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Spec1f1c Protonation of the Carcinogen 7 12- 01methylbenz[a]anthracene

and Charge Localization in the o-Comp]ex

Sir:

“In the class of the polycondensed éromatic hydrocarbohs. the concept
ofulocalizedfchgrge.in a o?coﬁplex, g;g;, the carbonium ion formed by
add1tion'of‘§ profdn or othér electrophile to an_aromatic riﬁg, has so
far received experimental evidence only in the case of anthracene. The

ultraviolet Qpectrum‘Of this compound in sulfuric acidl fs similar to that.

2172 (1952)

———

(1) V. Gold and F. L. Tye, J. Ch

of the beﬁihydryl cation, Ph2C+Me; This result 1mp11es the protonation
of anthracene at one meso-cafbdn atom and the localization of the posi-
f1ve cha%gé at the other The o-comp1ex of the potent carcinogen 7,12~
d1methy1benz[a]anthracene (DMBA) in acidic medium offers another example
of this type of charge localizat1on The determinat1on of structure was
'achieved by comparing the NMR spectra of DMBA 1in neutral and acidic
»solvents (Figure 1). '
 The ratio of the 1ntegrated intensities of the proton peaks in the

- spectrum of DMBA (Figure 1A) 1s from right to left, 3:3:5:1:1;2:1.
The assignment of the 7- CH (63.00) and 12- CH (83.29) resonances was
made by comparison with the spectra of 7- methy]benz[a]anthracene
(7-CH » 63.03) and 12-methylbenz[aJanthracene (12~CH3. 63.32) under
 the sgmefcondit{ons. A good general coffé1ation exists between the

" methy) chemicéi Shifts.of the twelve monosubstituted meihylbenzanthra- l

cenesz and the corresponding aryl protons of benzanfhracene;3
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(2) L K Keefer, personal communication

(3) T. J Batterham, L. Tsa1 and H. Ziffer Aust. J Chem., 18,

1959 (1965)

The spectrum of DMBA in CC]4-CF COOH HZSO (Figure 18B) appears
generally shifted to lower field with respect to the spectrum 1n CC]4
(Figure lA) Th1s is attributab]e to the presence of the positive
charge as well as to the 1ncreased polarity of the solvent system

However, the-]Z-CH3 ‘group (detai]s of assignment given below) is
 shifted toward the aliphatic region (61.72) and oceurs as_a doub}et
(Ji7.6H;);’ The appearance of a new quaftet at §5.61 corresponding to
the proton added at the,basic 12-position (see below) shows the same
coupling constant (9=7. GH ) as._ the 12-CH,- doublet. The original com- - '
pound could be recovered unchanged, by dilution with cold water and
' extraction 1nto ccl, o »

~ When DMBA was d1ssolved in a mixture of CC1,-CF3C000-D,S0, the |
spectrum of F1gure 1c was,obtained. In this case, the quartet was.
absent, tbe"lz-CH3 appeared as:a-singlet_and the 7_—CH3 Was entirely:
exchanged W1tn'deuten1um when the spectrum wae_recorded 1 hr after

' dissolution.4' A comparison of Figure 1D with Figure 1A demonstrates

- (4) E Cavalieri and M. Calvin, to be published The rate of

'exchange 1nd1cates that deuterium substitution is complete 1n 10 ‘minutes.

_ unequ1voca11y that the 7-’CH3 has been exchanged and the upfield shifted
CH3-group 1n Figures 18 and 1C must necessari]y be’ the one subst1- ,

vtuted 1n 12 Dosition
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 The assignment of the aromatic protons of DMBA (Figure 2) in
différgnt §o1veht.5ystems:has been accomplished by comparing its

3

'spéctri with those of benzdnthraceﬁé and by applying Martin's empirical

fuleﬁ.s thch suggest spectral kegions'for each type of aromatic proton.

~(5) a) R. H. Martin, Tetrahedron, 20, 897 (1964); b) R. H. Martin,
_ N. Defay, F. Geerts-Evrard, and S. Delavarenne, Tetrahedron, 20, 1073
(1964). o | | |

The,cﬁeﬁical'éhifts of the different profons in benzanthracene® and
| DMBA%(FigyFe'ZA') afe in the same order with thevéxception'of_the sharp
‘doublet, H6, which n DMBA 15 shifted to lower field than H4. The
-deshielding éffect on H6 is produged by the presehce of.the 1nteract1ng
7-CH3 gfoup_(peri-effect).‘ When DMBA is protonated.’the'péri-effect
disabpéars}by virtue of the loss of planarity in the o-édmplex and the
chemical shifts of He and H6 (Figure 2B') revert to the "normal” order,
as 1h'béniah£hra¢ehe}'.The a§sfgnmeht of H6 1s.based on {ts larger
: éoupljng cohstqnt Qith respéct to the_other ortho-coublings (J=9.4Hi)
and onAthe:partjal;déuter1um éxchange of H5, which pfoduces an unsplit

center peak in the H6 pattern (see Figures 2¢' and ZD‘). The characteris-
| 4,6

tic.pattérn of an ABMX system corresponding to the fourvinteracting

'1‘(6),E;ICava11er1 and M. Calvin'(to'be‘published).

“ fnuc]ei,HB.”HQ, H10 and H11 enables us to designate the>protons‘H9 and
H]Q.' In FigUré 2B' the Complex band-sys tem centered_at §8.25 and corres-

ponding to five protons contains H8 and H11. 'Since H1 1s'én'angular
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 proton, 1t has the largest downfield shift, thus identifying proton
H4 as “the remaining one. | |
In short the results obtained demonstrate the specific protona-

tion on 012 of DMBA in acid medium, producing selective charge localiza-
tion on C7. Four factors can be outlined as responsibie for this effect;

i);0f thefnine;q-complexes.that canvbe drawn after protonation at the
 12-position, the one with positive charge on the 7-corbod atom retains
,the"greateet degree'of'aromaticity. 1) The reduction of the steric
repuisioodof'the angdiar IZfCH3'on the'hydrogen:Hi in DMBA would cootri-
| bdte-toisome‘StebiliZation of'thisvprotonatedVform.-'The presence of
_the'methyi“gfoup'in the 7?position induces a hypetconjugative stabiliza-
tion of the carbonium ipn.? Converseiy.,the_positive charge should

(7) The methyl group also induces larger stabilization of trialkyl-
vcycTopropenyl cations, J. Clabattoni and E. C. Natheh,,Tetrahedron Letters,
4997 (1969).

Stabilize_dn'adjacent carbanfonic center.
Such chemical reactivityfof the aromatic hydrocarbons, which is
.presumabiy related.toftheir carcinogenicvactiyity; ney_be {nduced by o

_the'aCtiVe'fpositive”voxygen of the hydroxylating’ehzymes;a

(8) E. Cavalieri and M. Calvin, Proc. Nat. Acad. Sci.. June 1971.

| c————————
v
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-Figdre'1 The 220 MH NMR spectra of DMBA 1n different solvent systems
. A :
at 17°. The scale 1s referred to TMS as 1nterna1 standard Accuracy of

«©

~ the coupling constant measurements is - 0 l H .

Chomm s,
°? CDMBA:&ALQ% Vo) i CC]4 CFBCOOH -H 50 (V01ume ratios 50 46. 6 3. 3)
c »DMQA-(4.0% ML) in cc14 CFCO0D-0,80, (1t }"* )‘

D OMBA (2.5% M%) fn CCT, The solution of DMBA in Figure Cowas
quenched in 020 after 1 75 hr, and extracted with CC]4 in which

solvent the spectrum was - recorded

Figure 2. 220 MH, NMR soectra.of the aromatic proton regions of DMBA--

conditfons‘correspond‘to Figure 1.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor-the United

States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes

any warranty, express or implied, or assumes any legal liability or

responsibility for the accuracy, completeness or usefulness of any

information, apparatus, product or process disclosed, or represents

that its use would not infringe privately owned rights. :
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