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TRIFLUOROMETHYLPHOSPHINYL BIS-TRIAZOLIDES IN THE SYNTHESIS
OF TRIFLUOROMETHYLPHOSPHONATE ANALOGUES OF NUCLEOTIDES

G.Michael Blackburn* and Mao-Jun Guo,
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Abstract. The bis-triazolide of trifiuoromethylphosphinic acid is prepared from trifiucromethyi-
phosphorous dibromide, CF;PBr,, and reacted in situ with alcohols. The resulting triazolo-
monoesters are efficiently hydrolysed and oxidised to give trifiucromethylphosphonate monoesters,
as shown for the nucleotide analogues adenosine 5'-O-trifluoromethylphosphonate and
2'-O-deoxythymidine 3'-O-trifiuoromethylphosphonate, novel nucleotside esters having a
trifluoromethylphosphoryl function.

Phosphonates have been widely used as analogues of biologically important phosphate esters.! In particular,
alkylphosphonate esters of nucleosides are generally more stable to nucleases and exhibit higher cell-
permeability.2 The advantages of a-CFs and a-CFH groups in phosphonates have been linked to their isosteric
and isopolar character as replacements for neutral oxygen3 and Bergstrom has recently made useful advances
with difluoromethylphosphonate analogues of dinucleoside phosphates.# We are seeking currently to employ
trifluoromethylphosphonate esters, CF3P(O)(OR)2, as non-ionic analogues of phosphates as they have the
maximum isopolar character of any phosphonate in relation to phosphate diesters. Such nucleotide analogues
are anticipated to be more labile to hydrolysis and might well be hydrolysed with P-C cleavage to give
phosphate diesters after passage across the cell membrane. In a parallel study,3 we have made some progress
using (N,N-diethylamino)triflucromethylphosphorous bromideS to generate nucleoside phosphonamidites.
However, hydrolysis of the trifluoromethylphosphonamidates derived by oxidation unexpectedly results in P-O
cleavage in addition to the desired P-N cleavage. In the present work we describe the successful synthesis of
3’-deoxythymidyl and 5’-adenosyl esters of trifluoromethylphosphonic acid.

Classically, Haszeldine” made CF3P compounds from a bomb reaction involving red phosphorus,
iodotriflucromethane, and iodine, which gives mixtures of (CF3)sP, (CF3);P1, CF3Pl7, and other species in
rather poor yield. - Burton has prepared CF3P(O)(OEt)2 from CF3l and (EO)P by a photochemical reaction.8
More recently, Ruppert described the reaction between trifluoromethyl bromide, hexaethylphosphorous
triamide, and phosphorus trichloride in diethyl carbonate, which gives tetraethyl trifluoromethylphosphorous
diamide, CF3P(NEt2)2. He further transformed this product (1) into the monobromide CF3P(NEt2)Br (2), in
which the bromine can be replaced by alcoholysis to give trifluoromethylphosphorous (111) monoester mono-
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amides, CF3P(NE2)OR. Here we report? the use of CF3PBr2 (3), readily preparedS from (2), in the synthesis
of trifluoromethylphosphonate esters of nucleosides, CF3P(O)(OR)OH.

Trifluoromethylphosphorous dibromide, CF3PBr3 (3), is accessible with difficulty from the exchange
reaction between CF3P12 and AgBr.10 We have therefore prepared CF3PBr2 (3) conveniently and in improved
yield (50%) through the reaction of CF3P(NEtg); (1) with excess PBr3, based on the work of Ruppert.6 The
trifluocromethylphosphorous dibromide (3) can then be converted into the trifluoromethylphosphorous bis-
triazolide (4) and coupled to nucleosides in sifi without separation (Scheme 1).

NEt2 i /Br i N=-N
2PBry + FC—R ~ ———» FC—R ———> FLC—R
NEt; Br N-—-N
(1) @3) ) k »
N
SCHEME 1 Reagents: i, 150-170°C; ii, 1-H-triazole / EaN

In a typical experiment triazole (1.1 g, 16 mmol) and triethylamine (2.5 ml, 17.8 mmol) were dissolved in
dry dioxane (50 ml) and cooled with ice until solid dioxane appeared. Trifluoromethylphosphorous dibromide,
CF3PBr; (2.08 g, 8 mmol), dissolved in dry dioxane (50 ml), was then added under nitrogen over 30 min and
the reaction stirred at room temperature for 2 h. The precipitate of triethylammonium bromide was filtered off
under nitrogen to give a solution of trifluoromethylphosphorous bis-triazolide (4) in dioxane.
5-0-Dimethoxytrityl thymidine!! (5) (1.1 g, 2 mmol) dissolved in dioxane (100 ml) was then added dropwise
to a solution of (4) (2.0 mmol) in dioxane (50 ml). After this addition, the reaction mixture was stirred at room
temperature overnight to complete the formation of the monotriazolide intermediate (6) (Scheme 2). Hydrolysis
of the triazolide (6) was accomplished by the addition of water and was immediately followed by oxidation with
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Reagents: i, FsCP(CoHoN3),; i, H,O; iii, #BuOOH; iv, 80% AcOH; v, separation.
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tert-butylhydroperoxide12 to convert the intermediate H-phosphinate into the trifluoromethylphosphonate (7).
The prowechve S -timeinoxywipnh group was removeh oy ‘wedunens wilh Wfe THOAT @ ToUID WwmpErsruae
overight (Scheme 2). The crude product was then neutralised to pH 8.8 and twice chromatographed on DEAE
Seppnagex A-D using a viéinyiammoriium ‘icaivonde gratient 10 give ine 2 -aeoxyinynitay: iiituoro-
methylphosphonate esters as triethylammonium salts, seen by 31P NMR (101.25 MH2) as a mixtrure of two
esters each showing a quartet peak at 3p -4.40 ppm (Jpr 108.3 Hz) and 3p -3.35 ppm (JPF 107.5 Hz) respt.
This mixture was finally purified by semipreparative C-18 reverse phase chromatography using acetonitrile
(6 %) in ammonium bicarbonate (0.1 M). The first component eluted was (8) (51 % yield from (8)) while the
second proved to be 2'-deoxythymidine 5'-O-trifluoromethylphosphonate (9) (33 % yield from (5)) as shown
by analysis of the proton-coupled 31P NMR signal.13 Compounds (8) and (9) were individually characterized
by FAB-MS, by H and 19F NMR, and by proton-coupled and -decoupled 3P NMR. {This apparent migration
of the triftuoromethyiphosphory? residue from the 3°- to the 5°-oxygen is unexpecied dut appears io de genuine
since it was not possible to detect either 3'-O-dimethoxytrityl-2'-deoxythymidine or free 2’-deoxythymidine in
the starting material (5).]

Application of the same methodology to 2°,3’-O-isopropylideneadenosine (10) provided the triazolyl-
triffluoromethvlphogphonite (11) which on hvdrolvsis and oxidation’? with -BuOOH gave the desired 2°.3-0-
isopropylideneadenosine 5°-trifluoromethylphosphonate (12) in 52% yield. Unexpectedly, our attempts to
remove the protecting group using 80% acetic acid led to recovery of unchanged (12) admixed with a trace
amount of a byproduct (2.6 %), which was separated and characterised as the phosphorofluoridate (13)
(Scirnn 3. TR G niten RETARR S 4T oy frine G R AfwrRanteir Trom (1L, sikh
a process seems very improbable under the conditions employed and other possibilities are under exploration].
However, the hydrolysis of (12) using 10% AcOH at 95 “C for 1.5 h14 provided the desired analogue of AMP
(14) in 95 % yield.

Scheme 3 NH, NH,
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Reagents: i, CFaP(CaHoN3)y; i, H20; iii, #BuOOH;  iv, 80% AcOH; v, 10% AcOH.

Finally, we note that the monotriazolide P(III) species (6) and (11) generated in this work are close
relatives of the intermediates used in P(III) oligonucleotide synthesis while reagent (4) or its bis-tetrazolide
congener might well in future be developed for the synthesis of deoxyoligonucleotides, especially enabling the
introduction of a triflucromethylphosphonate residue at a specified position. ‘
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