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An efficient route to all of the possible cross-linked 2'-deoxypurines 1-3 has been developed by means of the Pd-mediated C—N bond formation
in the key step. Utilizing this protocol, the synthesis of the first unnatural protected purine trimeric adduct 4 has been accomplished.

Active carcinogenic agents often are strong electrophiles attack by water, giving rise to a carbonyl group, whereas
reactive enough to interact with the nucleophilic DNA others are attackédy the amino group of a neighboring
residues. It is known that sodium nitrite, widely used as an nucleoside giving inter- or intrastrand or interhelical DNA
additive for cured meatsand nitric oxide, a physiological  ¢ross-links~8 In 1977, Shapiro reported the isolation and
bioregulator; in the presence of acitisr oxygent respec- partial characterization of the first coupled nucleositiasd
tively, can induce the formation of reactive nitrosating species 2, from nitrous acid treated DN whereas in 1992 Hopkins

such as ho an_d NO.. The_se OX'deS. attack DNA . showed thatl was formed via an interstrand cross-linking
particularly guanines—converting the amino groups to dia-

b,c
zonium ions? Some of the latter may undergo nucleophilic process.
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In this paper, we report our results on the chemical
synthesis of all of the possible?Nand N-cross-linked 2'-
deoxypurinesl—3 and the fortuitous formation, during the
synthesis o2, of the unique unnatural fully protected trimeric

and CsCQ;, as the base, was efficient for the coupling of
labile biomolecules, such as nucleosides. On the basis of
these studies, we decided to evaluate the efficiency of this
protocol in the coupling between 3',5'-bis-O-(tert-butyldi-

adduct4. Our results represent a remarkable extension of methylsilyl)-2'-5-deoxyguanosine (5) and 2-bromo-6-benz-
our work on the synthesis of tH¢*- and Nb-(0-aminoaryl) yloxy-9-[2-deoxy-3,5-biga-(tert-butyldimethylsilyl)5-b-
derivatives of 2'-deoxyguanosine (dG) and 2'-deoxyadeno- erythro-pentofuranosyl]purined). We were delighted to find
sine (dAY using the versatile palladium-catalyzed amination that the previously reportéti7*® was formed in excellent

reactiont0—12
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yield (90%). The'H NMR spectrum of the purified material
showed resonance peaks that were identical to those reported
previously!

In his 1977 communication, Shapiro reported the isolation
of the nonsymmetrical addu@?® Unfortunately, the ex-
tremely low yields obtained did not allow full spectroscopic
characterization of the product (only two UV spectra at
different pH values and a mass spectrum of a derivative were
reported). In 1991, a reinvestigation by Hopkins etdlon
the DNA interstrand cross-linked adducts, formed by treating
calf thymus DNA with nitrous acid, failed to give.

Described herein is the first chemical synthesig,afhich
conclusively demonstrates that the covalent DNA lesion
found in trace amounts by Shapiro has this structure.

In our first synthetic attempt to couple 3',5'-bis-O-(tert-
butyldimethylsilyl)-2'-deoxyadenosine (8) with we used

TBSO . 7
% o AN the same reaction conditions followed for the successful
N S synthesis of7. Unfortunately, from the reaction mixture we
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While our synthetic studies were underway, Hopkins and s > ° N
. . . e o NN N7 >
his associates reported the first synthesis a§ing a similar TBSOY OTBS N N
proceduré! However, the key step of their protoedhe TBSO- "
palladium-catalyzed amination reactiegave only a moder- OTBS
ate yield (40%), probably because of the use of sodenta 8 9 OTBS

butoxide, which is known to be detrimental in the case of
silylated nucleoside®.
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In our previous work, we had found that a catalyst system
composed of 10 mol % Pd(OA£)15 mol % &)-BINAP,

(7) Burnotte, J.; Verly, W. GJ. Biol. Chem.1971, 246, 5914—5918
and references therein.
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obtained only low yields 09 (24%) plus unreacted starting
material. In an endeavor to enhance the rate of the reaction,
we planned the synthesis of the more reactive 2-iodo-6-
benzyloxy-9-[2-deoxy-3,5-bi©-(tert-butyldimethylsilyl)$-
p-erythro-pentofuranosyl]purinel(Q) following the reaction
conditions described by Matsuda ettaland Nair et at®
Unfortunately both procedures led to low yields of a highly
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photosensitive compound, which decomposed within few the procedure of Richardsdff,we were able to raise the
hours. An alternative to these unsuccessful approaches wagyield of this coupling step to a satisfying 51%.
Having the iodonucleosidE3 available, we reinvestigated

0-Bn the coupling reaction with the protected d&}, (n an attempt
Ny to increase further the yield of addu@t To our surprise,
< /)\ the cross-coupling reaction gave a lower yield (45%). Careful
N

5 —£—~ TBSO N investigation of the reaction products led to the isolation of
0 a less polar compound. Its spectral data (particufiland
oTBS 10 13C NMR) showed the presence of two different resonance

patterns in a 2:1 ratio. The preeminent one was assigned to
the palladium-catalyzed nucleophilic displacement of the & 2-deoxyadenosine residue, the other to'al@xygua-

6-bromo-9-[2-deoxy-3,5-bi&-(tert-butyldimethylsilyl)5-p- nosine. The ab.sence, in thd NMR, of an NH signal and
erythropentofuranosyljpurinel(l) [easily synthesized through & Molecular weight of 1510 Da (FAB-MS speptrurrl) suggests
light-catalyzed bromination of F-bis-O-(tert-butyldimeth-  Structure4 for the new compound (formed in 17% yield).
ylsilyl)-2'-deoxyadenosines)'216 with the more reactive The ultimate acquisition d? and3 required only standard
N2-amino group of the protected d&, A similar coupling, ~ deprotection chemistry (Scheme 1). Compoudidwas
using Compoundll, has been reported by the Lakshman _
group for the synthesis of the simpl&B-aryl-2-deoxy-
adenosine analogu&sThe nucleophilic displacement of the Scheme 1
6-bromo group occurred with considerable ease and gave 0
the nonsymmetrical adduBtin 60% yield (75% yield based <,N | NH
on unrecovered starting material). TBSO N"SNNH
o}
N/
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subjected to hydrogenolysis using palladium-on-charcoal
catalyst, at 60 psi, to givié4 in quantitative yield. We were

In view of this success, we decided, prior to deprotecting also gratified to observe tha# was easily desilylated with
9, to investigate the potential of this method for the synthesis HF and pyridiné?® to give the cross-linked nucleosi@ein
of the symmetrical, addu®& which has never been reported. 97% yield® Desilylation of compoundl2 was similarly
Thus, a reaction between the less nucleopt8liand the ~ accomplished to give the symmetrical so far nonnatural
bromonucleosidé1was attempted under the usual reaction adduct3 in quantitative yield.
conditions. As expected, this reaction gave only a low yield ~ The further extension of this type of coupling reaction to
of 12 (21%), contaminated with a minor but inseparable other nucleosides including both purine and pyrimidine
impurity. Increasing the temperature (120), the reaction  classes is under investigation.
times (24 h, 48 h), and the amount of Pd(OAahd ligand )
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