
Temhcdmn Lettus, Vo1.31. No.47, pp 6773-6776 1990 

PdCdillGMtBfitPiIl 

oIMo-4039/90 $3.00 + .oo 

Pergaincn Press plc 

SYNTHESES OF POLYCYCLIC AROMATIC HYDROCARBON-NUCLEOSIDE AND 
OLIGONUCLEOTIDE ADDUCTS SPECIFICALLY ALKYLATED ON THE AMINO 

FUNCTIONS OF DEOXYGUANOSINE AND DEOXYADENOSINE 

Hongmee Lee, Michael Hinz,t John J. Stezowski,t and Ronald G. Harvey*, 
Ben M 

4y 
Institute, University of Chicago, Chicago, Illinois 6M.37 

and Institutjiu Organische Chemie und Isotopeaforschung. 
der Universitat Stuttgart, Stuttgart, FRG 

Summary: Efficient syntheses of 1-pyrenylmethyl-mononucleoside adducts with the hydrocarbon moiety 
attached to the exocyclic amino functions of deoxyguanosine and deoxyadenosine are described. 

Carcinogenic polycyclic aromatic hydrocarbons (PAHs) are known to undergo metabolic activation 

to reactive diol epoxide intermediates that bind covalently to DNA in vivo.l** There is now substantial 

evidence that this process leads initially to mutations and ultimately to induction of cancer. The major 

adduct formed with DNA by the diol epoxide metabolite of benzo[a]pyrene arises from tram addition of 

the exocyclic ammo group of deoxyguanosine (dG) to the epoxide ring.3 An analogous minor adduct in 

which the hydrocarbon moiety is covalently linked to the exocyclic amino group of deoxyadenosine @A) is 

also detected. Other PAHs exhibit similar metabolic activation and interaction with nucleic acids, but 

variation in the extents of binding and the ratios of the adducts formed is observed. In particular, the diol 

epoxide metabolite of the highly potent carcinogen 7,12dimethylbenz[a]anthracene binds much more 

extensively to dA sites.4 It has been suggested that dA binding is more critical to cancer induction than 

dG binding.~ 

In order to further elucidate the mechanism of PAH carcinogenesis at the molecular-genetic level, 

we have undertaken to devise methods for the sythesis of oligonucleotide adducts covalently bound at 

specific base sites for site-directed mutagenesis and other studies. As the initial target, we have chosen 

the dG and dA adducts of 1-methylpyrene covalently linked to the exocyclic amino groups. l-Methyl- 

pyrene was selected as the model PAH because of its close structural relationship to the adduct formed by 

the reaction of the benzo[a]pyrene diol epoxide and because it lacks the hydroxyl groups anticipated to 

complicate protection and deprotection in oligonucleotide assembly. We now report synthesis of the l- 

pyrenylmethyl-substituted N*-dG and N6-dA adducts 1 and 2a (R = H). 

6773 



6774 

Our synthetic strategy entailed in the key step the coupling of an appropriately protected halo- 

purine derivative with I-aminomethylpyrene. The synthetic route to 2’-deoxy-@-( l-pyrenyhnethyl)guano- 

sine (1) is shown in Scheme 1. Treatment of 2’-deoxy-N2,3’,5’-triacetylguanosine (3) with 1.5 molar 

equivalents each of diethylaxodicarboxylate, triphenylphosphine, and 2-@-nitrophenyl)ethanol in dioxane 

at room temperature6~7 led after 24 hrs directly to the corresponding 06-p-nitrophenyl derivative (4a) in 

quantitative yield.8 Deacetylation of 4a took place smoothly on treatment with methanolic ammonia to 

furnish pure 2’-deoxy-06-(p-nitrophenylethyl)guanosine (4b) in 87% yield. Although deacetylation of the 

sugar hydroxyl groups was complete in 1 hr. deprotection of the amine group required 6 days for comple- 

tion. Treatment of 4b with rert-butyl nitrite (TBN) in 60% anhydrous HF/pyridine at -2O‘X? afforded 2- 

fluoro-06-(p-niaophenylethyl)-9-(2’-deoxy-~-D-~~~ranosyl)p~ne (5) in 79% yield. Condensation of 5 

with 1-aminomethylpyrene took place smoothly in dimethylformamide at room temperature to furnish Nz- 

(1 -pyrenylmethyl)-06-@-nitrophenylethyl)-2 (6) in 70% yield. Cleavage of the p-nitro- 

phenyletbyl group by 0.5 M DBU in pyridineto provided 1 in quantitative yield. The NMR spectrum, mass 

spectrum and other properties of 1 were in good agreement with this structural assignment.11 

Scheme 1 
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The 1-aminomethylpyrene used in the foregoing synthesis was synthesized from l-pyrenecarbox- 

aldehyde by conversion to the corresponding I-pyrenyloxime by reaction with hydroxylamine followed by 

reduction with xinc in acetic acid in 90% overall yield. 

The synthetic route to 2’-deoxy-Ne-(1-pyrenylmethyl)adenosine (2a) is outlined in Scheme 2. The 

starting compound 6-chloro-9-(2’-deoxy-3’,5’-di-O-p-toluoyl-P-D-erythro-pentofu~nosyl)pu~ne (7) was 
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prepared by reaction of the protected z’deoxychloro sugar with the sodium salt of 6-chloropurine.t2 Con- 

densation of 7 with ~aminomethyipyrene in dimethylformamr ‘de at room temperature furnished 2b (It = 

toluoyl) which was converted to 2a 69% yield by treatment with sodium methoxide in MeOH/l’HF at room 

temperature for 4 hrs. The 500 MHx tH NMR spectrum of 2a was entirely consistent with its structural 

assignment.13 

Scheme 2 
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Incorporation of the mononucleoside adducts 1 and 2a into oligonucleotides was also investigated. 

For this purpose, 1 and 2a were converted to their respective S-G(4.4’dimethoxytrityl) derivatives 9a 

and 9b by standard methods.l4 These compounds were then reacted with Z-cyanoethyl-N,N’diisopropyl- 

chloride phosphoramidite to give the corresponding 3’-[o-(2-cyanoethyl)diisopropylphosphoramidite deriv- 

atives (10). They were then incorporated in oligonucleotides with the sequences CGGCA*GCTCTC and 

CGGCG*GCTCTC, where G* and A* are N2-pyrenylmethylguanosine and N6-pyrenylmethyladenosine, 

respectively, using an Applied Biosystems DNA synthesixerl~ 

? 

DMTCl Nc*OOp* 
1or2- 

HO 0 

9a: B = N2-pyrenyhnethylguanine 

b: B = N6-pyrenylmethyladenine 

DMTCl = 4,4’-dimethoxytrityl chloride 

I 
NC-ON ‘, N(i-P& 

10 

The foregoing procedures provide an efficient synthetic approach to the specifically alkylated PAH- 

mono- and oligonucleotide adducts urgently required for site-directed mutagenesis and other studies 

dimcted toward elucidation of the molecular mechanism of PAH caminogenesis. Good yields were obtain- 

ed in each step in the syntheses of 1 and 2a and these methods are, in principle, readily adaptable to 

relatively large scale syntheses of a wide range of PAH-mono- and oligonucleotide adducts. This syn- 

thetic route offers significant advantages over tire direct alkylation of oligonucleotides or nucleic acids in 

that it allows the synthesis of PAH-oligomers containing a PAH attached to a specific site in a single dG 

or dA in a sequence containing multiple dGs or dAs. It is complementary to the approach of Casale and 

McLaughlin which requires alkylation of a modified dG.16 
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