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SUMMARY

On the basis of exact values of atomic localization energies and ortho-localization
energies, the validity of the theory of A. Pullman and B. Pullman was investigated
concerning the relation between the electronic structure and carcinogenic effect of
aromatic hydrocarbons. The application of exact values of localization energies has led
to almost the same results as obtained by the Pullmans. By means of exact super-
delocalizabilities, a criticisim of the theory of the relation between carcinogenic effect
and electronic structure suggested by Nagata, Fukui, Yonezawa, and Tagashira was
undertaken. The sums of atomic localization energies, exact superdelocalizabilities,
and self-polarizabilities of the atoms of this region can be defined as new indices of
the reactivity of the K-region, since they offer the same statements on the reactivity
as the combined indices introduced by A. Pullman and B. Pullman. Special advantages
for rapid orientation are presented by the application of indices based upon the easily

obtainable superdelocalizabilities.

In the post-war years several theories have been
suggested concerning the relation between the
electronic structure of polycyclic aromatic hydro-
carbons and their derivatives, on the one hand,
and their carcinogenic effect, on the other hand.
In the majority of these theories the carcinogenic
effect is related to the reactivity of the K-region
and L-region of these compounds (29). Formerly
static indices were used to characterize the reactiv-
ity of the K-region (cf. Coulson’s report [10]). In
more recent investigations the ortho- or para-
localization energy has been used to estimate the
rate constants (7, 12) of the formation of a protein
complex with the K-region or L-region of the
hydrocarbon (18, 86, 37), or the reactivity of
these regions has been expressed by combined
dynamic indices (28-30). In both these theories
the considerable reactivity of the K-region and the
small reactivity of the L-region, insofar as this
region exists, are simultaneously considered as a
necessary and sufficient condition of the carcino-
genic effect. Chalvet and Daudel (6) calculated
the localization energy of hydrocarbons, interest-
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ing from the viewpoint of carcinogenic effect, with
regard to hyperconjugation, using the parameters
of Muller and co-workers (25). Chalvet and Moser
(8) used as an index of carcinogenic effect the dif-
ference between the highest occupied and the
lowest unoccupied level of the pertinent hypo-
thetic complex. A model of the complex of a
hydrocarbon and a cell acceptor was also used by
Pullman and Baudet (32), who characterized the
linkage of the hydrocarbon to the cell acceptor by
parameters used for quinonoid systems. The re-
activity of the K-region was also estimated by
means of parameters connected with the removal
of the orbital of the bond pertaining to this region
D).

Another explanation of the role of a carbon
atom of the mesoanthracene type (subsidiary
carcinogenophore) in the initiation of a carcino-
genic process was suggested by Nagata, Fukui,
and co-workers (26), whose concept has been
recently criticized by Pullman (31). Nagata ef al.
used as a reactivity index the frontier-electron
density for the approximate superdelocalizability
(16).

457

Downloaded from cancerres.aacrjournals.org on July 10, 2020. © 1961 American Association for Cancer
Research.


http://cancerres.aacrjournals.org/

458

Cancer Research

Vol. 21, May 1961

Setting out from the Szent-Gyorgyi concept of
the semiconductivity of proteins (15, 35) which
was experimentally proved (5), Mason (22—24)
suggested a theory of initiation of carcinogenic
processes, based upon the theory that the electron
is transferred from the protein to the hydrocarbon.
In addition to some unclear points in the basis
formulation (cf. the general discussion [14]), it
seems unsatisfactory that in this theory the ap-
plication of the approximation of the MO-LCAO
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CHART 1.—Various polycyclic aromatic hydrocarbons con-
sidered in this paper.

method given by Hiickel and Wheland leads in
some cases to differing theoretical predictions. At
the same time it seems that it is not the matter of
minor changes caused by another approximation,
but that the Mason criterion itself is extremely
sensitive to the approximation used. Therefore,
the agreement between the prediction and the
carcinogenic activity found experimentally should
not be overestimated. This does not mean that the
concept of the importance of electron transfer in
chemical carcinogenesis is wrong. Moreover, we
have found that the criterion suggested by Mason
does not apply to carcinogenic 1,2,3,4- and

3,4,9,10-dibenzpyrene and inactive 1,2-benzpy-
rene (9, 30).

As is evident from the above brief survey, the
theories of carcinogenic effect can be divided into
two groups. Into the first group we may place the
theories considering as the criterion of carcino-
genic effect the reactivity of a certain part of the
hydrocarbon, and into the second group theories
considering magnitudes decisive for an easy trans-
fer of the electron between the hydrocarbon and
the biological substrate.

In the present work are analyzed on the basis
of exactly calculated indices the theory of A. Pull-
man and B. Pullman and the theory of the
Japanese authors, which both belong to the first
group. In the hitherto published works indices
were calculated, characterizing the carcinogenic
effect in the framework of both theories by means
of approximate magnitudes. The combined indices
of A. Pullman and B. Pullman (29)! are calcu-
lated by means of an estimate (27) of Wheland’s
localization energy from the reactivity number
(18) and by means of an estimate of the ortho-
localization energy according to Brown’s empirical
rule for the calculation of the annelation energy
(8, 4). Nagata, Fukul, and co-workers (26) char-
acterize the reactivity of the K-region by the sum
of the approximate superdelocalizabilities, and the
reactivity of the “subsidiary carcinogenophore”
by the pertinent superdelocalizability.

Mgernops Usep

The atomic localization energies, accurate and
approximate superdelocalizabilities, self-polariz-
abilities, and free valences have been critically
surveyed and supplemented in a recent paper (20)
for a number of important polycyclic aromatic
hydrocarbons (Chart 1).

For the calculation of the combined indices of
A. Pullman and B. Pullman it was also necessary
to supplement some accurate values of ortho-
localization energies. The calculation was carried
out according to the relation (19),

LijLuw— |L|?=0, (1)
1 The Pullman index for the K-region is defined as the sum
of the ortho-localization energy of the bond between the atoms
forming the K-region and the smaller atom localization energy of
these two atoms. Similarly, the index for the L-region is defined
as the sum of the para-localization energy of two atoms belong-
ing to the position of meso-anthracene type and the smaller
atom localization energy of these atoms. Atom localization
energy is defined as the difference between the r-electron en-
ergy of the parent hydrocarbon and the m-electron energy of
the torso remaining after the removing of the p. orbital of the
carbon atom which reactivity is considered. The ortho- and
para-localization energies are defined analogously, but the
torso is formed with the putting out of p, orbitals of two atoms
belonging to the ortho- and para-positions, respectively.
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where

N -
N CmjCmk

Lik = ] ‘W_‘__Em“ 3

(2)
except when, by the removal of the carbon atoms
of the K-region from the conjugation, no hydro-
carbon is formed. This latter situation has already
been treated elsewhere by the MO-LCAO method.
The subscripts j, k denote the orbitals taken out of
conjugation in the calculation of the ortho-
localization energy; c..; denotes the coefficient for
the j-th atomic orbital in the molecular orbital,
whose energy is E,.. N is the number of atoms in
the molecule, and W the sought orbital energy of
the molecule formed by taking out the j-th and
k-th orbitals.

If the disconnection of two orbitals from the
conjugation leads to a hydrocarbon consisting of
two aromatic parts connected by one bond (“poly-
phenyl type™), it is more advantageous to calcu-
late the orbital energy of this system by attach-
ing these partial systems to each other. The orbital
energy of the composed system can then be calcu-
lated according to equation (14) in the cited
work (20).

The results of these calculations together with
data taken from the literature are summarized in
Table 1. The first of the mentioned methods was
employed to ascertain the w-electron energy of
2,3-benzchrysene (XXII) (30.8389 3), and the sec-
ond method for the determination of the 7-elec-
tron energy of 2-phenylphenanthrene (XXIII)
(27.9856 8) and 3-phenylphenanthrene (XXIV)
(27.8333 g).2

2 The energies pertaining to the individual molecular orbi-
tals of the compounds (XXII-XXIV) are at the disposal of
the authors.

RE-EXAMINATION OF THE THEORY OF
A. PurimaN anD B. Punivan
The combined indices, calculated according to
these authors by means of exact values of localiza-
tion energies, are compared with estimations of
these indices (29) in Table 2. It is evident that the
application of exact values involves in principle

TABLE 1

ORTHO-LOCALIZATION 4, AND PARA-LOCALIZATION
A, ENERGIES OF POLYCYCLIC AROMATIC
ALTERNATE HYDROCARBONS

Substance | Position A* Position Ap*

I 1-2 1.528
I 1-2 1.259 (19)
111 9-10 1.065 (19)
v 1-2 1.21 (34) 9-10 3.314 (11)
\
VI 5-6 1.10 (29)
VII 4-5 1.056 (19)
VIIT 5-6 1.12 (29)
IX 5-6 1.08 (29) 7-12 3.419 (11)
X 1-2 1.19 (33) 5-12 $.249 (11)
XI 5-6 1.106
XI11
XIII 67 1.018 (2) 5-14 3.449 (11)
X1v 4-5 1.084 (11)

11-12 1.122 (11)
XV 9-14 3.494 (11)
XVI 56 1.044 7-14 3.514 (11)
XVII 5-6 1.046 7-14 3.513 (11)
XVIII 6-13 8.178 (11)
XX 4-5 1.028 (11)
XX 5-6 1.089
XXI 1-2 1.147 (11)

* Ortho-localization energy, 4,, is defined as the difference
between the r-electron energy of the parent hydrocarbon and
the r-electron of the torso remaining after the removing of two
carbon p, orbitals in ortho-position. The para-localization
energy, Ay, is defined analogously for a pair of carbon p; orbi-
tals in para-position.

TABLE 2

COMPARISON OF EXACT VALUES OF COMBINED REACTIVITY INDICES
WITH THEIR ESTIMATES GIVEN BY A. PULLMAN AND B. PULLMAN

K-rEGION L-reGIoN
CARCINOGENIC
SUBSTANCE
ACTIVITY

Exact Estimate Exact Estimate (29)

value (28) value (28)
XX 3.26 3.17 ++++
XIX 3.27 3.23 +4+++
XVI 3.80 3.30 5.64 5.69 ++
XVIL 3.81 8.81 5.60 5.66 +
A4 3.40 3.41 +
IX 3.29 3.29 5.47 5.53 s
XIX 3.26 3.20
XII 3.25 3.23 5.50 5.56
VII 3.33 3.88
111 3.86 3.87
X1 3.36 3.87
VIIL 3.87 3.38
XXI 3.45
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no change in the findings of the mentioned au-
thors. The critical value of the combined indices
for the L-region, however, must be reduced to
5.60 8 when exact values are used, whereas the
critical value of the index for the K-region re-
mains unchanged (3.318). Although it was
shown (20) that the dependence of the reactivity
number on the atomic localization energy is not
so exact as to permit an accurate estimate of the
atomic localization energy by means of the re-
activity number, this dependence is nevertheless
divided into partial dependences for certain
classes of positions in the hydrocarbon which are
very close. Since the positions considered for the
calculation of the combined index in the K-region
belong to the same class, and even subclass (cf.
[20]), and, similarly, the positions considered in the

the considerable approximations on which the
employed method of calculating quantum-me-
chanical magnitudes is based.

CrITICISM OF THE THEORY OF NAGATA,
Fukul, AND Co-WORKERS

Table 3 presents a comparison of the values of
the combined indices of A. Pullman and B. Pull-
man with the sums of the reactivity indices of
carbon atoms in the K-region for the hydrocar-
bons treated in our preceding work (20). As is evi-
dent, the characterization of the K-region by the
sum of accurate superdelocalizabilities of the
pertinent carbon atoms leads to approximately the
same order of the K-regions in the individual
hydrocarbons as the combined Pullman index. It
is also obvious that the high reactivity of the L-

TABLE 3
CHARACTERISTICS OF THE REACTIVITY OF THE K-REGION
(".n —ip)
Index* Ordert (of resp.
units)
According to
A. and B.
Pullman XTI < XX <XIX <XIV<IX <XVI<XVII<VII<XI<II<VIII< VI<XXI 0.200
S XX>XIX>XII>XIV>IX >XVI>XVII>VII>XI> VIIT > IT > XX1 > VI 0.199
A XIMLXIX < XX <XIV<IX <XVISXVII<VII<XI< VIII<TII < XXI< VI 0.156
mii XIII>XIX>XIV> XX =XVII > IX >XVI> VII > I > X1 > VIII > VI=XXI 0.028
F XII>IX>XIV>XIX>XVI=XVII>XX=VII=III>VI=XI>XXI> VIIL 0.019

* The sum of superdelocalizabilities, S; atomic localization energies, 4; self polarizabilities, r«; and free va-

lences, F, of atoms belonging to the K-region.

t In cases where the difference of two consecutive indices is less than or equal to 10.002 of the respective units,

the symbol < is used.

calculation of the index of the L-region belong all
into another single class, the procedure employed
by A. Pullman and B. Pullman did not result in a
change of the order of the reactivities of the indi-
vidual compared positions. 3,4-Benzphenanthrene
and 1,2-benzanthracene thus appear again as
noncarcinogenic and anthanthrene as carcino-
genic, contrary to experimentally ascertained
facts. For this reason, it seems especially im-
portant to study more thoroughly the causes of
the anomalous behavior of these compounds in
the framework of this theory (cf. [29]).

There has been criticism (17, 21) that the differ-
ences between the indices for carcinogenic and
noncarcinogenic substances are very small. With
the use of exact values, these differences have fur-
ther diminished; the maximum deviation from
the critical value of the criterion for the K-region
in a carcinogenic substance is —0.058. It is a
problem requiring detailed study whether such
small differences are significant with regard to

region must be considered as an obstacle in the
initiation of the carcinogenic process. In the ex-
planation by Nagata and co-workers (26) diffi-
culties are encountered mainly in the case of
pentaphene. This circumstance was in principle
already pointed out by Chalvet and Daudel (6),
who showed that the accurately calculated local-
ization energies lead, for the model of Muller,
Pickett, and Mulliken (25), to approximately the
same order of estimates of the reactivity of the
K-region as the ortho-localization energy.
Nagata, Fukui, and co-workers employed ap-
proximate superdelocalizabilities. It was shown,
however, that the correlation between the ap-
proximate superdelocalizability and the exact
superdelocalizability is not very close and that
there exist, especially in cases important from the
viewpoint of carcinogenic eflect, considerable
deviations from the continuous course of the
interdependence of these two magnitudes. It is
interesting that Nagata and co-workers, when dis-
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cussing the carcinogenic effect, use in some cases
a higher approximation of the superdelocalizabili-
ties, whereby, however, the data given by them
become heterogeneous.

CHARACTERIZATION OF THE K-REGION
BY SuM INDICES

The parallel courses of the various reactivity
indices depending on the atomic localization
energy show that the characterization of the
atoms of the same class of hydrocarbons by means
of different reactivity indices leads to approxi-
mately the same order of the reactivities of the
individual atoms. This circumstance induced us to
characterize the reactivity of the K-region by the
sum of the reactivity indices of the individual
atoms (Table 3). Such a procedure, however, has
already been customary in using the free valence
(10) but has not been employed in the cases of
localization energy and superdelocalizability.

Approximately the same order as given by the
Pullman index is not only obtained by the sum of
the superdelocalizabilities but also by the sum of
atomic localization energy. A similar order is also
attained by using the self-polarizabilities and free
valences, but the results are distorted owing to the
very small differences between the individual
values. The orders following from these two
indices are in this and similar cases not in agree-
ment, and it is therefore natural that the applica-
tion of free valences was discarded. It would be
possible, of course, to achieve by more accurate
calculations a more exact determination of the
order according to these indices, but the question
arises whether the simplifying assumptions on
which the calculation is based would not here
exert an especially disturbing influence. The ap-
plication of the ortho-localization energy as
characteristic of the K-region leads to the predic-
tion of carcinogenic inefficiency of 3,4,8,9-di-
benzpyrene (29): XIIT < XIX < IX < XIV <
XVI<XVII < VII < IIT < XX < VI < XI
< VIII <XXI.

CONCLUSION

Three new combined indices have been intro-
duced to characterize the K-region, based upon
the atomic localization energies, superdelocaliz-
abilities, and self-polarizabilities. From an analy-
sis presented in this work it is obvious that,
similar to the reactivity indices of alternate
hydrocarbons (20), the composed indices char-
acterizing the reactivity of the bonds of these
hydrocarbons also afford in principle correspond-
ing statements on the reactivity. We see the im-
portance of this statement not in the possibility

of introducing new indices for the prediction of
carcinogenic activity, but in the proof of non-
specificity of the properties of Pullman indices.

To characterize the K-region and similarly also
the L-region, it is possible to use any of these
indices—the combined Pullman index, the sum of
accurate superdelocalizabilities, and the sum of
atomic localization energies appearing equally
suitable. For a rapid estimate of the carcinogenic
effect, the exact superdelocalizability is con-
venient. An advantage of the combined Pullman
indices is that unreal K-regions, i.e., ortho-
position with minimum ortho-localization energy,
appear as quite nonreactive.

The character of all indices seems to support
the prediction that the indices of the free mole-
cule will be parallel to the indices characterizing the
complex formed by an aromatic hydrocarbon and
a group in the protein molecule (cf. [20]). The
circumstance that, by the introduction of accu-
rate values of localization energies, the concept
of A. Pullman and B. Pullman has in principle
been confirmed, leads further to the conclusion
that it is of special importance to proceed in the
theoretical and experimental verification of the
predictions established by these authors.

ACKNOWLEDGMENTS

The calculations of the ortho-localization energies were car-
ried out on an automatic computer, type URAL, in the Insti-
tute of Theory of Information and Automation, Czechoslovak
Academy of Sciences, under the direction of J. Kral. For co-
operation in the numerical calculations we are indebted to
J. Cizek, J. Paldus, and, further, to M. Krpatovi and V.
Zedlerova.

REFERENCES

1. BerraIER, G.; BERTHOD, H.; and Puniman, A. Etude
théorique de la réactivité chimique des liaisons aroma-
tiques. Applications au probléme de I'activité cancérogéne
des hydrocarbures. J. chim. phys., 63:506-11, 1956.

2. BonnNEMAY, A. Calcul des indices de liaison et des indices
de valence libre des aa et 88 dinaphtyles. Compt. rend.,
231:1147-48, 1950.

3. Brown, R. D. Theoretical Investigation of Reactivities of
Conjugated Bonds. J. Chem. Soc., pp. 3249-54, 1950.

. Empirical Methods of Estimating Resonance En-
ergies. Part I. Annelation Energy. Trans. Faraday Soc.,
46:1013-18, 1950.

5. CarbEw, M. H., and ErLey, D. D. Disc. Faraday Soc.,
No. 27, pp. 115-28, 1959.

6. CraLver, 0., and DaupEeL, R. Contribution & I’étude du
mécanisme d’action des hydrocarbures cancérogénes.
Compt. rend., 242:416-18, 1956.

7. CuALVET, O.; DAUDEL, R.; and Moseg, C. A Note on the
Interaction of Carcinogenic Molecules with Cellular Pro-
tein. Cancer Research, 18:1033-38, 1958.

8. CuawLver, O., and MosgR, C. Sur une grandeur caractéri-
sant les complexes résultant de 'addition des hydrocar-
bures aromatiques sur les protéines cellulaires. Compt.
rend., 248:1825-27, 1959.

Downloaded from cancerres.aacrjournals.org on July 10, 2020. © 1961 American Association for Cancer
Research.


http://cancerres.aacrjournals.org/

462

Cancer Research

Vol. 21, May 1961

9.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

Cuawver, 0., and Prrrier, J. Etude des diagrammes
moléculaires de quelques hydrocarbures aromatiques. J.
chim. phys., 53:402-6, 1956.

CouLson, C. A. Electronic Configuration and Carcinogene-
sis. Adv. Cancer Research, 1:1-54, 1953.

CouLson, C. A., and DavbkL, R. Dictionary of Values of
Molecular Constants. Mathematical Institute-Oxford,
Centre de Chimie Théorique de France-Paris.

Davuper, R. Relation between Structure and Chemical Re-
activity of Aromatic Hydrocarbons with Particular Refer-
ence to Carcinogenic Properties. Adv. Chem. Phys., 1:
165-201, 1958.

DEwar, M. J. S. A Molecular Orbital Theory of Organic
Chemistry. VI. Aromatie Substitution and Addition. J.
Am, Chem. Soc., T4:3357-63, 1952.

Disc. Faraday Soc. No. 27; 241 ff., 1959 (Discussion con-
cerning the paper [24]).

Evans, M., and GercELy, J. A Discussion of the Possibil-
ity of Bonds of Energy Levels in Proteins. Electronic Inter-
action in Non-Bonded Systers. Biochim. et Biophys. acta,
3:188-97, 1949.

Fukol, K.; Yonezawa, T.; and Nacata, C. Theory of
Substitution in Conjugated Molecules. Bull. Chem. Soc.
Japan, 27:423-27, 1954.

GreeNwoop, H. H. The Reactivity of Aromatic Bonds,
with Reference to Carcinagenic Compounds of 1:2-Benz-
anthracene. Brit. J. Cancer, 5:441-57, 1951.
HEIDELBERGER, C., and MoLDENHAUER, M. G. The Inter-
action of Carcinogenic Hydrocarbons with Tissue Constit-
uents. IV. A Quantitative Study of the Binding to Proteins
of Several C'-labeled Hydrocarbons. Cancer Research,
16:442-49, 1956.

Kouteck¥, J. A Method for the Caleulation of Localiza-
tion Energies. Trans. Faraday Soc., §6:505-9, 1959.
KoureckY, J.; Zanrapnik, R.; and Cizek, J. Relation-
ship between Quantum-Chemical Indices of Reactivity
of Polycyclic Alternant Hydrocarbons. Trans. Faraday
Soc., 57:169-82, 1961.

Mason, R. Molecular Structure and Carcinogenic Activity
of 1.2:8.9 Dibenzacridine. Nature, 179:465-67, 1957.

. Electron Mobility in Biological Systems and Its
Relation to Carcinogenesis. Nature, 181:820-22, 1958.

23.

24.

25.

26.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

. A New Approach to the Mechanism of Carcino-
genesis. Brit. J. Cancer, 12:469-79, 1958.

———. Charge Transfer Processes in Biological Systems,
Disc. Faraday Soc., 27:129-33, 1959.

MuLLER, N.; Pickerr, L. C.; and MuLLkEN, R. S. Hyper-
conjugation and Spectrum of the Benzenium Ion, Proto-
type of Aromatic Carbonium Tons. J. Am. Chem. Soc.,
76:4770-78, 1954.

Naagarta, C.; Fukul, K.; YoNezawa, T., and TAGasHIRA,
J. Electronic Structure and Carcinogenic Activity of
Aromatic Compounds. I. Condensed Aromatic Hydrocar-
bons. Cancer Research, 16:233-39, 1955.

. PuLLman, A. Définition d’un indice énergétique de la

région k des hydrocarbures aromatiques lié a leur activité
cancérogeéne. J. chim. phys., 50: 548-50, 1953.

PuLLMman, A., and Purman, B. Electronic Structure and
Carcinogenic Activity of Aromatic Molecules. New Devel-
opments. Adv. Cancer Research, 3:117-69, 1955.

———. Cancérisation par les substances chimiques et
structure moléculaire. Paris: Masson et Cie, 1955.
Puriman, B. La théorie électronique de lactivité can-
cérogéne des substances chimiques. Rev. frang. études
chim. et biol., 2:327-44, 1957.

. Remarks on “Reply to the Comments on ‘Fron-
tier Electron Theory’ by Fukui, Yonezawa, and Nagata.”
J. Chem. Phys., 31:551-52, 1959.

Purrman, B., and BavupEr, J. Sur le métabolisme des hy-
drocarbures cancérogénes. Compt.rend., 238:964-66, 1954.
PurLLman, B., and PuLiman, A. Les théories électroniques
de la chimie organique. Paris: Masson et Cie, 1952.
Syekin, J., and Diarkina, M. Resonance Energies of
Polynuclear Aromatic Hydrocarbons. Acta Physicochim.
U.R.S.S., 21:641-77, 1946.

SzeNT-GYORGYI, A. The Study for Energy-levels in Bio-
chemistry. Nature, 148:157-59, 1941.

Wiest, W. G., and HeipELBERGER, C. The Interaction of
Carcinogenic Hydrocarbons with Tissue Constituents. III.
1,2,5,6-Dibenzanthracene-9,10-C!* in the Submaxillary
Gland. Cancer Research, 13:255-61, 1953.

WoopHouse, D. J. Experiments on the Interaction of
Polycyclic Hydrocarbons with Epidermal Constituents.
Brit. J. Cancer, 8:346-52, 1954.

Downloaded from cancerres.aacrjournals.org on July 10, 2020. © 1961 American Association for Cancer

Research.


http://cancerres.aacrjournals.org/

AAC_R American Association
for Cancer Research

Cancer Research

The Journal of Cancer Research (1916-1930) | The American Journal of Cancer (1931-1940)

On the Problem of the Connection between the Electronic
Structure of Polynuclear Aromatic Hydrocarbons and Their
Carcinogenic Effect

J. Koutecky and R. Zahradnik

Cancer Res 1961;21:457-462.

Updated version

Access the most recent version of this article at:
http://cancerres.aacrjournals.org/content/21/4/457

E-mail alerts

Reprints and
Subscriptions

Permissions

Sign up to receive free email-alerts related to this article or journal.

To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.

To request permission to re-use all or part of this article, use this link
http://cancerres.aacrjournals.org/content/21/4/457.

Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerres.aacrjournals.org on July 10, 2020. © 1961 American Association for Cancer

Research.


http://cancerres.aacrjournals.org/content/21/4/457
http://cancerres.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://cancerres.aacrjournals.org/content/21/4/457
http://cancerres.aacrjournals.org/

