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ABSTRACT: The proton magnetic resonance spectra at 220 MHof the 

carcinogenic benzo[ajpyrene  1 and 6-methylbenzo[a]pyrene  2 in sul-

furic acid-d 2  are used to determine the specific positions of 

electrophilic substitution. 

The electrophilic. attack in 1 takes place predominantly on 

the 6-position, followed by 1- and 3-positions, whereas in 2, 

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

by the 1-, 3-. and 5-positions. . 	. . . 	. 

The qual itative data for 1 obtained by this reaction, taken 

togetherwith its specific coupling tothe nucleic acid base 1-

methylcytosine (reported, in the. present issue), its chemical pro-

perties and its metabotism (known from the literature) suggest 

probable active intermediates, which by reaction with the nucleo-

phiuic position's of the nucleic acid bases could initiate the 

process of transformation of the normal cell into the neoplastic 

cell. 
3. 
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Introduction 

The proton nuclear magnetic resonance (NMR) study at 60 MH 

of twenty unsubstituted polycyclic hydrocarbon's (Martin etal., 

1964) reveals the presence of separated band-systems. 

The large ring-current diamagnetic effect of these molecules 

generates on the peripheral protons a downfield chemical shift 

relatively to those of the benzene and the naphthalene series. 

The particular relevance of this effect on the meso-anthracenic 

protons leads to their separation and thus to their identifica-

tion. Moreover, the angular protons exhibit an additional de-

shielding effect due to the non-bonding spin-spin, interactions 

(steric compression effect) and their band systems can also be 

easily assigned.. However, the remaining protons are normally not 

well separated.  

A complete analysis of these hydrocarbons has been solely 

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

has been achieved by comparison of the theoretical calculated 

shielding parameters, relatively less complicated for this sym-

metric molecule, with the experimental data. 
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The better resolution of the 220 MHspectrometer taken to 

gether with the double resonance technique and the specific. 

deuterodeprotonationwith sulfuric acid-d 2  allow us now to report 

the complete interpretation of the benzo[a]pyrene  l and 6- 

methyl benzo[ajpyrene  2 proton magnetic resonance spectra. 

10 

14 

CH3  

2 

•At.the same time, the spectra provide qualitative information on 

the selective substitution positions obtained by such a deuterium 

ion exchange. These electrophilic substitution results for 1 are 

compared with other types of chemical reactions for 1 and with 

its enzymatic reactions in vivo. The resulting evaluation mdi-

cates with remarkable agreement the 6-, 1- and 3-positions as the 

most active ones. The specifié coupling of the 6-carbon atom of 
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1 with the base 1-methylcytosine (Cavalieri and Calvin, 1970) also 

constitutes a matter of consideration and comparison. 

Finally, the collective data obtained by these observations 

have shed light on the mode of activation of un vivo, which 

seems to, be promoted by the aryl. hydrocarbon hydroxylase enzyme 

systems (Grover and Sims, 1968; Gélboin, 1969).  

The nature of the active intermediates can now be suggested. 

Their attack on .thenucleophili.c positions of the nucleic acid 

bases might give rise to the crucial step responsible for mi -. 

tiating the carcinogenic process within the cell. 	.• 

Results 

Assignment of Lines. 1. BENZO[a]PYRENE l. The 220 MH  pro-

ton magnetic resonance of 1 is shown in Figure 1. The peaks are 

assigned to the corresponding protons in the following manner. 

The integrated spectrum provides the protons 1  ratio 2:1:3:1:3:2 

from left to right and the empirical rulessuggested by Martin 

(1964; Martinetal., 1964) allow a first approximated interpre- 

tation. 	 . 	 . 
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The two angular. protons H10  and H11  were already characterized 

for their largest downfield shift by Martin etal (1964) at 60 

MH z 	
The overall superimposition of the two chemical shifts in 

this spectrum is a pure coincidence 	At higher concentrations, 

or when the coupled protons are irradiated in the regions close 

to their resonance signal, using the double resonance technique 

(vide infra), the sharp doublet of H 11  becomes slightly separated 

by the more complex coupling of H 10 	If the two protons are irra- 

diated with a strong radiofrequency signal at their resonance 

frequence, the H 121  postulated on the basis of the same coupling 

constant, collapses to a singlet and the complex multiplet attri-

butéd to the protons H 8  and H9  occurs at a simpler signal 

On the other hand, when the H 12  is saturated, the signal of 

H11  becomes a broad singlet. The irradiation of the complex 

multiplet H8 , H9  in the region of their resonance frequency 

creates a separation of the doublet H 11  from the H 10  which ap-

pears now as a complex signal . This complexity is reduced at 

the resonance frequency of H 9  

The multiplet peak H 7 , partially superimposed by H 12  and H3 , 

is attributed by spin decoupling when the signal corresponding to 

H8  is irradiated Thus, the decoupling experiments make it 
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possible to assign unequvoca1ly the protons H 10 , H11 , H12 , H7 , 

H8  andH9 . 	 . 	 . 	. 

The characteristic peak at 8.41 ppm corresponds to the.meso-

anthracenic hydrogen in the 6-position. Although the two protons 

H4  and H 5  possess about the same ctemtca1 shift as the H 2 , the 

pattern of •their AB spectrum can be recognized.. To ensure this 

point the quartet can be easily visualized when the H 1  and H 3  

are selectively deuterated (vide. infra and Figure 3C).  In 

this spectrum the large left inner-band results fro.m a super- 

imposed singlet of the collapsed H 2 , arising from the disappear-

anceof the two orto-coupling constants (Figure 1) with the pro-

tons in the 1- and 3-positions. 

The precise attribution of the protons H1  and H3  cannot 

be directly resolved because there does not exist a valid cri-

terion for their differentiation. The theory (Dewar, 1952) 

predicts that the most active position for the substitution 

reactions are in decreasing order the 6-, 1- and 3-positions. 

Although the 6-position is by far the most active one, a bulky 

Friedel-Crafts reagent.would manifest a steri.c hindrance of the 

meso-anthracenic type on this carbon-atom. Therefore, the 
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substitution is expected in this case to take place on the 1- and 

3-positions 	When the hydrocarbon 1 is allowed to react with the 

succinic anhydride and aluminum chloride the 1-acylated deriva-

tive is preferentially isolated (Buu-Ho? and Lavit, 1960). 

The deuterodeprotonation of 1 in Table I indicates that the 

6-position is the most basic one and the 1- and 3-positions re-

veal only a little difference in reactivity.  

On the basis of the above described data, the slightly more 

reactive carbon atom is preferentially suggested to correspond to 

the 1-position. 

2 6-METHYLBENZO[a]PYRENE 2 At first glance, the NMR of 

this molecule (Figure 2) compared to the spectrum of l shows the 

two expected deshielded protons H and H 7  in peri-position with 

respect to the methyl group (peri effect; Düdek, 1963), and an 

anomalous shielding effect of one of the two angular protons as 

it can be observed by the integrated spectrum. The ratio of the 

protons from left to right is 1:1:1:1:2:1:2:2. The complex multi-

plet of the two downfield shifted protons H 5  and H7  cannot, to our 

knowledge, be easily explained. As a matter of fact, they do not 

seem to be coupled with the methyl group (singlet,with the line 

width at half height of 1.6 H) and besides, the decoupling 
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experiments result negative. The peculiar interaction of these 

protons with the methyl group.does. not. solely affect thejr 

chemical shifts but probably also their relaxation times. 

The double resonance technique by irradiation of the H 8  and 

H9  mult.iplet suggests that the proton centered at 8.96 ppm be-

longs to the 7-position. On the other hand, the saturation of 

the latter proton affects the H8  and H9  signal, indicating spin-

spin coupling to H8  and hence, their respective assignment. 

Furthermore, this finding suggests the multiplet centered at 

8.45 ppm to be, by exclusion, the proton in the 5-position. The 

two pen-protons H 5  and Fl7  present about the same downfield shift 

relative to their signals in benzo[a]pyrene,  and this adds further 

evidence on .their attribution. A negative decouplingof the pro-

ton at 890 ppm by irradiation of the proton H9  rules out the 

possibility that the doublet might be the proton in the 10-

position and suggests this to be the proton in the li-position. 

The protons H11  and H12 , though coupled, do not show 

exactly the same.coupling constant. However, a positive reci- 	
4 

procaldecoupling experiment does not leave any doubt about their 

assignment. The downfield shift of the proton H 5  with respect to 

its chemical shift in the NMR of 1 (Figure 1), leaves the proton 
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H4  as a doublet possessing about the same chemical shift and 

coupling constant as in 1 	The characteristic triplet with two 

equal coupling constants defines the proton in 2-position 	One 

of the related protons to the H 2  is directly disclosed by the 

same value of the coupling constant 	The second one, partially 

superimposed, is disclosed after deuterium-exchange (Figure 4) 

They 'present the same patterns, the same chemical shift and the 

same facility to be deuteratedas the protons H 1  and H3  in 1. On 

this basis, their assignment is suggested 	Finally, the remaining 

proton, namely, the doublet at 8.20 ppm, is the proton in 10-

position 

Deuterodeprotonation of Benzo[a]pyrene 1 and 6-Methylbenzo[a] 

pyrene 	The carcinogenic aromatic hydrocarbon 1 is easily dis- 

solved in the concentrated sulfuric acid-d 2 . The solution is then 

quenched with a chilled mixture of deuterated water and chloroform 

.at.different reaction times. 

After the separation of the compound, its NMR spectra (Figure 

3), compared to the NMR spectrumof 1 (Figure 1), point out speci-

fic deuterated positions by the partial or total disappearance of 

some of the signals. The results are sunnuarized in Table I. When 

the hydrocarbon I is treated for 120 sec with deuterated sulfuric 

acid at 5_100  (Figure 3A) only the 6-position undergoes exchange. 



l2- 

The same reaction at room temperature for 60 sec (Figure 3B) 

gives rise to the practically total exchange on the6-carbon atom 

and to the partial echange on the l- and 3-positions to about 

the same extent. Further, when this deuterated hydrócárbon is 

protonated with sulfu,'ic acid, the •NMR spectrum of 1 (Figure 1) 

is recovered. Deuteration for longer times(Le., 480sec, 

Figure 3C) shows the complete selective electrophilic substitu-

tion of the threeactive positions, leaving the other ones unal- 

tered. 

The compound 2 (Figure 4 and Table I), also carcinogenic, 

indicates aftertreatment with deuterated sulfuric acid for 120 

sec a complete exchange of the protons in 1- and 3-positions 

The S-position seems to be active as well. The eventual reacti-

vity of the methyl-substituted 67position cannot be revealed by 

this method. 

The non-carcinogenic benzoe]pyrene does not dissolve in sul-

furic acid at room temperature, suggesting rather inactive sub-

stitution positions in comparison with the two carcinogenic 

benzo[ajpy.renes. 	. 	 . 
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Discussion 

The better resolution of the NMR spectra at220 MH in rela-

tion to the 60 MHZ  has permitted the separation of the peaks of 

the different protons in l and 2 and hence, to provide their com-

plete analysis. In this way it has been possThie to follow . 
 the 

selective deuterodeprotonation in both compounds. The.most active 

6-position for l.is distantly followed by the 1- and 3-positions 

possessing about the same reactivity. These data, though not 

quantitative, manifest a noteworthy agreement with the theoretical 

M.O. calculations (Dewar, 1952; Streitwieser, 1961) (vide supra), 

which indicate those three positions with the lowest carbon. 

localization energies in the same order of reactivity 	Further- 

more, an extensive body of experimental evidence sUpports the 

concept of this localized chemical reactvity. 1  

1 Compound 1 undergoes electrophilic substitution at the 6-

position to yield the 6-formyl (Fieser and Hershberg, 1938), 6- 

chloro (Winciaus and Raickle, 1939), 6-nitro (Windaus and Renhak, 

1937), 6-diazophenyl (Fieser and Campbell, 1938) and the 6-thio-

ciano (Wood and Fieser, 1941). The same 6-isomer is.also obtained 

by radical substitution with lead tetraacétate (Fieser and Hershberg, 
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1938), benzoyl peroxide (Roitt and Waters, 1952) and thioglycolic 

acid (Conway and Tarb11, 1956). The Friedel Craftscondénsation 

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

dominantlyl -isomer and presumably the 3-isomer is theUnidenti-

fied second product. 	. . 	. 

However, before discussing the a-complex in the deutero-

electrophilic substitution of 1, it is necessary to focus atten-

tion upon a special kind of reaction, namely, chromic acid oxida-

tion (Vollmann etal., 1937; Cook and Schoental, 1950; Cook et.al., 

1950; Antonello and Carlassare, 1964) and ozonization (Moriconi 

etal., 1961). 

The products in all reactions 2  were the benzoaJpyrene -1,6 -

dione 3 and the. benzo[aJpyrene -3,6 -d tone 4. These compounds 

suggest the existence of.an interrelation between the 1- and - 

positions and the 3- and 6-positions, respectively. 

2Antonello and Carlassare (1964) indicate the presence of 

minor amounts of 6enzo[a]pyrene -6,12-.dione both lnchromic acid 

oxidation and in photooxidation.. . . . . . 

* 
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Moriconi et1.,(196l),.using one molar equia1ñt of o±one, 

obtained the diones 3 and 4 (3:1 ratio) from 1. Only trace amounts 

of benzo[aJpyrene-4,5...djone were formed . They further proposed 

three possible paths. by which the interaction with the ozone gives 

rise to the two final diones. 	S 	 . 

Chart 1 points out that 1 requires two molecules of ozone to 

give 3 and/or 4. (a) The compound 1 undergoes an initial electro-

philic attack on the positions 1, 3 or 6 (more frequently 6) to 

form 5, which by loss of oxygen and hydride-ion produces 6. This 

active intermediate by nucleophilic Substitution of a second 

molecule of ozone and further loss of oxygen and of a proton leads 

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

step as in (a), followed by a nucleophilic attack of a second 

molecule of ozone to give 7. Further, by loss of two molecules 

of oxygen, hydride-ion and proton, the diànes are formed. (c) A 
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Chart .1. Threepossib1e'mechanisms in the formation of the 1,6- 

and 3,6-diones (the depicted one is for 1,6-dione) (Moriconi etal 

1961) - 	+ 

"H 

+ + 

HO H0 
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synchronous electrophilic and nUcleophilic attack of two mole-

cul.es  of ozone engenders 7 and then,. the same sequence mechanism 

as (b) is followed. 	. 	. 	 . 

When the hydrocarbon 1 is tre.ated with deuteráted sulfuric 

acid, the electrophilic attack of the deuterium-ion takes place 

predominantly on the 6-position and, nearly to the same extent, . 

on .the 1-and 3-positions. Therefore, thewell-accepted a-complex 	. .. 

(also known as Wheland intermediate) (Norman and TaylOr, 1965) can 

be represented as in Chart 2. . 	 . 

As has been suggested by the oxidation and ozonization 

reactions so far described, the charge of the a-complex is located 

on the carbon atoms of highest free valence (or lowest localiza- 	. . 

tion energy). Thus, the intermediates above proposed constitute 

essentially the a-complex forl. Accordingly,.the charge deloca-

lization can be disregarded, as an important stabilizing mechanism. 

3Because of the selective deuteration on the 6-carbon at 5- 	 . . 

100 (see. Table I)., 9, 10 and 11 are practically in these cOndi-

tions the sole intermediates present in solution. : 

4The contribution of U is minor and is taken into account 

	

after the reu)t& of Antonello and Carlassare (1964). . 	. 
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In the class of the polycondensed aromatic hydrocarbons the 

concept of localized charge in the a-complex has so far received 

experimental evidence exclusively for theanthracene. The ultra- 

• 	 violet spectrum of this compound in sulfuric acid (Gold and lye, 

1952) is similar to the spectra of i,l-diphenylethyiene and tn-

phenylethylene in the same solvent, indicating a similarity of 

the three corresponding carbon ions. This result irñplies an 

overall localization of the positive charge in the meso-position 

14, which is known to be the one of lowest locálizatión energy. 

14 

• 	. 	 The charged intermediates rationalized in Chart 2 constitute 

the distinctive and striking feature of the carcinogenic benzo[a] 

pyrene. • Their possible formation in vivo and their attack on a 

nucleophilic center of the cellular target (vide infra) could 

probably give rise to the crucial step . , capable, of inducing, the 

carcinogenic process. 	.. 

The benzotajpyrene •1 is converted in the whole • 	••••. 

anim1s (Falketa1,:.1g62) .3  to its oxidized derivatives. 
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The most meaningful metabo1i.tes have been found to be the 

6-hydroxy-, 3-hydroxy-, 1,6-dihydrpxy- and 3,6-dihydroxy-

benzo[aJpyrene ,  whereas the 6,12-dihydroxy- and, doubtfully, 

the 4,5-dihydro-4,5-dihydroxy-benzo[a]pyrene are only present 

in negligible amounts. Besides, compound 1 is metabolized by 

rat-liver homogenates mainly (Sims, 1967) to the 3-hydroxy-

benzo[a]pyrene and to the benzo[a]pyrene-1,6-  and 3,6-dicine. 5  

Therefore, the oxidation reaction in vivo promoted by the aryl 

hydro.xylating enzymes takes place on the same reactive positions 

disclosed when 1 is treated with chemical reagents. 

It is well known that'the formatiOn of these enzyme systems 

can also be inducedby the administration of polycyclic hydro-

carbons (Nebert and Gelboin, 1969). Their presence has been 

disclosed in mammalian cells of differentspecies, tissues and 

strains. They metabolize the aromatic hydrocarbons tomore polar 

derivatives, which can be easily eliminated, providing a suitable 

way of detoxification.. . Furthermore, the carcinogenic ones are 

5me two diones are probably .  secondary products of .oxidation 

of their respective dio1s:which are easily' converted in the air. 

- 

Fj 
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generally transformed by hydroxylation to less or non-carcinogenic 

compounds. 

Nevertheless, these hydrocarbons are also cytotoxic, when 

added to cell cultures containing the enzyme systems, whereas a 

lack of toxicity is noticed in the cell lines, where these en-

zymes are not inducible. A cogent correl.ationseems to exist 

between the presence of the enzymes and the cytotoxicity of the 

polycondensed hydrocarbons (Diamond, 1965) and also between toxi-

cityand carcinogenicity. Thus, the presence of these enzyme. 

systems can be noxious and not solely beneficial. 

A chemical linkage between DNA and benzo[a]pyrene (Gelboin, 

1969; Grover and Sims, 1968). 	(or other aromatic hydrocarbons; 

Grover and Sims, l968) has been induced by the rat liver aryl 

hydroxylating enzyme systems. 

Brookes and Lawley (1964) have indicated a: chemical complex 

between DNA and polycyclic. aromatic hydrocarbons after painting 

mice with these compounds and isolating their DNA. The extent 

of the binding correlates satisfactorily with thécarcinogenicity 

of the hydrocarbons. 

A chemical linkage .has also been obtained between DNA and 1 

by promotion with iodine, or hydrogen peroxide in the presence 
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or absence of ferrous ion, and ascorbic acid model hydroxylating 

system (Lesko etal , 1969) Furthermore, it is suggested that 

the activation of the inert aromatic hydrocarbons to react with 

• DNA coul.d be determined by the formation of cationic radical 

• intermediates, and this mechanism of activation could be extended 

to living systems. Indeed, Rochlitz (1967) had already postu-

lated that the coupling between pyridine and 1, promoted by 

iodine, proceeds by way of a catioñic radical intermediate of 

the hydrocarbon 

The formation of the chemical complex between DNA and 1, in-

duced either by iodine or model hydroxylating systems, render 

their suggestion justifiable However, the action of the model 

hydroxylating systems on the aromatic substrates, as indicated by 

Ulirich and Staudnger (1969), is quite different from the iodine 

catalytic effect. In fact, the model systems produce hydroxyla-

tion on the aromatic compounds. Consequently, the benzo[a]pyrene 

moiety in the DNA chemical complex (vide supra) is very likely 

the hydroxyl -derivative 

The quantitative comparisonof the relative o m p ratio in 

hydroxylation of benzene-deri vati ves (Ullrich and Staudinger, 

1969) provoked by rat-liver microsomal hydroxylase enzymes and 
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model systems, respectively, poi.nts to an electrophilic substi-

tution mechanism for the enzyme systems 	The electrophilic 

nature of the active oxygen produced by the hydroxylating enzymes 

is also partially substantiated by the general occurrence of the 

NIH shift (Udenfriend etal , 1969) 	Moveover, the specific 

coupling between the most active 6-position of 1 with the nucleo-

philic 5-position of the 1-methylcytosine (Cavalieri and Calvin, 

1970; Pullman and Pullman, 1963) • suggests that the chemical fixa-

tion of this hydrocarbon in living organisms takes place on the 

nucleophilic positions of the nucleic acid bases 	Therefore, 

the active hydrocarbon intermediate of 1 should possess an 

electrophilic nature 

On the basis of all the previously discussedresults, the 

active intermediates formulated in Chart 3 might represent the 

primary process of carcinogenesis for 1. 

The hydroxyl attack induced by the aryl hydrocarbon hydroxy-

lase enzyme should take place, for steric reasons, onthe site 

opposite to that part of 1 that physically interacts with the 

nucleic acids 	When, for instance, the hydroxylation takes place 

on the 6-carbon atom the charge is localized on the 1-carbon atom 

15 and the 3-carbon atom 16 	One of the two latter positions 	will 
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Chart 3 

• OH 	H 	• • HO:H 	•. 	 ..•. 

W'W'N'W 
Enzyme 15 Enzyme 

Enzyme • 

Enzyme 
H 

• 

• • H 	OH • •• 

OH 

d. 
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further react with the nucleic acid targets 	Vice versa, when the 

active hydroxyls react with the 1-position 17or the 3-position 18, 

the charge is completely localized Qfl the 6-position 	The cri- 

terion of carcinogenicity for 1 seems to be defined by the presence 

of at least two complementary, active, interrelated positions, 

which necessarily must be separated by an even number of carbon atoms. 

The substitution of the active 6-position of 1 by a methyl group 

should seemingly render the hydrocarbon non-carcinogenic However, 

the deuterium-exchange reaction for 2 indicates the presence of the 

5-carb6n atom as an active one, in addition to the 1- and 3-carbon 

atoms 	Besides, the 6-position, though substituted, can still re- 

main active forah eléctrophilic attack of theáctive oxygen. 

Further detailed study Is required for assessing the carcinogenicity 

o f 2.  

Experimental 

The NMR spectra were recorded on a Varian high resolution HR 

220 MHz spectrometer at the ambient temperature (17 0 ) using deu-

teriochioroform with tetramethylsilane (TMS) as internal standard 

The additional stationary radio-frequency field for the double 

resonarce was provided by the oscillator 4204A Hewlett-Packard 

The sulfuric acid-d 2  (99 5% isotopic purity) was obtained from 

Merck Sharp & Dohme. 
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Benzo[a]pyrene 1. The benzo[a]pyrene  was purchased from 

Aldrich and further purified by filtration through a chromato-

graphy column containing neutral alumina Woelm activity I and 

using benzene as solvent. The compound was recrystallized from 

acetone-methanol and had rn.p. 181-182°. 

The NMR had 6 7.75 (H8  and H99  multiplet), 7 89 (H4  and H 5 , 

AB system, J45  = 9.1 Ha),  7.92 (H2 , triplet, J 1,2  = 7.6 H z  

=78 Hi),  8.02 (H1 , quadruplet, J 12 = 7.6 H z  J1,3  = 10 

8.16 (H3 , quadruplet,J23 = 7.8 H, J1,3  = 1.0H2 ).821: (H 7 , 

multi.piet), 8.24 (H 12 , doublet, Jl,,12 = 9.1 Hi),  8.41 

singlet), 8.94 (H10  and H 11 , doublet). 

6-.Methylbenzo[a]pyrene . The compound was prepared by re-

ductiOn of 6-formylbenzo[a]pyrene  (Fieser and Hershberg, 1938) 

according to the method of Huang-Minlon (1946). The formylbenzo[a] 

pyrene (0.500 g, 1.185 xlO 3  moles) was dissolved in the minimum 

amount of dioxane (10 ml). To that solution 0.397 g of potassium 

hydroxide was dissolved In 0.2 ml of water,' 10 nil of tretFylen-

glycol and 1 ml of hydrazine-hydrate 100%. The solution was re-

fluxed (1000)  for 1.5 h. After that period hydraztne, water and 

dioxarie were removed by distillation and the temperature was 

raised to180-200° for 5 h. The cooled solution was diluted with 
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water (40 ml) and was neutralized with hydrochloric acid 1 N. The 

colored precipitate was separated and dried (Na 2SO4 ) 	It was 

then filtered on neutral alumina (Woelm activity I) using chloro-

form as solvent The first fraction contained the yellow com-

pound After recrystallization from acetone-ethanol, it weighed 

0300 g (63% yield) and had m.p. 216.5-217° (lit. m.p. 216.2-

216.7°; Fieser and Hershberg, 1938).. ;  

The NMR spectrum had S 3.20 (CH 3  group, singlet, linewidth 

at half height 1 6 Hr ), 7 76 (H8  and H9 , multiplet), 7 84 (H4 , 

doublet, = 9.5 Hi ), 7.89 (H2 , triplet, J 1,2  = 7.6 H,  J2,3 

7 6 Hi ) ,  8.02 (H 1 , quadruplet, J12  = 7 6 Hz  J13  = 1.4 

8.11 (H3 , quadruplet, J23  = 76 H ,  J13  = 1.4H 	8.15 (H12 , 

doublet, 11 = 9 1 Hi ) ,  8 20 (H10 , doublet, J 	 = 9.79,10 
8.45 (H 5 , multiplet), 8.90 (H11 , doublet, i12 = 9.3 H) 

Deuterodeprotonatjon of Beflzofa3pyrenei. (a) The compound 1 

(25 mg) was partially dissolved under stirring in 1.5 ml of concd. 

sulfuric acid-d 2  at the temperature of 5-100  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, 

previouslychjlled. Room temperature was notexceededfollowing 

the dilution. The chloroform solution after extraction was 
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separated and the acidic aqueous-deuterated solution was extracted 

again with 5 ml of chloroform. The total organic solution was 

washed with 5 ml of deuterated water and dried (Na 2SO4 ). After 

chloroform evaporation the residue left of approximately 20 mg 

was dissolved in 1 ml of chloroform-d and its NMR was recorded. 

The compound 1 (25 mg) was dissolved in 1.5 ml of 

concd. sulfuric acid-.d 2  at room temperature and stirred for 

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

The same conditions as (b) were used when lwas left 

for 120, 180, 240, 480 sec in sulfuric acid-d 2 . 

Deuteroprotonatjon of 6-Methylbenzo[]pyrene 2. The com-

pound 2 (30 mg) was dissolved in 1.5 ml of sulfuric acid-d 2  and 

left for 120 sec atroom temperature under stirring. The solu-

tion became green. The same procedure as (a) was followed. 

41 
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TABLE I 	Percent- of Deuterodeprotonation in Concentrated Sulfuric 

Acid-d2  (Isotopic PurIty, 99 5%) 

Hydrocarbon 	 Reaction Time 	Positions of Substitution 

	

(sec) 	6 	1 	3 	5 

BenzoEaJpyrene 	 120- 	42 	0 	0 	0 

	

60 	96 	55 	44 	0 

	

120 	995 	61 	48 	0 

	

180 	995 	73 	68 	0 

240 	995 	85 	80 	0 

	

480 	995 	995 	995 	0 

	

6-Methylbenzo[a]pyrene -  120 	 -- 	 99.5 	99.5 	21 

-The.percent of the deuteration is calculatèdi.n the NMR spectra 

at 2 H per cm by. the percent ratio of the integration of the 

peaks corresponding to the partially substituted protons with res-

pect to the integration of the peaks corresponding to the non-

substituted protons. . The signal of the proton in the 3-position 

(Figure 1) is half-superimposed. The integration of the visible 

part is considered haifa proton. The substitution reactions have 

been carried out at ambient temperature unless otherwise specified. 

bAt  5-10°. In these conditions the hydrocarbon was not completely 
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Figure Legends 

Figure 1. The 220 MH NMR spectrum Qf henzoEa]pyreñe (2% wt/v) 

in CDC1 3  at 17° . The scale is referred to :TMS as internal 

standard 	The coupling constants are in hertz (Hi)  and 

have been determined by expansion at 2 H z per. cm . 

Figure 2 The 220 MHNMR  spectrum of 6 -methylbenzo[a]pyrene 

(2% wt/v) in CDC1 3  at 17 0  The scale is referred to TMS as 

internal standard. The coupling constants are in H z  and 

have been determined by expansion at 2 H1  per cm The sing-

let signal lof the methyl protons at 3.20 ppm is out of the 

field 

fire 3 A) The 220 MH 1  NMR spectrum of benzo[ajpyrene,  pre-

viously treated with sulfuric acid-d2  for 120 sec at 5-10° 

The compound is dissolved in CDC1 3  and the spectrümis re 

corded at 17 0 , using TMS as internal standard. B) The NMR 

spectrum of the same compound, previously treated with 

• sulfuric acid-d2  for 60 sec at room temperature, recorded 

in the same conditions as A). C) The NMR spectrum of the 

same compound, previously treated with sulfuric acid-d 2  for 

240 sec at room temperature, recorded in the same conditions 

asA). 
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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: 

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 in formation, 
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or 
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. 

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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