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Abstract: Simple and efficient synthesis of a new H-phosphonothionylating reagent, 9- 
fluorenemethyl H-phosphonothioate, was developed. The synthetic utility of the reagent 
has been demonstrated in the preparations of nucleoside H-phosphonothioate, nucleoside 
phosphorothioate, and nucleoside phosphorodithioate monoesters. 
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Owing to their favourable chemical and enzymatic properties, oligonucleoside phosphorothioate I and 

oligonucleoside phosphorodithioate 2 analogues are in focus of pharmaceutical sciences as potential antisense and 

antigene therapeutics 2,3. 

To expand synthetic methodologies available for the preparation of these types of compounds 4-6, we have 

recently developed an efficient synthesis of nucleoside H-phosphonothioate monoesters 7 and showed, that these 

compounds, after conversion to H-phosphonothioate diesters in the chlorophosphates promoted 

condensations 8,9, provide a convenient entry to nucleoside phosphorothioate, phosphorodithioate and 

phosphoroselenothioate analogues. 

Since H-phosphonothioate diesters are useful synthetic intermediates for the preparation of phosphate 

analogues difficult to obtain by other routes 9-11, we have been searching for a H-phosphonothionyl group- 

transferring reagent, which would make this methodology even more versatile and efficient. Our primary goal 

was to develop an alternative method for the synthesis of nucleoside H-phosphonothioates 7 and to provide an 

easy access to phosphate monoesters analogues, namely, to nucleoside phosphorothioates and nucleoside 

phosphorodithioates 12. Having at hand an efficient method for the formation of H-phosphonothioate diesters 

from the corresponding monoesters 8,9, as a viable approach we considered to use an alkyl H-phosphonothioate 

monoester with a 13-eliminating group as an H-phosphonothionyl transferring reagent. The procedure would 

thus consist of generating a nucleoside alkyl H-phosphonothioate, from which the corresponding nucleoside H- 

phosphonothioate, nucleoside phosphorothioate, or nucleoside phosphorodithioate may be produced after 

further chemical transformations. 
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Among various alkyl H-phosphonothioate monoesters investigated for this purpose, the most promising 

appeared to be 9-fluorenemethyl H-phosphonothioate 313. The 9-fluorenemethyll2,14,15 offers several 

advantages as a phosphate (or phosphonate) protecting group. It is a lipophilic, UV2s 4 absorbing moiety, that 

provides a convenient handle for the purification and the detection of corresponding derivatives, and a possibility 

of its I]-elimination removal minimizes "wrong-breakdown" during the final deprotection step. 

For the preparation of the reagent 3, we have designed a synthetic scheme based on the method 7 

previously developed in these Laboratories, that makes use of commercial available products (Scheme 1). The 

efficacy of this approach was evaluated by condensing 9-fluorenemethanol (1) (2.0 equiv.) and 

triethylammonium phosphinate (1.0 equiv.) in the presence of pivaloyl chloride (PV-C1, 1.5 equiv.) in pyridine. 

The 3lp NMR spectroscopy indicated (spectrum after 3 rain.) a smooth formation of the expected intermediate 2 

(81, --- 15.70 ppm, lJHp = 566.4 Hz, 3JHp = 7.9 Hz, tt), which upon addition of sulfur (3.0 equiv.) produced 

the H-phosphonothioate 3 (8/, = 57.44 ppm, 1JHp = 581.1 Hz, 3JHp 9.2 Hz, dt). Since all the steps proceeded 

very cleanly, we tried to further simplify the preparation of 3 and carried out the synthesis depicted in Scheme 1 

as a four-component reaction. To this end 9-fluorenemethanol 1, Iriethylammonium phosphinate, and sulfur 

were allowed to react in the presence of PV-C1 using the above stoichiometry. After ca 10 min the 31p NMR 

spectrum revealed that H-phosphonothioate 3 was formed in a yield >95%. This procedure was used for the 

preparation of fluorenemethyl H-phosphonothioate 316 on a large scale (10 mmol). The reagent 3 produced in 

this way can be stored for several months (in a refrigerator) without noticeable decomposition. 
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The usefulness of 3 as a H-phosphonothionyl-transferring reagent was assessed in reactions with 3'-O- 

benzoylthymidine 4 as a representative nucleosidic acceptor (Scheme 2). Since H-phosphonothioate diesters of 

type 5 in neat pyridine are prone to the ligand exchange process 8, the coupling reactions were performed in 

methylene dichloride containing a limited amount of pyridine (10 %, v/v). Under these experimental conditions, 

using diethyl phosphorochloridate (2.5 equiv.) or PV-CI (1.2 equiv.) as a condensing agent, the reaction of the 

nucleoside 4 with the reagent 3 (1.2 - 1.5 equiv.) went to completion in less than 3 rain to produce the mixed H- 

phosphonothioate diester 517 (Sp = 72.12 and 71.36 ppm, 1JHp = 660.4 and 662.9 Hz, 3JHp = 8.6 HZ, dq) as a 

sole nucleotidic product. 

The intermediate $ can be isolated (if so desired) or may be used in situ for further transformations TM. 

Depending on the reaction conditions and type of reagents used, the H-phosphonothioate 5 can be converted into 

other synthetically or biologically useful compounds. Thus, a treatment of 5 with triethylamine in anhydrous 

acetonitrile (1 :4 ,  v/v) during 20 min quantitatively produced the nucleoside 5'-H-phosphonothioate 619 (8/, = 

55.15 and 54.94 ppm, lJHp = 577.4 and 574.4 Hz, 3JHp = 7.3 Hz, dt). Alternatively, oxidation of 5 with 12 

(1.5 equiv) in pyridine-water (98:2, v/v) afforded rapidly (< 3 rain) the phosphorothioate diester 7a (Sp = 60.58 

and 60.18 ppm, 3JHp = 7.4 and 6.5 Hz, q) as the sole product. The 9-fluorenemethyl and benzoyl groups were 
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removed from 7a simultaneously by treatment with pyridine - 33% aqueous ammonia (1:1, v/v; RT, 24 h) to 

produce the thymidine 5'-thiophosphate 7b 2° (Be = 47.77 ppm) in 84% yield. 
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Treatment of the H-phosphonothioate 5 with sulfur (3 equiv.) in methylene dichloride contaimng 

lutidine 21 (10%) furnished a clean formation (1 h) of the phosphorodithioate 8a (~p = 113.80 ppm), which was 

isolated in 91% yield 22. Removal of the protecting groups from 8a with pyridine - 33 % aqueous ammonia ( 1:1, 

v/v; RT, 24 h) afforded the desired nucleoside phosphorodithioate 8b (Sp = 87.86 ppm) as a predominant 

product (80 %, 31p NMR spectroscopy), but the reaction mixture also contained dithiophosphate, thymidine 

(TLC), and the nucleoside phosphorothioate 7a 23. Since phosphorothioate monoesters are less stable than their 

oxygen congeners 24,25, we assumed that instability of phosphorodithioate monoesters observed by us and 

others 12,26 is probably due to the ease of generation of dithiometaphosphate in general acid catalyzed reaction. 

Indeed, when instead of ammonia 0.1 N NaOH (5 equiv.) was used for the deprotection of 8a, a considerable 

improvement in stability of the produced phosphorodithioate 8b was achieved 27. 

In conclusion, the new reagent, 9-fluorenemethyl H-phosphonothioate 3, provides a new and efficient 

entry to a synthetically important starting material, nucleoside H-phosphonothioates, and to phosphorothioate 

monoester analogues, which are difficult to access by other routes. The reagent is a stable solid, with good 

solubility in organic solvent, and it can be prepared in "one pot" reaction on a large scale from commercially 

available materials. 
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