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The synthesis of th€8-aryl adducts of adenine and guanine formed by reaction of the radical cation
metabolites of carcinogenic polycyclic aromatic hydrocarbons (PAHS), such as alpyzepe (BP) and
dibenzoflefp]chrysene (DBC), with DNA is reported. The synthetic approach involves in the key step
direct reaction of a PAH aldehyde with a di- or triamine precursor of a purine. The method is operationally
simple, affords good yields of adducts, and is broad in its scope.CPteayl adducts of adenine and
guanine derived from BP (6-BP-8-Ade and 6-BP-8-Gua) and DBC (10-DBC-8-Ade and 10-DBC-8-
Gua) were synthesized in good yields by this method. Analo@$tsyl adenine and guanine derivatives

of other PAHs (anthracene, beagnthracene, and chrysene) were also readily prepared via this approach.
This method of synthesis is superior to the only method that is currently available. It entails direct reaction
of short-lived PAH radical cations (generated electrochemically or chemically) wilbdkyribonucleo-

sides or the corresponding purine bases. It provides the adducts in low yields accompanied by complex
mixtures of secondary products. An alternative synthesis that involves Pd-catalyzed-Suaira

coupling of arylboronic acids with 8-bromopurine nucleosides was also investigated. AlthouGh the
purine adducts of PAHs, such as naphthalene, phenanthrene, pyrene, and chrysene, could be prepared by
this method, analogous adducts of carcinogenic PAHs and other structurally related PAHs, e.g., anthracene,
benzp]anthracene, benzafpyrene, and dibenzdgfp]chrysene, could not be obtained. This difference

was shown to be a consequence of the facility of competing hydrolytic deboronation of the corresponding
arylboronic acids.

Introduction tobacco smoke, and smoked and fried foods. Baajpgfene
(BP) is the most intensively investigated PAH carcinogen, and
it has been implicated as a principal cancer-causative agent in
cigarette smoké:4

Polycyclic aromatic hydrocarbons (PAHs), some of which
are potent carcinogens, are ubiquitous environmental pollutants
produced in the combustion of organic maftefhey are
commonly present in smoke from combustion of fossil fuels, (2) International Agency for Research on Cancer. Monographs on
the Evaluation of the Carcinogenic Risk of Chemicals to Humans.

* Address correspondence to this author. Phone: 1-(773) 702-6998. Fax: Tobacco Smoke anddaluntary SmokinglARC: Lyon, France, 2004; Vol.
1-(773) 702-6260. :

(1) International Agency for Research on Cancer. Monographs on the  (3) Pfiefer, G. P.; Denissenko, M. F.; Olivier, M.; Tretyakova, N.; Hecht,
Evaluation of the Carcinogenic Risk of Chemicals to Hum&udynuclear S.; Hainaut, POncogene2002 21, 7435-7451.

Aromatic Compound®art 1, Chemica) Environmental and Experimental (4) World Health OrganizationTobacco or Health A Global Status
Data; IARC: Lyon, France, 1983; Vol. 32. Report WHO: Geneva, 1997; pp A48.
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various adducts formed by reaction of the active PAH metabo-
lites with DNA. The structures of the adducts formed by PAH
diol epoxides with dAde and dGua are well-establisheednd
satisfactory methods for their synthesis have been desctded.
Syntheses of the stable adducts of the Pélguinones with
dAde and dGua have also recently been repoftétbwever,
the depurinated adducts formed by the PAH radical cations are
not readily accessible to most biological investigators. The only
reported method of synthesis was via reaction of short-lived
PAH radical cations with '2deoxyribonucleosides or nucleo-
based5-18 The PAH radical cations were generated in situ from
the PAHSs by electrochemical oxidati’ or by one-electron
oxidation of the parent PAHs with iodine (with or without added
AgClO,).18 This synthetic method affords complex mixtures of
products arising from the relatively indiscriminant attack of the
FIGURE 1. Active metabolites of benza]pyrene. reactive PAH radical cations at numerous sites in the purine
substrates. The yields of the biologically relevant adducts tend
BP and other PAHs are activated enzymatically to reactive to be low, and the types and relative ratios of the adducts formed
forms that attack DNA resulting in formation of adducts that differ from those formed in vivé® 22
lead initially to mutations and ultimately to tumor inductior. The principal adducts formed by one-electron oxidation of
Three principal routes of PAH activation have been postu- benzop]pyrene by rat liver microsomes in vitfband in mouse
lated: (1) the diol-epoxide path [mediated by cytochrome P-450 skir?0 were identified as th€8-guanine andN’-guanine adducts
(CYP) enzymes], (2) the-quinone path [mediated by aldo- (6-BP-8-Gua and 6-BP-7-Gua) and th&-adenine and\?-
keto reductase (AKR) enzymes], and (3) the radical cation path adenine adducts (6-BP-7-Ade and 6-BP-3-Ade) (Figure 2).
[mediated by CYP peroxidase]. In the case of BP, the major Metabolism of the highly potent PAH carcinogen dibentsdp]-
diol epoxide metabolite was identified a’s)(anti-BPDE (Figure Chrysene (DBC?)Z by the radical cation pathway was reported

BP radical-cation

1). BP-7,8-Dihydrodiol, the metabolic precursor of)tanti- to furnish structurally related adducts in somewhat different
BPDE, is also a substrate for AKR-mediated activation to BP- ratig 2!
7,8-catechol. This catechol enters into a redox cycle wittoO To make the depurinated adducts of the PAH radical cations

form BP-7,8-dione (BP(%) and generate reactive oxygen speciesmore readily available for biological and mechanistic investiga-
(ROS) that attack DNA:° BPQ also reacts with DNA at dGua  tjons, we undertook to develop improved methods for their
and dAde sites to forratableanddepurinatedadductsi®** The preparation. We now report an efficient new synthesis of the
o-quinone mechanism parallels AKR-mediated activation of ¢8_|inked guanine and adenine adducts of PAHs. The com-
estrogens to carcinogef’.The radical cation mechanism  pounds synthesized include the adducts of the PAH carcinogens

involves oxidation of PAHs by CYP peroxidase to generate PAH Bp (6-BP-8-Gua and 6-BP-8-Ade) (Figure 2) and DBC (10-
radical cations that interact with DNA to form depurinated ppBC-8-Gua and 10-DBC-8-Ade) (Figure 3).

adductss3

Determination of the relative importance of these competing  (14) Gunda, P.; Russon, L. M.; Lakshman, M. Kngew. Chem.nt.
pathways in human cancer requires synthetic access to theEd. 2004 43, 6372-6377. Lakshman, M. K.; Ngassa, F. N.; Bae, S,;
Buchanan, D. C.; Hahn, H.-D.; Mah, K. Org. Chem2003 68, 6020~
6030. Johnson, F.; Bonala, R.; Tawde, D.; Torres, M. C.; Iden, ChHem.
(5) Harvey, R. G.Polycyclic Aromatic HydrocarbonsChemistry and Res. Toxicol2002 15, 1489-1494. Lakshman, K. M.; Hilmer, J. H.; Martin,

Carcinogenicity Cambridge University Press: Cambridge, UK, 1991. J. Q.; Keeler, J. C.; Dinh, Y. Q. V.; Ngassa, F. N.; Russon, LIJMAmM.
(6) Jeffrey, A. M.; Weinstein, I. B.; Jennette, K.; Grzeskowiak, K.; Chem. Soc200], 123 7779-7787. Lee, H.; Luna, E.; Hinz, M.; Stezowski,

Nakanishi, K.; Harvey, R. G.; Autrup, H.; Harris, Nature(Londor) 1977, J. J.; Kiselyov, A. S.; Harvey, R. Q. Org. Chem1995 60, 5604-5613.

269 348-350. Jennette, K.; Jeffrey, A. M.; Blobstein, S. H.; Beland, F. (15) Dai, Q.; Ran, C.; Harvey, R. @®rg. Lett.2005 5, 999-1001.

A.; Harvey, R. G.; Weinstein, |. BBiochemistryl977 16, 932-938. (16) (a) RamaKrishna, N. V. S.; Gao, F.; Padmavathi, N. S.; Cavalieri,
(7) Dipple, A. In DNA Adducts Identification and Biological Signifi- E. L.; Rogan, E. G.; Cerny, R. L.; Gross, M. Chem. Res. Toxicol992

cance Hemminki, K., Dipple, A., Segerlek, D., Kadulbar, F. F., Shuker, 5, 293-302. (b) Rogan, E. G.; Cavalieri, E. L.; Tibbels, S. R.; Cremonesi,

D., Bartsch, H., EdslIARC Sci. Pub1994 125 107-129. P.; Warner, C. D.; Nagel, D. L.; Tomer, K. B.; Cerny, R. L.; Gross, M. L.
(8) Smithgall, T. E.; Harvey, R. G.; Penning, T. M.Biol. Chem1986 J. Am. Chem. S0d.988 110, 4023-4029.

261, 6184-6191. Smithgall, T. E.; Harvey, R. G.; Penning, T. ®ancer (17) Li, K.-M.; Byun, J.; Gross, M. L.; Zamzow, D.; Jankowiak, R.;

Res.1988 48, 1227-1232. Smithgall, T. E.; Harvey, R. G.; Penning, T.  Rogan, E. G.; Cavalieri, E. LChem. Res. Toxicol999 12, 749-757.

M. J. Biol. Chem 1988 263 1814-1820. (18) Hanson, A. A.; Rogan, E. G.; Cavalieri, E. Chem. Res. Toxicol.
(9) Penning, T. M.; Onishi, S. T.; Onishi, T.; Harvey, R. Ghem. Res. 199§ 11, 1201-1208.

Toxicol 1996 9, 84—92. Flowers, L.; Onishi, S. T.; Penning, T. M. (19) Devanesan, P. D.; RamaKrishna, N. V. S.; Todorovic, R.; Rogan,

Biochemistry1997, 36, 8640. E. G.; Cavalieri, E. L.; Jeong, H.; Jankowiak, R.; Small, GCem. Res.
(10) (a) Shou, M.; Harvey, R. G.; Penning, T. Marcinogenesid993 Toxicol. 1992 5, 302-309.

14, 475-482. (b) McCoull, K. D.; Rindgen, D.; Blair, I. A.; Penning, T. (20) Chen, L.; Devanesan, P. D.; Higginbotham, S.; Ariese, F.; Jankow-

M. Chem. Res. Toxicol999 12, 237-246. iak, R.; Small, G. J.; Rogan, E. G.; Cavalieri, E. Chem. Res. Toxicol.

(11) The stable adducts are formed by covalent bonding of the PAH 1996 9, 897—903.
guinones to the exocylic amino groups of the purine bases in DNA. The  (21) Cavalieri, E. L.; Rogan, E. G.; Li, K.-M.; Todorovic, R.; Ariese,
depurinatedadducts arise from reaction of PAH quinones on the nitrogen F.; Jankowiak, R.; Grubor, N.; Small, G.Ghem. Res. ToxicoR005 18,
atoms of the imidazole rings of dG and dA in DNA resulting in loss of the 976-983.

purines from DNA. Defective repair of the gap may result in mutations. (22) Dibenzoflefp]chrysene is frequently referred to as diberagid{
(12) Bolton, J. I.; Trush, M. A.; Penning, T. M.; Dryhurst, G.; Monks,  pyrene. However, the latter name is obsolete and does not conform to the
T. J.Chem. Res. ToxicoR00Q 13, 135-160. current IUPAC rules of nomenclature employed by Chemical Abstracts.
(13) Cavalieri, E. L.; Rogan, EXenobiotical 995 25, 677. The relevance Its continued use only perpetuates confusion. A condensed version of the
of the radical cation mechanism is disputed: Melendez-Colon, V.; Luch, rules of PAH nomenclature may be found in the following book: Harvey,
A.; Seidel, A.; Baird, W.Carcinogenesid€999 20, 1885. R. G.Polycyclic Aromatic Hydrocarbondiley-VCH: New York, 1997.
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FIGURE 2. Depurinated adducts formed by reaction of bealmjrene

(BP) radical cation at guanine and adenine sites in DNA. FIGURE 4. Boronic acidsl, 5, and6 undergo Pd-catalyzed coupling

with 8-bromo-2-deoxyguanosine to furnish coupled addu@ {, 8),
but boronic acids}, 9, and 10 fail to participate in similar reactions.
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FIGURE 3. DepurinatedC8-guanine andC8-adenine adducts formed
by reaction of dibenzalefp]chrysene (DBC) with DNA. NH 0 0
B S
Results NZSN P, O
o . _ Ny . HN" NN
Initial investigations of potential synthetic routes to @& NT é
arylpurine adducts focused on Suzukiyaura coupling of the . . )
readily available 8-bromopurine nucleosides with PAH boronic 33{ E = 2H-deoxyr|bose Zg:. E = I2_;-deoxyr|bose

acids (Scheme 1). Preliminary studies were carried out with

pyrene 1-boronic acidlj. Prior report$® that 1 underwent  g_phromo-BP via reaction witm-BuLi and trimethylborate

palladium-catalyzeql cross-coupling with the 8-bromo dgrivatives followed by hydrolysis (Figure 4). However, the yield&fvas

of 2-deoxyguanosine (8-Br-dGua) anttdeoxyadenosine (8- poorly reproducible (optimum-50%). Indeed, it was reported

Br-dAde) in the presence of phosphine ligands in aqueous that attempted synthesis by this method failed Attempts

acetonitrile were confirmed. Removal of the sugar by treatment ¢4 couple 8-Br-dGua or 8-Br-dAde with by the procedure

of the initially formed adducts2a and3a) with phosphoric acid employed for theC8-(1-pyrenyl) adducts were unsuccessful, as

afforded theC®-(1-pyrenyl)guanine 3b) and C>(1-pyrenyl)- was the use of Pd catalysts reported to favor coupling of

adenine 8b) adducts in moderate yields. Attempted synthesis hindered boronic acid. The principal product obtained in all

of the C8-guanine adduct by direct cross-coupling of 8-bromo- ases was BP itself.

guanine with1 gave2b in only low yield. To gain insight into the influence of structural factors on the
Attempted extension of this approach to the synthesis of the apilities of arylboronic acids to participate in Pd-catalyzed

correspondingC®-guanine andC8-adenine adducts of BP met  coupling with halopurines, analogous reactions of several

with difficulty. BP 6-boronic acid 4) was synthesized from  additional arylboronic acids were examined. Naphthalene 1-bo-

(23) (a) Western, E. C.; Daft, J. R.; Johnson, E. M., Il; Gannett, P. M.; (24) Valis, L.; Wagenknecht, HSynlett2005 2281-2284.
Shaughnessy, K. Hl. Org. Chem2003 68, 6767-6774. (b) Mayer, E.; (25) Barder, T. E.; Walker, S. D.; Martinelli, J. R.; Buchwald, S.JL.
Valis, L.; Huber, R.; Wagenknecht, H.-Synthesi2003 2335-2340. Am. Chem. SoQ005 127, 4685-4696.
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ronic acid ) and phenanthrene 9-boronic ac) (eacted with 18 N_NH
8-Br-dA to furnish theC8-dA coupled adducts7@ and 8a) H2N42_<N
(Figure 4). Conversely, the boronic acid derivatives of benz- N—7
[alanthracene 9) and anthracenel() failed to engage in
analogous coupling with either 8-Br-dA or 8-Br-dG, affording 10-DBC-8-Ade

instead the parent PAHs as principal products.

The most obvious difference between aryboronic acids that directly theC8-pyrenyl adduct of adeningb) in a single step
participate in coupling, 5, 6) and those that fail to do se(  (68%). Synthesis of imidazole compounds by this method is
9, 10) is the greater steric hindrance of the latter at the reaction known to proceed via initial formation of a Schiff base, such
site. The arylboronic acids that do not engage in coupling are as 13, followed by cyclization and air oxidatiofl.Due to the
distinguished by the presence of fused aromatic rings flanking symmetry of 11, the structure of the final producBlf) is
both sides of the boronic acid group. The findings indicate that independent of which of the three amino groups reacts initially
the hindered arylboronic acids underwent hydrolytic deborona- to generate a Schiff base. The structural assignme8bofas
tion% to yield the parent PAHs. The failure of coupling to take ~consistent with itSH and**C NMR spectra as well as with the
place appears to be the net consequence of (1) steric retardatiohNMR spectral data for this compound synthesized via the
of the rate of coupling and (2) acceleration of the rate of alternative Suzuki coupling method. THé NMR spectrum of
hydrolysis of the boronic acid groups in the reactiveseregion 3b showed only a single amino group, confirming that cycliza-
positions of the PAHs. The hydrolytic instability of BP 6-boronic  tion had taken place. Théd NMR spectrum also exhibited an
acid @) relative to pyrene 1-boronic acid)(was confirmed by ~ exchangeable peak &t 13.5 ppm, corresponding to the-
comparison of their extents of hydrolysis under the conditions proton of adenine.
employed in the coupling experiments. Under these conditions To assess the utility of the method for the synthesis of
with the Pd catalyst present and the 8-bromopurine nucleosideanalogous adducts of sterically hindered PAHs, similar reactions
absent from the reaction mixture, hydrolysisdoiias complete ~ were carried out with the aldehyde derivatives of anthracene
in less than 10 min. In striking contrast, pyrene 1-boronic acid and benzlanthracene (Scheme 2). Anthracene-9-carboxalde-
remained essentially unchanged under identical conditions for hyde reacted readily with1 in DMSO at 90°C to furnish the
16 h. C8-anthracenyladenine adduct4j in good yield (64%). A

Investigation of the Suzuki coupling method was discontinued longer time (2 days) was required for completion of the reaction
in favor of a more promising alternative synthetic strategy. This than for reaction of12 with 11 (overnight). Anthracene-9-
new approach entailed reaction of PAH aldehyde derivatives carboxylic acid failed to react with1 under identical condi-
with di- or triamine precursors of the purine ring systems tions2® The structural assignment d# was consistent with its
(Scheme 2). Precedent was provided by prior reports of synthesis’tH NMR spectrum, which showed it to be af-protonated
of analogous phenyl-substituted derivatives of heterocyclic adenine isomer. VilsmeieiHaack formylation of benz]-
compounds by similar methods. anthracene with POgand DMF afforded BA-7-carboxaldehyde

Pyrene-1-carboxaldehydd d) reacted readily with 4,5,6-  (15), and it reacted witl1in DMSO to furnish theC8-benz-
triaminopyrimidine sulfate1) in DMSO at 80°C to furnish [aJanthracenyladenine addudid] in good yield (94%) (Scheme
2). The!H and3C NMR spectra of the adduct were in good

(26) Cammidge, A. N.; Crgy, K. V. L. Tetrahedron2004 60, 4377~ agreement with th&°-protonated adenine isomer structure.
gggg- Svarpmldt?e' TA; u Cry, 'EY—SL- Ji(Qfgg- ?2512300230;3%2?32— Successful synthesis of the sterically hindei@#linked
. Watanabe, T.; Miyaura, N.; Suzuki, Bynlett1992 ' adenine adductd&4 and 16 from the related PAH aldehyde

(27) (a) Hammond, M.; Elliott, R. L.; Gillaspy, M. L.; Hager, D. C.; T . - .
Hank, R. F.; LaFlamme, J. A.: Oliver, R. M.; Da Silva-Jardine, P. A.; derivatives supported extension of this synthetic approach to

gé%\/gerllgorllégyvl/agl\éla(cg), g M(.j; C?—ISS?A”a’ J.B'lgorgK. Me?. CThe:n. Lett.T the analogous adducts of BP and DBC (Scheme 3). Formylation
, . arada, H.; Asano, O.; Kawata, T.; Inoue, T.; A -
Horizoe, T.; Yasuda, N.; Nagata, K.; Murakami, M.; Nagaoka, J.; Kobayashi, of BP by the usual method gave berajpyrene-6-carboxal
S.; Tanaka, |.; Abe, SBioorg. Med. Chem2001, 9, 2709-2726. (c)
Gangjee, A.; Vasudevan, A.; Queener, SI1.AVled. Chem1997, 40, 3032~ (28) Young, R. C.; Jones, M.; Milliner, K. J.; Rana, K. K.; Ward, J. G.
3039. J. Med. Chem199(Q 33, 2073-2080.
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dehyde 17), and reaction ofL7 with 11 took place readily to
furnish theC8-benzof]pyrenyladenine adduct (6-BP-8-Ade) in
good yield (88%). ThéH and 13C NMR spectra of 6-BP-8-
Ade were in agreement with the structural assignment. Formy-
lation of DBC with POC} and DMF gave DBC-10-carboxal-
dehyde 18), and reaction ofLl8 with 11 in DMSO furnished

the C8-DBC adduct (10-DBC-8-Ade) (Scheme 3) in good yield
(75%). The physical and spectral properties of 10-DBC-8-Ade
were in excellent agreement with its structural assignment. The
6-BP-8-Ade and 10-DBC-8-Ade adducts are the first examples
of the synthesis of®-linked adenine adducts of PAH carcino-
gens.

Synthesis of the analogo@®-linked guanine adducts was
accomplished by modification of this methodology (Scheme 4).
6-Hydroxy-2,4,5-triaminopyrimidine sulfatd ) was employed
as the precursor of the guanine ring system. Reactid® ufith
pyrene-1-carboxaldehydéd2) took place smoothly in DMSO
to furnish 8-(pyren-1-yl)-2guanosineZa), which was converted
to 8-(pyren-1-yl)-2-guanine 2b).

The!H NMR spectrum ob was consistent with its structural
assignment, with the minor difference that several additional
smaller signals shifted slightly from the main peaks were also
observed. These peaks were indicative of the presence of a mino
amount of a second isomer (ratio of isomer4:1). The major
isomer exhibited an exchangeable proton signal @26 ppm,
consistent with its assignment as tN&protonated isomer of
the keto tautomer of guanine€lf). The minor isomer was
assumed to be its enol tautom@c), Attempts to separate the

tautomers were unsuccessful, indicating that the tautomers are

in dynamic equilibrium. In addition, thtH NMR spectrum of
2b prepared by coupling of pyrene 1-boronic acid with 8-bromo-
2-deoxyguanosine followed by deglycosylation also exhibited
similar duplicate sets of peaks in the same ratio (4:1).
Additional support for the existence & as a pair of
interconvertible tautomers2b,c) was provided by variable-
temperaturéH NMR experiments. As the temperature of the
mixture was increased, the distinctive character of the individual
tautomeric signals diminished, and aii20 °C only a single
set of peaks was evident. As the temperature of the sample was
allowed to cool back to ambient temperature, the characteristic:
signals of the individual tautomers reappeared. Further sup-
porting evidence was provided by benzylation of the mixture
with benzyl chloride and pyridine. The benzyl ether derivative
2d was obtained as the sole product.'#sNMR spectrum was
in agreement with structurgc, and the chemical shifts of the
guanine proton signals were closely similar to those of the minor
tautomer2b.

Dai et al.
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FIGURE 5. 8-(9-Anthracenylguanine2() and 8-(7-benz]anthrace-
nyl)guanine 21).

guanine adduct20) and the 8-(7-benajanthracenyl)guanine
adduct 1) (Figure 5) in yields of 70% and 49%, respectively.
The H and3C NMR spectra o20 and21, both of which are
new compounds, were consistent with their structural assign-
ments. As in the case of th&®-pyrenylguanine adduc®b),
these adducts were obtained as mixtures of tautomedsl]

with the keto form of guanine predominating.

Syntheses of the&C8-guanine adducts of the carcinogenic
PAHs benzaf]pyrene and dibenzdefp]chrysene were simi-
larly accomplished. Thus, benzdpyrene-6-carboxaldehyde
(17) readily entered into reaction with9 in DMSO to furnish
the C8-benzof]pyrenylguanine adduct (6-BP-8-Gua) (Figure 2)
in 75% yield. Analogous reaction of dibendefp]chrysene-
10-carboxaldehydel®) with 19 in DMSO provided theC?-
dibenzoflefp]chrysenylguanine adduct (10-DBP-8-Gua) (Figure
3) (70%). The 6-BP-8-Gua and 10-DBP-8-Gua adducts were
obtained, as in the case of the otl@PAH-guanine adducts,
as mixtures of guanine tautomers-:1 ratio. The'H NMR
spectrum of the 6-BP-8-Gua adduct was in good agreement with
the NMR spectral data reported for 6-BP-8-Gua obtained from
reaction of the BP radical cation with guanifeAlthough
formation of only the keto tautomer of guanine was mentioned
in the early work, the publishetH NMR spectrum of 6-BP-
8-Gua clearly shows the presence of both the keto and the enol
tautomers.

Discussion

An efficient new synthesis o€8-arylpurines with specific
application to the synthesis of the depurina@#daryladenine
andC8-arylguanine adducts formed by radical cation metabolites
of carcinogenic PAHSs is reported. This synthetic approach
entails direct reaction between a polycyclic aromatic aldehyde
derivative and a suitable triamine precursor of the purine
compound. The polycyclic arylaldehyde precursors that were
not available from commercial sources were synthesized by
Vilsmier—Haack formylation of the parent PAHs. The polycy-
clic arylaldehydes reacted readily with 4,5,6-triaminopyrimidine
sulfate (L1) to furnish the correspondir@®-aryladenine adducts
in good yields. Analogous reactions of the same polycyclic
arylaldehydes with 6-hydroxy-2,4,5-triaminopyrimidine sulfate
(19) provided equally convenient synthetic access to the
correspondingZ8-arylguanine adducts (Scheme 5).

Synthesis ofC8-arylpurine adducts from reaction of arylal-
dehydes with the di- or triamine precursors of the purine ring
system appears to be a method of broad scope. This synthetic

Analogous reactions of anthracene-9-carboxaldehyde and
benzp]anthracene-7-carboxaldehyde witl® also took place
readily in DMSO to furnish the corresponding 8-(9-anthracenyl)-

4860 J. Org. Chem.Vol. 72, No. 13, 2007

(29) Rogan, E. G.; Cavalieri, E. L.; Tibbels, S. R.; Cremonesi, P.; Warner,
C.D.; Nagel, D. L.; Tomer, K. B.; Cerny, R. L.; Gross, M.L.Am. Chem.
Soc 1988 110, 4023-4029.
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approach was successful for all the PAH compounds investi-
gated, including even the sterically crowded adducts of the
carcinogenic PAHs benzalpyrene and dibenzdgfp]chrysene.
The C8-aryladenine and th€8-arylguanine adducts of both BP
(Figure 2: 6-BP-8-Ade and 6-BP-8-Gua) and DBC (Figure 3:
10-DBC-8-Ade and 10-DBC-8-Gua) were obtained in good
yields by this method. The 6-BP-8-Ade and 10-DBC-8-Ade
adducts are the first examples of t@&aryladenine adducts of
any PAH carcinogen to be synthesized. The correspor@ing
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the restricted solubilities of the reactants: the nucleosides are
strongly hydrophilic and the PAHs are strongly lipophilic.
Simultaneous solubilization of both reactants requires a semi-
aqueous medium and a relatively polar solvent, such as
acetonitrile. Unfortunately, the boronic acid derivatives of BP
and other carcinogenic PAHs are relatively susceptible to
hydrolytic deboronation, and there is evidence that their
hydrolysis is catalyzed by the Pd catalysts used for coupling.
Thus, the utility of the SuzukiMiyaura coupling method for
synthesis of8-arylpurine derivatives is restricted to arylboronic
acids that are resistant to hydrolysis.

Synthesis ofc8-arylpurine adducts from arylaldehyde precur-
sors offers significant advantages over older synthetic methods
involving reaction of PAH radical cations generated by chemical
or electrochemical methods. Reactions of PAH radical cations
with 2'-deoxyribonucleosides or nucleobases affords low yields
of adducts of biological interest along with mixtures of
secondary products that are difficult to separate. In contrast,
the synthetic route from arylaldehyde precursors provides good
yields of theC8-aryl adducts of adenine and guanine uncon-
taminated by significant amounts of unwanted byproducts.
Purification of the desired adducts is relatively straightforward,
and the method is readily adaptable to preparationCéf
arylpurine adducts on virtually any scale. Although this
investigation focused on adducts of PAH carcinogens, the
method is not restricted to these types of adducts. In principle,

arylguanine adducts, 6-BP-8-Gua and 10-DBC-8-Gua, were jt may he employed to synthesize virtually ag§-arylpurine

previously synthesized in low yields by reaction of the PAH
radical cation intermediates generated in situ with guanine or
2'-deoxyguanosin&18 The new synthetic approach reported
herein is operationally simpler, provides the pGfearylpurine
adducts in superior overall yield, and is more suitable for
preparative scale synthesis.

BenzoR]pyrene and dibenzdgfp]chrysené? are ubiquitous
environmental pollutants. BenaAjpyrene has been most in-
tensively investigate&?> and it is commonly employed as a
standard for analysis of PAHs in the environment. BP is a
component of cigarette smoke and it is strongly implicated in
the causation of lung canckf?* Dibenzofefp]chrysene is
reported to be the most potent PAH carcinogen in rodent
bioassays? It is present in cigarette smoke condensata
vehicle exhaust condensafein the particulate matter formed
by combustion of smoky codf, and in soil and sediment
samples? Development of efficient methods for synthesis of
the C8-arylguanine and®-aryladenine adducts of BP and DBC
is expected to facilitate research to determine the relative
importance of the radical cation pathway in relation to other
mechanisms of PAH carcinogenesis.

The alternative synthetic route to tkS-aryl adducts of the
purine bases via SuzukMiyaura coupling of PAH boronic

acids with 8-bromopurine nucleosides (Scheme 1) was found,

derivative. It is likely that the method will also find useful
applications in medicinal chemistry.

We are currently investigating improved methods for the
synthesis of other depurinated adducts formed in reactions of
PAH radical cations with DNA.

Experimental Section

General Procedure for Synthesis of Arylboronic Acids from
Aryl Bromides. To a 500 mL round bottomed flask was added a
solution of the PAH bromide (23.3 mmol) dissolved in 100 mL of
anhydrous diethyl ether under an argon stream, then the solution
was cooled in an ice batim-BuLi in hexane (93.4 mmol, 2.5 M,
37 mL, 4 equiv) was injected carefully, and the color became dark
reddish-brownish. The solution was stirred at room temperature for
3 h, then it was cooled to T, and triisopropylborate (233 mmol,
54 mL) was added slowly. The solution was allowed to warm to
room temperature, and stirred overnight. It was then cooled in an
ice bath, 100 mL 52 N HCI was added carefully, and stirring was
continued for another 4 h. Diethyl ether (100 mL) was added, and
the product was extracted into the ether layer. The combined ether
layer was dried over NaS3 g) for 4 h, filtered, and evaporated
to dryness. The residue was triturated with hexane (100 mL), and
the product was dried under vacuum.
Anthracene-9-boronic acid (10):yield 63%.'H NMR (500.1
Hz, DMSO-dg) 6 7.48-7.52 (m, 4H), 7.98-8.00 (m, 2H), 8.06-

to be less generally useful. This is primarily a consequence of g og (m, 2H), 8.52 (s, 1H), 8.79 (br, 2HFC NMR (125.8 MHz,

(30) (a) Higginbotham, S.; RamakKrishna, N. S. V.; Johansson, S. I.;
Rogan, E. G.; Cavalieri, E. LCarcinogenesisl993 14, 875-878. (b)
Cavalieri, E. L.; Higginbotham, S.; RamakKrishna, N. S. V.; Devanesan, P.
D.; Todorovic, R.; Rogan, E. G.; Salmasi, Sarcinogenesisl991, 12,
1939-1944. (c) Masuda, Y.; Kagawa, hem. Pharm. Bull1972 20,
2736-2737. (d) Lacassagne, A.; Buu-Hoi, F.; Zajdela, FNaturwissen-
schaften196§ 55, 43.

(31) Seidel, A.; Frank, H.; Behnke, A.; Schneider, D.; JacoBplycyclic
Aromat. Compd2004 24, 759-771.

(32) Mumford, J. L.; Harris, D. B.; Williams, K.; Chuang, J. C.; Cooke,
M. Environ. Sci. Technol1987, 21, 308-311.

(33) Kozin, I. S.; Gooijer, C.; Velthorst, N. Hustus Liebigs Ann. Chem
1995 67, 1623-1626.

DMSO-dg) 125.0, 125.2, 125.9, 128.4, 129.0, 130.8, 132.7; EI-MS
m/e 222.1 [M*], HRMS calcd for GsH10B10, [M~] 221.0774,
found 221.0780, calcd [M 222.0852, found 222.0851.
Benz[a]anthracene-7-boronic acid (9):yield 68%.H NMR
(500.1 MHz, DMSOs) 6 9.50 (s, 1H), 9.08 (d) = 8.0 Hz, 1H),
8.96 (br, 2H), 8.32 (m, 1H), 8.14 (m, 1H), 8.01 @= 7.7 Hz,
1H), 7.92 (d,J = 9.1 Hz, 1H), 7.83 (dJ = 9.2 Hz, 1H), 7.80 (t,
J = 7.2, Hz, 1H), 7.73 (tJ = 7.4 Hz, 1H), 7.68 (m, 2H)%C
NMR (125.8 MHz, DMSO€l) 133.6, 131.8, 131.7, 131.6, 130.8,
129.2,129.1, 128.8, 128.6, 128.2, 127.6, 127.4, 126.7, 126.0, 125.9,
123.7,122.0. EI-M3n/e 222.1 [M'], HRMS calcd for GgH13B10,
[M~] 271.0930, found 271.0939.
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Benzof]pyrene-6-boronic acid (4):yield 52%. Trimethylborate 130.63, 130.31, 128.62(3), 127.41, 127.37, 127.31, 126.73, 126.25,
(6 equiv) was used instead of triisopropylbordté.NMR (500.1 126.0, 125.70, 125.57, 125.10, 124.87, 124.25, 124.15, 123.78,
MHz, DMSO-dg) 6 7.84-7.90 (m, 2H), 8.02-8.08 (m, 3H), 8.18 123.66; APCI-MSm/e 336.1 [M'].

(d, 1H,J=7.5Hz),8.29 (d, 1H)=7.5Hz),8.31(d, 1H)=7.5 8-Phenylguanine:yield 83%.'H NMR (500.1 MHz, DMSO-
Hz), 8.33 (d, 1HJ = 8.0 Hz), 8.42 (d, 1HJ = 9.0 Hz), 8.97 (br, ds) O 6.41 (br s, 2H), 7.447.48 (m, 3H), 7.98J = 7.2 Hz, d,
2H), 9.24 (d, 1HJ = 8.0 Hz), 9.25 (d, 1HJ = 9.0 Hz);13C NMR 2H), 10.59 (br s, 1H), 12.82 (br s, 1H}C NMR (125.8 MHz,
(125.8 MHz, DMSOsdg) 6 122.5, 123.5, 124.7, 124.7, 125.4, 126.0, DMSO-dg) 6 157.03, 157.73, 153.60, 145.0, 130.28, 129.03, 126.5,
126.3,126.6, 127.1, 127.2,127.4,129.2, 129.7, 130.5, 131.0, 131.1125.5, 117.61, 129.1; HRMS calcd fordEl;sNs [M 1] 312.1249,
132.5; HRMS calcd for gH1-B10, [M~] 295.0930, found 295.0924. found 312.1254.

General Procedure for Synthesis ofC8-PAH-2'-deoxyadenos- 8-(1-Pyrenyl)guanine (2b):yield 91%.1H NMR (500.1 MHz,
ine or C8-PAH-2'-deoxyguanosine Adducts by the Suzuki DMSO-dg) 6 6.48 (br s, 2H), 8.12 (t, 1H] = 7.6 Hz), 8.26-8.43
Miyaura Coupling Method. To a 150 mL pyrex culture tube  (m, 7H), 9.52 (d, 1HJ = 7.1 Hz), 10.69 (br s, 1H), 13.05 (br s,
containing 10 mL of acetonitrile/#0 (1:2, v/v) were added the  1H); 33C NMR (125.8 MHz, DMSOds) 6 156.89, 153.70, 153.29,
PAH-boronic acid (1.12 mmol), NaGO(160 mg, 1.5 mmol), 145.08, 131.29, 130.99, 130.69, 128.60, 128.50, 127.71, 127.65,
TPPTS (29.6 mg, 0.052 mmol), Pd(OAd®.4 mg, 0.02 mmol), 126.98, 126.59, 126.11, 125.78, 125.44, 125.14, 124.71, 124.56,
and 8-bromo-2deoxyadenosine or 8-bromé-@oxyguanosine (1.1 124.11, 118.17; HRMS calcd for,@114NsO; [M ] 352.1198, found
mmol). The tube was sealed and heated overnight &C3With 352.1216.
stirring. Water (10 mL) and 10% K##PO, (20 mL) were added, 7-Benzf]anthracenecarboxaldehyde (15§ *H NMR (500.1
and the mixture was heated at 9Q for 2 h. The solution was MHz, DMSO-dg) 6 11.48 (s, 1H), 9.89 (s, 1H), 9.09 (d,= 8.1
allowed to cool to room temperature, and further cooled in an ice Hz, 1H), 9.01 (d, 1HJ = 8.8 Hz), 8.79 (d, 1HJ = 9.6 Hz), 8.39
bath for several hours. The precipitate was filtered and washed (d, 1H,J = 8.2 Hz), 8.04 d, 1HJ = 7.7 Hz), 8.01 (d, 1HJ = 9.7
sequentially with 50 mL each of water, hexane, ether, and EtOAc, Hz), 7.79-7.82 (m, 2H), 7.737.77 (m, 2H);3C NMR (125.8
then dried in air. MHz, DMSO-dg) 6 193.6, 132.0, 131.2, 131.0, 131.0, 130.8, 130.1,

8-(1-Naphthyl)-2-deoxyadenosine (7a)yield 58%.H NMR 129.4,128.9, 128.9, 128.6, 128.2, 127.6, 127.6, 126.1, 125.9, 123.6,
(500.1 MHz, DMSO€) 6 2.00 (br, 1H), 3.15 (br, 1H), 3.47 (br, 122.8, 121.5; HRMS calcd for gH:30: [M*] 257.0966, found
1H), 3.64 (m, 1H), 3.74 (br s, 1H), 4.32 (br, 1H), 5.09 (br, 1H), 257.0966.

5.74 (m, 2H), 7.51 (br s, 2H), 7.55.58 (m, 1H), 7.6%+7.65 (m, 6-Benzop]pyrenecarboxaldehyde (17)To a solution of benzo-

2H), 7.69-7.74 (m, 2H), 8.09J = 8 Hz, d, 1H), 8.19J= 9 Hz, [a]pyrené® (1 g, 4 mmol) in DMF (10 mL) in a 150 mL pyrex

d, 1H), 8.20 (s, 1H); HRMS calcd for#gH,oNsO3 [M 7] 378.1566, culture tube were added PQGIL.2 g) andN-methylformanilide

found 378.1562. (1.2 g). The screw cap was sealed, and the reaction tube was heated
8-(9-Phenanthryl)-2-deoxyadenosine (8a)yield 80%.*H NMR at 90°C overnight. The reaction mixture was cooled and washed

(500.1 MHz, DMSO¢) 6 1.99 (br, 1H), 3.47 (br, 1H), 3.64 (br,  with 40 mL of diethyl ether. The red slurry was recovered and

1H), 3.72 (s, 1H), 4.30 (br, 1H), 5.05 (br, 1H), 5.78 (br, 2H), 7.55 mixed with NaCO; (2.5 g/50 mL water) in a 150 mL beaker. The

(br, 2H), 7.66-7.69 (m, 2H), 7.73-7.81 (m, 2H), 7.83-7.86 (m, green precipitate that formed was filtered, washed with a copious

1H), 8.14 (d, 1H), 8.15 (s, 1H), 8.22 (s, 1H), 8.96~ 8.5 Hz, d, amount of water, and dried in the air to furnidlé essentially

1H), 9.00 ¢ = 8.5 Hz, d, 1H); HRMS calcd for £H,1NsO3 [M 1] quantitatively: IH NMR (500.1 MHz, DMSO¢g) 6 7.96—-7.98 (m,

428.1723, found 428.1736. 2H), 8.18 (t, 1H,J = 7.6 Hz), 8.34 (d, 1HJ = 9.6 Hz), 8.41 (d,
8-(1-Pyrenyl)-2-deoxyguanosine (2a)yield 65%.'H NMR 1H,J = 7.3 Hz), 8.54 (d, 1HJ) = 7.7 Hz), 8.68 (d, 1HJ) = 9.1

(500.1 MHz, DMSO¢lg) 6 1.94 (m, 1H), 3.02 (br s, 1H), 3.39 (m,  Hz), 9.06 (d, 1HJ = 9.6 Hz), 9.279.30 (m, 1H), 9.359.39 (m,

1H), 3.47 (m, 1H), 3.62 (s, 1H), 4.14 (s, 1H), 5.00 (br, 1H), 5.15 2H), 11.61 (s, 1H)}C NMR (125.8 MHz, DMSO€g) 6 194.9,

(br, 1H), 5.80 (br, 1H), 6.84 (br s, 2H), 8.02 (d, 18H= 9 Hz), 131.7,131.4,131.3,131.1, 130.7, 129.7, 128.9, 128.4, 127.9, 127 .4,

8.13-8.17 (m, 2H), 8.258.33 (m, 3H), 8.37 (d, 1H] = 7.5 Hz), 127.3, 127.1, 126.8, 124.7, 124.0, 123.8, 123.48, 122.8, 122.6,

8.40 (d, 1HJ = 7.5 Hz), 8.430 =8 Hz, d, 1H), 11.82 (br s, 1H);  121.8; EI-MSm/e 280.1 [M']; HRMS calcd for GiH120: [M*]

13C NMR (125.8 MHz, DMSOd) 6 158.0, 154.4, 152.1, 145.6, 280.0888, found 280.0872

132.0,131.2,130.7, 130.5, 129.0, 128.9, 128.9, 127.6, 127.1, 126.4, 10-Dibenzofef, p]chrysenecarboxaldehyde (18)To a solution

126.2, 125.3, 125.0, 124.8, 124.1, 123.9, 118.0, 88.2, 85.3, 71.6,0f dibenzoflefp]chrysené® (100 mg, 0.33 mmol) in 1,2-dichlo-

62.5, 37.5; HRMS calcd for £H2:NsO, [M*] 468.1672, found robenzene (0.5 mL) in a 10 mL pyrex culture tube were added

468.1651. N-methylformanilide (0.11 g) and PO£0.11 g). The mixture was
Synthesis of G-Aryladenine and C8-Arylguanine Adducts. heated at 90C for 8 h and monitored by TLC. The mixture was
Deglycosylation of 2deoxyribonucleoside adducts was conducted poured into water (2 mL) and extracted with EtOAc (500 mL),
by the procedure reported in ref 23b. and the organic layer was washed with water<(300 mL) and
8-(1-Naphthyl)adenine (7b):yield 83%.'H NMR (500.1 MHz, dried over anhydrous N&8Os. Evaporation of most of the solvent
DMSO-ds) 6 7.24 (br s, 2H), 7.6%17.63 (m, 2H), 7.66 (t, 1H) = followed by filtration of the solid precipitate affordel¥ (96 mg,

8.0 Hz), 7.97 (d, 1H) = 7.0 Hz), 8.04 (d, 1HJ = 8.5 Hz), 8.08 88%) sufficiently pure for reactiontH NMR (500.1 MHz, DMSO-

(d, 1H,J = 8.0 Hz), 8.17 (s, 1H), 9.05 (d, 1H,= 7.5 Hz), 13.32  ds) 0 11.58 (s, 1 H), 9.31 (dJ) = 8.0 Hz, 1 H), 9.25 (dJ = 8.0

(s, 1H); 3C NMR (125.8 MHz, DMSOds) ¢ 155.69, 152.62, Hz, 1 H), 9.16 (dJ = 8.0 Hz, 1 H), 9.07 (ddJ = 8.0 and 5.0 Hz,

151.26, 148.19, 133.55, 130.36, 130.16, 128.37, 127.97, 127.09,2 H), 8.94 (d,J = 8.0 Hz, 1 H), 8.39 (dJ = 8.0 Hz, 1 H), 8.29 (d,

126.36(2), 125.23, 119.70; HRMS calcd forisB1Ns [M*] J=10.0 Hz, 1 H), 8.20 (t) = 8.0 Hz, 1 H), 7.98 (dJ = 8.0 Hz,

262.1093, found 262.1105. 1H),7.94 (dJ=8.0Hz, 1 H), 7.86 (d) = 8.0 Hz, 1 H), 7.84 (d,
8-(9-Phenanthryl)adenine (8b):yield 98%.'H NMR (DMSO- J=18.0 Hz, 1 H);**C NMR (125.8 MHz, DMSOds) 4 194.6, 132.1,

dg) 6 7.30 (br s, 2H), 7.687.75 (m, 2H), 7.777.85 (m, 2H), 8.09 131.8,131.7,131.5,131.1, 129.4, 129.0, 128.8, 128.7, 128.3, 128.1,

(d, 1H,J = 8 Hz), 8.19 (s, 1H), 8.33 (s, 1H), 8.91 (d, 1Bi= 8 127.7,127.3,126.3, 124.7, 124.6, 124.0, 123.2, 122.9, 122.6, 122.3;

Hz), 8.96 (d, 1H,J = 8 Hz), 9.00 (d,1H,) = 8.5 Hz), 13.44 (br s, HRMS calcd for GsH140 [MH*] 331.1123, found 331.1135.

1H); 13C NMR (125.8 MHz, DMSQdg) 6 155.75, 152.74, 151.24,

148.17, 130.38, 130.24, 129.57, 129.23, 129.00, 128.26, 127.46, (FSflhﬁtevyv ;i; JHaijryA!r?n- %hgr;g- 522313%92% 52353327;;1389. Fieser,

127.31, 127.05, 126.12, 123.29, 123.01, 119.68. 5 o9 LJ. Am. - ' -
8-(1-Pyrenyl)adenine (3b):yield 68%.H NMR (500.1 MHz, 13%5) Harvey, R. G.; Lim, K.; Dai, QJ. Org. Chem2004 69, 1372-

DMSO-dg) 0 7.38 (br s, 2H), 8.138.51 (m, 9H), 9.41J= 9.3 (36) Sharma, A. K.; Kumar, S.; Amin, 9. Org. Chem2004 69, 3979~
Hz, d, 1H);23C NMR (125.8 MHz, DMSOse) 6 152.60, 130.89,  3982.
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General Procedure for Synthesis ofC8-Aryladenine and
-guanine Adducts from PAH Aldehydes. The arylaldehyde
(59.4 mg, 0.18 mmol) and 4,5,6-triaminopyrimidine sulfate
(41 mg, 0.18 mmol) and DMSO (2 mL) were placed in a 20 mL
pressure tube and heated at 90 for 2 h with stirring. The

JOC Article

129.3,129.1, 128.5, 128.2, 127.9, 127.6, 127.5, 127.4, 127.1, 126.5,
126.4,125.1,125.1, 124.7,123.4, 122.6, 122.3, 120.2; HRMS calcd
for CogH1gNs5 [MH+] 436.1552, found 436.1563.
8-(9-Anthracenyl)guanine (20):yield 70%.'H NMR (500.1
MHz, DMSO-dg) 6 12.79 (br, 1H), 10.71 (s, 1H), 8.77 (s, 1H),

reaction mixture was poured into a 50 mL round bottomed 8.16 (d,J = 8.1 Hz, 2H), 7.73 (dJ = 8.3 Hz, 2H), 7.54 (tJ= 6.8
flask and washed with methanol. A small amount of silica gel was Hz, 2H), 7.50 (tJ = 7.7 Hz, 2H), 6.44 (br, 2H)}3C NMR (125.8
added to the flask, and the solvent was removed under reducedViHz, DMSO-ds) 6 157.3, 154.0, 153.4, 142.7,131.1, 131.0, 128.9,
pressure. The residue was purified by chromatography on a column128.8, 127.0, 126.1, 126.0, 117.9; HRMS calcd fagHGzsNsO
of silica gel eluted with CEHOH/CH,CI, (1:10) to afford the pure [MH*] 328.1198, found 328.1213.
product. 8-(7-Benzp]anthracenyl)guanine (21):yield 49%.H NMR
8-(9-Anthracenyl)adenine (14):yield 64%.'H NMR (500.1 (500.1 MHz, DMSO¢) 6 13.83 (br, 1H), 10.75 (s, 1H), 9.69 (s,
MHz, DMSO-ds) 6 13.26 (br, 1H), 8.73 (s, 1H), 8.15 (s, 1H), 8.09 1H), 9.08 (d, 1HJ = 8.5 Hz), 8.35 (d, 1HJ = 8.5 Hz), 7.97(d,
(d,J = 8.4 Hz, 2H), 7.59 (dJ = 8.0 Hz, 2H), 7.46 () = 7.8 Hz, 1H, J = 8.0 Hz), 7.606-7.81 (m, 5H), 7.54 (d, 1HJ = 9.0 Hz),
2H), 7.42 (t,J = 7.8 Hz, 2H), 7.24 (br, 2H)}3C NMR (125.8 6.49 (br, 2H);13C NMR (125.8 MHz, DMSO¢dg) 6 157.0, 153.7,
MHz, DMSO-dg) 6 151.5, 153.0, 152.1, 141.9, 131.0, 129.3, 128.9, 153.0, 142.5,131.2,131.1, 131.0, 129.8, 129.7, 128.8, 128.6, 128.1,
127.3,126.1, 125.8, 125.6, 120.0; HRMS calcd feyHzsNs [MH ] 127.9,127.7,127.6, 127.0, 126.4, 126.1, 125.5, 124.4, 124.0, 123.5,
312.1249, found 312.1257. 117.6; HRMS calcd for @H;60:Ns [M*] 378.1355, found
8-(7-Benzp]anthracenyl)adenine (16):yield 75%.'H NMR 378.1355.
(500.1 MHz, DMSO¢g) 6 13.59 (br, 1H), 9.70 (s, 1H), 9.06 (d, 8-(1-Pyrenyl)guanine (2b):yield 82%.'H NMR (500.1 MHz,
= 8.0 Hz, 1H), 8.34 (d, 1H) = 8.0 Hz), 8.22 (s, 1H), 7.93 (d, 1H, ¥ DMSO-ds) 6 6.48 (br s, 2H), 8.12 (] = 7.6 Hz, 1H), 8.26-8.43
J=7.5Hz), 7.72-7.79 (m, 2H), 7.63-7.69 (m, 3H), 7.58 (d) = (m, 7H), 9.52 (dJ = 7.1 Hz, 1H), 10.69 (br s, 1H), 13.05 (br s,
6.5 Hz, 1H), 7.45 (d, 1HJ = 9.0 Hz), 7.30 (br, 2H)13C NMR 1H); 13C NMR (125.8 MHz, DMSOds) 6 156.9, 153.7, 153.3,
(125.8 MHz, DMSOsg) 6 154.5, 151.2, 150.9, 148.0, 131.4,131.4, 145.1,131.3,131.0,130.7,128.6, 128.5, 127.7, 127.6, 127.0, 126.6,
131.3,130.2, 130.1, 129.3,129.1, 129.0, 128.3, 128.2, 128.1, 127.8126.1, 125.8, 125.4, 125.1, 124.7, 124.6, 124.1, 118.2; HRMS calcd
126.6, 125.9, 125.6, 125.1, 124.4, 123.9, 119.4; HRMS calcd for for Cy;H14NsO [M*] 352.1198, found 352.1216.
CoaH1eNs [MT] 362.1406, found 362.1400. 8-(6-Benzop]pyrenyl)guanine (6-BP-8-Gua): yield 75%.H
8-(1-Pyrenyl)adenine (3b):yield 68%.1H NMR (500.1 MHz, NMR (500.1 MHz DMSOdg) 6 12.94 (br, 1H), 10.78 (br, 1H),
DMSO-dg) 6 13.52 (br, 1H), 9.39 (dJ = 9.3 Hz, 1H), 8.47 (dJ 9.26-9.30 (t, 2H), 8.52 (d, 1HJ = 9.1 Hz), 8.40 (d, 1H) = 7.8
= 8.0 Hz, 1H), 8.38 (dJ = 8.0 Hz, 1H), 8.32 (dJ = 3.7 Hz, 1H), Hz), 8.22 (d, 1HJ = 7.3 Hz), 8.03-8.08 (m, 2H), 7.887.91 (m,
8.30 (d,J = 3.4 Hz, 1H), 8.26 (dJ = 9.4 Hz, 1H), 8.18-8.24 (m, 2H), 7.79 (t, 1H,J = 7.6 Hz), 7.70 (d, 1HJ = 9.3 Hz), 6.46 (br,
3H), 8.08 (t,J = 7.0 Hz, 1H), 7.31 (br, 2H)}3C NMR (125.8 2H); 13C NMR (125.8 MHz, DMSOdg) ¢ 171.0, 157.5, 154.0,
MHz, DMSO-dg) 6 152.9, 132.0, 131.2, 130.6, 129.7, 129.4, 129.0, 153.4,143.4,131.3,130.7, 129.5, 129.3, 129.3, 128.4, 127.6, 127.6,
128.9,128.8, 127.7,127.6, 127.5, 126.9, 126.7, 126.5, 126.2, 126.0,127.5, 127.2, 127.0, 126.8, 126.3, 125.7, 124.5, 124.4, 123.9, 122.8,
125.1, 124.6, 124.5, 124.0; HRMS calcd fop;E8:13Ns [MH ], 122.5,117.8; ESI-M&ve 402.4 [M*]; HRMS calcd for GsHisNsO
336.1249, found 336.1267. [M+] 402.1355, found 402.1351.
8-(6-Benzof]pyrenyl)adenine (6-BP-8-Ade):yield 88%.H 8-(10-Dibenzoflef, gchrysenyl)guanine (10-DBC-8-Gua)yield
NMR (500.1 MHz, DMSOdg) ¢ 13.58 (br, 1H), 9.239.26 (dd,J 70%.*HNMR (500.1 MHz, DMSO) 13.66 (s, 1H), 10.54 (s, 1H),
= 8.9, 8.3 Hz, 2H), 8.48 (d, 1Hl = 9.0 Hz), 8.37 (d, 1H) = 7.8 8.90 (t,J= 7.5 Hz, 2H), 8.84 (dJ = 7.5 Hz, 1H), 8.75 (dJ = 8.0
Hz), 8.34 (s, 1H), 8.19 (d, 1H} = 7.4 Hz), 8.04 (t, 1HJ = 8.8 Hz, 1H), 7.98 (dJ = 7.5 Hz, 1H), 7.85 (tJ = 7.5 Hz, 1 H), 7.75
Hz), 8.00 (d, 1HJ = 9.4 Hz), 7.91 (dJ = 8.2 Hz, 1H), 7.86 (t, (d,J=7.5Hz, 2H), 7.76-7.45 (m, 5H), 6.24 (br s, 2H}3CNMR
1H,J = 7.5 Hz), 7.75 (t, 1HJ = 7.5 Hz), 7.69 (d, 1HJ) = 9.3 (125.8 MHz, DMSO)6 157.5, 154.2, 153.5, 143.0, 132.0, 131.5,
Hz), 7.47 (br, 2H);33C NMR (125.8 MHz, DMSOdg) 6 156.3, 131.0, 130.3, 129.3, 129.2, 129.0, 128.5, 128.2, 127.9, 127.6, 127.5,
153.2,151.9, 147.1, 131.3, 130.7, 130.6, 129.5, 129.5, 129.3, 128.6,127.2, 127.1, 126.6, 126.4, 125.5, 125.3, 124.7, 123.5, 122.7, 122.2,
127.6,127.2,127.0, 126.9, 126.7, 126.3, 125.6, 124.5, 124.2, 123.9,118.1; HRMS calcd for &H17/NsO [M*] 452.1511, found 452.1518.
122.8, 122.5, 120.1; HRMS calcd for4E;sNs [MH *] 386.1406,
found 386.1398.
8-(10-Dibenzoplef, pJchrysenyl)adenine (10-DBC-8-Ade)yield
75%.*H NMR (500.1 MHz, DMSOsg) 6 13.50 (s, 1 H), 9.17 (d,
J=8.0 Hz, 1 H), 9.12 (dJ = 8.0 Hz, 1H), 9.07 (dJ = 8.0 Hz,
1H), 9.02 (d,J = 8.0, 1H), 8.27 (s, 1H), 8.21 (d,= 8.0 Hz, 1H),
8.08 (t,J = 8.0 Hz, 1H), 7.99 (dJ = 8.0 Hz, 1H), 7.97 (dJ = 8.0
Hz, 1H), 7.96-7.60 (m, 5H), 7.39 (br, 2H):*C NMR (125.8 MHz,
DMSO-ds) 6 156.3, 153.2, 151.9, 146.9, 131.8, 131.5, 130.9, 130.3, JO070518M
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