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.ABSTRACT- The proton magnet1c resonance Spectra at 220 MH of the

carc1nogen1c benzo[a]pyrene 1 and 6 methy]benzo[a]pyrene 2 in su]-

?fur1c ac1d d2 are ‘used to determ1ne the spec1f1c pos1t1ons of

e]ectroph111c subst1tut1on
- The e]ectroph111c attack in 1 takes p]ace predom1nant1y on

the 6-pos1t1on, ol Towed by 1- and 3-p051t1ons,.whereas in 2,

‘where the 6-carbon atom is substituted, the active role is played

by the 1-, 3-.and 5—po§itions.

The.qQa]itative data for 1 obtained by thiS'reaction,,taken

togethernWith its specifie'coupling to the nuc1eie acid base 1-

'vmethyleytosine (reported in the present issue), its chemical pko-
. pertieé and its metabotism (known'fnom the-literatune)'suggest

probable active intermediates, which byvreactiOn_with the nucleo-

phi]ic‘positionsvof the nucleic acid bases could initiate the
procesé of transformation of the normal cell into the neoplastic

ce]];



_Introduction

tﬁThe‘proton'nuclear magnetfcﬂresonance'(NMR)'stﬂdy”atléo‘MH
of twenty unsubstltuted po]ycyc]1c hydrocarbons (Mart1n et al.
1964) revea]s the presence of separated band- systems

The 1arge ring- current d1amagnet1c effect of these mo]ecu]es

generates on the per1phera1 protons a downf1e1d chem1ca1 sh1ft
re]atxve]y to those of the benzene and the naphtha]ene series.
The part1cu]ar re1evance of th1s effect on the meso anthracen1c
protons Ieads to the1r separat1on and thus to the1r 1dent1f1ca-
t1on. Moreover, the angu]ar protons exh1b1t an add1t1ona1 de-
sh1eld1ng effect due to the non- bonding spin- sp1n 1nteract1ons

(ster1c compress1on effect) and the1r band systems can also be

eas11y a551gned - However, the remaining protons are normally not

well separated

A comp]ete analysis of these hydrocarbons has been sole]y

successfu] for the benzo[e]pyrene (Cobb and Memory, 1967). This

has been achleved by compar1son-of the theoretical ca]culated
sh1e1d1ng parameters, re]at1ve1y less comp11cated for this sym-

metr1c mo]ecu]e with the exper1menta] data.

~f
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The better reso]utlon of the 220 MH Spectrometer taken to-
gether w1th the double resonance techn1que and the specific
deuterodeprotonat1on with sulfuric acid- d2 al Tow us now to report
the comp]ete 1nterpretat1on of the benzo[a]pyrene 1 ‘and 6— '

methy]benzo[a]pyrene 2 proton magnet1c resonance spectra

i_g

B A

At the same t1me the spectra provide qua11tat1ve 1nformat10n on

the se]ect1ve substitution p051t10ns obtained by such a deuterlum
1on,exchange. ‘These electrophilic 'substitution results for 1 are
compared’With other types of chemical reactions for l_and with
its enzymatic reactions in:!igg, Thé’resthfng'evaluathn indi-

cates'with’remarkable agreement the 6-, ]-:and~3-p051tions'as‘the

- most active ones. The specific coopling'of the 6-carbon -atom of
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1 with the base 1-methylcytosine (Cavalieri and Calvin, 1970) also
-constitdtes a matter of c@nsideration and comparison.

Final]y, the collective data obtained_by tﬁese observations
hdve §hed lTight on the mode of activation of 1_jﬁ_!igg, which
seems to be'promoted by;the7ary1qhydrocarboﬁ‘hydroXylase-enzyme
systems (Grover and Sims, 1968; Gelboin, 1969). .
| ~-.The nature of the active'intermedfates-can_ndw-be‘suggested.
'Theirvattéékfén,the;huc1eophijic,posftionsfof tﬁe nuéleic acid
bases;mightlgive‘risé td the ¢rucia} step résbonsfb]e for ini-

tiating the carcinogenic process within¢the,ce]1;v

Resu]té

| vAssignment of Lines." 1;>BENZO[é]PYRENE 1.7 The 220 M, pro-
ton magnetié resonance of l_is showﬁ in Figure T; The.peaks,éfé
assigned tbithe éorresponding protons in the'follﬁwing mannef;
Therintegféted'spectrum provjdes_the_proﬁons"rafio 2:1#3:1:3:2
from ]eftlfo right and'the'empirical rules;éuggested by Martin
(]964;.Martin~g£_gi,, 1964) allow a fifst’apbro*imafed interpre-

tation. -

L
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The two angu]ar protons H]O and H]] were already characterlzed

for the1r Iargest downf1e1d sh1ft by Mart1n et al. (1964) at 60

‘ MH;Q The overa]] super1mpos1t1on of the two chem1ca1 sh1fts 1n

this spectrum is a pure co1nc1dence At h1gher concentrat1ons,
or when the coup]ed protons are 1rrad1ated 1n the reg1ons c]ose
to the1r resonance s1gna1, using the double resonance techn1que
(v1de 1nfra), the sharp doub]et of H]1 becomes s]1ght1y separated
by the more comp]ex coup]1ng of H]0 If the two protons are irra-

d1ated w1th a strong radiofrequency signal at their resonance

: frequence, the H12, postu]ated on the bas1s of the same coup]1ng

constant co]]apses to a s1ng]et and the comp]ex mu]t1p1et attr1—
buted to the protons H8 and H9 oceurs at a s1mp1er s1gna1 |
on the other hand, when the H]2 is saturated, the signal of
H,; becomes a broad singlet. The irradiation'of,the complex
mu]tinlet H8, H9 in the region of their resonence frequency
creates a separat1on of the doublet H]1 from the H]0 which ap--
pears now as a comp]ex‘s1gna], This comp]ex1ty is reduced at
the resonance‘frequency of Hy.

The multiplet peak H7;'partia]1y superimposed by H]2 and H3,

‘is attributed by spin decoupling when the.Signa} corresponding to

Hg is irradiated. Thus, the decoupling experiments make it



p0551b]e to ass1gn unequ1voca11y the protons H]O’ TI’ H]Z’ 7:

S
8 and Hg ‘

H
The character1st1c peak at 8. 41 ppm corresponds to the meso-

'anthracen1c hydrogen 1n the 6- pos1t1on Although the two protons
H4 and H5 possess about the same chemzcal sh1ft as the H2, the
pattern of the1r AB spectrum can be recogn1zed To ensure this
» p01nt the quartet can be eas11y visualized when the H] and H3
’are se]ect1ve]y deuterated (v1de 1nfra and F1gure 3c) 'Inl
th1s spectrum the 1arge Teft 1nner band resu]ts from a super-
1mposed s1ng]et of the co]1apsed H2’ ar1s1ng from the d1sappear-
ance of the two orto coup11ng constants (F1gure ]) wlth ‘the pro-~
tons in the 1- and 3-pos1t1ons

_ The precise attr1but1on of the protons H] and H cannot
'be d1rect1y reso]ved because there does not ex1st a va]1d cri-
ter1on for thewr d1fferent1at1on. The theory (Dewar;; 1952) |
pred1cts that the most active position for the 'substitution
.react1ons are in decreasing order the 6-, 1-;and 3-positions.
Although the 6-pos1t1on-1s by far the most active one, a bu]ky

Friedel- _Crafts reagent would manlfest a ster1c hlndrance of the

meso-anthracen1c type on th1s carbon-atom Therefore, the

e J
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subst1tut10n is expected 1n thTS case to take. p]ace on the ]- and
3- p051t1ons When the hydrocarbon ] 1s a]]owed to react w1th the

succ1n1c anhydrwde and alum1num ch]or1de the l-acylated der1va-

'_'t1ve is preferentjally 1so1ated (Buu-Ho1 and Lavlt, 1960).

The deuterodeprotonation of 1.in Table i.indicates that the
6 p051t1on 1s the nnst basic one and the 1- and 3-pos1t1ons re-
vea] on]y a 11tt]e d1fference in react1v1ty

On the bas1s of the above descr1bed data the s]1ght1y more
react1Ve carbon atom is preferent1a]1y suggested to correspond to
the 1- pos1tvon | | |

2. 6 METHYLBENZO[a]PYRENE 2. At f1rst g]ance the NMR of

f th1s mo]ecu]e (F1gure 2) compared to the spectrum of 1 “shows the

two expected deshielded protons H5 and H7 in perl—p051t1on with
reSpect to thermethy]~group-(peri effect"Dudek' 1963), and an
anoma]ous sh1e1d1ng effect of one of the two angu]ar protons as

it can be. observed by the 1ntegrated spectrum. The ratlo»of the
protons from ]eft to r1ght is ]:]:1:]:2:1:2:2. The complex mu1t1~
plet of the two downf1e1d sh1fted protons H5 and H7 cannot, to our
know]edge, be eas1]y exp1a1ned As a matter of fact, they do not
seem to be coup]ed with the methy] group (51ng]et w1th the line
width at half: helght of 1. 6 H ) and besides, the decoupllng
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"exper1ments resu]t negat1ve The pecu11ar 1nteract1on of these
protons with the methy1 group does not so]e]y affect the1r _
| chem1ca] sh1fts but probab]y a]so their re]axat1on t1mes
The double resonance technlque by 1rrad1at1on of the Hécand
é mu]t1p1et suggests that the proton centered at 8 96 ppm be-
Tongs to the 7 pos1t1on. On the other hand the saturat1on of
the 1atter proton affects the H8 and H9 sxgnal, 1nd1cat1ng spln-
spin coup11ng to H8 and hence, the1r respect1ve‘a551gnment
Furthermore, th1s f1nd1ng suggests the mult1p]et centered at
‘8 45 ppm to be, by exc]us1on the proton in the 5—p051t10n ,fhe'
‘:two per1 protons H5 and H7 present about the same downf1e1d sh1ft
re]at1ve to the1r s1gnals in benzo[a]pyrene, and thlS adds further-
-evidence on_the1r‘attr1but10n._,A_negatlve decoup]1ng-of the pro-
ton at'8'90 ppm by irradiatfon'of the proton H9 ruTes out the
poss1b111ty that the doublet m1ght be the proton in the 10-
pos1t1on and suggests this to be the proton in the 11- pos1t1on
Thevprotons H]]_and H]2, though coupled, do-not show
exactly the same. coupTing constant. However, a pos1t1ve reci-
proca] decoup11ng exper1ment does not leave" any doubt about thelr
ass1gnment The downf1e1d sh1ft of ‘the proton H5 with respect to

its chem1ca1 sh1ft in the NMR of 1 (F1gure 1), 1eaves the proton
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H4 as a- doub]et possess1ng about the same chem1ca1 sh1ft and
coup11ng constant as 1n 1. The character1st1c tr1p1et with two
equa] coup]1ng constants def1nes the proton in 2 pos1t1on One:
. of’ the re]ated protons to the H2 is d1rect1y dlsclosed by the
same value of the coup11ng constant The séCond'one; partia]ly
super1mposed, is d1sclosed after deuter1um-exchange (F1gure 4). :
They present the same patterns, the same chem1ca1 sh1ft and the
same fac111ty to be deuterated as the protons H] and H3 in 1 On
}th1s basws, the1r a551gnment is suggested F1na11y, the rema1n1ng
proton, namely, the doub]et at 8 20 ppm, is the proton in 10-

p051t10n

Deuterodeprotonat1on of Benzo[a]pyrene 1 and 6 Methy]benzo[al

gxrene 2 The carc1nogen1c aromat1c hydrocarbon 1 is eas11y dis-
solved in the concentrated su1fur1c acid- d2 The so]ut1on is then
quenched w1th a chilled m1xture of deuterated water and ch]oroform
.at,d1fferent react1on t1mes. v

| After the separation”of the‘COmpound,‘tts NMR spectra'(Figure.
3), compared to the NMR spectrum'ofrl_(Fjgure 1); point'out speci-
fic deuterated positions bydthe partial or total disappearance of
some of - the signals. The results are summar1zed in Tab]e I. When
the hydrocarbon 1is treated for 120 sec w1th deuterated sulfuric

acid at 5+10° (Figure 3A) only the 6-p051t10n undergoes exchange.
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The same react1on at room temperature for 60 sec (F1gure 35)
g1ves rise to the pract1ca11y tota1 exchange on the ‘6-carbon atom
-and to the part1a1 eLchange on the 1- and 3-p051t1ons to about
- the same extent Further, when this deuterated hydrocarbon is
vprotonated with sulfuric ac1d the NMR spectrum of 1 (F1gure 1)

is recovered Deuterat1on for 1onger times (1 e., 480 sec,
F1gure 3C) shows the comp]ete se]ectlve e]ectroph111c ‘substitu-
tion of the three actlve pos1t1ons, 1eav1ng the other ones unal-
tered _ | | o
The compound 2 (F1gure 4 and Tab]e 1), also- carc1nogen1c,
1nd1cates after treatment with deuterated su]fur1c acid for ]20
psec a comp]ete exchange of the protons 1n 1- and 3 pos1t1ons
The 5~p051t1on seems to be active as we]] | The eventua1 react1-
'v1ty of;the methy]-subst1tuted 65p051t1on cannot be revea]edvby

this method.

~ The non-carcinogenic'benzo[e]pyrene does not dissolve in sul-

furic acid at room temperature, suggest1ng rather inactive sub- -
stvtut1on pos1t1ons in compar1son w1th the two carc:nogenlc

-benzo[a}pyrenes

|~
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Discussion

The better résolution of the NMR spectra at 220 MH, in rela-
tion to the 60 MHZ has permitted the sebaratioh of the peaks of
the différent protons in 1 and 2 and hence, to proVide their com-
p]ete'aha]ysis. In thisiway it has been_possib]e to follow the

selective deuterodeprotonation in both compounds. The most active

"6—positi0n for 1lis'distant1y followed by the 1- and 3-positions

possessing about the same reactivity These data, though not |
quant1tau1ve, manifest a noteworthy agreement w1th the theoret1ca]
M.0. ca]cu]at1ons (Dewar, 1952; Stre1tw1eser, 1961) (V1de _ggrg)
which 1nd1cate those three positions with. the 1owest carbon
1oca]1zat10n‘energ1es 1n the same order of reactivity._ Further-
more, an eXtensive body of experimental evidence supports the

concept of this ]oca]ized'chemica].reactivity.1-

]Compound 1 undergoes electrophilic substitution at the 6-
pos1t1on to y1e]d the 6-formyl (Fieser and Hershberg. 1938) 6-

ch]oro (W1ndaus and Ra1ck]e ]939), 6 n1tro (W1ndaus and Renhak

1937), 6-diazopheny] (Fveser and Campbe]] ]938) and the 6-thio-

ciano (Wood and F1eser 1941) The same 6~ 1somer 1s also obta1ned

by rad1ca] subst1tut1on w1th lead tetraacetate (F1eser and Hershberg,
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]938);‘benzby1~pérdxide (Ro1tt and Waters, 1952) and th1og1yco]1c

acidl(Conway3and*Tarbel} 1956) "The Fr1ede1 Crafts condensat1on -

with succinic anhydride (Buu Ho1 and Lavit, 1960) produces pre-

| 'dom1nant1y 1-isomer and presumably the 3- 1somer 1s the unidenti-

'f1ed second product

:chevec, befone diccuss{ng the a-cdmplex invthe deutero-

e]ectrOph1]1c subst1tut1on of 1, it is necessary to focus atten-

tion upon a spec1a1 k1nd of react1on, name]y, chrom1c ac1d ox1da-

.t1on (Vonann et a1 1937 Cook and Schoental, 1950; Cook et al.,

',]9505 Antonello and Carlassare, 1964) and ozon1zat§on (Moriconi
et al., 1961). o

| VTne,prOducts in aT] réactionsz were:the benZota]byreneQ1 an
‘dione 3 and'the benic[a]pyrene-3 6-dione'4 These compounds
suggest the ex1stence of an 1nterre1at1on between ‘the -1- and 6-

positions and the 3- and 6-p051t1ons. respect1ve1y,

2Antone1]o and Car]assare (1964) indicate the presence of
m1nor amounts of benzo[a]pyrene—s ]2-d1one both in chromlc ac1d

ox1datzon and 1n photoox1dat1on
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. Morfeoni‘et 51 (1961), using one mo]ar equtva]ent of ozone,

obtained the d1ones 3 and 4 (3 1 ratio) from 1 On]y trace amounts

%)

of'benzo[a]pyrené-4 S;dione were formed . They further proposed

three possmb]e paths by whtch the 1nteract1on w1th the ozone glves

r1se to the two f1ha] diones

| Chart 1 points out that 1 requ1res two mo]ecules of ozone to

give 3 and/or 4. (a) The compound 1 undergoes an 1n1t1a] e]ectro-

philic attack on the p051t10ns 1, 30r6 (more frequent]y 6) to

form 5, which by Ioss of ~0xygen and hydr1de 1on produces 6. " This
actlve 1ntermed1ate by nucleoph1]1c subst1tut1on of a second

mo]ecule of ozone and further loss of oxygen and of a proton Ieads

~ultimately to 3 and/or 4. (b) Th1s path presumes the same first

~step as . in ( )s fo]]owed by a nuc]eophil1c attack of a second .

,olecu]e of ozone to glve 7. Further, by loss of two . mo]ecules

of oxygen, hydrmde-;on and‘proton. the diones are formed. (c) A’



;Chart 1. Three‘poss1ble mechan1sms 1n the format1on of the ] 6- |

.;and 3 6 d1ones (the depicted one is. fbr 1,6- dione) (Mor1con1 et a] ."
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synchronous e]ectroph111c and nucleoph111c attack of two mole-
cules of ozone enqenders 7 and then, the same sequence mechan1sm
as (b) is’ fo]]owed | |

When the hydrocarbon ] is treated with deuterated su]fur1c

| ac1d the e1ectroph11ic attack of the deuter1um-1on takes p]ace

predom1nant1y on the 6- p051t10n and, nearly to the same extent,
on the 1- and 3 pos1t1ons Therefore, the we]]-accepted o- comp]exe
(also known as Wheland 1ntermed1ate) (Nornan and Tay]or, 1965) can
be represented as in Chart 2 34 o ' |

As has been suggested by the ox1dat1on and ozonlzat1on
reactions so far descr1bed the charge of the o= comp]ex is 1ocated
on the carbon atoms of h1ghest free va]ence (or Towest localiza-

tion energy). Thus, the 1ntermed1ates above proposed constitute

essentially the o- comp]ex fOr 1 Accord1ng]y, the charge deloca-

'11zat1on can be d1sregarded as an 1mportant stab1liz1ng mechan1sm.

3Because of the'seleetiue'deuteratiOn on the 6- carbon at 5-v
10° (see Table I), 9 10 and‘11 are pract1ca11y in these cond1-
txons the sole 1ntermed1ates present 1n solut1on

4"”he contr1but10n of 11 1s m1nor and is taken 1nto account

after the resu]ts.of Antone]lo and Carlassare (1964)
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In the c1ass of the polycondensed aromat1c hydrocarbons the
concept of localized charge in the o-complex has so far rece1ved
experimental ev1dence exclus1ve1y for the anthracene The ultra-
violet spectrum of this compound 1n su]fur1c ac1d (Go]d and Tye,
1952) is similar to the spectra of 1,1- d1pheny1ethy1ene and tr1- |
pheny]ethy]ene 1n the same so]vent, 1nd1cat1ng a s1m1]ar1ty of
the three correspond1ng carbon Ions. This resu]t 1mp]1es an
overall loca11zat1on of the pos1t1ve charge 1n the meso pos1t1on

14 wh1ch is known to be the one of Iowest ]oca112at1on energy.

The charged‘intermediates'rationaTized in‘&hart 2'con5titute
‘the distinctive and’ str1k1ng feature of the carc1nogen1c benzo[a]
pyrene. The1r poss1b1e format1on in v1vo and their attack on a
nuc]eoph1]1c center of the ce]lu]ar target (v1de infra) could
v probab]y g1ve rise to the cruc:a] step. capab]e of 1nduc1ng the
carc1nogen1c process. ) |

The benzo[a]pyrene’l_is,conyerted;in'thehWhole .

animalsi(Fa]k”g}jél}:jQSQ)?éo"jts ondized'derivativesg
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"The most mean1ngfu1 metabo]ites have been found to be the

6- hydroxy— 3- hydroxy- 1 6 d1hydroxy— and 3, 6 d1hydroxy-

' benzo[a]pyrene, whereas the 6,12- dihydroxy- and, doubtful]y,
the 4 5~ d1hydro-4 5- dlhydroxy benzo[a]pyrene are only present
~in neg]1g1b1e amounts. Besides, compound 1 is metabol1zed by
rat-]1ver homogenates ma1n1y (Sims, 1967) to the 3 hydroxy- .
benzo[a]pyrene‘and to the benzo[a]pyrene—4,6- and'3.6-d10ne.5’
Theretore,ithe oxidation réaction'ig_giig:oromoted by the‘ary]
hydroxyiating enzymes takes place on the same reactive positions
d1sclosed when 1 is treated with chem1ca1 reagents. $:

It 1s we]] known that the format1on of these enzyme systems
can a]so be 1nduced by the adm1n1strat1on of po1ycyc11c hydro-
carbons (Nebert and Gelboin, 1969). Their presence has been
disc]osed in mammalianteells of different'species,ftfssues”and :
.,strains. - They metabolize the -aromatic hydrocartons totmore oolar
derivatives, Which‘can be easily eliminated, providing a suitable
wayiofAdetoxifioation.i;FUrthermore, the carcinogenic ones are

B

_SThentwo diones.are probably”seCondary products of oxidation

of their-respective,dﬁo}s;fwhich-are easilj_converted'in-the air.

o
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| genera]]yftransformed by hydroxyiation to less or non-carcinogenic
'”compounds N R B

Neverthe]ess, these hydrocarbons are also cytotox1c, when

- added to cel] cu]tures cont51n1ng the enzyme systems, whereas a

Tack of tox1c1ty is not1ced in the cell lines, where these en-
zymes are not 1nduc1b1e A cogent corre]at1on seems to ex1st |
between the presence of the enzymes and. the cytotox1c1ty of the
polycondensed hydrocarbons “(Diamond, 1965) and also between toxi-
| c{ty’ahd carcinogenicity Thus, the presence of these enzyme
systems can be noxious and not sole]y benef1c1a1

‘ A chem1ca1 11nkage between DNA and benzo[a]pyrene (Ge1b01n,
1969 Grover and Svms, 1968) (or other aromat1c hydrocarbons,
Grover and:S1ms,,1968) has been Jnduced by the rat,]lver aryl
hydroxylating enzyme systems. vv | |

Brookes and Law]ey (1964) have indicated a chemlcal comp]ex

-’between DNA and po]ycyc11c aromatic hydrocarbons after painting
mice with these compounds and isolating their DNA : The extent
of the binding correIates sat13factor11y with the carc1nogen1c1ty
of the hydrocarbons |
| A chem1ca] 11nkage has also been obta1ned between DNA and 1

by promot1on w1th 1od1ne, or hydrogen perox1de in the presence
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.or absence of ferrous 1on, and ascorb1c ac1d mode] hydroxy]atlng o

' system (Lesko et a] ]969) ' Furthermore, 1t is suggested that
the act1vat1on of the 1nert aromat1c hydrocarbons to react w1th
: DNA cou]d be determ1ned by the formation of cat1on1c rad1ca1
intermediates, and th1s mechan1sm of act1vat1on cou]d be extended
to 11v1ng systems. Indeed» Roch11tz (1967) had a1ready postu-
]ated that the coup]1ng between pyr1d1ne and 1, promoted by |
1od1ne, proceeds by way of a cat1on1c rad1ca] 1ntermed1ate of
_the hydrocarbon |
, The format1on of the chem1ca1 comp]ex between DNA and 1, in-
duced e1ther by 1od1ne or mode1 hydroxyiat1ng systems, render
thelr suggest1on Just1f1ab1e. However, the act1on of the ‘mode]
hydroxy]at1ng»systems on the aromatic substrates,vas 1nd1cated by
Ullrich and Staudinger (1969), is-quite different from the iodine
cata]yttc effect. In fect,ethe mode]l systemsrorodoce hydroxyla-
tion on.the aromatic compounds Consequent]y, the benzo[a]pyrene
moiety in the DNA chemical comp]ex (v1de ~ggrg) iss very ]1ke1y
the hydroxy] -derivative. i
.-‘The quantitative comparison of the relative o;mfp ratio in
-hydroxy1etion*ofvbenzene4deriVatives (Ui]rich_and;§taudinger,-

]969),proVOked'by ratéliver microsomal hydroxyleSejenzymes and
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model systems, respect1ve]y, po1nts to an e]ectroph1]1c substl- :
‘ tution mechanlsm for the enzyme systems The e]ectroph111c
nature of the act1ve oxygen produced by the hydroxy]at1ng enzymes
is also part1a11y substantwated by the genera1 occurrence of the
NIH Shlft (Udenfr1end et a1~ 1969) Moveover, the spec1f1c A

: coup]1ng between the most act1ve 6- p051t1on of 1 w1th the nucleo-
philic 5 pos1t1on of the ]-methy]cytos1ne (Cava11er1 and Ca1v1n,
1970 Pu]]man and Pu]]man, ]963) suggests that the chem1ca1 flxa-
tion of this. hydrocarbon in ]1V1ng organ1sms takes place on the
nuc]eoph111c pos1t1ons of the nuc]e1c ac1d bases Therefore,.
the act1ve hydrocarbon 1ntermed1ate of ] shou]d possess an
e]ectroph111c nature | | ’ » -

On the bas1s of all the previously. d1scussed resu1ts, the
act1ve 1ntermed1ates formulated in Chart 3 m1ght represent the
primary process of carcinogenesis for 1.

The hydroxy] attack induced by the ary] hydrocarbon hydroxy—
lase enzyme should take place, for sterjc reasons, on-the site
opposite_to that. part of 1 that’phySica]]y‘interacts withvthe
‘nucleic‘acids When, for instance, the hydroxy]at1on takes place
on the 6 carbon atom the charge is loca11zed on the l-carbon atom

15 and the 3- carbon. atom 16 ‘One of the two 1atter:pos1t1ons will -
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further react w1th the nuc1e1c ac1d targets Vlce versa " when the
actlve hydroxy]s react w1th the 1 p051t1on 17 or the 3 pos1t1on 18
the charge is comp]ete]y loca11zed on the 6-pos1t1on The cri-

'terlon of carc1nogen1c1ty for 1 seems to be def1ned by the presence

of at ]east two comp]ementary, active, 1nterre1ated pos1t1ons,

o wh1ch necessar11y must be separated by an even number of carbon atoms.

The subst1tut10n of the active. 6~pos1t10n of 1bya methy] group
’shou]d seemingly render the hydrocarbon non-carc1nogen1c- However,
the deuter1um—exchange react1on for 2 1nd1cates the presence of the
5- carbon atom ds an act1ve one, in addition to the 1- and 3-carbon
catoms ‘ Besides, the 6-posjt10n, though subst1tuted, can st111 re-
main'aCtive_for.an e]ectrbphi]ic‘attack of the actiye”okygen.

Further detailed study is required»for:assessing the carcinogenicity

Experimental

The NMR spectra were‘recorded'on}e Varian high reso1utioanR
220 MH spectrometer at the amb1ent temperature (17°) us1ng deu-
ter1och]oroform w1th tetramethy]s11ane (TMS) as 1nterna1 standard.
The add1tzona1 stat1onary rad1o frequency f1e1d for the doub1e '
resonance_was;proy1ded by the»qscxllator 4204A Hew]ett—Packard.
The‘SUlfuric acid?dz_(QQ;SZ"isotopic purity) was Obtained-from‘
Merck Sharp & Dohre. o .
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p Benzo[ajpyrene 1.'ane penzo[e]pyrene WaéepUreheéedsfrom_'
A]dnicn and further pup{?ied by'fiItfation'through a chromato-
graphy ‘column conta1n1ng neutral a]um1na Woelm act1v1ty I and
using benzene as so]vent The compound was recrysta111zed from
acetone-methanol and had m. p. 181 -182°. _

The NMR had & 7. 75 (H8 and Hg, mu1t1p]et), 7. 89 (H4 and H5,
AB system, J4 5 9 i H ), 7.92 (H2, tr1p1et, J] 2 ° 7.6 H,,
Jz 3= = 7.8 H 2 8. 02 (H.‘, quadrup]et a] ) = 7.6 H., I3 =1.04),
8.16 (H3, quadrup]et. Jz 357.8 H ] 3 =1.0H ) 8.21 (H7, :
mu1t1p]et) 8.24 (le. doublet, J]] 12 = 9.1 H ), 8. 41 (HG’
s1ng]et) 8.94 (H 10 and H]], doub]et)
| 6 Methy]benzo{a]pyrene‘g The compound was prepared by re-

duction of 6-formylbenzo[a]pyrene (F1eser and Hershberg, 1938)
accordingpﬁo the method of Huang—Minlon (1946). The formylbenzo[a]
pyrene'(O.SOO'g, 1.185 x 1073 moles) was dissoiued in the minimum
‘amount of dioxane (10'51) To that so]utlon 0.397 g of pota551um
hydrox1de was dissolved in 0.2 ml of water, 10 ml of trlethylen—
glycol and 1 ml of hydrazine-hydrate 100%. The solution was re-
fluxed (100°) for 1.5 h. After that period hydmazine, water and
dioxane were removed by distillation and the temperature was

raised to.180-200° for 5 h. The cooled so]utfon uas diluted with
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water (40 m]) and was neutra]ized wlth hydrochlor1c ac1d T N. ~The
co1ored prec1p1tate was separated and dr1ed (Na 4) _ It was
then f11tered on neutral a]umwna (WOelm act1v1ty I) us1ng ch]oro--
form as solvent The first fract1on conta1ned the ye]]ow com-
pound After recrysta11izat1on from acetone-ethano], it we1ghed
0.300 g (63 yield) and had m.p.- 215 5-217° (1it. m.p. 216.2- ,' 4'
216.7°; Fieser and Hershberg, ]938) | |

| The NMR spectrum had 6 3 20 (CH3 group, s1ng]et 11new1dth
at ha]f he1ght 1.6 H ), 7 76 (H8 and Hg, mu1t1p1et), 7 84 (H
doub]et J4 5 =9, 5 H ) 7 89 (Hz, trlplet J1 9 = 7 6 H,» Jz 3
7. 6 H ) 8 02 (H], quadrup]et J, 2 =7.6 H > J 3'- 1 4 H ),
8.11 (H3, quadrup]et Jz 3= 7 6 H Jy 3= 1.4 H R 8 15 (H]2,
doub]et J]] 12 = = 9.1 H, ),_8 20 (H10’ doub]et Jg 10° 9.7 H )
8. 45 (HS’ multip]et), 8 90 (H]], doub]et, 1, ]2 = 9.3 H ).

Deuterodeprotonat1on of Benzo[a]pxrene 1. {a) The compound 1

(25 mg) was part1a11y dwsso]ved under st1rr1ng in 1 5 ml of concd.

sulfuric acid- -d, at the temperature of 5-10° and left for 120 sec.

'A deep red solution appeared The acidic solution was then
| poured into 10 ml of deuterated water and 5 ml of chloroform,

’prev1ous1y chilled. Room temperature was not exceeded fol]ow1ng

the d11ut]on. The chloroform solution after extract1on was
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separated and the acidicvaqerus-deuteratéd solution was extracted

again with 5 ml of chloroform. The total organic solution was
washed with 5 ml of deuterated water and dr1ed (Na 504) After

ch]oroform evaporat1on the residue left of approx1mately 20 mg

was d1sso]ved 1n 1 ml of ch]oroform d and its NMR was recorded

(b) The compound 1 (25 mg) was d1sso]ved,1n 1.5 ml of

concd. sulfuric aCid—d2 at room temperature and stirred for

60 sec. After that time the same prdcedure as'(a) was followed.

(c) The same conditions as (b) were used when 1 was left

for 120, 180, 240, 480 sec in sulfuric atid-dz'.f'

Deuteroprotonation of 6-Methx}benzo[a]pyréne 2. The com-
pound g_(30'Mg) was dissolved in 1.5 ml of~5ulfuric acid-d2 and
lTeft for 120 sec-at room temperature under stirring. The solu-

tion became green The same procedure as (a)-was followed.
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TABLE I:}jPercentﬂ-of*Deutérodeprotonatioh in CQhCentrated Su]furic:

Acid-d, (Isotopic Purity, 99.5%).

Hydrbcgrbon ' "?f- Reaction Time .POSTtiohs of Substitution
Bén;ofé]ﬁyrene ‘»[._ _fﬂ -IZOEn' - 42 ,-d 0 0
I e % 55 4 0
-   v12° b_"  A¢99E5':”:5j  ..4§ o
180 %95 73 68 0
%0 995 8 80 0
a0 995 995 99.5 0
G-Methylbenzo[aJpyreneS 120 . -- 9.5 J.99.51' 21

EJhe\peréeht of the deuteration isica]cd]atéd in the NMR spectra

at 2 H, pér cm’by_the percent ratio of the'intégration of_the 
peaks cOrresponding'to;thévpartially substituted protons with.res—‘_
vpect to the integration of the peak§ correspondihg to the non-

. substituted protons. -The'sfgnal of the proton.ih.the;3—position
(Figure 1) is ha]f—suberimposed. ,The integratioh of the visible
part isitbnsidered half a proton. The'substitution reactions have
‘been carkied out at ambient temperature unless btherwiﬁe specified.

bat 5-10°. In these conditions the”hydrocarbﬁh was not completely

n
-y
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| So]deé“iﬁ:fhe acid. ~£xper1ments with longer react1on times

have produced negatmve results because of the a]most total de-

compos1t1on of the compound under these severe condit1ons




Figure Legends
_Figure 1. The 220 MH, NMR spectrum of benzo[a]byrene (2% wt/v)
' 1n CDC]3 at 17° . The scale 1s referred to TMS as 1nterna]
standard The coupling constants are in hertz (H ) and

have been determ1ned by expans1on at 2 H per cm.

F1gure 2 The 220 MH ‘NMR Spectrum Of'6-methylbenzo[a]pyrene
(2% wt/v) in C0013 at l7° The scale is referred to TMS as |
"'_1nterna] standard ‘The coup11ng constants are in H, and B
have’ been determ1ned by expans1on at 2 H per cm. The sing-
| Tet: s1gna]rof-the ‘methyl protons at 3.20 ppm is out of the.
field. A o
Fignre;3t .A) The 220 MHziNMR spectrum of benzq[a]pyrene, pre-
viously treated with su]furic-acid-d2 for 120 sec at 5-10°.
The compound is d1sso]ved in CDCl3 and the spectrum is ree
*corded at 17°, u51ng TMS as 1nterna1 standard " B) The NMR
spectrum of the same compound, prev1ous]y treated with
sulfur1c ac1d-—d2 for 60 sec at room temperature, recorded
in the same_condjtlons as A). C) The NMR spectrum of the
same compbund,'nreviously treated with sulfuric ac1d-d2 for
240 sec at.room temperatUre,‘recorded in the same conditions

as A).
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FO FigureeLegends»(continuéd)fm'ﬁ B
1gure 4 The 220 MH NMR spectrum of 6 methy]benzo[a]pyrene,:

"..1- prev1ously treated wvth sulfur1c ac1d d2 for 120 sec at
":.room temperature. The compound is d1ssolved 1n CDC]3 and:
7the spectrum is recorded at 17° using TMS as 1nterna1

'e__standard
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: '

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or '

'B. Assumes any liabilities with respect to the use of, or for damages

» resulting from the use of any information, apparatus, method, or
process disclosed in this report. v :

As used in the above, 'person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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