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Abstract: Under UV irradiation (254 nm) at ambient temperature, a degassed mixture obFEXRJOEL) and RI
{Rt = CRs, CiFs, C4Fg, CsF13, (CF3)2CF, CRLCF=CF,, CICRCF,, BrCRCF,, CgFs, CICR,CFCICRCR,, I(CFy)s,
I(CFy)4, FOS(CR)4, FOS(CR).0(CF,),} affords the fluorinated phosphonite, {FROEty]. Oxidation of the
phosphonites, [fR(OEt)], with Me3sCOOH gave the corresponding fluorinated phosphonates, {E{O)R (1—
14), in 35—-80% isolated yields. GIECLLI reacts with (EtO)POP(OEL) at room tempearture in the absence of UV
irradiation to afford [CECCLP(OEtY] which upon oxidation gave a 52% yield of gEClL,P(O)(OEt} (15). The
reaction of (EtO)POP(OEt) and Rl (Rt = CICF,CF,, BrCF,CF,, C:Fs) at 125°C in the presence of MEOOCMg
and subsequent oxidation of the resultant phosphonites afforded phosph@ateand8) albeit in lower yields
(49—62%) compared to those of the photochemical reactior-8886). (ROYP(O)CFRCRl (R = Et, i-Pr) (16 and
17) was obtained (4248%) when a degassed mixture of (RP)xnd BrCLCF,l was subjected to UV irradiation
(254 nm) at ambient temperatuve a unique photochemical transformation.

Introduction

Soborovoskii and Baina prepared (EtPJO)CFH via reac-
tion of the diethylphosphite anion with chlorodifluoromethane

Phosphate esters constitute one of the most significant(eq 1)2 Later, synthesis of dialkyl (bromodifluoromethyl)-

structural entities in all living organisms, and the preparation

of a number of new phosphonates and their biochemical studies

have been reportéd. The first preparation of a fluorinated
phosphonate, (EtGF(O)CREH, was reported by Soborovskii and
Baina 37 years agb. Since then, relatively few fluorinated

phosphonates have been reported, compared to their nonfluori-
nated analogues, although it is well documented that incorpora-

tion of fluorine into biologically important compounds results

in enhanced activity and stability while a steric demand similar

to the hydrogen atom is exhibitédThis dearth of fluorinated

I
(Et0),P(O)Na + HCF,Cl —— = (Et0),PCF,H
51%

(1)

phosphonate, from a trialkylphosphite and,BF,, was reported
(eq 2)1% Although, mechanistically, both of these reactions (eqs

(4) (@) Chambers, R. D.; O’Hagan, D.; Lamont, B. R.; Jain, SJC.
Chem. Soc., Chem. Commur®9Q 1053. (b) Chambers, R. D.; Jaouhari,
R.; O'Hagan, DJ. Fluorine Chem1989 44, 275. (c) Arabshabhi, L.; Khan,

analogues can be attributed to the lack of synthetic proceduresN. N.; Butler, M.; Noonan, T.; Brown, N. C.; Wright, G. Biochemistry
since methods commonly used for the preparation of phospho-199Q 29, 6820. (d) Stremler, K. E.; Poulter, C. D.Am. Chem. Sod987

nates cannot usually be applied to fluorinated analogues.

109 5542. (e) Davisson, V. J.; Woodside, A. B.; Neal, T. R.; Stremler, K.
E.; Muehlbacher; Poulter, C. . Org. Chem1986 51, 4768. (f) Vrang,

In recent years, the desirable properties conferred uponlL.; Oeberg, B.Antimicrob. Agents Chemothet986 29, 867-872. (g)

fluorine substitution have caused an increased interest in the

study of fluorinated phosphonat&s. Blackburn and co-
worker$ suggested thato-difluoroalkyl)phosphonates should

mimic phosphate esters better than the corresponding phospho,

Blackburn, G. M.; Rashid, A.; Bisbal, C.; Lebleu, Bhem. Scr1986 26,
21. (h) Davisson, V. J.; Davis, D. R.; Dixit, V. M.; Poulter, C. D.Org.
Chem.1987 52, 1794. (i) Bigge, C. F.; Drummond, J. T.; Johnson, G.
Tetrahedron Lett1989 30, 7013. (j) Burton, D. J.; Sprague, L. G. Org.
Chem 1989 54, 613. (k) Su, D.; Cen, W.; Kirchmeir, R. L.; Shreeve, J.
M. Can. J. Chem1989 67, 1795. (I) Chambers, R. D.; Jaouhari, R.;

nates. Therefore, fluorinated phosphonates have been investi©'Hagan, D.J. Chem. Soc., Chem. Commu®988 1169. (m) Yang, Z.

gated as phosphonate analogti€gnzyme inhibitors,fuel cell
electrolytes$ and chelating agen®sThe continued interest in

Y.; Burton, D. J.Tetrahedron Lett1991 32, 1019. (n) Differding, E.;
Duthaler, R. O.; Ruegg, G. M.; Schmit, Synth. Lett1991, 395. (o) Yang,
Z.Y.; Burton, D. JJ. Org. Chem1992 57, 4676. (p) Hu, C. M.; Chen, J.

these compounds is manifested by the recent syntheses of &. Chem. Soc., Perkin Tran993 1, 327. (q) Burton, D. J.; Yang, Z. Y ;
number of novel fluorinated bisphosphonates, bisphosphonic QiU, W- Chem. Re. 1996 96, 1641

acids!®13 and phosphonic acid$:1%
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Ether

1
(EtO),PCF,Br
reflux

95%

(EtO);P + CF,Br, (2)

1 and 2) appear to ben3 type displacements, they actually
involve the generation and subsequent capture of
difluorocarbené’=2% Thus, the above methods are specific for
difluoromethyl analogues and cannot be extended to higher
homologues. Photochemical preparation of (ZEQP)R {Rs
= CF;, CgFs} via treatment of a mixture of (Et@p and CEl
or GeFsl has been reportetl;however, this procedure was not
successful for the synthesis of higher homologtiesn 1981,
Kato and Yamabe reported the synthesis of (ER0D)R (R¢
= CgF13, C4Fg, (CR)2CF) in 41-71% yield via a thermally-
induced radical reaction of tetraethylpyrophosphite and the
respectiveF-alkyl iodide22 Recently, the reaction of (EtgP-
(O)ClI andin situ generated RIgX {Rs = C¢F13, CI(CF,)4, CI-
(CR)s, CI(CR)s, and FQS(CR),0(CF,)4} at —50 °C was
reported to afford the correspondifgalkylphosphonate® In
a recent papett we reported the preparation of dialky-(
halotetrafluoroethyl)phosphonatesa thermally- and photo-
chemically-induced radical reactions.

As part of our program, we investigated the synthesis of

fluorinated phosphonates by various approaches. In this paper,

we describe the facile synthesis of a number of novel as well
as previously reported dialkyl fluorinated phosphonates from
readily available substrates, in good yields, photochemically-
and thermally-induced radical reactions.

Results and Discussion

Kato and Yamabe preparedHRO)(OEt) { Ry = CgF13, C4Fo,
and (CR),CF} in 41—71% yieldvia thermally-induced radical
reaction by heating a mixture of (Et§POP(OEt) and the
appropriate R in the presence of diert-butyl peroxide in an

(6) (a) Blackburn, G. M.; Kent, D. E.; Kolkman, B. Chem. Soc., Perkin
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D. P.; Cleary, D. GJ. Org. Chem1992 57, 2763. (f) Chambers, R. D.;
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Scheme 1
hv
(Et0),P-O-P(OEt), + Rl ——— [(EtO),PR¢]
amb. temp
20°c | MesCOOH,
MeOH
?
(EtO),PR¢
35-80%

[R; = CF;, CyFs, C4Fo, CgFy3, (CF3),CF, CF,-CF=CF,,
CICE,CF,, BrCF,CF,, C¢Fs, CICF,CFCICF,CF,, I(CEy);,
I(CF3)4, FO,S8(CFy)4, and FO,8(CF,),0(CF),]

Table 1. Preparation of Fluorinated Phosphonates

isolated yield
no. method product (%)°
1 A (EtO%P(O)CR 63
2 AB (EtOMP(O)GFs 58, 49
3 A (EtO)P(O)CF(CR). 63
4 A (EtOLP(0)CFo 69
5 A (EtO)P(0)GF13 79
6 A (EtOLP(O)CRCF=CF. 59
7 AB (EtORP(O)CRCRBr 80, 62
8 AB (EtOWP(O)CRCRCI 75, 53
9 A (EtO)P(O)(CR)4l 37
10 A (EtORP(0)(CR)l 35
11 A (EtOLP(O)GFs 35
12 A (EtO}P(O)CRCF,CFCICRCI 72
13 A (EtOXP(O)CRCROCRCFRSOF 57
14 A (EtO}P(0)(CR).SO:F 64
15 C (EtO)P(O)CCLCF; 52
16 D (EtOYP(O)CRCFl 42
17 D (i-PrOLP(O)CRCFl 48

aMethod A (EtOYPOP(OER + Ryl, under UV irradiation (254 nm);
method B (EtO)POP(OER + Rl + MesCOOCMe, at 125-130°C;
method C (EtOPOP(OER) + Ry, at room temperature in the absence
of UV irradiation (254 nm); method D (RGP + Rl (R = Et ori-Pr),
under UV irradiation (254 nm). All yields are based on the respective
fluorinated iodide.

autoclave’? However, the preparation of a functionalized
phosphonate, for example, a dialkyd-halo or w-halofluoro-
alkyl)phosphonate, has not been demonstrated by this procedure.
We sought a milder procedure which avoids heating the reaction
mixture with a peroxide at high temperature and which could
be utilized for the synthesis é*alkyl as well as functionalized
F-alkyl phosphonates. We report a convenient photochemical
method that meets both criteria, as discussed below.

Under UV irradiation (254 nm) at ambient temperature, a
degassed mixture of (EteBOP(OEL) and a fluorinated iodide
afforded the corresponding phosphonite, [(EER]. A number
of fluorinated iodides, primary, secondary, aromatic, allyl,
fB-halo, w-halo, a,w-dihalo, and substitute&-alkyl, could be
employed (Scheme 1). Although the phosphonites were not
isolated, they could be characterized®#%{'H} NMR analysis,
since the difference in chemical shifts between the phosphonite
and phosphonate is typically more than 130 gft. Oxidation
of the in situ generated phosphonites with MEOOH in
methanol at-20 °C afforded the corresponding phosphonates
(Scheme 1). By this method, the new phosphona2eg-(10
and 12—14), as well as previously reported phosphonatgs, (
3—6, and 11), were obtained in 3580% yields (Table 1).
Purification of the phosphonates was best accomplished by frac-

(25) For example, the proton-decoupfg NMR ¢ values for [(EtO)-
PCRCF.CI] and (EtO}P(O)CRCF.CI are 144.8 (tt) and 0.23 (tt) ppm,
respectively; similarly,3P{IH} NMR ¢ values for [(EtO)PCsF13] and
(EtO%LP(O)GF13 are 144.5 and 0.81 ppm, respectively.
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Scheme 2 Scheme 3
Initiation Initiation
A
hv Me;COOCMe; ————— 2 Me3CO-

RfI _— Rf. + I- .
Me;CO - + (Et0),P-O-P(OEt), — Me;COP(OEt), + (Et0),P(O)

Propagation Propagation

R;+ + (Et0),POP(OEt), —= R{P(OEt); + (Et0),P(0) Rd + (Et0),P(0) — R;. +I-P(0)(OEt), —l
(E[O)z};(O) + R —— R¢« + (EtO),P(0)I Etl + P compounds

tional distillation or column chromatography; the latter always Rt* + (Et0);P-O-P(OEt), (EtO),PR; + (EtO),P(0)
gave better yields, since some decomposition occurs in the
former case. This interesting photochemical conversion can beCCll was so reactive that it reacted even at room temperature
conveniently carried out in a quartz vessel at 254 nm; at 300 without UV irradiation.
nm a slight decrease-6%) in the yields of the phosphonates The photochemical procedure can also be extended to the
was observed. preparation of bisphosphonatésFor example, the reaction of
When a degassed mixture of (E®PP(OEL), CsF14l, and (EtO)%,P(O)CFRI and (EtO}POP(OE®) under UV resulted in the
1-heptene (1.2:1:1) was irradiated (254 néff; and3P{1H} corresponding mixed'Pand P intermediate [(EtQP(O)CRP-
NMR analyses of the reaction mixture revealed the formation (OEt),], which affords the bisphosphonate, (EtP{O)CRP-
of the adduct, Ch(CHa)4CHICH;CgF13; no [(EtORPCsF13) was (O)(OEt), upon oxidation (eqgs 3 and 4). Thé'H interme-
detected. On the other hand, heating a degassed mixture of
(EtORPOP(OEt) and GFial (1.2:1) to 106-110 °C for 9 h
did not afford any detectable amount of [(E#PT:F13. A
possible mechanism for the photochemical transformation is
illustrated in Scheme 2. The photolytic cleavage dfd®ords Me;COOH,
Ry and t, in the initiation step. Subsequent reaction gfand MeOH
(EtOLPOP(OELt) results in (EtO)PR and (EtO)P(OY;
(EtO)LP(OY abstracts an iodine atom from the perfluoroalkyl Q9 (4)
iodide generating Rwhich continues the chain process. (Et0),PCF,P(OEY),
The photochemically-induced radical reaction can also be
extended to the preparation af-iodoF-alkylphosphonates,  diate can easily be identified in 8P NMR spectrum, since
(EtO)P(O)(CR)3l and (EtOYP(O)(CR)dl, by irradiation (4 h) the chemical shifts of the two P atoms differ by more than 130
of a mixture of the diiodide, I(CH, (n = 3, 4), and ppm. Similarly, the irradiation of I(Chil (n = 3, 4, 6) and
tetraethylpyrophosphit@ia 1 to 1.2atio, followed by oxidation. (EtO)L,POP(OE resulted in the corresponding bisphosphonites,
Requisite 1,3-diiodoperfluoropropane was prepared, in 68% [(EtO),P(CF),P(OEt}], which on oxidation afforded the re-
yield, from perfluoroglutaryl chlorideia a reported procedufé. spective bisphosphonates, (EiR(0)(CR),P(O)(OEt}2* Thus,
The yields of thew-iodophosphonates were generally low since the photochemical reaction is a general and versatile procedure
the product iodophosphonites react further to form the bisphos-that can be employed for the preparation of a variety of
phonitest? the best isolated yields ¢&f and 10 were 37 and fluorinated phosphonates and bisphosphonates.
35%, respectively. In addition, small amounts—@%) of We were interested in extending the Katdéamabe reactiot?
(EtO)P(O)(CR)nH were also observed. If excess tetraethylpy- for the preparation g8- andw-halo+-alkylphosphonates. Thus,
rophosphite is employed, the exclusive formation of bisphos- when a degassed mixture of IgFFI and (EtO}POP(OER)
phonites could be effected in good yiéfd. was heated at 12%C in the presence of MEOOCMe, only
Reaction of a degassed mixture of KCH~I and tetraeth-  the formation of CE=CF, was observed b{?F NMR analysis
ylpyrophosphite under photochemical conditions afforded only of the reaction mixture. On the other hand, BgCF.Br was
F.C=CF;; formation of [(EtO}PCF,CF:I] was not observed by  found to be unreactive under the same conditions. In contrast,
3P and!®F NMR analyses. However, UV irradiation of a when ICRCRX (X = Br or Cl) was employed, (EtGP(O)CR-
mixture of XCR,CF,l (X = Cl, Br) and (EtO)POP(OEt) and CRBr (7) or (EtO)P(O)CRCR:CI (8) could be obtained in 62
subsequent oxidation of the resultant phosphonite with-Me and 53% yields, respectivefy. Similarly, (EtObP(O)CRCFs
COOH furnished (EtQP(0)CRCRCI (8) and (EtO}P(O)CF- (2) could also be prepared (49%) from §H~l and (EtO})-
CEBr (7) in 75 and 80%, respectivef§f. When a degassed POP(OEt). As noted in Table 1, the photochemical procedure
mixture of RC=CFI and (EtO)POP(OEt) was subjected to  afforded 7, 8, and 2 in higher yields (80, 75, and 58%,
UV irradiation, no vinylphosphonite was detectedly NMR respectively) compared to the thermally-induced reaction. For
analysis. However, reaction of€=CFCF,l and tetraethylpy- ICF.CF, loss of iodine radical from ICEF® to afford
rophosphite under UV irradiation resulted in F-allylphosphonite, F,C=CF, is faster than the capture of this radical by pyrophos-
which upon subsequent oxidation afforded the corresponding phite. A possible mechanism is outlined in Schent¥ I he
phosphonate) in 59% yield. Similarly, substituteé-alkyl reaction proceedsia thermally-generatedBuCr, which in turn
iodides CICRECFCICR.CF, ICF,CF,OCRCRSO:F, and I(CR)s- furnishes R. Subsequent reaction ofiRwvith tetraethylpyro-
SOF reacted readily with (EtQPOP(OEY) to afford the phosphite affords the corresponding phosphonite and phosphory!
respective phosphonites. After oxidation with }@©OH, the radical, as depicted in Scheme 3.
phosphonate42—14 were obtained in 5772% yield. Ck- Since, diethyl (2-iodotetrafluoroethyl)phosphonate, (ZFO)

(26) (a) Krespan, C. Gl. Org. Chem1958 23, 2016. (b) Patterson, w.  (O)CRCFl, could not be obtained either by thermal or
J.; Morris, D. E. US Pat. 3,763,204, 1973. photochemical reaction of (EtgDOP(OEt) and ICRLCF,I, we

0o
1] hv I
(Et0),PCF,l + (Et0),POP(OEt); — [(EtO);,PCF,P(OE1),] (3)
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Scheme 4

hv + -
(RO);P + BICF,CF,] ——— = (RO)3P * + BrCF,CF,l
)| 11

— - hv +
BrCR,CEl * =17 | pop,cr,e —= (RO)P *+ BICECF;
(RO)sP l

Br— + CF,=CF,
(RO)P™* + I” /Br~—— (RO),P(0) + RI/RBr

(RO)ZP.(O) + CF,=CFy——> (R0O),P(0)CF,CF,*
L BTCF2CF2[
(RO),P(0)CF,CF,l + BIrCF,CF,¢
investigated an alternative approach for its preparafiofihus,

when a degassed mixture of (R®)and ICLCF,l was irradiated
(254 nm) at ambient temperature, only the formation of

Nair and Burton

ethane to afford (RQP(O)CRCF:l and BrCRCF*; the latter
continues the chain process.

One might ask why ICKCF,l does not react with (EtQP to
give (EtO)P(O)CRCR:I? Since the rates of different steps in
the proposed mechnism (Scheme 4) are not known at present,
one cannot answer the above question with certainty. However,
it is possible that for ICKCFl, the dissociation of ICECF, or
ICF,CF,~ (to RC=CF, and t or |, respectively) is faster than
the dissociation of BrCIEF,® or BrCRCF,~. One would expect
the cleavage of the weaker-C bond, compared to that of the
stronger C-Br bond, energetically to be more favorable, whether
induced photochemically or thermally. For example, when a
mixture of (EtOYPOP(OEL) and ICRCF,l was heated under
degassed conditions, quantitative formation ¢€FCF, was
observed. For BrCEERI, generation of FC=CF, appears to
be slow compared to that of IGEF,I, since we could detect
small amounts (25%) BrCRCF,l still left in the reaction
mixture after irradiation for 3.5 & Thus, the loss of*Ifrom
ICF,CF; is faster than the capture of this radical by pyrophos-
phite. Also, treatment of ICIEF,I with either (EtO}POP(OEL)
or (ROXP, under photochemical or thermal (1TD) conditions,

F.C=CF, was observed; the outcome was the same when theresulted in FC=CF, only. In any case, the IGEF, generated,

reaction mixture was heated to 10€. The reaction of
(EtOxLPONa with XCRCF,l (X = CI, Br) also resulted in
F,.C=CF, formation. However, when BrGEF,l was employed
instead of ICECF,l, (RO)LP(O)CRCF.I [R = Et ori-Pr] was
obtained in 42-48% vyields (eq 5) with no detectable amount
of bromo derivative}* The yield was optimum when the ratio
of (RO)P to BrCRCFl was 2 to 1.

0
h 1
(RO);P + BrCF,CF)l ——» (RO),PCF,CF,l  (5)
235 h
R = i-C3H; or CHs 42-48%

Our proposed mechanigfifor this remarkable transformation

under thermal or photochemical conditions, has “limited”
stability. Thus, for the last step in Scheme 4, no ICF,l is
left for the abstraction of the htom by (EtO)P(O)CRCF; if
it is formed at all. Alternatively, (RQP(OY, in principle, can
add to RC=CF; to give (ROYP(O)CRCF;* (Scheme 4) which
in turn can add to more,E=CF;, in a chain reaction (to give
a polymer) or can dimerize to (R&P(O)(CRCF,)2(O)P(OR}).
However, we were unable to detect the formation of these
species by°F and3'P NMR spectral analyses of the reaction
mixture.

The B3C{*H} NMR spectrum of (RQP(O)CRCFX (R =
Et, i-Pr; X = Cl, Br, I) for -CF,CFX region for compoundg,
8, 16, and17 exhibited a triplet of doublets of triplets (tdt) for

is illustrated in Scheme 4. Photoinduced electron transfer thea-C atom attached to the phosphorus and a triplet of triplets
between the phosphite and 1-bromo-2-iodotetrafluoroethane©f doublets (itd) for theg-C atom. For examplé’C{*H} NMR

produces the radical catior,?8-30 and radical anion,|I,
respectively. A second electron transfer o affords the
unstable BrCKCF,~, which eliminates Br to generate £=CF.
Phosphoryl radical results on dealkylationldy either I or
Br—. Subsequent addition of phosphoryl radical to the tetrafluo-
roethylené! results in the formation of (RGP(O)CRCF",

which, in the last step, abstracts an iodine atom from the starting

(27) Ouir first approach to the synthesis of dialkydi{alotetrafluoroethyl)
phosphonates utilized the organometallic reagent derived from {E{O)
(O)CRBr, as shown below. Although the target phosphonates could be

spectrum of compounti6 exhibited a tdt ad 111.3 ppm {Jdc r

= 273 Hz,%Jpc = 201 Hz,2Jc ¢ = 37 Hz) and a ttd ab 97.3
ppm (e = 317 Hz,2)c f = 37 Hz,2Jp c = 14 Hz), fora- and
p-carbon atoms attached to the P atom, respectively. The
experimental and simulat&d13C{H} NMR spectra for the
>P(O)XCF,CF:l region for 16 are illustrated in Figure 1.

In summary, photochemical reaction of tetraethylpyrophos-
phite and fluorinated iodides followed by oxidation affords the
corresponding phosphonates, in good yields. A variety of
fluorinated iodidesf-alkyl, substituted--alkyl, F-aryl, F-allyl,

obtained, the yields were consistently low and multiple carbene insertions 5-halo+-alkyl, w-halo+-alkyl, w-fluorosulfonyl+-alkyl, and

to the Cu-C bond in the (EtGQ)P(O)CFRCu could not be avoided.

cd
(Et0),P(0)CF,Br ?(ELO)ZP(O)CFZCdBr
D} Cul

[PPhyCF,Br]* Br’
[(Et0);P(0)CF,CF;Cu] =—————— [(Et0),P(0)CF,Cu]
X, Na,CO4
(Et0),P(0)CF,CF,X
~25-30 %

(X =1,Br)

(28) Bakkas, S.; Julliard, M.; Chanon, Metrahedron1987, 43, 501.

(29) ESR studies on radical cations, (MgP) and (MeO)HP*, have
been reported: (a) Hasegawa, A.; McConnachie, G. D. G.; Symons, M. C.
R.J. Chem. Soc., Faraday Trans1984 80, 1005. (b) Janes, R.; Symons,
C. R.J. Chem. Soc., Faraday Trans.199Q 86, 2173. Recently, the
formation of triethylphosphite radical cation under photochemical conditions
has been reported.

(30) Yasuda, M.; Yamashita, T.; Shima, Bull. Chem. Soc. Jpri99Q
63, 938.

(31) Addition of radicals to FC=CF,; is well-known: Haszeldine, R.

N. J. Chem. Sacl953 3761.

substituted--alkyl, can be employed. Dialkyp¢iodotetrafluo-
roethyl)phosphonates were obtained in moderate yields by the
reaction of trialkylphosphite and BrGEF,l under photochemi-

cal conditions. The procedures described in this paper represent
convenient and simple routes to some of the previously reported
as well as new fluorinated phosphonates. We anticipate that
these interesting phosphonates will serve as precursors for the
development of biologically important phosphonate-derived
compounds and fuel cell electrolytes.

Experimental Section

General. All boiling points are uncorrected*F, H, 3'P{*H}, and
13C{*H} NMR spectra were recorded on a JEOL FX90Q or Bruker
AC-300 spectrometer. All chemical shifts are reported in parts per
million (ppm) downfield (positive) of the standard®F NMR spectra

(32) Spectral simulation programs were designed and written by Dr. W.
E. Bennett, University of lowa.
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Figure 1. Part of the'*C{'H} NMR spectrum of (EtQP(O)CFRCFil;
simulated (lower trace) and experimental (upper trace).
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are referenced against internal CGH and *3C{?H} NMR spectra
against internal tetramethylsialne, afi#{*H} NMR against external
HsPO.. FT-IR spectra were recorded as G&blutions. Mass spectra
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(20:80) or EtOAc/hexanes (10:90)). Boiling points and spectral data
of the phosphonates are given below.

Diethyl (trifluoromethyl)phosphonate (1, (EtO).P(O)CFs): yield
1.93 g, 63%; bp 5852 °C/4 mm Hg (lit?* 65—67.5°C (8 mm Hg));
19 NMR (CDCk) —73.3 (d,2Jpr = 124 Hz);3'P{*H} NMR (CDCl)
—2.59 (q,2JpF = 124 Hz);'H NMR (CDCl3) 1.42 (t, 6H,3yn = 7
Hz), 4.35 (m, 4H); GC/MS (70 eVirve (% rel intensity) 207 (M +
1, 0.2), 191 (0.8), 179 (8), 163 (11), 151 (27), 137 (36), 131 (3), 121
(7), 109 (98), 93 (39), 91 (36), 81 (100), 69 (14).

Diethyl (pentafluoroethyl)phosphonate (2, (EtO)P(O)CsFs): yield
2.2 g, 58%; bp 5860 °C (5—-7 mm Hg);*°F NMR (CDCk) —82.0 (s,
3F), —126.13 (d, 2F2Jp = 88 Hz); 3'P{*H} NMR (CDCls) 0.39 (t,
2Jp r= 88 Hz);'H NMR (CDCl) 1.41 (t, 6H,3Jy 1 = 7 Hz), 4.35 (m,
4H), 13C{1H} NMR (CDC|3) 16.3 (d,g\]poc,c: 4 HZ), 66.2 (d,zJpoc:
7 Hz), 110.6 (qtd, overlaps), 118.5 (tdq, overlaps); GC/MS (70 eV)
m/e (% rel intensity) 257 (M + 1, 0.9), 241 (2), 213 (21), 201 (41),
181 (12), 137 (52), 109 (100), 93 (13), 91 (35), 81 (100), 69 (10), 65
(27); FT-IR 2987 (w), 1323 (w), 1219 (s), 1165 (m), 1123 (m), 1050
(m), 1026 (s) cm.

Diethyl (perfluoroisopropyl)phosphonate (3, (EtO}P(O)CF-
(CF3)y): yield 2.9 g, 63%; bp 6567 °C (7 mm Hg) (lit?? 70—72°C
(21 mm Hg));**F NMR (CDCk) —72.4 (d, 6F3J = 10 Hz),—192.6
(d heptets, 1F2Jp e = 71 Hz,3Jf = 10 Hz);3P{*H} NMR (CDCls)
2.44 (d,2Jp = 71 Hz);'H NMR (CDCl) 1.41 (t, 6H,334 = 7 Hz),
4.37 (m, 4H);:3C{*H} NMR (CDCls) 16.32 (d,*Jpoc,c= 5 Hz), 66.41
(d, ZJPO’C: 7 HZ), 89.90 (ddh:!\]cp: 238 HZ,lJpvc: 160 HZ,ZJC,FZ
34 Hz), 120.45 (qd¥c s = 287 Hz,2Jcr = 25 Hz); GC/MS (70 eV)
m/e (% rel intensity) 307 (M + 1, 2), 291 (1), 279 (26), 277 (10),

were acquired from a VG ZAB mass spectrometer operating at 70 eV 263 (16), 251 (70), 233 (15), 231 (18), 150 (5), 137 (75), 131 (45),
in the electron impact (El) mode. Elemental analyses were performed 109 (100), 93 (38), 91 (39), 81 (85), 69 (15), 65 (43); FT-IR 2987 (w),
by Schwarkopf laboratories, Woodside, NY, or Galbraith Laboratories, 1300 (m), 1285 (m), 1267 (m), 1228 (s), 1166 (w), 1054 (m), 1026 (s)

Knoxville, TN.

Materials. BrCR,CFl, CICF.CF.l, ICF.CFl, BrCFCFBr, CsFsl,
CoFsl, (CFs3).CFl, CiFol, and GFi3l were obtained from PCR Inc.;
CICF,CFCICRCF;l was obtained from Japan Halon. £FCFCFI
was donated by Y. Tarumi (University of lowa). 1(g#,26 CRCCLI,*
and I(CR)sSO:F** were prepared by reported procedures. Hgnd
ICF,CR,OCF.CF,SOF were obtained from the Shanghai Institute of
Organic Chemistry, China. (EteP, (-PrOxP, (EtOPOP(OE,
Me;COOCMe, and MeCOOH were purchased from Aldrich Chemical
Company (EtO and (-PrO)P were distilled over Na prior to use.
CFR,CICFCL and DMF were distilled over s and CaH, respectively.

Method A. Representative Procedure for the Preparation of
(EtO),P(O)Rs via Photochemical Reaction of (EtO)POP(OEt), and
Ril. I. R{P(O)(OEL), {Rt = CF3, CiFs, (CF3).CF, CF.CF=CF,,
C4Fg, CeF13, CICF.CF,, BrCF,CFy}. Into a quartz tube~20 mL
capacity) equipped with a Teflon valve was added (ERQP(OER)
(5.80 g, 22 mmol) under a stream o$,Nvhich was degasseda two
freeze-pump—thaw cycles (liquid N, ~0.05 mm Hg), and R (15
mmol) (R = CF;, CFs) was condensed into the tube. The Teflon

valve was closed, and the tube was warmed to room temperature. [For

Ril (Rf = (CR).CF, CICRCR,;, BrCR,CF,, CR,CF=CF;, C4Fy, CsF13),
the appropriate iodide was addeth syringe to the tetraethylpyro-

cm 2,

Diethyl (perfluorobutyl)phosphonate (4, (EtO),P(O)C4Fg): yield
3.9 g, 69%; bp 6465 °C (0.5 mm Hg) (lit?? 52—53 °C (7 mm Hg));
%F NMR (CDCk) -81.5 (m, 3F),~121.9 (m, 2F);~122.6 (dt, 2F2J ¢
= 90 Hz), —126.4 (t, 2F);3%P{*H} NMR (CDCls) 0.37 (t,2Jp = 90
Hz); *H NMR (CDCl) 1.41 (t, 6H,3J4 1 = 7 Hz), 4.37 (m, 4H); GC/
MS (70 eV)m/e (% relative intensity) 357 (M + 1, 0.7), 356 (M,
0.1), 327 (10), 301 (43), 281 (9), 137 (65), 131 (10), 109 (100), 93
(15), 91 (27), 81 (56), 69 (10), 65 (16); FT-IR: 2987 (w), 1241 (s),
1210 (m), 1150 (m), 1123 (m), 1045 (m), 1024 (s)€m

Diethyl (perfluorohexyl)phosphonate (5, (EtO}P(O)CsF13): yield
5.4 g, 79%; bp 6870 °C (0.7 mm Hg) (lit?? 58—60 °C (1.5 mm Hg));
197 NMR (CDCk) —81.4 (t, 3F Jrr = 10 Hz),—120.8 (brs, 2F);-122.3
(brs, 2F),—121.1 to—121.9 (overlaps, 8F);-126.6 (brs, 2F)3P{*H}
NMR (CDCls) 0.81 (t,2Jp = 90 Hz); 'H NMR (CDCls) 1.41 (t, 6H,
3Jun = 7 Hz), 4.37 (M, 4H); GC/MS (70 e\fjve (% rel intensity) 456
(M+, 0.2), 430 (2), 402 (12), 381 (6), 231 (2), 181 (4), 137 (77), 109
(54), 93 (35), 91 (54), 81 (86), 69 (23), 65 (31); FT-IR 2987 (w), 1293
(m), 1241 (s), 1210 (m), 1149 (m), 1045 (w), 1024 (s) €ém

Diethyl (pentafluorophenyl)phosphonate (11, (EtO)P(O)CsFs):
yield 1.05 g, 35%; bp 6667 °C (0.05 mm Hg) (lit?* 146-156°C (8
mm Hg)); °F, 3P{*H}, and *H NMR and IR data same as those

phosphite under Nand _the re:_action mixturg was degassed immediately]. reportect! GCIMS (70 eV)nie (% rel intensity) 304 (M, 1), 289 (2),
The degassed reaction mixture was irradiated (254 nm, Rayonet,-- (14), 259 (9), 257 (16), 256 (42), 249 (100), 241 (12), 231 (62),

photochemical reactor) at ambient temperature fo8 & (with CFl,

184 (19), 176 (24), 168 (20), 167 (12), 137 (8), 93 (6), 81 (13), 67 (8),

only 4.5 h). The resultant reaction mixture from the quartz tube was gg (29).

transferred to a 100 mL flask equipped with a nitrogen-tee and magnetic
stirbar, 15 mL of DMF was added, the flask was cooled by a salt/ice

bath (-20 to —10 °C), and MgCOOH (45 mmol) in MeOH (25 mL)
was added dropwise to the stirred reaction mixture, underaler

complete addition, the reaction mixture was stirred for an additional
hour. The resultant reaction mixture was concentrated on a rotary

evaporator, the residue poured into watetl50 mL), and the crude

phosphonate was separated as the lower layer, which was transferre

by a pipette to CEHCI, (100 mL); the water layer was extracted with
25 mL of CHCl,. The combined CkCl, extracts (125 mL) were dried

(MgSQy) and concentrated. The pure product was obtained by c

distillation or by column chromatography (silica gel, &H,/hexanes

(33) (a) Lang, R. WHelv. Chim. Actal988 71, 369. (b) Unpublished
work of J. MacNeil, University of lowa.
(34) Qiu, W.; Burton, D. JJ. Fluorine Chem1993 60, 93.

Diethyl (perfluoroallyl)phosphonate (6, (EtO)%P(O)CF.CF=CF,):
yield 2.4 g, 59%; bp 4546 °C (0.8 mm Hg) (lit3®> 36—40 °C (0.03
mm Hg)); 1°F NMR (CDCk) —91 (m, 1F),—107.3 (m, 1F),—117.3
(dm, 2F),—187.7 (m, 1F)3P{*H} NMR (CDCl3) 3.4 (tm,2Jpr= 98
Hz); *H NMR (CDCl) 1.41 (t, 6H,3Jyn = 7 Hz), 4.34 (m, 4H); GC/
MS (70 eV)m/e (% rel intensity) 269 (M + 1, 0.9), 240 (9), 225 (30,

12 (55), 193 (11), 173 (3), 137 (18), 131 (57), 109 (84), 91 (35), 81
100), 69 (10), 65 (16); FT-IR 2978 (w), 1784 (m), 1346 (m), 1295
(s), 1176 (m), 1097 (m), 1047 (m), 1024 (s), 806 (m)ém

Diethyl (2-bromotetrafluoroethyl)phosphonate (7, (EtO}P(O)-
F,CF,Br): vyield 3.8 g, 80%; bp 4845 °C (0.3 mm Hg);**F NMR
(CDCly) —62.4 (m, 2F),—116.1 (dt, 2F2Jp = 93 Hz,3J = 5 Hz);
31P{1H} NMR (CDCls) —0.48 (tt,2Jp = 93 Hz,3Jp = 4 Hz;H NMR

(35) Sprague, L. G. Ph.D. Thesis, University of lowa, 1984, p 276.
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(CDCl;) 1.41 (t, 6H), 4.40 (M, 4HPJp = Jpu~ 7 Hz; BC{*H} NMR
(CDCL) 16.31 (d,3Jpoc.c = 5Hz), 66.07 (d2poc = 7 Hz), 111.52
(tdt, U r = 276 Hz,WJpc = 204 Hz,2Jcr = 37 Hz), 117.20 (ttdic
=310 Hz,2)c = 36 Hz,2Jp c = 19 Hz); GC/MSme (% rel intensity)
319/317 (M + 1, 1), 303 (1), 289 (24), 273 (9), 263 (31), 243 (21),
209 (27), 193 (15), 181 (50), 137 (82), 109 (100), 91 (20), 81 (66), 65

(13); FT-IR 2987, 2935, 1444, 1395, 1373, 1292, 1228, 1165, 1125,

1081,1025, 985, 895, 821, 779, 769, 586, 552tmAnal. Calcd. for
CeH100sPRBr: C, 22.73; H, 3.18; P, 9.70; F, 23.97; Br, 25.21.
Found: C, 23.09; H, 3.29; P, 9.17; F, 24.49; Br, 25.27.

Diethyl (2-chlorotetrafluoroethyl)phosphonate (8, (EtO}P(O)-
CF,CF,Cl): yield 3.1 g, 75%; bp 5660 °C (0.8 mm Hg);'*°F NMR
(CDC|3) —67.7 (m, ZF),_1193 (dt, 2F,2\]pv|:: 90 HZ,3J|:,|: =5 HZ);
31P{H} NMR (CDCls) 0.23 (tt,2Jp s = 91 Hz,3Jp = 4 Hz); 'H NMR
(CDCl) 1.41 (t, 6H,3)upn ~ 3Jpp = 7 Hz), 4.36 (m, 4H)3C{1H}
NMR (CDC|3) 16.31 (d,s.]poc'(;: 5 HZ), 66.02 (d,zJpoc =7 HZ),
111.55 (tdt,2Jcr = 276 Hz,%Jpc = 206 Hz,2)cr = 39 Hz), 123.18
(ttd, X e = 298 Hz,2)c = 39 Hz,2Jp c = 21 Hz); GC/MSm/e (% rel
intensity) (no M) 247 (1), 245 (6), 231 (2), 229 (6), 219 (6), 217
(18), 209 (4), 199 (9), 181 (24), 137 (80), 109 (100), 100 (17), 93
(18), 81 (92), 67 (13), 65 (29); FT-IR 2986, 2934, 1444, 1395, 1373,

Nair and Burton

ventilated fume hodgand the contents were poured into 200 mL cold
water. The product, 1,3-diiodo-1,1,2,2,3,3-hexafluoropropane, was
separated in the lower layer which was taken up in 100 mL gDEt
washed with 50 mL of KD, dried (MgSQ), and distilled at 125132

°C to give 74.6 g (68% yield) of ICERCF,I; 1% NMR (CDCk) —58.0

(t, 4F) and—105.2 (p, 2F) ppneJer = 5 Hz; GC/MS 404 (M); GLPC
purity 100%.

Ill. R {P(O)(OEL)2 {Rsi = I(CF2)s3, I(CF2)4}. Similarly, a degassed
mixture of diodide (12 mmol) and (EtgBOP(OEt) (10 mmol) was
irradiated (254 nm) for 4 h, oxidized with MEOOH (20 mmol) in
MeOH (15 mL), and worked up (as given in method A.l); phosphonates
were purified by column chromatography (silica gel, £H/hexanes
(20:80) or EtOAc/hexanes (10:90)).

Diethyl (3-iodohexafluoropropyl)phosphonate (9, (EtO)P(O)-
CF,CF.CF,l): yield 1.53 g, 37%; bp 95100 °C (0.5 mm Hg);'°%F
NMR (CDClg) —58.7 (m, 2F),—120.7 (d, 2F);~121.2 (dt, 2F2Jp =
92 Hz,4Jrr = 15 Hz);3P{H} NMR (CDCl) 0.32 (it,2Jpr = 92 Hz,
3Jpr =5 Hz); IH NMR (CDCl) 1.42 (t,334 = 7 Hz), 4.30 (m, 4H);
GC/MS m/e (% rel intensity) 415 (M + 1, 0.2), 399 (0.2), 385 (2),
359 (3), 341 (5), 259 (14), 231 (66), 211 (6), 177 (14), 137 (56), 109
(100), 93 (16), 91 (35), 81 (83), 69 (11), 65 (25); FT-IR 2987 (w),

1292, 1242, 1166, 1123, 1091, 1025, 985, 964, 922, 847, 836, 807,1294 (m), 1185 (s), 1107 (s), 1050 (m), 1026 (vsyémAnal. Calcd.

796, 784, 776, 766, 756, 749, 741 ¢m Anal. Calcd. for GH100s-
PRCI: C, 26.44; H, 3.70; P, 11.36; F, 27.88; Cl, 13.00. Found: C,
26.51; H, 3.65; P, 10.82; F, 27.77; Cl, 12.86.

Il. R{P(O)(OEL); {Rt = (CF2)4SOF, CICF,CFCICF,CF;, CFp-
CF,OCF,CF,SO,F, C¢Fs}. A degassed mixture of (EtgHOP(OEL)
(15 mmol) and appropriate{R10 mmol) was irradiated (254 nm) at
ambient temperature (in the case af€l, 300 nm) for 6-8 h. [For
the preparation of FS{CF,),P(O)(OEt), a degassed mixture of
I(CF;)4SGF (7.8 mmol) and (EtQPOP(OEL) (12 mmol) was irradi-
ated for 6-8 h]. After of 10 mL of DMF was added to the reaction
mixture, oxidation{ with MesCOOH (30 mmol) in MeOH (20 mL})

for C7H100sF6PI: C, 20.30; H, 2.43; F, 27.53; P, 7.48; |, 30.65.
Found: C, 20.00; H, 2.59; F, 27.39; P, 8.20; 1, 29.10.

Diethyl (4-iodooctafluorobutyl)phosphonate (10, (EtO)P(O)-
CF,CF,CF,CF,l): yield 1.61 g, 35%; bp 6870 °C (0.01 mm Hg);
19 NMR (CDCk) —59.7 (m, 2F),—113.4 (m, 2F),—119.8 (m, 2F),
—122.1 (dt, 2F2Js £ = 90 Hz);3P{*H} NMR (CDCls) —0.16 (t);*H
NMR (CDCls) 1.40 (t, 6H,33q = 7 Hz), 4.35 (m, 4H); GC/MSn/e
(% rel intensity) 465 (M + 1, 0.2), 435 (0.3), 421 (0.2), 337 (0.2),
309 (2), 281 (12), 208 (3), 177 (5), 137 (74), 109 (100), 100 (14), 93
(20), 91 (36), 81 (88), 69 (15), 65 (31); FT-IR 2987 (w), 1289 (m),
1194 (vs), 1148 (m), 1131 (vs), 1120 (m), 1051 (m), 1025 (vsj’cm

and workup were performed the same way as outlined above (method  Method B. Thermally-Induced Radical Reactions. (EtOYP(O)-
A.l). Phosphonates were isolated by distillation under reduced pressure.CF,CF,Br (7). (EtO)POP(OEf) (11.61 g, 45 mmol), CFGCRCI

Diethyl (3,4-dichloro-1,1,2,2,3,4,4-heptafluorobutyl)phosphonate
(12, (EtO),P(O)CF.CF,CFCICF,CI): yield 3.0 g, 72%; bp 5557 °C
(0.05-0.02 mm Hg);*F NMR (CDCk) —63.9 (d, 2F 2Jgr = 7 Hz),
—112.9 (s, 2F)—119.6 (AB pattern, 2F-J-r = 336 Hz,2Jpr = 91
Hz), —131.3 (s, 1F)3P{*H} NMR (CDCl3) 1.03 (t,2Jpr = 91 Hz);
1H NMR (CDCl) 1.41 (t, 6H,334p = 7 Hz), 4.40 (m, 4H); GC/MS
(70 eV) m/e (% rel intensity) 391 (M + 1, 3Cl, 0.3), 389 (M+1,
35Cl, 0.7), 390 (M, 0.1), (388 (M, 0.1), 375 (0.5), 373 (9), 363 (3),
361 (7), 359 (5), 347 (3), 345 (5), 335 (10), 333 (15), 299 (5), 297
(16), 137 (84), 109 (100), 93 (36), 91 (58), 81 (92), 69 (15); FT-IR
2986 (w), 1295 (m), 1295 (m), 1184 (s), 1162 (m), 1131 (s), 1051 (s),
1024 (s) cmt.

Diethyl (2-(2-fluorosulfonyltetrafluoroethoxy)tetrafluoroethyl)-
phosphonate (13, (EtO)P(O)CF,CF,OCF,CF,SO.F): vyield 2.47 g,
57%; bp 38-40°C (0.05 mm Hg)*F NMR (CDCk) +45.4 (brs, 1F),
—82.2 (brs, 2F);-83.6 (m, 2F),~112.4 (s, 2F);-125.1 (d, 2F2Jp =
91 Hz); 3*P{*H} NMR (CDCls) -0.41 (t,2Jpr = 90 Hz); 'H NMR
(CDCl3) 1.41 (t, 6H,2Jq 4 = 7 Hz), 4.37 (m, 4H); GC/MS3n/e (% rel
intensity) 437 (M + 1, 0.1), 421 (0.2), 409 (1), 381 (4), 297 (8), 199
(5), 181 (13), 137 (57), 119 (8), 109 (100), 100 (25), 93 (15), 91 (27),
81 (73), 69 (11), 65 (23); FT-IR 2987 (w), 1462 (s), 1297 (m), 1244
(m), 1208 (s), 1151 (vs), 1125 (m), 1025 (s) ¢m

Diethyl (4-(fluorosulfonyl)perfluorobutyl)phosphonate (14, (EtO)%P-
(O)(CF2)4SOsF): yield 2.1 g, 64%; bp 4852 °C (0.01 mm Hg);%F
NMR (CDCls) +45.9 (d, 1F),~107.9 (s, 2F);~120.3 (s, 2F)~120.5
(s, 2F),—122.5 (dt, 2F2Jp = 90 Hz);3P{*H} NMR (CDCls) 0.13 (t,
2Jp = 91 Hz);*H NMR (CDCl) 1.42 (t, 6H23Jun = 7 Hz), 4.39 (m,
4H); GC/MS /e (% rel intensity) 421 (M + 1, 0.1), 365 (3), 281
(3), 181 (1), 137 (40), 131 (11), 109 (100), 100 (12), 93 (16), 91 (25),
81 (47), 69 (7); FT-IR 2987 (w), 1461 (s), 1294 (m), 1238 (m), 1209
(s), 1146 (s), 1049 (m), 1024 (vs) cf

1,3-Diiodoperfluoropropane?¢ Perfluoroglutaryl chloride (75.0 g,

0.271 mol) and potassium iodide (120.0 g, 0.723 mol) were heated,

(40 mL), BrCRCF.l (9.24g, 30 mmol), and MEOOCMe (3.04 g,
20mmol) were introduced sequentially into a 400 mL capacity hard
glass Rotaflo tube equipped with Teflon stopcock and magnetic stir
bar, under nitrogen. The reaction mixture was degass€dd05 mm

Hg) via two freeze-pump-thaw (liquid Ny) cycles and brought to room
temperature. The stirred reaction mixture was then he&adt{on!

the reaction should be carried out in a wetntilated fume-hood behind

a safety shielgslowly to 125-130°C in an oil bath and maintained at
this temperature for 3.5 h, cooled to room temperature, and transferred
to a 250 mL flask placed in an ice/salt bath. To the resultant reaction
mixture, MgCOOH (8.10 g, 90 mmol) in MeOH (40 mL) was added
dropwisevia an addition funnel, over a period of 20 min with constant
magnetic stirring. Afte 1 h of stirring, the reaction mixture was
concentrated on a rotary evaporator, and the residue was extracted with
CHCI; (200 mL) and washed successively with water{20 mL),
saturated NaHC®(5 mL), saturated NaHS{Q(5 mL), and brine (5
mL). The CHC}layer was separated, dried (MggCand concentrated

on a rotary evaporator. The residue was chromatographed (silica gel
column, eluent CkCl,/hexanes (15:85)). The crude phosphonate was
distilled via a short-path distillation apparatus. (Et®{O)CRCF:Br

(5.80 g, 62% vyield) was collected at 425 °C (0.3 mm Hg).

(C2H50),P(O)CF.CF.Cl (8). Similarly, (C:Hs0).P(O)CRCFKCI
was prepared from CIGEF,I and (EtO)POP(OEt), as described above
for 7. The title compound was obtained in 53% yield (4.30 g) on
distillation (50-60 °C (0.8 mm Hg))via a short-path distillation
apparatus.

Method C. Reaction CRCCI,l with (EtO) ,POP(OEt),. Diethyl
(1,1-dichloro-2,2,2-trifluoroethyl)phosphonate (15, (EtO)P(O)-
CCI,CF3). Ina 25 mL round-bottomed flask equipped with a septum
port, nitrogen-tee, and a magnetic stirbar was added 15 mmol of
(EtO)LPOP(OEY. Then, 10 mmol CECCll was added dropwise (an
immediate exothermic reaction was observed), and the reaction mixture
was stirred for 30 min. To the resultant reaction mixture, 10 mL of

with constant mechanical stirring, in a 300 mL stainless steel pressure DMF was added, and the oxidized by MEOOH (30 mmol) in MeOH

reactor (Parr reactor) for 6.0 h at 280 and 906-1000 psi (autogenous

(20 mL) and worked up as given in method A.l. A& yield 1.5 g,

pressure). The Parr reactor was then cooled to room temperature, thes2 %; bp 52-55 °C (0.3 mm Hg);*F NMR (CDCk) —74.2 (brs);

valve was opened to release the CO form&aution! in a well-

31p{1H} NMR (CDCls) 4.90 (s);*H NMR (CDCl:) 1.41 (t, 6H,3J4
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= 7 Hz), 4.40 (m, 4H)3C{*H} NMR (CDCl3) 16.31 (d,3Jpocc= 6
Hz), 66.07 (d,2Jpoc = 7 Hz), 76.10 (dglJpc = 166Hz,2)cr = 37
Hz), 121.70 (qd}Jcr = 283 Hz,2Jpc = 6 Hz); GC/MS (70 eV)me
(% rel intensity) 289 (M + 1, 0.2), 273 (0.2), 259 (1), 240 (2), 151
(4), 137 (36), 132 (17), 109 (100), 93 (11), 91 (27), 81 (63); FTIR
2986 (w), 1286 (m), 1242 (m), 1200 (s), 1164 (w), 1054 (m), 1027 (s)
cmt.

Method D. Photochemical Reaction of BrCRCF.l with Tri-
alkylphosphltes 6-03H70)2P(O)CF2CF2| (17) (I-C3H70)3P (1249
g, 60 mmol), which was freshly distilled over sodium, was introduced
via syringe to a quartz Rotaflo tube-80 mL capacity) equipped with
a Teflon stopcock, under nitrogen. The tube was coole€t186 °C
and evacuated0.05 mm Hg), and BrCEFR,l (9.24 g, 30 mmol) was
condensed on to the-CsH;O)sP. The Rotaflo tube was then sealed
and brought to room temperature. The reaction mixture was irradiated
at 254 nm (Rayonet photochemical apparatus) for 3.5 h at ambient
temperature and concentrated under reduced pressure0(03 mm
Hg). The residue was extracted with 150 mL of Ckl®ashed with
water (50 mL) and brine (25 mL), concentrated on a rotary evaporator,
and chromatographed (silica gel column, eluentClklhexanes (20:
80)). The crude phosphonate was distilled at-65 °C (0.05-0.02
mm Hg), using a short-path distillation apparatus, to afford the title
compound (5.60 g, 48% yield). Spectral dat® NMR (CDCk) —56.2
(M, 2F), —111.5 (dt, 2F2Jpr = 96 Hz,3Jpr = 5 Hz, 3Js¢ = 8 Hz;
31P{1H} NMR (CDCls) —4.36 (tt); 'H NMR (CDCls) 1.40 (d, 6H),
1.38 (d, 6H), 4.91 (m, 2HJy 1 = 6 Hz). *3C{*H} (CDCls) 23.50 (d,
3JPOC,C: 6 HZ) 24.15 (d,SJPo(;,c: 3 HZ), 75.49 (d,ZJPO,C: 6 HZ),
97.48 (ttd,"Jc F = 317 Hz,2)cr = 40 Hz,2Jp c = 15 Hz), 111.13 (tdt,
Ler = 274 Hz,Jpc = 203 Hz,2Jcr = 36 Hz); GC/MSm/e (% rel
intensity) 392 (M, 0.4), 377 (1), 349 (3), 355 (69), 309 (31), 289
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(16), 223 (84), 208 (3), 191 (3), 181 (100), 165 (16), 127 (6), 123
(78), 100 (7), 91 (3), 81 (14), 65 (9); FT-IR 2986, 2941, 1389, 1378,
1287, 1180, 1149, 1118, 1103, 1070, 1006 EmAnal. Calcd. for
CgH140sPRi: C, 24.50; H, 3.60; P, 7.90; F, 19.38; I, 32.37. Found:
C, 24.80; H, 3.76; P, 7.89; F,19.54; |, 32.55.

(EtO),P(O)CF.CFl (16). Similarly, a mixture of (EtOP (9.96
g, 60 mmol) and BrCERI (9.24 g, 30 mmol) was irradiated at 254
nm for 2.5 h at ambient temperature and worked-up as described above
for the isopropyl analogug?7. (EtO)P(O)CRCF.l (4.6 g, 42%) was
collected at 5565 °C (0.10 mm Hg)wia distillation using a short-
path distillation apparatus. Fd®6: °F NMR (CDCk) —57.20 (m,
2F), —111.15 (dt, 2F)2Jpr = 95 Hz,3Jpr = 5 Hz 3Jrr = 7 Hz; 3P-
{*H} NMR (CDCl3) —3.0 (it); *H NMR (CDCls) 1.40 (t, 6H), 4.35
(p, (dg overlaps), 4HPJun ~ 3Jpn = 7 Hz. 3C{'H} NMR (CDCl)
16.2 (d,3\]poc,c: 5 HZ), 65.9 (d,z\]povc: 6 HZ), 97.3 (ttd,lJc,F: 317
Hz, 2= 37 Hz,2Jpc = 14 Hz), 111.35 (tdtlcr = 273 Hz,2Jpc =
201 Hz,2Jcr = 37 Hz); GC/MSm/e (% rel intensity) 364 (M, 3),
336 (4), 322 (3), 291 (6), 209 (5), 181 (5), 138 (5), 137 (66), 131 (20),
129 (7), 127 (3), 121 (7), 119 (7), 111 (6), 110 (5), 109 (100), 100
(11), 93 (22), 91 (25), 81 (81), 69 (15), 65 (29), 51 (3); FT-IR 2987,
2934, 2915, 1443,1395, 1372, 1290, 1225, 1210, 1148, 1121, 1071,
1023 cnt. Anal. Calcd. for GH10OsPRl: C, 19.80; H, 2.77; P,
8.51; F, 20.88; |, 34.86. Found: C, 19.78; H, 2.67; P, 8.23; F, 21.10;
I, 35.27.
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