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Abstract: The easily accessible and crystalline monofunctional phosphitylating reagent bis- 
(diisopropylamino)chlorophosphine has been used for the synthesis of phosphoramidites and H- 
phosphonates of d-nucleosides and, also, the formation of 3'-5'-internucleotidic phosphonate 

bonds. 

The introduction of more reliable and versatile phosphitylating reagents has made the 

phosphite-triester approach, 
1 

as originally devised by Letsinger et al. , a powerful method 

for the preparation of deoxyoligonucleotides on a solid-support. For instance, the develop- 

ment and application 
2 

of various methyl monochlorophosphoramidites of secondary amines suchas 

N,N-diisopropylamino (i.e. reagent Ia) or N-morpholino was a major breakthrough in the phos- 

phite-triester methodology. Further, the advent of a new class of phosphitylating reagents3 

(e.g. Ib), in which the protective groups at P(V) could be deblocked selectively by mild ba- 

sic hydrolysis, increased the effectiveness of the unmasking of the protected intermediate 

DNA fragments obtained by solid-support synthesis (i.e. P(V) as well as 0- and N-acyl protec- 

tive groups are removed in one step by ammonolysis). Finally, the use4 of reagent Ic enabled 

the in-situ preparation of properly-protected d-nucleoside 3'-phosphoramidites (i.e. compounds 

IV; R=Me), which play a pivot role in the solid-phase synthesis of DNA. Recently, we showed5 

that the easily accessible and crystalline reagent bis(N,N-diisopropyLamino)chLorophosphine 

(Id) could be used for the preparation of Ie, which showed to be an improvement 
6 

over the 

earlier mentioned phosphitylating reagent Ic. 

X-7-Y iI)a: X =CI;Y: N(iPrJ,; Z = OMe d: X=CI; Y :Z :N[iPr)z 

Z b: X =Cl; Y = Fyi Pd2 ; Z = OCH&H&N e: X =Y =NliPr), ; Z =OCH2CH2CN 

c: X=Y=NfiPr)2;Z=OMe f: X =Y =CI; Z =N(iPr)a 

We now report that reagent Id can be used successfully towards the synthesis of 3'-phos- 

phoramidites IV carrying different protective groups at P(III), H-phosphonates VII (R=H) and 

the introduction of 3'-5'-internucleotidic phosphonate linkages (see compound X). 

The preparation of the d-nucleoside 3 '-phosphoramidites IV was performed as follows. To 

a stirred solution of a 5'-O,N-acyl-protected' d-nucleoside II (1.0 mmol) under a blanketing 

atmosphere (N2) in dry dioxane (5 ml) containing triethylamine (1.5 mmol) was added crystalli- 

ne Id (1.2 mmol). TLC-analysis, after 20 min, indicated complete conversion of II into a pro- 

duct with a higher Rf-value. Removal of the (Et3)NHC1-salts by filtration and concentration of 

the filtrate under ~acuo afforded crude III. The latter was dissolved in acetonitrile (5 ml) 

and the appropriate alcohol (1.5 mmol) together with lH-tetrazole (0.5 mmol) was added. TLC- 
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analysis, after 30 min, showed the reaction to be complete. Further work-up and purification 

by short-column chromatography afforded homogeneous IV (see Table for further information). 

Table: Yields and other relevant data on compounds IV. 

Starting product 

II 

B=T 

*,*br 

B,Ctol 

B=Gdpa 

B=T 

B=T 

Product IV 

yield (X) 
a) 

‘I 
P-NMR data 

of IVb) 

Rf-values 

of IVC) 

75 

80 

85 

70 

73 

85 

(R=CH2CH2CN) 149.0; 148.9 0.53; 0.49 

(R=CH2CH2CN) 149.0 0.61; 0.58 

(R=CH,CH,CN) 149.3; 149.0 0.55; 0.49 
L L 

(R=CH2CH*CN) 

(R=CH2CH=CH2) 

[R=cH~c~H~(z-NO~)~ 

148.9 0.25; 0.14 

148.5; 148.2 0.60 

149.7; 149.3 0.46 

a) Based on II. 
b) Solvent CDCl 6-31P values expressed in p.p.m. relative to the external 

reference 85% H3P04. C) 

3; 

Eluens: EtOAc/CH2C12/(Et3)N, 50/45/5, v/v. 

It can be seen in the Table that the yield of IV (B=G dea ) is not as high as the yields of the 

other derivatives of IV. Analytical ( 
31 

P-NMR and TLC) data indicated that the relatively low 

yield of IV (B=G dea ) is due to concomitant phosphitylation by Id of the lactam function in 

the guaninine moiety of II (B=G dea ). 

Rb 0 B 

YJ 

+ Id 
NlEt13+ “‘0 doe 

OH 0-P-NliPrl2 0-P-N(iPrl2 
iI1) O*’ 

II111 hPr12 IV) H 

I ROH 

“0 yj _ R’OV ““Q 

&P-OR 
o* k 

6-P-N(iPr), 

bR 

&P-OH 
o* ‘OH 

(VII) IIV) (VII 

R'=4,4'-dimethoxytrityl 

Attempts to isolate key intermediate III (B=T) were, due to the extreme acid lability of the 

bis-amidite function, not successful: homogeneous III (B=T, 6-3'P 116.1 p.p.m.) could be iso- 

lated after silica gel chromatography in a yield of 30%. Treatment of in-situ prepared III 

(B=T; I mmol) in acetonitrile (5 ml) with IH-tetrazole (0.5 mmol) and water (0.1 ml) for 30 

min at 20°C gave, after work-up and purification by column chromatography, homogeneous 8 V (B= 

T) in high yield. Acidolysis of V (B=T) with HOAc/H20 (8/l, v/v) for 8 h at 20°C afforded 3'- 
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phosphonate VII8 (B=T; R=Rl=H) in an excellent yield. 

The 3'-phosphoramidites IV are, apart from suitable building units for the solid-phase syn- 

thesis of DNA, valuable starting compounds for the preparation of compounds VII (R=H). For 

example, conversion of IV (B=T; R=CH2CH2CN or CH CH=CH2), 
2 

using the same conditions as men- 

tioned for the preparation of V (B=T), afforded VII (B=T; R=CH2CH2CN or CH2CH=CH2) in a good 

yield. Removal of the 8-cyanoethyl group with n-butylamine' or the ally1 group with 

Pd[P(C6H5)314/P(C6H5)3/n-BuNH2 
IO 

afforded, after work-up, the phosphonate derivative VII (B= 

T; R=H) in an excellent yield. 

The scope of intermediate III was further illustrated by the synthesis of the DNA dimer X con- 

taining a 3'-5'-internucleotidic phosphonate linkage. The preparation of precursor IX was 

easily accomplished as mentioned above for the conversion of III into IV, to give, after 

work-up and purification, pure IX in an acceptable yield. Thus coupling of III (B=T; 1 mmol) 

with VIII (R2=benzoyl; 1.1 mmol) under similar conditions as used for the conversion of III 

(B=T) into IV (B=T) afforded, after work-up and column chromatography, pure8 IX in a yield of 

70%. The latter was quantitatively converted into X8 by the same conditions as applied for the 

preparation of VII (B=T; R=CH2CH2CN) starting from IV (B=T; R=CH2CH2CN). Dimer X thus obtained 

was oxidized (12/H20/C6H5N) followed by acidolysis (removal of R1)and finally ammonolysis (re- 

moval of R2), to yield, after DEAE-Sephadex A25 chromatography, the fully-deprotected dimer 

d-TpT, which was in every aspect - 
31 

P- and 'H-NMR spectroscopy - identical with an authentic 

sample of d-TpT. 

(III) + 

HO 

OR2 

PJlII~ 

OR2 

11X) 

In conclusion, the easily accessible reagent Id is an alternative 

traduced" bifunctional reagent If for the preparation of compounds IV 

OR2 

(Xl 

for the recently in- 

Further, the pathway 

we followed for the formation of X, starting from in-situ prepared III, may open the way to a 

12 
convenient approach towards the synthesis of DNA on a solid-support . Finally, it is inter- 

esting to note that the conversion of III into V or VII (R=H) may be regarded as a new and 

mild procedure for the introduction 
13 

of phosphate functions in organic molecules. 
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