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thoroughly before submitting for analysis; yield, 7.8 g. (94.7%);
m.p. 340-344° dec.; lit.2320-330° dec.

Anal. Caled. for C;H;)NO;S: C, 36.34; H, 6.71; N, 848.
Found: C, 36.53; H, 6.82; N, 8.29.8

Infrared and ultraviolet spectra® 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 609, ratio of
catalyst to compound was used.

Attempted Hydrogenation of VII.—A solution of 6.3 g. (0.033
mole) of VII* in 100 ml. of water and 3 ml. of concentrated am-
monium hydroxide was subjected to reduction under 3 atm.
pressure in the presence of 2.0 g. of 59 rhodium on alumina.
No uptake occurred. The solution was filtered and rehydro-
genated with fresh catalyst. This operation was repeated
several times. No uptake of hydrogen was ever observed. At-
tempted reduction in the absence of aminonia with the same
catalyst or with platinum oxide also failed.

(8) Infrared examination was carried out by Mr. A. Kammer and ultra-
violet work by Mr. V. Papendick, both of thislaboratory.
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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 N-hy-
droxycarbanilides. The introduction of a hydroxyl
group on the nitrogen atom of a carbanilide should give
the resulting compound chelating properties and thereby
perhaps increase the germicidal activity.

Although the reaction of phenylhydroxylamine and
phenylisocyanate to give N-hydroxycarbanilide is
known,! only a very few N-hydroxycarbanilides are
reported in the literature? and there are no examples
where dihalo- and polyhalo-substituted phenylhydroxyl-
amnines are used.

The preparation of dihalo- and polyhalo-substituted
phenylhydroxylamines, by reduction with zinc dust in
the presence of ammonium chloride, proceeds quite
snioothly. However, the isolation of the product is
difficult since it will 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 remove 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 ortho position were found to be
more stable than the monohalo phenylhydroxylamines
and could be isolated and recrystallized in good yields
without undue oxidation.

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

(1) E. Beckmann, J. prakt. Chem., [2]186, 71 (1897).

(2) B. Hirsch, tbid.. 284, 264 (1961).

(3) 8. A. Waksman and H. C. Reilley, Ind. Eng. Chem. Anal. Fd., 17,
556 (1945).
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active class of compounds. In general, they were 1tore
active than the corresponding carbanilides. Table I
compares the relative activity of several carbanilides
with that of the corresponding N-hydroxycarbanilides.

TaBLE I

COoMPARISON OF ACTIVITY OF CARBANILIDES AND
N-HyYDROXYCARBANILIDES AGAINST Staphylococcus aureus

o3,

3 R
————Miniinum inhibitory———
concentration (p.p.m.)
R2 = Rz = OH, R2=H,
R R1 Rs = H R¢=H R3=O0H
3-Cl 3-CF, 125 31 31
4-Cl1 4-Cl1 . 14
4-Cl1 3-CFs-4-Cl 31 2
3,4-Cl, 3,4-Cly 4
3,5-Cl, 3-NO, . 8
3,5-Cly 3-CF44-Cl 8 0.5
3,4,5-Cl, 3-CF, 31 0.5 8

The physical data and germicidal activity against
Staphylococcus aureus of the N-hydroxycarbanilides
are shown in Table II.

Experimental

The N-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 formation. They were
soluble in alcohol, dimethylformamide, and ether; partially
soluble in benzene and chloroform; and insoluble in water and
petroleum ether. Exposure to sunlight for 2-3 days gave changes
in the melting points and additional peaks in the infrared curves
of the compounds, indicating instability under these conditions.

Method A.—This procedure was suitable for the fairly stable
monohalo phenylhydroxylamines which were isolated and purified
before reacting with the isocyanates.

Methed B.—Procedure A was modified by not isolating the
freshly prepared phenylhydroxylamine. This method was used
for the very unstable dihalo and polyhalo phenylhydroxylamines.
Any oxidized phenylhydroxyvlamine that was formed could be
removed readily by washing the N-hydroxycarbanilide with
petroleum ether (b.p. 40-60°). The isocyanates used, with the
exception of the monohalo derivatives which were commercially
available, were prepared by the phosgenation of the amine.*

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 isocyanate in 50 ml. of chloroform. After
stirring for a few min. a white precipitate was formed. The mix-
ture was stirred for 1 hr., then filtered, the white solid vacuum
dried, and then recrystallized from aqueous methanol to give
white crystals, m.p. 155-156°, in 759 vield.

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
water wag stirred well and heated to reflux. At reflux small por-
tions 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 to dryness, then slurried with
500 ml. of chloroform, filtered, the filtrate 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 chlo-
roform. The mixture was stirred for 1-2 hr. The white precipi-
tate, which formed almost immediately, was removed by filtra-
tion and washed with a little petroleum ether (to remove oxidized

(4) D. J. Beaver. D. P. Roman, and P. J, Stoffel, J. Am. Chem. Soc., 79,
1236 (1957).
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Ja-dichlorophenythydroxylamine).  Wark-up of the mother
liquor yielded maove prodnet. Reervstallization finn aqueous
nmethanol gave oft-white crystals, nup. 149-150° dec., in 8§
vield (hased on weight of isocyanate ).
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A Simple Method for Predicting the Carcinogenic
Properties of Polycyclic Aromatic Molecules!
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There have been numerous attempts to prediet
theoretically the carcinogenic activity of aromatic,
substituted aromatic, and heteroaromatic conipounds.
As early as 1938 it was postulated that the electron
density in the niesophenanthrenic bond (the I region)
of such moleciles could be correlated with carcinogenic
activity.? Later work has employed calculations of
free valence, localization energies,®* energies of the
various uwolecular orbitals of the carcinogen,™ and
other theoretical quantities. All of these workers have
been niore or less successful in finding a usable correla-
tion between the theoretical property under considera-
tion and carcinogenic activity. The complexity of
these niethods, however, has prevented their use by
those who are not experienced in the application of
molecular orbital (MO) theory.

It is the purpose of the present work to illustrate
the application of one of the simplest MO approxi-
mations, the Dewar localization energy approximation,’
to the prediction of the carcinogenic activity of aro-
matic systemns.

Method.—It has been shown that in many poly-
evelie aromatic systems the presence of a highly re-
active I region is favorable for carcinogenic activity®
while the presence of a reactive L. region 1s mnfavor-
able.”

One of the theoretical indices which has been used
successfully to approximate the reactivity of a =-
electronic system is the localization energy, the cuergy
required to localize the appropriate nuutber of 7-
electrons in the area undergoing attack.'” The
localization energies for the I region and the L region
should thus lead to a prediction of the carcinogenie
activity of various contpounds. Dewar’s hmplemen-

(1) Presented before the Division of Melivinal Cliensistry at the 14ith
National Meeting of the American Chemical Society, New York, N. Y., Sept.,
1963,

(2) O. Sehuidt, Z. physik. Chen., 89, 39 (1938},

(3) O. Chalvet, R. Daudel, anii . Moser, Compt. rend.. 246, 3457 (19381,

(4) A. Pullivan and B. Inllman, “Cancerisation par les Substances
Chewique et Structire Moleenluire,”” Masson et Cie., Paris, 1954,

(5) 0. Chalvet and R. Mason, Nature, 192, 1070 (19611,

(6) A, Pullman and B, Pullman, t/id., 196, 228 (1962).

17y M. J. S Dewar, J. dm. Chem. Soc., T4, 3341 (1952).

(8) P. Daudel and R. Daudel, Bull. soc. chim. biol., 81, 353 (1044).

(4} A. Pullinan, Bull. sce. chim. France, 394 (1954).

(0 AL Streitwieser, Jr., “Malecnlar Orbital Theory,” Jolin Wiley and
Sons, Ine., New York, N. Y., 1061, p. 334,
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tation™ of the Coulson, Longuet-Higging perturbation
theory ™ leads to an extremely sunple method which
involves 1o matrix diagonalization or other matrix
manipulation for caleulating the required loealization
cnergies.

As an example of the application of the method,
consider 1,2-henzanthracene (I), a molecule which
hias both an active I region and an active L region.

PN
o
5

* * *

11

If a single position is removed from conjugation in
an alternant aromatic hydroearbon, an odd-alternait
systemn results.  Lor example, if position 3 in 1 is re-
moved, the remaining system, 11, has 17 centers which
may be designated as active (starred) and inactive
(unstarred). These are assigned such that 1nore
centers arce starred than not, and no two adjacent
centers are either starred or unstarred.  The highest
occupied MO in an odd—-alterniant system with n centers
and n or n 4+ 1 cleetrons is & nonbonding molecular
orbital (NBMO). Coulson and Rushbrooke' have
shown that such & NBMO has nodes (7.e., no electron
density) at the unstarred centers. They have further
shown that the algebraic snms of the MO coeflicients
around a given unstarred center must be equal to zero.
This, coupled with the normalizing condition that the
s of the squares of the cocfficients for any given MO
must equal 1mity allows a shuple caleulation of the
MO coefficients for the starred centers.  For example,
by arbitrarily assigning the value of a to the coefficient
at position 17 in 1I, the following wvalues fulfill the
first eriterion. The second eriterion leads to eq. 1.

“*/ﬁ*"‘
|
*

L

at (=) ) =200 (200 4+ (=20 +

(200 4 (=) 4 (G)t = 1 (15
or7la? =landa = 1, V71 = 0.118.
followinng NBMO coefficients for II.

Thig gives the
IFor 1solation of

.54

a.118 ’/\\‘-n.n«\ N

- 256 =045
(118 0,236 =04351 J-o.-m

0.11n Q118 0,708

-0.018

II1 v

0,206 =0, 4%

the 4 position in I, the NBMO coefficients are shown
in IV. FLor isolation of the 9 and 10 positions, the
NBMO coefficients are shown in V and VI, respectively.

-0.191
N

-0.208 a.206

-u__;(ww [~0.‘.>|...
)

1309 =uails O.2ai

v

U291 =0.552 0194 010

.291
o‘nag\) het

VI

(11) C. A. Coulson and G. 3. Rushbrooke, Feoc. Camibeidge FPhd, Soe., 36,
193 (1940).
b ML LemguetdHiweins, J. Chem, Phys., 18, 275 (1050).



