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Phosphonic acids are very important compounds in bioaylthio-1-propene 4) with sodium benzenesulfinate in
logical system by virtue of their similarity to phosphdtes. DMF. The further oxidation d#f with MCPBA provided the
The replacement of oxygen in phosphate esters by a flueorresponding disulfone in solution, but isolation of this dis-
romethylene (CHF) or difluoromethylene (§Funit has ulfone compound was always failed probably due to the
been received much attention due to the enhancement of bianstability of disulfone compound.
logical properties as compared to non-fluorinated andlogs. -,

. . R R
It has been well known that-fluorinated phosphonates g Ly =~ DOWHAH: No—er Mema N~

mimic phosphates in their isosteric and isopolar propéties. — Seg,  Thasen P Sscs e 87 socds
Theoretical calculations have proposed that monofluoroaw -cmy 2a-e 3a-e
phosphonate analogues show more similarity in isosteric an}>® 2 %%, )

isopolar concept than difluorophosphonate dnghough 1d R =GH,p

a variety of biologically interesting compounds that contain'*® =

the saturatedr-monofluoroalkylphosphonate ar,a-difluo- CAIN H o cusopa K CH,S0,CeHs
roalkylphosphonate-based mimics has been discovered C=-Cf\ Y /C“'C(

recent workvia various method¥® the synthetic methods = CéHsS H 8% F SCeHs

for the unsaturated-monofluorophosphonates ara-diflu- 4 "

orophosphonates have been quite limiféddEspecially, the Triethylphosphite was used to carry out the addition-elim-
unsaturatedr-monofluorophosphonates have been preparedhation reaction oRa, but the reaction did not proceed at all
by more limited method$:2° A recent report has suggested even under harsh reaction condition. However, the treatment
that a-fluorovinylphosphonates are good precursorexto  of 2awith sodium diethylphosphonate (1.5 equiv.) in THF at
monofluoroalkylphosphonatesa reduction of double bond reflux temperature for 5 h resulted in the formatioi aihd
and also may have interesting biological propetfiékhe  Z isomeric mixture of3-phenylthio substitutedr-fluorovi-
previous methods for the preparationcefiuorovinylphos-  nylphosphonatéa in 66% yield.E and Z isomeric ratio
phonates include Wadsworth-Emmons reaction of lithium(E : Z= 35 : 65) can be determined by a magnitude of cou-
fluoromethylenebisphosphonate with aldehydes and kefbnespling constant between allylic protons and fluorine atom. It
Peterson-olefination of lithium fluorotrimethylsilylphospho- has been well known that a coupling constant between
nate with aldehydes and ketorlgsind reaction of lithium allylic protons and fluorine atom in the same side is bigger
fluoromethylenediphosphonate with aldehy#feslowever,  than that between allylic protons and fluorine atom in the
[-phenylthio or B-phenylsulfonyl substitutedx-fluorovi- opposite sidé> Therefore, it was found thatis J;r and
nylphosphonates which can be transformed to another fundransJy e in Z isomer are same (3.4 Hz) and trdnsandcis
tionality via phenylthio or phenylsulfonyl group can not be Jup in E isomer are 2.3 Hz and 4.9 Hz respectively. Simi-
prepared by previous methods. In this paper, we wish tdarly, the reactions a2b-e with sodium diethylphosphonate
describe a new synthetic method for the preparatiof of (2-3 equiv.) under the same reaction condition provided
phenylthio or SB-phenylsulfonyl substituteda-fluorovi- adductsb-ein 55-78% yields. In the formation 6& E and
nylphosphonates via addition-elimination of correspondingZ isomeric ratio can not be determined by spectroscopic
[-phenylthio or B-phenylsulfonyl substitutedy,a-difluo- method. Wher2f was reacted with sodium diethylphospho-
roolefins with triethylphosphite or sodium diethylphospho- nate under the same reaction conditigffluorovinylphos-
nate. phonatesf was obtained in 42% yield. A major side product
B-Phenylthio substituted,a-difluoroolefins2a-eas start-  in this reaction was,a-difluoroallylphosphonate® which
ing materials can be prepared in 75-90% vyields from thevas obtained in 8% yield. The use of nonpolar solvent such
reaction of trifluoromethylated dithioketals-ewith a mix-  as toluene increased the formation6otip to 35% yield.
ture of TiClk and LiAIH, in THF at reflux temperature for 3 However, low temperature (-78C) reaction condition
h2! Further oxidation oRa-e with MCPBA in CHCl, at  afforded5f in 73% yield. A side produ@ was not detected
room temperature for 3 h afforded the correspon@iphge-  in GC-MS spectroscopy at all in this condition. The results
nylsulfonyl substitutedr,a-difluoroolefins3a-ein 77-88%  of these reactions are summarized in Table 1.
yields. 1,1-Difluoro-3-phenylsulfonyl-2-phenylthio-1-pro-  Triethylphosphite (3 equiv.) was successfully reacted with
pene Rf) as an another starting material was prepared ir3-phenylsulfonyl substituted a,a-difluoroolefins 3a-e
82% vyield from the reaction of 3-bromo-3,3-difluoro-2-phe- Therefore, the reaction oBa with triethylphosphite in
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o 0 Table 2 The Preparation of3-Phenylsulfonyl Substitutedr-
F\C _C/Cﬂzsozcsﬂs (CHO),PNa (CZHSO)ZP\C CH,SO,CHs . Fluorovinylphosphonates
F/ \SC6H5 THE, x F/ SC¢Hs N I R
2t 5£(42%) F\C < (GHsO)P (3 eq.) (CH5O)R .
(n) 1:/ \SozcsHs CH,Cl,, 25°C, 72 h F/ 50,C,Hs
H\C CF,P(OC,Hs), 3 7
H/ \SC6H5 Compound No. R Yield (98)
6 (8%) 7a CHs 81
7b CoHs 75
Table 1 The Preparation of-Phenylthio Substitutedr-Fluoro- 7c n-CsH7 76
vinylphosphonate$S 7d CsH11 39
CI> Te CeHs 72
F\c _C/R (CQHSO)ZIILNa (X eq) (C2H50)2P\C R 3solated yield.
F/ \SC6H5 THF, T°C, 5 h F/ SCeHs
2 5 in dry THF (10 mL) were stirred at room temperature for 15
Compound R X T gy Yl min under argon atmosphere. 1,1-Difluoro-2-phenylthiopro-
No. (equiv.)  (°C) (%) pene (0.37 g, 2.0 mmol) was added at room temperature and
5a CHs 15 25 35/65 66 then stirred for 5 h. The reaction mixture was quenched with
5h CoHs 3.0 25 34/66 55 saturated NaCl solution and extracted with ether (20xmL
5c n-CaH, 3.0 25 34/66 59 2). The ether solution was dried with anhydrous Mg&ai
5d CeHuy 3.0 25 45/55 58 chromatographed on Si@olumn. Elution with a mixture of
e CeHs 20 25 46/58 78 n-hexane and ethyl acetate (2 : 1) proviedn 66% yield.
5f CH,SOCeHs 15 78  39/61 73 5a colorless oil;'H NMR (100 MHz, CDC}J) & 7.50-7.31

(m, 10H,E andZ isomer), 4.39-4.02 (m, 4HE andZ iso-
mer), 2.01 (tJ = 3.4, 3.4 Hz, 3HE isomer), 1.93 (dd] =
4.9, 2.3 Hz, 3HZ isomer), 1.36 (t) = 7.2 Hz, 6HE andZ
CH,Cl, at 25°C for 72 h afforded an isomeric mixture®f  isomer); 'F NMR (100 MHz, CDGJ, internal standard
in 81% yield. The reaction under reflux condition to dimin- CFCk) é -107.51 (dJ = 102.0 Hz, 1FZ isomer), -117.51
ish the reaction time caused to decrease the isolatedBield.(d, J = 99.0 Hz, 1FE isomer); MS, m/z (relative intensity)
andZ isomeric ratio £ : Z= 10 : 90) can be determined by a 304 (M, 65), 195 (100), 167 (52), 139 (87), 109 (19), 77 (9);
magnitude of coupling constant between allylic protons andR (neat) 3073, 2984, 2930, 1616, 1583, 1477, 1441, 1263,
fluorine atom as in the case of compoutal The use of 1169, 1022, 975, 751, 690 Tin
sodium diethylphosphonate (1.5 equiv.) instead of trieth- In summaryB-phenylthio or3-phenylsulfonyl substituted
ylphosphite in this reaction provided a messy reaction mix-a-fluorovinylphosphonates can be easily prepared in moder-
ture. The result did not much improve even under lowate to good yields via the addition-elimination reactiofi-of
temperature reaction conditightPhenylsulfonyl substituted phenylthio or3-phenylsulfonyl substituted,a-difluoroole-
a-fluorovinylphosphonategb-e were prepared in a similar fins with phosphite nucleophiles. This novel method pro-
manner. The results of these reactions are summarized inded a simple, efficient and good yield preparatiorgof
Table 2. The reaction &fd with triethylphosphite was slug- phenylthio or S-phenylsulfonyl substituteda-fluorovi-
gish under the employed condition and thus provitiah nylphosphonates which can not be preparedprevious
39% vyield. The oxidation oba-e with MCPBA also pro- methods.B-Phenylthio orS-phenylsulfonyl substitutedr-
vided B-phenylsulfonyl substitutedr-fluorovinylphospho-  fluorovinylphosphonates are potential synthetic intermedi-
nates 7a-e in 79-84% vyields. The retention of stereo- ates to provide useful biologically active compounds
chemistry was maintained in this oxidation reaction. How-transfomation of phenylthio, phenylsulfonyl group or double
ever, the oxidation df with MCPBA resulted in the forma- bond.
tion of a messy reaction mixture which could not be Acknowledgment The authors wish to acknowledge
separated. the financial support of the Korea Research Foundation
In a typical experiment for the formation B8 sodium  (1997-002-D00209) made in the program year of 1997.
hydride (3.0 mmol) and diethylphosphite (0.41 g, 3.0 mmol)

3lsolated yield°E/Z isomer was not revealed.
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Spectroscopic data 6fs as followss: oil; *H NMR (100
MHz, CDCk) §7.51-7.30 (m, 5H), 5.96 (m, 1H), 5.26 (m,
1H), 4.31 (dgJ = 7.4, 7.2 Hz, 4H), 1.31 (§ = 7.2 Hz,
6H); F NMR (100 MHz, CDQ, internal standard
CFCk) 0-105.62 (dJ = 111.4 Hz, 2F); MS, m/z (relative
intensity) 322 (M, 87), 273 (12), 246 (18), 184 (100), 165
(67), 134 (14), 109 (61), 91 (30), 81 (39), 77 (31), 29 (15);
IR (neat) 3058, 2984, 2908, 1709, 1496, 1456, 1274,
1022, 751, 691 cm




