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Abstract : I’-Dcoxyadcnosinc sub&utd at C-8 by a ppyltbio gmup wm intnxhced in@ oligatimxyribcllpdeotidg 
by solid phase synth&?. oxidation by pots&m psrmlfats (exerta) Occmsd selectively on the sulfur c~uu&t@ 

~ti&~$&~~ti* unauamtbdtoaclectivr.removrloftbc 
eanw!&uroo*forttleehmncatsynulcdis 

Abasic sites in DNA result from cleavage of the N-&osidk bond and nmoval of the base. Depurktion is 
oneofthemostfrtquustformsafch~damrseg,DNAHydrolyrisdtbeglycosidicbondisacceleraoedby 
chemical alteration of bases with alkylating agents1 or through ionisiug radiation.2 In fact, abasic sites are 
common intermediates in the biological mpeir of most base damyle iu DNA, being produced by specify 
glycosylases that tcmove the abtKmnal or trKxliM basos.3 

In connection with ongoing programs aimed at devising molecules that recognize this lesion4, 
oligonucleotides containing an abasic site at ptedetermined poaitious iu the sequence were required. A few 
chemical methods have appeared in the lhemtum cm the syutkla ofakic oligotuIcleotides that make 
use of a photolabile nitrobenzyl groud or au acid labile ccrr-butyldimuthylsilyl grou@ to protect the auomerk 
hydroxyl function of the 2-deoxy-D Mdittg block used in auanr~!& syuthesis. A syuthcsis has 
been reported in which 2-pyrimidinone-2’deoxynw wem kqoramd iu oligodeoxynucknides.~ The 
acidic glycosidic bond cleavage of the mod&d nkleuside then led to the abaslc site. 

We report a new route for the preparation of oligodeoxyribonucleotides containing an abasic site at any 

preselected position in the sequence. The methcd iuvolves tluee steps: (1) synthesis of a stable oligom&otidic 

precursor containing the modified nucleoside 8-propylthi~2’deoxyadenosine 1, (2) mild oxidative ttratment of 

the resulting oligo for selective oxidation at sulfur of the mod&d nucleoside. (3) hydrolytic removal of the 

oxidized base. This strategy is based on recent obsen&~ns we made concemiug the hydrolysis of modified 

nucleosides.* We have shown that oxidation of a sulfide located at the C-8 pucdtion of a deoxypurine nucleoside 

to a sulfone greatly innasesthem~ofcleavrgeoffhegl~cCbond.Theaccelaationisclosccfourorders 

of magnitude in the deoxyguanosine series. The &tease could not be determkd fur deoxyi 
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however, as cleavage of the glycosidic bond oceuwd dauing Oxid&Oa (8-prOpylsulfonyl&nine rcsultaI ban 
oxidation of 8-propylthia-2’aeoxyadenosine). We desaibe the synthesis of two abasic oli8Om&eotidcs: the 
trimcr d(GXA) 7, which contains only purine bases, and the heptamer d(AGCXGAT) 8. which includes the four 
natural bases. 

. . 
(UP 4 

Preparation of the necessary phosphoramidite building block 4 was accomplished by a straigthforwa~I 
route (Scheme). The propylthio substituted nucleoside 1 was obtained in three steps starting from 
2’-deoxyadenosine. namely bromination at C-8, followed by hydrogen su.lEde tmatment and aikylation of the 
resulting thiol.9 The N-6 amino function in 1 was protected by a benxoyl group introduced by nonselective 
benzoylation of the amino- and hydroxyl functions, followed by cotttrollcd basic hydrolysis of the 
teaahenxoylated intumcdiate. Protection at S-OH was achieved by din~&oxytritylation and introduction of the 
phosphite at 3’-OH was accomplished by conventional treatment with 2-cyanoetbyLN.N-diisopropyl 
chlorophosphoamidite in dry CHzCl2 in the presence of N,N-diisopro~yletbylamine.lo The resulting building 
block 4 was obtained as a white solid in an overall yield of 30 %. 

As a prerequisite to the synthesis of the oligonucleotidos, we studied the stability of the modi&d adenine 
moiety to bc introduced. The behaviour of 8-prqpyltbi~Z’-dwxy+nosinc 1 was cxamimd in all umditions of 
the solid phase synthesis (espociauy in the phosphite 0xidati0n step). No d ecQmpOGtionofthetl%thergroup 
was observed. Consqucntiy phosphoramidite 4, together with the phosphommiditcs of the four naturally 
occurring nucleosides, was used in standard automated solid phase synthesii to prepare the uimer d(GXgRA) 5 
and the hcptamer d(AGCXSfiGAT) 6. In the two cm all coupl@ yields, including that with the mndified 
purine synthon 4, were higher than 98% (as indicated by tulease of the uityl cation). In par&&r, no side 
products resulting from oxidation at sulfur could be Wetted. Aftco qplyiug smndatd ~KWMIUW for the cleavage 
from the support and deprotection. the oligonucleotides S and 6 were purified by reverse-phase HPLC (Figure 
IA). The base composition was ascertained by enqmatic hydrolysis using nucleesc Pl and bacterial alkaline 
phosphatase. In particular, no peak corresponding to &da&ion of the sulfur could be detected. The base 
composition was further confirmed by acidic hydrolysis, which released the cerrqonding bases. The MAID1 
massspectnunofthetrimerS(Figure2A)~ysbowbdthcmolecularionM+at~,~chconfinneddrotthe 
propylthio nucleosidc was included in the squenee. 

L---- 

Figure 1: HF’LC profti (A) hqtainu d(AGCX=“GAT) 6. e- 8-propylthio-2’dcoxyadmos@ (B) oxidation of 6: crude 
reaction mixtute; (C) hydrolysis step giving the abasic ~~@OOX~MC~ 8: he cbnwnrtop*m @~WPO& torbclercticnmixunc 
before completion of Ihe hydmlysist ths twc componenuofIherolpine-crabcscezl.msolvwItgndieagimvebanvaied 
in(B)md(C)forbcttmscpmtboftbcomponana Fcak9comqmdsto8po~~ony~rekuedintbor#ctioa.HPLC 

COIICISOIW: anelytical phubpk cts ccihqm. ~IOW rate 2.5 mUmin., mch& pbyer: I &WWWG4 20 mM. PH 5-R II MeoH, 
lineargrediantOu,35%IIin#)mia.inarsof(A)~(B).Nonlinar~incareofQ. 
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(3) ~ofoiiPonucleatidtg8~ 

Sckctivc oxidation of tho propylthio adenine residues in oligonu~leotlder 5 and 6 was achieved hy 
aeaaoentunderthecartfully~~oxidationconditionsdefinedat~nucleosidelevcL8Reaction(dSand6 
with an aqueous solution of ‘Oxone ‘Q1-12 (ZRHSO5. KHSO4, K2SO4) at R for 1 h gave the oxidized 
oligonucleotldes, which were isolat&. The oxMixed oligos la mixture of two pmdrrcrr, see below*4) m treated 
without further pact under hydmlytic conditions (heating at 6X! at pH 3, formare buff& 30 min) for 
selective removal of the oxidixed adenine derivative to give the abasic o~~n~l~ 7 and 8. The HpLC 
~eofthecnrdeh~lysis~(RgunlC)showeddrattht~~~w8wasfannedasaverymajoh 
product from the mixtum of oxid&& oligonu&oddea (Pigure 1B). The abaslc oligonucleotides 7 and 8 were 
analyzed for nucleoside composition by digestion with nucleate Pl and alkaline phosphataae followed by HI?LC 
analysis, which indicated correct base composition in both cases, No peak camgpoading to a modified 
deoxyadenosine derivative & be detected. The m of one abasic site in 7 and 8 was indicated by their 
cleavage UtIdcr alkaline conditions. Moreover, the appearance of a new HPLC peak after reaction of the oligo 
with methoxyamine @mation of the Schiff base adduct with the abaaic site aldehydic function) also confii 
the presence of the abasic site.15 Finally, the presence of the peak at 775, corresponding to the calculated 
molecular iori (MW = 775) in the MALDI mass spectrum of the trimer 7 (figure 2B), con&& the existence of 

In conclusion, the strategy based on the oxidation-triggered selective hydrolysis of a 
propylthiodeoxyadenoslne moie%y in an o&o aft%& an efficient synthetic n~thod for mg DNA fragments 
containingabasicsitesatprcaelectedpositioas.l%eneassary 8-pmpybhio.2’deoxy&nosine building block can 
readilybeobtaiaedingramq~~~saonswell,andimpoatanily~~~andbe~~q~~closeto 
those of the natural nucleo&les in the automated phosphommk&e synthesis. 

References and notes 
1. Singer, B.; Gunhergff, D. Molecuiar Biology of Mutupm and tW&oge~, Plenum Press: New-York, 

1983; pp 16-19. 
2. Teoule, R. Int. J. Radiut. Biol. 1987.51. 573489. 



4994 

3. 

4. 

10, 

11, 
12. 

13. 
14. 

15. 

(a) Fkyerat, A.; Dcnmmynck;, M.: Constant, Jfr.; Midon, P.; Ldw.munee J. J, Am. Chum. Six., 1993, 
2 t5,9952-9959. (b) Fkycrat, A.; Demeunynck, M.; Constaut, JX; Lhumme, 3. Temzhdron 1993.49, 
11237-l 1252. (c) Constant, J+F,; m A; I)emeunyn& I&; Lava& J.; O’CWtor, T.R; Lhommq J, 
Anti-Cancer Drug Design L!H& 5,59-62. 
Pcoc’h, D.; Meyer, A.; Imbwh, J.L.; Rayncr, B. Te-n Lat. I$RlIl, 32,207-210. 
Groebke, K.; Lcumann, C. Hitrlv. Chirrr. AC&J lp90,73,60&617. 
iocono, J.A.; Gildca, B.; McLaughlin, LW. ?Mdedrm Lm. @P& 31,1?5-17%. 
Liaqwn, A.; Dcwut, J--L,; Lhommc, J. ?‘cw&&w Len, -6 pqw in ttis isffi 
Dara for 1: rip 10%106oC. IH-NMR (DMSO d4): Gppxu 8.00 (lM, s, A~G-C~H)~ 7.05 (Z& s Ade-I+!&), 
6.23 (ZH, t, J = 6.2 wz, Q*klc), 5.30 flH, q, J = 4.1 H?& Cf*of3). 5.20 (1% & J = 4.0 Hz, C3*0B, 4*44 
f TH, m, esqg), 3.85 (I& M, C@;Eu, 3.65 flH, m, Cs*W, 3*3u (1W, m, Cs*g& 3.25 fZH, m, SC&j* 
3.12 (1H,, m, Cz$& 2.f2 (fH, mcII, Cz*m* I.72 (2H, m, SC&C&), 1.00 (3lH, t, 3 = 7.3 HZ, Q&j. 
‘SC-NMR @MS0 &): &ppm 154.3 (AdeQ, Bl.1 @de-Q& 150~4 (&it&), 148.1 (Ad&& 119.5 
(Ade-Q), 88.1 (j&s), 84.7 (Q*). 71.2 a*), 62.1 (&*I. 37.3 a), 34.0 (S-2)* 22.0 (S-C&~& 
12.8 cH3). MS (FAB(+)): m/z (relative inter&y) - 326 (WI, W+Hj+;), 210 (‘71, [M+HdEtib]+). 136 
(13, [M+H-dRib-SCgH7]+). Anal. C&d for CtfllgN503S: C 47.99, H 5.89, N 21.52, S 9.85. Found 
C 47.77, H 5.84, N 21,18, S 9,92, 
Data for 4: 31P-NMR (CDCLJ): appm 147,l (s), 146.7 (3). MS @#J3(-)): mlz (I&&C intensity) = 930 
(20, [M-H]-), 732 (5, [M - loss of phosphwatniditcj-I), 312 (20, Ihot-mcwzyctic base]-), 303 (100, [trityIl]-). 
Trost, EM.; Curran, D,P. Terr~lhe&~n titt. 1981,22, 1287-1290, 
Kettani et ~113 have tcpartetd adenasine monctphasphatc oxidation a? the N-l position by oxonc. Under the 
conditions we use the cuncezntration of the oxidizing ageat is much lower (KIiISU~ 2.7x10-3M; 
oiigowcleotide 5xl@M) and the four tlatural~~~ nrpm;Ed5 tatrrUy unchanged af& a sixm 
hour ueatmwt, as &tuxt&xi by HPLC anal* 
Kettani, AI-C.; &mado& J,; Mcunica, 18. J. Org. CM. Ip99,54,3213-3215, 
The OtidatiOlI conditions must be strictly coIltcoucd, L@ngcx XwxioIl b*uats than il%&at& fed to GxIIDpbx 
mixnues. The hcptamcr and the triw behaved sin&r&+ oxidrrticrn gave 8c mix- of two oIi~u&oti&s. 
One probably contains 8-propylsuffony~coxyadcnosiae, as the pwtk 9 corttqonding to the base released 
in the hydrolytic treatment has the charactu&ics @tention time and W absqtion ratio at 26QI280 nm) of 
synthetic 8qropylsdfonylzldcnirte, The second oligonu~ltoticb could contain the base oxidized to the 
intermediate sulfoxide stage. In the case of the trimer 5, we separarcd tbae two oxidized oligomers and 
treatedthemscgaara@ywderhydwlyticconWutgborbwuw unwIE&dtc,thesameabUli!clrilBr7. 
Rosa, S.; Fortini, P.; m, P.; Bigwmi, AQ Do&i&., E. NuckGsc Acids Res. l9!M,I9,5569-5574. 


