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Phosphonic acids are very important compounds in bio-
logical system by virtue of their similarity to phosphates.'
The replacement of oxygen in phosphate esters by a fluo-
romethylene (CHF) or difluoromethylene (CT») unit has
been received much attention due to the enhancement of bio-
logical properties as compared to non-fluorinated analogs.™
It has been well known that o-fluorinated phosphonates
mimic phosphates in their isosteric and isopolar properties.®’
Thearetical calculations have proposed that monofluoro-
phosphonate analogues show more similarity in isosteric and
isopolar concept than difluorophosphonate ones.® Although
a variety of biologically interesting compounds that contain
the saturated o-monofluoroalkylphosphonate or ¢o-difluo-
roalkylphosphonate-based mimics has been discovered in
recent work vig various methods,”"* the synthetic methods
for the unsaturated c-monofluorophosphonates or o.o-ditlu-
orophosphonates have been quite limited.""”"” Especially, the
unsaturated a-monofluorophosphonates have been prepared
by more limited methods,'®>" A recent report has suggested
that o-fluorovinylphosphonates are good precursors to o-
monoflucroalkylphosphonates vig reduction of double bond
and also may have interesting biological properties,'"” The
previous methods for the preparation ot o~fluorovinylphos-
phonates include Wadsworth-'mmons reaction of lithium
fluoromethylenebisphosphonate with aldehydes and ketones,'
Peterson-olefination of lithium fluorotrimethylsilylphospho-
nate with aldehydes and ketones,'” and reaction of lithium
fluoromethylenediphosphonate with aldehydes.” However,
B-phenylthio or f-phenylsulfonyl substituted c-fluorovi-
nylphosphonates which can be transformed to another tunc-
tionality vi¢ phenylthio or phenylsulfonyl group can not be
prepared by previous methods. [n this paper, we wish to
describe a new synthetic method for the preparation of -
phenylthio or fB-phenylsulfonyl substituted c-fluorovi-
nylphosphonates via addition-elimination of corresponding
B-phenylthio or SB-phenylsulfonyl substituted co-difluo-
roclefing with triethylphosphite or sodium diethylphospho-
nate,

B-Phenylthio substituted o, ce-difluoroolefing 2a-e as start-
ing materials can be prepared in 75-90% yields trom the
reaction of trifluoromethylated dithioketals la-e with a mix-
ture of TiCly and LiATHy in THF at reflux temperature for 3
h.?! Further oxidation of 2a-¢ with MCPBA in CH:Cl at
room temperature for 3 h aftforded the corresponding B-phe-
nylsulfonyl substituted oce-difluorooleting 3a-c in 77-88%
yields.  1.1-Difluoro-3-phenylsulfonyl-2-phenylthio-1-pro-
pene (2f) as an another starting material was prepared in
82% yield from the reaction of 3-bromo-3,3-difluoro-2-phe-

nylthio-1-propene (4) with sodium benzenesulfinate in
DM, The further oxidation of 2f with MCPBA provided the
corresponding disulfone in solution, but isolation of this dis-
ulfone compound was always failed probably due to the
unstability of disulfone compound,
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Triethylphosphite was used to carry out the addition-elim-
ination reaction of 2a, but the reaction did not proceed at all
even under harsh reaction condition, However, the treatment
of 2a with sodium diethylphosphonate (1.5 equiv.) in THF at
reflux temperature for 5 h resulted in the formation of £ and
Z isomeric mixture of S-phenylthio substituted o-fluorovi-
nylphosphonate Sa in 66% vield, £ and 7 isomeric ratio
(£ : Z=735:65) can be determined by a magnitude of cou-
pling constant between allylic protons and fluorine atom. It
has been well known that a coupling constant between
allylic protons and fluorine atom in the same side is bigger
than that between allylic protons and fluorine atom in the
opposite side.”? Theretore, it was found that ¢is Jir and
trans Jiupin Z isomer are same (3.4 Hz) and trans i r and ¢iy
Jup in £ isomer are 2.3 Hz and 4.9 Hz respectively, Simi-
larly, the reactions of 2b-¢ with sodium diethylphosphonate
(2-3 equiv.) under the same reaction condition provided
adducts Sb-¢ in 55-78% yields. [n the formation of $¢, £ and
Z isomeric ratio can not be determined by spectroscopic
method. When 2f was reacted with sodium diethylphospho-
nate under the same reaction condition, o-fluorovinylphos-
phonate 5f was obtained in 42% vield. A major side product
in this reaction was o, a-ditluoroallylphosphonate 6% which
was obtained in 8% yield. The use of nonpolar solvent such
as toluene increased the formation of 6 up to 35% yield.
However, low temperature (-78 °C) reaction condition
atforded 5f in 73% yield. A side product 6 was not detected
in GC-MS spectroscopy at all in this condition. The results
of these reactions are summarized in Table 1.

Triethylphosphite (3 equiv.) was successfully reacted with
B-phenylsulfonyl  substituted  ene-difluoroolefing  3a-c.
Therefore, the reaction of 3a with triethylphosphite in
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Table 1. The Preparation of S-Phenylthio Substituted o-I'luoro-
vinylphosphonates 5
0
F. R ha x (C2H5O)2P R
\C / (GH50)PNa (X eq.)
VAN THF, T°C, 5 h /
F SCeHs SCeHs
2 5

Compound R X T ) Yicld

No. {equiv.) {"C) . (%)

5a CH; 1.3 25 35/65 66

5h Calls 3.0 25 34:66 55

5¢ 1n-Cali+ 3.0 25 34:66 59

5d Celly 3.0 25 45/33 58

Se Col s 2.0 25 qo/54" 78

5f CHSO-Cul s 1.5 -78 39/61 73

“Isolated yield. "F/7 isomer was not revealed.

CH:Cls at 25 °C tor 72 h afforded an isomeric mixture ot 7a
in 81% yield. The reaction under reflux condition to dimin-
ish the reaction time caused to decrease the isolated vield. £
and Z isomeric ratio (£ : Z — 10 : 90) can be determined by a
magnitude of coupling constant between allylic protons and
tfluorine atom as in the case of compound 2a. The use of
sodium diethylphosphonate {1.5 equiv.) instead of trieth-
ylphosphite in this reaction provided a messy reaction mix-
ture. The result did not much improve even under low
temperature reaction condition. S~Phenylsulfonyl substituted
o-(luorovinylphosphonates 7b-e were prepared in a similar
manner. The results of these reactions are summarized in
Table 2. The reaction of 5d with triethylphosphite was slug-
gish under the employed condition and thus provided 7d in
39% yicld. The oxidation of Sa-e with MCPBA also pro-
vided B-phenylsullonyl substituted a-fluorovinylphospho-
natcs 7a-e in 79-84% yields. The retention of sterco-
chemistry was maintained in this oxidation rcaction. How-
ever, the oxidation of Sf with MCPBA resulted in the forma-
tion of a messy rcaction mixture which could not be
separated.

In a typical experiment for the formation ol Sa. sodium
hydride (3.0 mmol) and dicthylphosphite (0.41 g, 3.0 mmol)

[
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Table 2. ‘The Preparation of S-Phenvisultomy! Substituted -
FFluorovinylphosphonates 7
0

|
R R

T
. — LCly, 25°C, 72 h & SO Hs

3 7
Compound No. R Yield (%o)”

Ta CH; 8l

7b Cablg 75

e #n-CsHz 76

7d Collyy 39

Te Col ls 72

“Isolated vield.

in dry THF (10 mL} were stirred at room temperature for 15
min under argon atmosphere. 1,1-Difluoro-2-phenylthiopro-
pene {0.37 g. 2.0 mmol) was added at room temperature and
then stirred for 5 h. The reaction mixture was quenched with
saturated NaCl solution and extracted with ether (20 mL x
2). The ether solution was dried with anhydrous MgSQ, and
chromatographed on SiQ; column. Elution with a mixture of
#-hexane and ethyl acetate (2 : |} provided Sa in 66% vield.
5a: colorless oil; '"H NMR (100 MHz, CDClz) § 7.50-7.31
(m. 10H. £ and Z isomer), 4.39-4.02 (m, 4H. £ and Z iso-
mer), 2.01 (t../ — 3.4. 3.4 Hz, 3H. E isomer), 1.93 (dd. ./ —
4.9, 2.3 Hz, 3H, Z isomer), 1.36 (t,/— 7.2 Hz. 6H. Eand Z
isomer); ""F NMR (100 MHz. CDCls. internal standard
CFCl;) é -107.51 (d. ./ — 102.0 Hz, 1F. Z isomer), -117.51
(d. .7 — 99.0 Hz, IF, E isomer); MS, m/z {relative intensity)
304 (M. 65). 195 (100), 167 (52), 139 (87). 109 {19). 77 (9);
IR (neat) 3073, 2984. 2930, 1616. 1583, 1477. 1441. 1263.
1169, 1022.975. 751, 690 cm .

[n summary, B-phenylthio or S-phenylsultonyl substituted
a-fluorovinylphosphonates can be easily prepared in moder-
ate to good yields via the addition-elimination reaction of 3
phenylthio or B-phenylsulfonyl substituted «,o~dilluoroole-
fins with phosphite nucleophiles. This novel method pro-
vided a simple. eflficient and good yicld preparation ol -
phenylthio or  Sephenylsulfonyl  substituted  o-lluorovi-
nylphosphonates which can not be prepared via previous
methods. S-Phenylthio or Sphenylsullonyl substituted -
fluorovinylphosphonates are potential synthetic intermedi-
ates 1o provide uselul biologically active compounds via
transfomation ol phenylthio. phenylsulfonyl group or double
bond.
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. Spectroscopic data of 6 is as follows. 6: oil: 'I 1 NMR (100

Ml lz, CDCl3) 7.51-7.30 (m, 3L1), 3.96 (m, 111), 3.26 (in,
1D, 431 (dq. /=74, 72 llz, 41D, 1.3l ¢, J =72 L1z,
611 YF NMR (100 Mllz, CDCls. internal standard
CFCI) 6-10562 (d. /= 111.4 11z, 2F). MS, nvz (relative
ntensity) 322 (M7, 87). 273 (12), 246 (18). (84 (100), 163
(67), 134 (14, 109 (6 1), 91 (30). 81 (39). 77 (31), 29 (15):
IR (ncat) 3058, 2984, 2908, 1709, 1496, 1456, 1274,
1022, 751,691 em™.




