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Abstmct; sIereasuecific SYntheais of Ru and so methvlpbosphonate dias@fe&QmeXs of d(Am was 

OligodeoxymuAeoside methylphosphonates (MP) display signifzant potential for antisense DNA therapy.’ 

Smopic, thermodynamic, and theoretical analyses imply that their potency as antisense inhibitors might be 

elevated if all of the chiral phosphorus linkages were coupled in the Rp, or equatorial, configuration2 

U~o~ly, current methods for automatic synthesis of MP oligomeq or any other chiral modii 

phosphate, yield a racemic mixture.3 However, Stec and his colleagues have de-scribed a pentavaknt ronte to 

synthesize stezozegular MP linkages in solution by coupling with a Gr@ard teagcnt.4 This procedme has 

been used to synthesize s~ifically the four diit homodimers, trithymidylate, and tetrathymidylate, 

but coupling yields weze never greater than 65% and each step requires comic peon of the MP 

product Nevertheless. when two ~nzgular MP tetmthymidylates wen: joined racemically to yield MP 

~~~dyiateswitfianlyonecenttalrzlcemiciinkage,itwas~~thattheRpenrichedMpocramer 

hybridized to poly(dA) more strongly than the normal phosphodkter octamer, or the racemic MP octamer, or 

the sp-enriched MP octamer.~ 

Recently. it has been found that a MP heptamer of heterogeneous sequence, d(C&A&QC@A), when 

prepared excltively with Rp k&ages, ~~~~ much more smmgly to ~p~~~ DNA than did tile 

normal phosphodiester heptamer, or the racemic MP heptamer, or the au-sp hcptamer.6 ‘rhese stezeoqukr 

squcnces were prepared by mcemic couplings, followed by c tic separation of the ~~ 

at each step.7 Unfortunately, this laborious method has such low yields that it cannot be applied for a routine 

synthesis of MP oligomers. 

While the Grignard route4 looked attractive, it seemed unlikely that the reactants could diffuse easily into 

and out of the pow of a controkd pore @ass or porous polystyrene support, in view of the hii vkosity of 

the Grignard-activated solution. However, Bonora, et al.* recently qorted phosphodiester syntksis in which 

the 3’ deoxynucleoside was linked to polyethyiene glycoi monom~yl ether (PEG) as a sohible po&m&c 

support. Thii allowed quantitative coupling in a homogenous solution, while atlowing sepamfion of the 

growing oligomer from excess reactants by precipitation of the support at each step in the syntksk. EBence, we 

attempted a ste~pecifk synthesis of a MP hetendimer by the Grignad rout& on a PEG supports 

The first step was to synthesize and purify each diasteltToisomer of the ~~~X~~~~~-~-(~ 

nitrophenyl)mezhylphosphonate which will then be coupled with the S-OH of the PEG-bound oligomer, &er 
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activation by the Grignard reagent (Scheme 1). S-WXnethoxytrityl @MT)-N-benzoyl-deoxyadenosine (1 q) 

was phosphorylated in pyri&ne by methylphosphonic dichloride (1 es), pmactivated with imidazole (5 eq) and 

after 60 min. Wrazole (3.5 eq) and Cnitrophenol(l.1 en) were added to produce the racemic mixture of 1 and 

2.9 After separation by liq$d chromatography in CHzW/MeOH (97:3) on silica gel, the faster eluting 

compound was assigned to lthe Sp-isomer 1(32% yield) and the slower eluting compound to the Rp-isomer 2 

(25% yield), as described.~ 

For Sp-isomer 1, TIX on silica gel developed with CW~C12/MeoH (92Sk7.5) showed Rf=O.69. 

analytical si$a gel HPLC with a 20 min gradieut of O-1096 MeOH in CHCl3 showed Rt=6.35 min, and 31P 

NMR (CDcl3) showed a shift of 28.84 ppm. For Rp-isomer 2, TI,.C showed Rf = 0.61, HPLC showed Rt = 

7.67 min, 3lP NMR showed a shit of 28.72 Ppm, and IH NMR (CDCl3) yielded peaks at 1.82 (d, 3H, P- 

CH3); 2.85 (dd. lH, HZ’); 3.15 (d. LH, HZ’?; 3.33 {dd. lH, HS); 3.47 (dd, lH, HS’); 3.80 (2s, 6H, 

0CH3); 4.36 (m, lH, H4’)1,5.33 (m, IH, H3’); 6.58 (t, lH, Hl’); 6.79-7.64 (m, 13H, aromatic protons of 

DMT); 8.06 (d, W, ,prptosp of +nitrophenyl); 8.18 Id, ZH, protons of 4-nitcophenyl); 8.74 (s, lH, HS); 9.23 

(s, lH, H2). 

The 3’-hydroxyl of 5’-DhJT-2’-deoxyguano&ne 3 was anchored to the PEG support via a succinyl linker 

according p the method de&r&d for oligonucleotide synthesis (Scherqe 2}.* Reaction of 3 (1 eq) with suakic 

anhydride (2.1 eq) in pm.of dimethylaminopyridine (DMAP) (1 eq) in pyridine produced 4 in 65% yield. 

Then, the succinyl derivative 4 with dicyclohexykarbodiimide (0.5 eq) and DMAP (0.5 eq) in 1,2- 

dichlocoet@e and coupled pnto the Pm support (0.4 eq of free OH-groups). Excess 4 was eliminated by 

precipitation of the svpport with Et&l and absolute EfQH. Reaction yield was determined by measuring DMT 

absorptioi (504 nm); the l&ding of PEG-bo’kd deoxyguanosine 5 conesponded to 140 mol/g. The 

unreackd kydroxyl groups of the resin were acetylatexl with 10% AC@, 10% 2,6-lutidii and 10% N- 

methylimidazok in CH3Cl$ Fmally, the DMT protecting group of 5 was removed at WC with 6% 

trichlomaceti~ acid in CH$$. 

To achieve ?er~spec~fic coupling, t&z S’-OH of deoxyguanosine linked to the ,pEo support 6 11 e@ in 

pyridii was activakd,witb 4 eq of t-BuMgCj in THF. After 30 min, Sp-isomer 1 or Rp-isomer 2 (1.05 eq) in 

THF was added. Coupling yeas monitored by TLC on silica developed with EtOAckcetonUH~O (10:5:1). 

After 3 hours, the nx&on yielded DMT-dAbZ$G ibu-Pa 7 (SP) or 8 (up) ~a), respectively. After 4 

hours, the suppon was prec$ipitated with a two-fold excess of Et20 at WC, filteqd, and rinsed with Et20 to give 

a yellow gum, which was d&solved in CDC13 and analyzed by 31P NMR (Fig. 1). The fully pro& d&G)- 

PEG Sp-isomer 7 display4 a peak at 22.97 ppm. while the Rpisomer 8 showed a peak at 22.96 ppm- 
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Figure 1: 31P NMR of d&G) before deprotection 7 (Sp) and 8 (Rp), and after deprotection 9 &I) and 10 
(Rp). The spectra were tneasuted in CDCI3 using dimethyl tnethylphosphonate as emrml standard~132.4 pm 
from H3PO4). 
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To confii the stereospecificity of the coupling reactions, the products 7 and 8 were characterized after 

cleavage fmm the support with dilute ammonium hydroxide and removal of the protecting groups by treatment 

with ethylenediamina for 6 hours.*0 The resulting products were analyzed by silica gel HPK with a 20 min 

gradient of O-208 MeOH in CHCl3 and 3lP NMR (Fig. 1). d(ApG) Sp-isomer 9 displayed Rt = 8.20 min, and 

a chemical shift of 32.60 ppm; the Rp-isomer 10 showed Rt = 7.40 min, and a JIP shift of 32.40 ppm. 

The yield of the coupling was determined by measuring the DMT absorption at 504 nm (100 pmoYg, 

71%), while the yield of mnkiple precipitations of PEG was 85%. The ma&on was carried out in solvents 

other than THF, such as CH3CN, DMF, and pyridine. In the latter threz solvents, coupling was slow, with very 

little yield by 3 hours, and aoncomitant racemization of the monomer. Therefore. the degree of stexeospecificity 

was very dependent upon the solvent used. It has aheady been pointed out that the coupling reaction must be 

fast to avoid P-epimerizatian of the monomer, which re.sult.s in racemization of the dimer.tt 

Easy purification, stereospecific coupling and high yields are fundamental necessities for synthesis of 

therapeutically useful MP digomen. PEG-supported &&&-activated coupling can be repeated until the 

required length of the MP aligomer with defined stereochemistry is obtained. It would be desirable to improve 

the ptecipitarion and coupling yields further. Despite the ticultics presented by viscosity in thii route, it 

would he even better to identify a solid support which would allow ste~~~~specific automated solid phase 

synthesis. 
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