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ABSTRACT: 5'-0-Dimethoxytrityl deoxyribonucleoside 3 '-0-phosphorbisdiethylamidites were prepared 
by the selective phosphitylation of 5'-O-dimathoxytrityl daoxyribonucleosides with 
tris(diethylaminolphoaphine in the presence of amine and tetrazole as catalyst. The bisamidites 
activated by p-nitrophenyltetraeole can be coupled efficiently with 5'-hydroxyl group of 
nucleoside on a solid support. Oligodeoxyribonuclsotides were obtained in high yields. The 
phosphorcdiethylamidate linkage was obtained by non-aqueous oxidation using 
tert-butyl hydroperoxide of the phosphordiethylamidite formed after the coupling. 

Recent developments of the phosphite approach based on phosphoramidite chamiatryll enable us 

to synthesize biochemically useful DNA fragments in a reasonable time without tedious efforts. On 

the other hand, hydrogen phosphonate chemistry 2, has proven to be useful for generating a variety 

of modified internucleotide linkages such as phosphorothroate3) and phosphoroamidates.3r41 Recent 

reports have shown that the alternative method utilizing deoxyribonucleoside 

3'-0-phosphorbiawwpholidite5l and diisopropylamidite61 as new class of intermediates can be 

adapted to the synthesis of oligodeoryribonucleotides51 and their phosphotrieater51 and 

phosphorodithioate analogs.61 

be describe here the simple preparation of this type of intermediates, which can be 

successfully achieved by the selective reaction of the protected deoxyribonuclaoside with 

tris(dialkylaminolphosphine as a phosphrtylating reagent. Utilities of these intermediates are 

demonstrated in the solid-phase synthesis of oligodeoxyribonuclsotides and their phosphormamidate 

analogs. 

RESULTS AND DISCIJSSIONS 

We have expscted that the selective phospbifylation Of 5'-O-dimethoxytrityl 

deoxyribonucleoside with tris(dialkylaminolphosphines under appropriate conditions could bs 

adaptsd to the simple preparation of deoxyribonuclaoside 3'-O+osphorbisdialkylanidite in situ. 

For this purpose, tris(diethylaminolphosphine and tris(morpbolino)phosphine were prepared by the 

reaction of PC13 with appropriate amines. It wa* found that the former reagent is particularly 

stable under the normal laboratory conditions. 

The phosphitylations of 5'-O-dimathoxytrityl thymidine (Ial with tris(diethylamino&hosphine 

(eguiv) were carried out in the presence of various amounts of tetraeole as a catalyst. In these 

phosphrtylations, the high selectivity to give the bisamidite(IIa) could not be achieved and a 
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Table 1. Effect of amines on the selective preparation of 
5'-0-dimethoxytrityl thymzdine 3'-0-phosphorbuxdlethylamldlte. 

Catalyst Yield of IIa(0) Yreld of IIIa(%) 

tetrazo1e 71.5 25.9 
tetrazole-dlekhylamlne 97.9 1.0 
tetrazole-dusopropylamine 98.5 0.5 
tetrazole-morpholine 65.7 1.22 
tetrazole-pyrldine 96.2 3.8 
tetrazole-triethylamlne 93.4 2.3 

The reaction of 5'-O_dlmethoxytrltyl thymidine Ia with 
tris(diethylamlno)phosphIne(equlv) was carried out at room 
temperature for 15 tin in the presence of tetrazole and 
aminecequivs to the phosphine). The mixture w.ss treated 
wrth excess tetrazole in CH3CN/H20(9:1, v/v) and then the 
products were analyzed by h.p.1.c. 
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Figure 1. 
31 

P nmr spectra of 5'-0-dlmethoxytrityl deoxyrlbonucleoside 3'-0-phosphorbls- 
diethylamrdltes; 1) IIa 2) IIb 3) IIC 4) IId. 
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conslderable amount of the unwanted monoamldlte(IIIa) was formed. 0" the contrary, the 

selectlvlty was slgnlflcantly unproved by addltlon of arunes to thzs system as show" I" Table 1. 

Dlethylamlne and dusopropylamlne were found to be most satisfactory. 31P "mr spectra of 

deoxyrlbonucleoslde phosphorblsdlethylamldltes(IIa-d) synthesxed using tetrazole(equv) and 

diethylamlne(equlv) as catalyst are show" in Plgure 1. In all cases, the maxn peaks(133.5 ppn, 

133.6 ppn, 134.5 ppn, 133.6 ppa) due to IIa-d, respectively, were observed together with nunor 

peaks from the hydrolysis products. There remalnsd no trace amount of the phQsph1ty1at1ng reagent 

and only a little amount of IIIa-d(appeared at 146.8 p&m, 147.3 ppn, 146.7 ppn and 145.8 ppm, 

respectively). These results clearly lndlcate that the blsamldltes (IIa-d) thus obtalnsd can be 

used wlthout purlflcatlon for the solld-phase synthesis of oligcdeoxyr~bonucleot~des. We have 

done the same experunents by using trls(morphollno)phosphlne and found that this phosphitylatlng 

reagent 1s dlfflcult to be handled because of Its hygroscoplc character. 

Utlllty of all four blsamldltes(IIa-d) 1s demonstrated I" the synthesis of dCCTAGCTAGG on the 

solid support. Prellmlnary experiments showed that the amine used I" the phosphltylatlon should 

be removed and p-nltrophenyltetrazole IS useful for the efflclent coupluxg of IIa-d. The 

synthetic cycle contains a coupling reactlo" of 0.1 M IIa-d and 0.1 M p-nltrophenyltetrazole I" 

dry acetonltrlle(3 nun), a hydrolysis reactlon using 0.5 M tetrazole I" acetonltrlle and 

water(4:l. v/v)(l ml"), and dunethoxytrltyl deprotectlon using 3 % dlchloroacetlc acid I" 

dlchloromethane(l.5 ml"). With this procedure, avarage coupling yield was estunated to be 97% 
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Figure 2. H.p.l.c.(Cosmosll SC -300) analysis of crude reactlon mixture from 
preparation of dCCT&TAGG. 
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based on dlmethoxytrltyl catlo" test.l) After the end of cycle, the loaded support was treated 

wrth lodlne and water, followed by cont. ammonium hydroxide U-I an usual manner. The product wa8 

analyzed by h.p.1.c. whxh 18 shown in Figure 2. The chrcmatcqraphic profile shows that all 

reactions in the synthetic cycle proceed efficiently. The product is identical on h.p.1.c. and 

silica gel t.1.c. to the authentx! oligomer synthesized by @-cyanoethylphosphoramidite chemistry') 

and completely degraded by snake venom phosphodiesterase. 

Another possibilities of our approach Involve the synthesis of oligodeoxyrlbonucleotides 

possessing modified backbone. We have synthesized thymldine tetramer containing two 

phosphodlesters and one phosphorodiethylamidate bond at the 5'-side(:fiyTpT). The phosphodiester 

linkage was generated by using @cyanoethyphosphoramldite chemistry.') The phosphoroamldate was 

obtalned by modification of the synthetic cycle described above. After the couplrng of IIa, the 

non-aqueous oxidation using tert-butylhydroperoxide(5 minJ8) was carried out Anstead of the 

hydrolysis. In this synthesis, the each coupling yield exceeded 99 %. The product was released 

from the support by treatment with cont. ammonium hydroxide. Figure 3a shows the h.p.1.c. of 

the tetramer. Two mayor peaks were appeared at the different position from that of (Tp)3T 

containing all dlester bondsg) shown XI Figure 3b. Both products separated by h.p.1.c. were 

completely digested by snake venom phosphodiesterase to give the same products of pT and 

dlthimidine linked by the phosphorodlethylamldate III a molar ratio of 2:l. These results indicate 

that the non-aqueous oxidation of the amrdlte proceed smoothly glvlng two diastereolsomers due to 

the choral phosphorus. 

The further study to evaluate the potential of our approach in connection with the synthesis 

of 01 .igonucleotides having madlfxd backbone 1s now III progress. 
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Figure 3. n.p.l.c.(r-Bondapak CIS) analysis of a) TpTpTpT and b) (Tpj3T. 
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EXPHHIMSNTAL 
High-performance liquid chraPatcgraphy(h.p.l.c.1 was carried out on a Waters 600 E instrument 

using Cosmosil 5Cl8-300 co1umn(O.46x15 an)# a linear gradient of CH3CN(l%/minl starting at 3W in 
0.1 M triethylannonium acetate(pH 7.0) was used at a flw rate of 1.0 ml/min or D-Bondapak Cl8 
column(O.46~25 cm)(Watars)~ O.S\/min CH3CN linear gradient starting at 5\ CH3CN in the same buffer 
ws8 used at a flow rate of 1.5 ml/min. The chranatographic data were analized using a Naterr 11730 
Data Nodule. Silica gel t.1.c. was carried out on Kiesel gel 60 F254 plate using 
n-propylalcohol/water/ccnc. ammonium hydroxide(55:10:35, v/v). W-Vis spectra were obtained on a 
Hitachi 100-60 spactrophotuseter. 3lP nmr spactra(l61.7 NHa) were recorded on a JBOL GX-400 
inst-nt. 31P nmx chemical shifts(pp1 were reported relative to uternal 85% W3PG4. 

All solvents used heretexcept for ether) were dried by refluxing over CaH2, distilled, and 
stored over Molecular Sieves or CaH2. Ether was rafluxsd in the presence of LiAlH4 and distilled. 
5'-0-Dimethoxytrityl thy&dine, 5'-C+dimethoxytrityl ~-benzoyl daoxyadenosine, and 
5'-0-dimethoxytrityl N-beneoyl daoxycytidine were synthesized according to the 1iterature.l') 
p-Nitrophenyltetraeole was prepared by the m&hod described in the literature.ll) Nucleoszde 
loaded CPG supports were obtained from Biosearch, Inc. All other chemicals ware ccsmercially 
obtalnsd. 

Preosration g tris(diethvllaminoohosohine 
To a solution of diethylamine(95 ml, 0.9 a011 in dry ether(200 ml), PC13t12.7 ml, 0.14 mall 

in 100 ml of dry ether was added slowly under N2 atmosphere at O'C. The reaction was carried out 
for 2 h. After ramoval of the diethylamine hydrochloride, the solvent was evaporated. The 
remaining material was purified by distillation under the reduced 

F 
essure to give tha pure 

phosphmne(l4.1 g, 61.7%). B.p.=57-58% at 3 snaHg, d20-0.906, 6 (3 P nmr)=116.3 ppmtfran 858 
H3PO41. Elementary analysis for CI2H3ON3P: Found(CalcdlA~ C=58.03(58.271, H=12.49 (12.221, 
N=16.91(16.99), P=12.46(12.521. 

Premration & tris(mor~olino)~os~ine 
PC17(1.83 ml, 0.02 1~11 was added dropwise to trimethylsilylmorpholi"e121 (17 ml, 0.15 m011 

at -5'C.- The volatile materials were removed under the reduced pressure. The remaining solid was 
washed well with dry ether. The product was purified by recrystallization frcm CH2Cl2 to give the 
pure phosphlne (5.0 g, 86.7%). M.p.=160-165OC.6 t31P nmr)=114.6 p&from 85% H3W4). 

Prewration of 5'-G_dimethoxvtrrtvl daoxvribonucleoside 3'-0-phos~orbisdiethvlamidite 
All reactions were carried out at rccm temperature. To a solution of 5'-D-dimethoxytrityl 

deoxyribonucleoside(O.1 sxnoll in 0.5 ml of dry CH2Cl2, an equivalent of amine(diethylamine, 
diisopropylsmine, morpholine, pyridine, triethylamine) and a solution(0.27 ml) of 
tris(diethylamino)phosphine(O.l nmaoll in CH2C12(1:9, v/v) were added. To the mixture, 0.2 al(0.1 
mxol) of 0.5 H tetrazole solution in CH3CN was added. 

Fran the solution obtained using diethylamine , all volatile materials were carefully removed 
under the reduced pressure. The remaining solid was dissolved I" dry CH3CNf0.5 ml). This stock 
solution was used for the solid-phase synthesis. 

In order to estimate of the selectivity of the reaction, the reaction mixture was further 
treated with 0.5 ml of 0.5 M tetrasole in CHjCN and water(9rl. v/v). The products were analyesd 
by h.p.1.c. The results are shown in Table 1. It is notsworthy that this procedure is useful for 
the convenient synthesis of deoxyribonucleoside 3'-0-phosphonates. 

Svnthetlc cycle for the solid-ohase svnthesis of oliaodaoxvribonucleotides 
The solid-ohase synthesis was carried out on the CPG support by uszng the syringe 

technque.13) The chain-elongation cycle on the solid support is--as followsr -11 wash with 
CH2C12(x31, 2) detritylation with 3 \ dichloroacetic acid in CH2C12c1.5 mi"), 31 wash with dry 
CH-$N(xS), 4) 0.2 M bisamidite in CH3CN / 0.2 N p-nitrophenyltetrasole in CH3CN(l:l, V/V)(3 Ulin), 

6) hydrolysis with 0.5 t4 tetraxole in CH3CN/H20(4:1, v/v)(l mini, 71 wash with CH3CN(x3). After 
the end of cycle, the iodine oxidation(0.2 M 12 in THP/2,6-lutidine/H20, 2:2:1, v/vl(lS nin) was 
carried out. The removal of the oliganer fram the support was done by treatnent with ammonium 
hydroxide(55°C, 12h1. 

Svnthesis a thvmidine tetramer containins ohosohorcdiethvlamidate linkase 
Trrthysudine diphosphate 8-cyanoethyl ester was syntheaizq on the CPG support by using 

8-cyanoethylphosphoramidite chemistry.7) IIa prepared in the similar way described above was 
coupled with the 5'-hydroxy group of the thymidine trimer. To obtain the phosphorodiehtylamidate 
linkage, the oxidation using 1.0 H tert-butyl hydroperoxide in toluene(5 min) was carried Out at 
step 6 instead of the hydrolysis in the above synthetic cycle. Tne product was released from the 
support by using the similar way described above. 
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