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3yd-dichlorophenylhydroxylamine).  Work-up of the nother
liquor yielded more product. Reervstallization from aqueous
methaiol gave off-white eryvstals, nup. [49-150° dee., in 89€
vield (hased on weight of isocyanate ).
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Mr. A. C. Dornbush and his staff for the biological
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There have been numerous attemipts to predict
theoretically the carcinogenic activity of aromatic,
substituted aromatic, and heteroaromatic compounds.
As early as 1938 it was postulated that the electron
density in the mesophenanthrenic bond (the I region)
of such molecules could be correlated with carcinogenic
activity.? Tater work has employed calculations of
free wvalence, localization cnergies,®4 cnergies of the
various 1olecular orbitals of the carcinogen,®® and
other theoretical quantities.  All of these workers havc
been more or less successtul in finding a usable correla-
tion between the theoretical property under considera-
tion and carcinogenic activity. The complexity of
these methods, however, has prevented their use by
thos¢ 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 systeis.

Method.—It has been shown that in many poly-
evelie aromatic systenis the presence of a highly re-
active X region is favorable for carcinogenic activity®
while the presence of a reactive L. region is unfavor-
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 number of z-
electrons 1n the area undergoing attack.' The
localization encrgies for the I region and the 1. region
should thus lead to a prediction of the carcinogenic
activity of various compounds. Dewar's lmplemen-
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tation® of the Coulson, Longnet-Higgine perturbation
theory! 1 leads to an extremely :imple method which
mvolves 1o matrix diagonalization or other matrix
manipulation for caleulating the required localization
ClICTZIES,

As an exanple of the application ol the method,
consider 1,2-henzanthracenc (I), a molecule which
hag botli an active K region and an active Loregion.
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If a single position is removed from coujugation in
an alternant aromatic hydroearbon, an odd-alternant
system results,  For example, if position 3 in 1 % re-
moved, the remaining system, 11, has 17 centers which
may be designated as active (starred) and inactive
(unstarred). These ave assigned such that more
centers are starred than not, and no two adjacent
centers are either starred or unstarred.  The highest
occupied MO in an odd-alternant systen: with n centers
and # or n -+ 1 cleetrons is & nonbonding molecular
orbital (NBMO). Coulson and Rushbrooke!! have
shown that such o NBMO has nodes (7.e., no electron
density) at the unstarred centers.  They have further
shown that the algebraic sums of the MO coefficients
around a given unstarred center must be equal to zero.
This, coupled with the normalizing condition that the
=ui of the squares of the cocefficients for any given MO
nwst equal unity allows a simple ealculation of the
MO coefficients for the starred centers.  For example,
by arbitrarily assigning the value of a to the coefficient
at position 17 in I, the folowing values fulfill the
first eriterion.  The second criterion leads to eq. 1.
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m IV, lor isolation of the 9 and 10 positions, the
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TasLe I
ortho AND para LocarizatioN ENERGIES®
0.L.E. P.L.E.

Hydrocarbon This work H.M.O.C This work H.M.O.° Index?
Anthanthrene 1.64 1.03 . S —
Pentacene 1.65 1.18 1.60¢ 3.18 —
3,4-Benzopyrene 1.72 1.03 L. o ++++
3,4-9,10-Dibenzopyrene 1.72 o L. L ++++
Pentaphene 1.74" 1.01 2.83¢ 3.45 -
1,2-7,8-Dibenzonaphthacene 1.80 1.03 2.55 3.37 —
27,3'-3,4-Naphthopyrene 1.81 1.00 2.50 3.34 —
1,2-Benzonaphthacene 1.84¢ 1.01 2.217 3.27 —
3,4-8,9-Dibenzopyrene 1.86 1.07 o c +4+++
Naphthacene 1.86 1.19 2.26¢ 3.25 —
1,2-Benzanthracene 1.90¢ 1.03 2.79¢ 3.42 —
2,3-7,8-Dibenzophenanthrene 1.91 1.09 2.66 3.39 -
1,2-3,4-Dibenzopyrene 1.92 1.02 S o +++
1,2-3,6-Dibenzanthracene 1.94 1.04 3.02" 3.51 ++
1,2-5,6-Dibenzophenanthrene 1.96 1.09 o .. +
2,3-5,6-Dibenzophenanthrene 1.98 1.07 2.60 3.39 -
1,2-7,8-Dibenzanthracene 1.997 1.04 3.04" 3.01 +
1,2-Benzopyrene 2.02¢ 1.08 —
Chrysene 2.08° 1.12 —
Phenanthrene 2.15" 1.06 —
1,2-4,5-Dibenzopyrene 2.15 1.13 —
3,4-5,6-Dibenzophenanthrene 2.20 1.09 —
3,4-Benzophenanthrene 2,234 1.10 +
Perylene 2.30 o —
1,2-3,4-Dibenzophenanthrene 2.34 1.15 +
Pyrene 2.35" 1.06 ce. N —
1,2-3,4-Dibenzanthracene 2.42 1.24 3.00 3.49 —
Picene 2.72 1.11 —
1,2-6,7-Dibenzopyrene 2.95 S —
Triphenylene 2.99" 1.38 -

¢ In units of 8.
Compt. rend., 224, 273 (1957).
Any tumor activity was considered as positive.

In Dewar’s approxination, the energy required to
localize a single center is

8Ex = 2(ar + as)8

where a, and a, are the NBMO coefficients for the
positions on either side of the localized center. Thus
for I, the localization energies for the positions under
consideration are

position 3 = position 4 SE- = 1.658
position 9 SEx = 1.448
position 10 3Ex = 1.358

TFor simultaneous localization of two para positions,
the energy required is the sum of the individual
energies. Thus the para localization energy for the
L. region of T 1s 2.798.

For the simultaneous localization of two ortho posi-
tions, the energy formula is

SEr = (2a: + as + by + 2b,)8

where the a and b values are the NBMO coefficients
for the two odd-alternant systems which result on
localization of the individual positions (structures I1I
and IV i the exaniple) with the subscripts indicating
the positions as follows

T

(20

VII

® From ref. 13, 14, and 15 following the convention of A. Lacassagne, F, Zajdela, N. P. Buu-Hoi, and H. Chalvet,
The experimental conditions were skin painting of a benzene solution of the compound under study.
¢ Huckel molecular orbital caleulations from ref. 4.

2 From ref. 7.

The ortho localization energy for the K region of 1 is
then 1.908.

Results and Discussion

Table I presents the calculated ortho and para
localization eunergies (O.L.E. and P.L.E.) and the ex-
perimental carcinogenic activity for a uumber of
aronlatic systems. TFor cousistency in experimental
conditions, the experiimental data are those of Badger
and co-workers where possible.' Where Badger’s
data were unot available, data which most closely
paralleled his experimental couditions were used.!41s
The conditions under consideration are twice weekly
painting the skin of stock iice with a 0.39 solution
of the studied conipound in beuzene. Any type of
induced tunior activity is cousidered as a positive result.
It is quite likely that under other couditions, many
of the compounds which are reported as inactive would
be carcinogenic. For exaniple, under the conditions
cited, 1,2-benzanthracene is inactive; however, it is
slightly active if adinistered subcutaneously,!® intra-
muscularly, ! or orally.18
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It is scen that there i3 good correlation bhetween the
localization energies and the experincntal values
All compounds having an O.L.F. of less than 2.003
for their K region are carcinogenic unless they have an
I. region with a P.L.1. of less than approximately 2.93.
The correlation 1= congiderably better than that ob-
tained using orthe and para localization encrgices ob-
tained fromr the mathematically more complicated
Hiickel molecular orbital method. The quantitative
correlation is, in fact, somewhat better than that ob-
tained in many of the more sophisticated calculations.
This is quite possibly due to the fact that Dewar's
approximation is more closcly related to those reaction
indices which involve charge-transfer mechanisims!®
than it is to true localization energies.

When working with substituted aromatic systems
and heteroaromatic systems, the approximations which
were used in the derivation of the Coulson, Longuct-
Higging perturbation theory are no louger wvalid;
therefore, as nnght be expected, correlationg  based
on Dewar’s approximate localization energies are no
longer as cloge as in the nonsubstituted aromatic
cases,  Certain generalizations ean he made, however,

Substitution by wmethyl groups will result 1 com-
pounds which are at least as active as the parent com-
pound and usually more active, due to hyperconjuga-
tion, unless such substitution sterically blocks the IX
region.  Activity 1s particularly enhanced if the L
region is blocked.  For example, 1,2-benzanthiracenc
1s inactive under the cited couditions due to a highly
reactive L region.  9,10-Dunethyl-1,2-benzanthracence,
ou the other hand, has high activity.

i19) I Fokui, T Yonezawa, and C. Nogcts, Boll. Chemo Swe Dyme, 27,
128 (10547,
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Cyano derivatives of both antimetabolites and
alkylating agents have recently shown proniise as anti-
cancer agents in preliminary studies. For exaniple, 6-
(cyanomethylthio)purine exhibited marked inhibition
of Adenocarcinoma 755% in mice, and p-[bis(2-chloro-
ethyl) Jaminobenzylidenemalononitrile and related com-
pounds were active agzainst Dunning leukemia® in rats.
In addition, a series of hicyelie nitriles and related comn-
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Verapy Rept., 11, 232 (1961).
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pounds were recently preparced by the Diels—Alder ve-
action for evahiation as antitunior azents?

Work in this laboratory® has ntilized the Mannich
reaction as a route to phenolie nitrogen mustards,  One
ol these compounds, 2 5-bix} [bis(2-chloroethyhamino |-
wethvl hydroguinone, was cffective against Carcinoran
755, Dunning leukemia, Lymphoma &, BFhrlich 1117
Yoshida hepatoma, and Walker 256 ascites in prelimi-
nary tests and is currently being cvalnated chinieally .’
Just recently Kuehue and Konopka® have shown that
related phenolic Mannich bases devoid of 2-chlorocthyl-
anino groups algo possess antitwimor activity.

In view of these results and the nnusually low toxicity
of the hydroquinone nustard in cowparison with other
agents of thig type, the synthesis of eyano analogs of
phenolic nitrogen mustardsg was undertaken. Conden-
sation of hydroquincue with formaldehyvde and bis(2-
cvanoethyvbamine in the reguired propovtions in re-
fluxing methanol gave a 3367 yield of the desired 2,5-bix-
{ [bis(2-evanocthylaminomethyl {hydroquinene (X117,
TableI). Somewhat higher vields were obtained in the
svithesis of analogous disnbstituted compounds from
resorcinol (7T49¢) and 2-methylhresoreinol (8397) by u
similar procedure at 5°. Lfforts to prepare a mono-
substitution derivative of resorcinol hy condensation
of equinmolar proportions of the reactants led to the
isolation of only the same disubstituted prodnet.  The
mfrared spectrum showed bands at 11.4 and 11.6 4,
which is characterigtic® of kolated ring hydrogens.  In
view of thix and the presence of a moderate band at
13.4 u, which is not generally shown by aromatic com-
pounds with two adjacent hydrogens, it was assumed
that the {his(2-cyanoethyl)aminojmethyl groups cn-
tered the 4 aud 6 positions of resorcinol.  This assign-
ment was consistent with the observation that fwo
substituents were introduced into 2-methylresoreinol
while only a monosubstitutesl derivative was obtained
from 4-chlororesorcinol, cven when the reactant ratio
wax that required for disubstitution.

As indicated in Table I, scveral ortho-monosubsti-
tated  {his(2-cyanocthylamino jmethyl derivatives of
nmonohydric phenols were also prepared.  Under the
conditions used in the condensation of 4-wubstituted
phenols with two free ortho positions, only a monosiub-
stituted product was isolated even when sufficient amine
and formaldehvde were present to give a disubstituted
product. Further treatinent of 2-{ [bis(2-cyvanoethyl)-
amino huethyl}-4-chlorophenol (1) with formaldeliyde
and bis(2-cvanoethyl)amine resulted m the recovery of
the original Mannich base i high vield.

A 2.6-disnbstituted product XV was obtained readily
and i good vicld, however, by the reaction of 2,6-his-
(chloromethyli-4-clilorophenol with excess his(2-cyano-
cthyDamine in benzene at 65°0 T a similar manner
2-{{bis(2-cyanocthiyDaminoJmethyl }-4,6-dichlorophenol
(IX) was prepared in 879 vield from 2-chloromethyl-
4.6-dichlorophenol.  The compound was also prepared
directly from 2.4-dichlorophenol by the Mannieh reae-
tion hut in lower vield.
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