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Abstrack A 5’ -deoxy-5 * methylphosphonate linked thymidine dinucleotide was syntheskd and its 
3’ -phosphoramidite used to synthesize obgmcleotides. 

One of the majar req uirements for antisense oligonucleotides is stability against ataymadc degmdadon of 

thephosphatediesterintemucleotideli&age.~ Dependingupoathcnuclease,theP_o(5’)arP-o(3’)borldip 

cleavedandthe3’ orS deoxymononucleot&mpectively,isrelnleased. Thenforeweexpectedthataformal 

replacement of 05’ by a CH2 group, i.e. substitution of the backbone phosphate by a 5’ &my-Y - 

methylphosphonate (5 ‘mp) @Qurc’la, b), would incmse stability against nucleases. Further, we assumed that a 

5 ‘mpDNA stmud would hybtidize with DNA and that the melting tempmtm Cr,) of such a duplex would be 

similar to the Tm of the eg DNA*DNA duplex. This a~sut@oo ~88 based in the observations of 

Heinemana et al.2 with 3 ‘-DNA where an x-my analysis and a T, study mmkd only minor infhmms of a 

single 3 ‘qp linkage in a DNA octamer. Reamtly Stawinski and Szabo have mogniml the potential usefulness of 

this analog as well but have not published any oligomcleotide synthesis strategies.3 

Within the 5 ‘mp spies only tibomono- and dinucl~ are descriws (FQure 1 c. d). To obtain these 

5’mpdinucleotide&couplingoftwolmmmers was achievedvia the phosphodiestex methodologyp Since today, 

the phosphotriester pmtocolXs for DNA synthesis is regarded as super& to this approach, we expeued to impmve 

the coupliag Meld for the 5 ‘mp analogs by using the phosphotriester chemistry. 

HO OH HO OH 

Figum 1. DNA Analogs: a): 5 QnpDNk, b): DNA; c) and d): 5 ‘mp m&otides.4~ B: A, T, or U. 

5’ -Deoxy-5’ -Dlethylphosphonate linked thyawne deoxyoligonucleoddes WQC syntheskl as deskbed 

in Figure 2. Silylation of 16 with TBDMSi-trifle sulfonate (1.3 eq) in pyxidine (Figure 2, reactioa 0): 

95% 2) followed by matment with 80% HOAc at 600 affonkd 3 in its uystaUine farm ((ii): 85% 3).9 The 

oxidationof3toplcaldehydtSisdescribtdby~-J.Camarasactrl.;lebut,weneverwaeablea~~the 

same results. Much better yields were obmined with a Pfitzner-M&at oxidalionll followed in situ by pmtection 

ofthealdchydcSasthe~~4,~U1dcgcribed~asindlararmpouadbyA.Montgomeryetal.l2((iii): 

90% 4). 
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1: R’: DMT; R*: H. 9. R’ R’. ClPb 
2 Rt: DMT; R*: TBDMSi. 
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6.R’ R5.cI . , . . & R’ R5* ClPh .(. . 
7 R’ R5. O-ClPh . . . . 

17: dTscTs’wT)T6 

18: dT(T5’nqQT 

10. R*. W R’, R5* ClPh 
11: R*: &D&R’ Ri. m 

12: R*I TBDM!& R’: Cl& R’: HTEA. 

* @0-(xiv) ] 

13a,b: R’: DMT ; R*: TBDMSI; R5: ClPlt. 
14n,b: R’ R*- H d- ctpfi 

lSa,b: R’I D&I’ I R*I H; R;: ClPh. 

Ma-d: R’: DMT ; Rz: +~(tt’r)~; R5: ClP!t. 

Figm 2. syntbcris OfS’ngJ Linked Di- and oligane. (Analytiuldatain Ie&mKs and not&) 

Thecrystauinc~4wasamvutcdtotheaidehydeSby heatmentwitllp-tolmeacid 

((iv): 76% S’p In a Wittig rcacth, the freshly ptepamd akkhyde S was convutaI with 8 to 9 ((vii): 83% 9). 

TheC5’-C6’ Qllblebondin9appearedobetranshrraru.dthC~~gCOllstlLIIE)~tht1H-~~ 

(JY 6~ =17.5 Hz). The Wittig magent 8 WIU derived fnm 71s by qnrrtanintioD of aipbmyljhphhe and 

obtained in its crysWim fmm ((vi): 45% 8).‘b Under mattmnt of 9 with H2-I’d in MeoH and 1% HOAc, the 

C!!V X6 double bond was educed ((viii): 97% 10) and, unfatunusly,thc3’-0_ppobctlnegnmp,TBDMsi,was 

ckavcd. ~,loO~y~to11udngdre~coadidaaru~~dlto2((ix):87%11). 
SclcctivetlqmmhtafottcClPhgroupof11wasrcbicvedby 

. 
tmtmuttwithrmixtuteof2-thkWNm= 

ami 1,1,3,3-temmtbylguanidiaeyl~ (1.2 eqcach) in diaxanJH20,3:lt6 ((x): 98% 12). In CH2Ck 12 was 

convutcd with 1 cq 1,5.7 eq &4,6-uihpmpylbenzettc8ulfoltyl chlaidc and 11.4 q 1-mcdtyhida=h to l34J 

((xi):7g%~)w~wasobtaiaedasal:llnixtun(3lP-~)ofrhetwo~~(~by 

3lP, 13C! and lH-NMR and tic). Attmptcd clcavagc of the TBDMgi gmup of l3a,b with BtuNF.3H20 msuhcd 
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inarapidcleavageoftbeclPb. Thus,~wrw~with0.5MHUinMeOHet400~oobtainl~ 

((xii): 93% l&b). Wirb an excess of DM’XI aad BwNClO4 (2.8 eq etch), =,b w=‘m ((a): 76% 
. . 

Ua,b).” EuaUy.l&dwahxivcdfnrmlSePwith~l-N&-y- 
((xiv):76%1&d).l~ Aftnc~yud~,the~1~~~~1:1:1:1mixatre 

ofits4diastemmers QlP-NMR). 

On a DNA qmthesizu and using the pho@ammSte mehdo@y,‘9 dT6(T5 ‘mpT)Tg (17). 

dT~S’~~T(18),~~14~prrparcdwlthl~md~~2 

cyanoethylphosphmMte of thymidine as building blocks, ‘he coupling time w cxtemkd from 53 see to 138 

sec. Thetritylassaysofallthreesynthesesdidnotdiffex. The5’QDMTgroups~thcmleavedfmmthe 

fully assembled oligone otill lit&cd to the mlid mpparts For dTfl5’mpT)T6 snd dT(-U’nlpT)6T, 

dCpWCtiOflilt~dCleaMgefromtllC~Wae-by matmentwithaO5Msolutionof2- 

rlitrobe~h and EwamethylgtKkdhe in dioxanlqH20~ 3:l,lW followal by tbe llmal NFQ tmaaxmlt. All 

oligonuckotides went pmificd by ion exchange - 8nd &&ted by &p-PM cm&es. CYmmmtograms of 

thecrude~revealed~~~g~IbrdTfrs’~~6T~dT6(Ts’~~6anddTl4~~3.a). 

Analytical - of the pmified oligonuc~ hxkatcd 98% purity for dT(T5 ‘mpT)6T, dT6(TS~‘n@‘)T6 and 

dTl4. Polyauylamide gel elccuup~ pnda liative and dcmtluhg CmnditioalJ yldded similar results (Pi8m 
3.b) 

Tm studies. DUCWSC dig4011 and RN- H ~timuhth wt~ for the ~OW&RI USC of 5 ‘mpDNA IU ltll 

antistnseoligon~mcumntlywdaway. 

a) I 
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