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Abstract. The UV irradiation of a mixture of (EtO)2POP(OEt)2 and I(CF2),l (n = 3,4, 6) or
I(CF2)aP(O)(OEt)2 (n = 1, 2) results in the corresponding bisphosphonites or mixed phosphonite-
phosphonates, respectively, which on oxidation by Me3COOH afforded the perfluoroalkylidene-a,w-
bisphosphonates in 64-77% isolated yields.

Recently, fluorintaed bisphosphonates have gained attention because of their potential as analogues of
biologically important pyrophosphates,! and as chelating agents in bone resorption studies.2 Fluorinated
bisphosphonates are also precursors for the corresponding bisphosphonic acids which may find application as
fuel cell electrolytes3 since fluorine substitution imparts increased hydrolytic stability as well as oxygen
solubility. The synthesis of (RO)2P(O)CF2P(0)(OR)2 (R = Et, i-Pr) has been described.4 Formation of
(EtO)2P(O)CF2CF,P(O)(OEt); as a by-product in the addition of (EtO)2P(O)CF2Br to various alkenes has
been reported.5  Recently, we reported the preparation of novel fluorinated bisphosphonates,
(ROYP(O)(CF2)nP(0)(OR)2 (R = Et or i-Pr, n = 2, 3, 4, 6) via thermally induced radical reaction and metal-
mediated reductive coupling.6 Herein, we report a new method for the synthesis of a series of
perfluoroalkylidene-o,c0-bisphosphonates, (RO)2P(O)CF2),P(O)(OR); (R =Et, n=1, 2, 3, 4, and 6) via a
photochemical approach, in good yields from readily available starting materials.

In 1981, Kato and Yamabe reported the synthesis of F-alkylphosphonates via the thermally induced
reaction of tetraethylpyrophosphite and Rl (R = CgF13, C4F9, (CF3)2CF ) in the presence of Me3COOCMe3
in CF,CICFClp.7 We have found that perfluoroalkylidene-o,@-bisphosphonates could also be obtained from
tetracthylpyrophosphite and the corresponding I(CF2)ql (n = 3, 4, 6) via Kato-Yamabe procedure; however
the yields of the bisphosphonates were low and the formation of significant amounts of the by-products,
(Et0)2P(0)(CF2)sH and (EtO)2P(0)(CF2)gl, could not be avoided.6 Also, the procedure involves heating
the reaction mixture containing peroxide at elevated temperature. An alternative procedure reported, metal
mediated reductive coupling of iodophosphonate, involved the use of toxic cadmium.6 The procedure
described here involves neither heating a peroxide at high temperature nor the use of a toxic metal. Also,
yields of the target bisphosphonates are higher than previously reported.

When a degassed mixture of tetracthylpyrophosphite and I(CF;),I {n = 3, 4, 6} (in 3 to 1 ratio) was
irradiated at 254 nm at ambient temperature for 15-17 hours, the corresponding mixed P! intermediate,
perfluoroalkylidene-o,w-bisphosphonite (I) was formed. I was not isolated but identified by 19F and
31p(1H} NMR spectral analyses; subsequent oxidation of I with Me3COOCMe3 afforded the desired
bisphosphonates, (EtO)2P(0)(CF2),P(O)(OEt); {n = 3, 4, 6} in 66-77% isolated yield (Scheme I). The
bisphosphonates (3, 4, 5) gave the same physical and spectral (1F, 31P{1H), IH and MS) data, as reported
in our previous work.6
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Bisphosphonates containing one and two difluoromethylene groups could be readily prepared by irradiation
of tetraethylpyrophosphite and the corresponding iodophosphonate, (EtO)2P(0)CF2I6 and
(EtO);P(O)CF,CF,l 8 respectively; the resultant PIII-PV intermediate (IT) (Scheme II) on oxidation afforded
the corresponding bisphosphonates (EtO);P(O)YCF2P(O)(OEt)2 (1) (65%) (EtO),P(O)CF2CF2P(0)(OEt); (2)
(64%). 1 and 2 exhibited the same physical and spectral data as reported previously 4.6
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Irradiation of a degassed mixture of tetraethylpyrophosphite and ICF,CF2l resulted in F2C=CF2 only.
This photochemical conversion can be conveniently carried out in glass or quartz vessels. The reduced
product, (EtO)2P(O)(CF2)nH, formed via this procedure is only (~2-3%) (identified by 1F and 31P{1H}
NMR analyses) which can be readily removed under reduced pressure from the product. This procedure is

more convenient and yields are higher than reported earlier via thermally induced radical reaction or metal
mediated reductive coupling.6
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Table I. Fluorinated Bisphosphonates via Photochemical Reaction

1 (EtO),P(O)CF,I + 1 (EtO),POP(OELt), 1 (65%)
1 (EtO),P(O)CF,CF,l + 1 (Et0),POP(OEt), 2 (64%)
1 (CFp);1 + 3 (Et0),POP(OEt), 3 (75%)
1 (CFy),l + 3 (Et0),POP(OE1), 4 (66%)
1 I(CF,)¢] + 3 (E10),POP(OEt), 5 (77%)

*yields based on the corresponding iodophosphonate or a,w- diiodide

A representative experimental procedure is as follows: A degassed mixture of I(CF2)4l (4.54 g, 10 mmol)
and (EtO)2POP(OEt)2 (7.74 g, 30 mmol) in a quartz Rotaflo tube (~50 mL capacity) was irradiated (254 nm,
Rayonet Photochemical Reactor) at ambient temperature for 15-17 hours. DMF (10 mL) was added to the
resultant reaction mixture and the solution was transferred to a 100 mL round-bottomed flask equipped with
an addition funnel, nitrogen tee, and a magnetic stir-bar. The flask was cooled by an ice/salt bath (-20°C) and
Me3COOH (60 mmol) in 25 ml. MeOH was added drop-wise to the stirred reaction mixture, over a period
~1h. After complete addition, the reaction mixture was stirred for an additional 30 minutes at this temperature,
and volatiles were removed under reduced pressure (0.5 mm Hg). The residue was poured into water (~150
mL); the crude bisphosphonate separated as a lower layer {except for (EtO),P(O)CF2P(O)(OEt),; in this case
the residue was extracted with 125 mL CH>Clz}. The water layer was extracted with 25 mL CH2Cly; the
combined CH2Cl; extracts was washed with 20 mL Hy0, dried (MgSO4), and concentrated on a rotary
evaporator. The residue was chromatographed (silica gel column, 1:1 ethylacetate-hexanes) to afford 3.0 g of
(EtO)2P(O)(CF2)4P(O)(OE)2 (4) (66% yield) which exhibited the same spectral data as previously reported.b

In summary, a simple, practical synthesis of perfluoroalkylidene-o,®-bisphosphonates,
(EtO)P(O)(CF2)nP(O)(OEY)2 {n = 1, 2, 3, 4, 6}, from readily available starting materials vig photochemical
reaction is demonstrated.
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