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DROGENPHOSPHONATES VIA PHOSPHITE INTERMEDIATES 
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Abstract: Evidence will be presented to show that the monofunctional phosphitylating reagents 
bis(N,N-di-ethylamino)chlorophosphine and salicylchlorophosphine are very effective 
for the preparation of 5'-O,N-protected d-nucleoside-3'-hydrogenphosphonates. 

The possibility of a H-phosphonate function toserveas a source for the introduction of 
1 

a 3'-5'-internucleotidic linkage was reported for the first time by Todd et al. . This prin- 

ciple was explored further in more recent studies by several other groups. For instance, Hata 

et al. 
2 

introduced a 3'-5'-phosphodiester linkage by coupling the d-nucleoside-3'-phosphonate 

4 [B=T; R1=4,4'-dimethoxytrityl (DMTR)] with a 3'-O-protected d-nucleoside by employing oxi- 

dative phosphorylating conditions (i.e. 2,4,6-tri-isopropylbenzenesulphonyl chloride in the 

presence of 2,2'-pyridinyl disulfide). Garegg et al. 
3 

and, more recently, Matteucci et al. 
4 

accomplished the same goal by condensing 4_ (B=T; Rl=DMTR) with an incoming d-nucleoside, in 

the presence of an appropriate condensing reagent [i.e. diphenylchlorophosphate3 (Todd's rea- 

gentl) or, more effectively, pivaloyl chloride4], to afford an intermediate 3',5'-internucleo- 

tidic H-phosphonate bond. The latter can easily be oxidized5 (iodine/water/pyridine) to give 

the required phosphodiester linkage. It is also interesting to note that a H-phosphonate 

function can be used for the preparation of valuable phosphodiesters6 or modified phosphona- 

tes7 (i e . . phosphorthioates). 

The above shortly summarized findings show that H-phosphonates of nucleosides are ver- 

satile intermediates for the preparation of nucleic acids derivatives. However, a reliable 

and economical route to the synthesis of hydrogenphosphonate derivatives of nucleosides has, 

to our knowledge, not yet been published*. 

We now report a general and simple method for the preparation of this type of compounds 

using the monofunctional phosphitylating reagents 2b and 5. 

In a previous paper' we showed that phosphitylation of l_ (B=T; 
1 

(R2=iPr) yielded intermediate ?, [B=T; 

R =DMTR) with reagent 2," 

Rl=DMTR; R2=isopropyl (iPr)]. The latter could then be 

converted by acidolysis (HOAc/H20) into the 3'-phosphonate i (B=T; Rl=H). This approach is 

however not completely satisfactory: removal of the DMTR-group occurs and the rate of hydro- 

lysis of the bis(N,N-di-isopropylamino)phosphine function to give 4_ (B=T; Rl=H) is rather 

slow (total reaction time is 8 h at 2O'C). In order to eliminate these shortcomings we prepa- 

red the sterically less hindered reagent 2,b 
10 

and observed that intermediate 3 11 (B=T; R2= 

Et) could be converted, within a reasonable short time and without concomitant release of the 

DMTR-group, into the 3'-phosphonates f?. For example, the preparation of +_ (B=T; Rl=DMTR) was 

performed as follows. To a solution of 2 (B=T; Rl=DMTR; R2=Et, 1 mmol) in dry dioxane (5 ml) 

was added dry acetic acid (6 mmol). Monitoring of this step by 
31 

P-n.m.r. spectroscopy indi- 

cated12 that the replacement of the diethylamino by acetyl groups was complete within 1 h at 
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Table: Yields and other relevant 

Starting 
a) 

Yield (W) of 2 

product !, via Method 

A or B 

B=T a7 88 

B&o1 86 90 

B=Ab= 85 91 

B..GProP 
dpc 

91 90 

data on the synthesis of A. 

3lp-NMRb) 1R-NMRc) 

data of 4 data of 4 

P-He) Hl' - OMe 

2.08 6.75 6.38 3.96 

1.96 6.74 6.24 3.90 

1.99 6.79 6.53 3.72 

1.93 6.74 6.44 3.81 

Rf-valuesd) 

of 4 

0.50 

0.44 

0.36 

0.56 

a ‘The exocycZic amino functions of C and A are protected with the 2-methyZbenzoyZ (toZ) and 
benaoyZ fbsl groups, respectivety. The Z-amino and O&mide functions of G are protected 
with the propionyz (prop) and diphenyZcarbwnoyZ fdpcl groups, respectivezy [see T. Kamimura 
et aZ., Tetrahedron Lett., 27, 2775 1198311. 

5) ChemicaZ shifts are given in p.p.m. relative to the externat standard H3P04. 

“SoZvent: CDCZJ/CD~OD; internaz standard TMS; 200 MHz (NMRI. 
d) Mobile phase: MeOH/EtOAc; 15:85, v/v. Stationary phase: siZaniaed silica gel RP2 (Merck). 
e) A PH coupling constant of approximately 636 Hz was observed for alZ four H-phosphonate 

derivatives. 

R’O 
y(R2)2 

Cl-P-N(R2), 

_2a:R2= iPr. 

OH b:R2 =Et. 0-;-N(R212 

1 N(R2)2 
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2 

10 HOAc 

2* C6li5N / Ii20 
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2O'C. The intermediate thus obtained was treated withexcesspyridine-waterandleftfor 10 min 

at ZO'C. Work-up of the reaction mixture, and purification by column chromatography using si- 

lanized silica gel l3 as the stationary phase, gave homogeneous 4_ (B=T; Rl=DMTR). Yields and 

other relevant data on the synthesis of d-nucleoside-3'-phosphonates 4 are recorded in the 

Table. It can be seen that the three-step route (Method A) described above affords the requi- 

red compounds in a good yield. Despite these favourable results we felt the need to develop a 

method in which the H-phosphonate function could be introduced fast and under almost neutral 

conditions. The accomplishment of such a process would eliminate the acid-hydrolysis step and 

thus make this method more generally applicable. 

A critical survey of the literature revealed that 2-chloro-5,6-benzo-1,3,2-dioxaphospho- 

rin-4-one (salicylchlorophosphite) 5_ might fulfil the demands formulated above. The easily 

accessible and crystalline reagent 2 was synthesized almost one century ago by Anschiitz et 

a1.14, and its structure and fundamental chemistry was established and further corroborated 
15 

by Young . On the basis of this information we decided to treat a solution of ,l_ (B=T; R1= 

DMTR, 1 mmol) in dioxane (3 ml) and pyridine (1 ml) with a slight excess of 5 (1.0 ml of a 

1.25 M stock solution of 2 in dioxane). TLC-Analysis, after 5 min, revealed 
1% 

complete con- 

version of l_ into a product with zero mobility. Water was now added to the reaction mixture 

which was further worked-up and purified as mentioned before for the preparation of 4 via 

Method A. Compounds ,4_ thus obtained were identical ( 
31 

P- and ll-l-n.m.r. spectroscopy) with ,4_ 

prepared according to Method A. Further, the good recoveries of A, prepared via Method B 

(see Table), indicate that this approach may be a convenient and general route to the synthe- 

sis of compounds containing a H-phosphonate function. At present we are studying in detail 

the application of the above described methods towards the preparation of glycophosphates 
17 

18 
and nucleopeptides . 
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