almost immediat,ely, was removed by filtra- 
t,ion and washed with a little petroleum et,her (to remove oxidized 

The mixture was st'irred for 1-2 hr. 

(4) D. J. Beaver, D. P. Roman, and P. J. Rtoffel, J. Am. Chrm. S o c . ,  79, 
1230 (1957). 
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A4 Simple >\lethod for Predicting the Carcinogenic: 
Properties of Polycyclic Aromatic 3Iolecules' 

I t .  L. FLURRY, q J ~ .  

rl'hcrc havr heeii iiiiiiieiuub attciiipts to  pi edirt 
theoretically tlw carciiiogeiiic activity of aroiiiatic, 
substituted aroiiiatic, aiid heteroaroiiiatic coinpounds. 
.Is early as 1!)38 it was postulatcld that tlie electroii 
density iii the iiiesopliciiaiithrciiir hoiid (the I< regioii) 
of such iiiolecules could he correlated with carcinogenic 
activity.% Later work has eiiiployed caleulatioiis of 
free valence, localization ~ l l e r g i c s , ~ ~ ~  energies of the 
various iiiolecular orbitals of the carciiiogeii,j aiid 
othcr theoretical quantities. .I11 of these workers have, 
brcii iiiore or less successful i i i  fiiidiiig a usable correla- 
tioii hetwecii the theoretical property uiidcr roiisidera- 
tioii aiid carciiiogeiiic activity. Tht. coinplexity of 
thew iiictlzodb, hon cvcr, has prevnited their u s e  by 
those who are not espericiiccd I I I  t he  application of 
iiiolecular orbital (110) theoiy. 

I t  is tht. purpose of the preseiit w r k  to illustratr 
the application of oiie of the simplest .\IO approxi- 
iiiatioiis, the Dewar localizatioii energy approximation,' 
to the prediction of the carcinogenic activity of aro- 
matic systeins. 

Method.-It has heeii shon n that i i i  maiiy poly- 
c-ycalic, aromatic. systems t h e  prewire of a highly re- 
artivr I< regioii is fal-oitahle f o i ,  c.arc4nogeiiica art i i  ity' 
whilo thc piwcii(ac of a r ca r t i l  (1 I .  rcgioii ii iiiifal-oi- 
able." 

(hie of the theoretical iiidiccs which has been used 
successfully to approximate thc3 reactivity of a K -  

electroiiic systeiii is the. localizatioii energy, the cwergy 
rcquirtd to  localize tho appropriate iiiiiiiber of P- 

clectroiis in  tlie area uiidergoiiig attack."' Thcl 
locali~ation cnergic.j for tlie I< regioii and the I ,  icpioii 
should thus lead to a prcdictioii of the carcinogenic 
activity of varioii.; coiiipoud+. I)c\var's iiiiplenieii- 

11 n 

I 

If a single positiciii is reiiioved froiii coiijugatioii i i i  

alteriiaiit aroiiiatic hydrocarboil, ail odd -altc~i*i~ai~t 
\ysteiii results. 1'01 cxaiiiplc, if positioii 3 i i i  1 is I*('- 

iiioved, the reiiiaiiiing *ysteiii, 11, has 17 celltrrs wliicii 
iiiny 1x2 tlesigiiatod as activc (starred) aiid iiiactivp 
iniistarred). TIi( aiel asqigiicd ~ i i c l i  that iiior(s 

ceiitcrs ale * t a r i d  tliaii i i o t .  aiitl i i o  t n o  adjacent 
ccwtei s arv (.ither <tarred or  uiistarrcd. 'l'hc highest 
occupicd . \ IO i i i  a11 odd -altc.iiiaiit systeiii ni th  i i  wiitpis 
aiid ti or /( 1. 1 dccttoiis is- a iioiihiidiiig iiiolecular 
orbital (S13110). ('oulsoii aiitl liushbi ookc" have 
shown that such :t S R . \ I O  has iiodes (ix., 1 1 0  electroil 
density) at thc uu<tarrcd miters.  T h y  liavcx i'urthw 
shmvii that t h t b  algel~raic sunis of the S I 0  (*odfieieiit~- 
arouiid a giveii uiistaird cciitci must be equal to  zpro 
Thk,  couplcd witli t h r l  iiorilialixiiig condition that thc  
siiiii of the sc1uaiv. of tl ic,  rocfficitrits for ally givc.11 110 
iiiust c~jual IiiiitT allo\\ a siiiipk ralculatioil ot t h(> 
\ I O  cocfficic3iits f o i  t l ic i t a r i d  ceiitws. 120r cxaiiiplc, 

ig t l ic valiic of a to the coefficieiit 
thc iollo\\ iiig value5 t i i l f i l l  thv 

(.out3 (t i  itclrion had.; to ( ' (1 I 

0*/1*- 1 # 
* I ,  

- 2 r i *  

111 I \  

tlie 4 positioii i i i  I ,  tliv SB1tO coeficieiits nic sliowii 
i n  I17. I'or isolatioii of t h c  <) and 10 positions, th(3 
S R A \ I O  coefficients arc shon-ii in 1- aiid VI,  ~espcctivckly. 


