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Abstract : Vinylphosphonates 3 could be prepared with E-selectivity
by the condensation of diethyl methylphosphonate 1 with a series of carbonyl

compounds using diethyl chlorophosphate.

Vinylphophonates' have been utilized in a variety of ways, e.g., Diels-Alder
reaction,” Michael additions,** hydroboration/oxidation,” reduction,*’ and ene
reaction®. And vinylphosphonats are versatile intermediates for the synthesis of
some hetero- and carbocyclic compounds.”'? For the preparation of the 1-
alkenephosphonates, only a few reports are found in the literature.>"* Especially
for the preparation of 2-arylethenephosphonates, only few synthetic methods

are known. One of these methods is the nickel - catalyzed Arbuzov reaction.”
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But this method requires transition - metal salt and a high temperature.  And
palladium - catalyzed phosphonylation'® requires a-haloolefins as starting material
and some of these are not easily available. Koizumi et al.'” reported a synthetic
method for 2-arylethenephosphonates, but it apparently suffers the limitation that
functional groups which are vulnerable to the organolithium reagent may not be
present.

In the preceding paper, we reported synthesis of acetylenic sulfones via
enol phosphate.18 As an extention of this work, we investigated that this reaction

could be applied to stereoselective synthesis of vinylphosphonates ( Scheme ).
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Reaction of a-lithio methylphosphonate with carbonyl compounds in
THF followed by addition of diethy! chlorophosphate gave the phosphate derivatives
2. The phosphates 2 were converted into the elimination product, vinylphosphonates
3, by treatment with t-BuOK in THF. The procedure is simple with moderate

overall yield ( Table )."
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Table. Synthesis of Vinylphosphonates

Entry R!R?CO Product™® Yield(%)°
Q
3a  PhCHO PhCH-=CHP(OEt), 83%
0
3b m-NO,CsH4CHO  m-NO,C¢H,CH=CHP(OEt), 80%
0
3¢ p-CIC¢H4CHO p-CICcH4CH=CHP(OE), 86%
0
3d p-CH30C¢H,CHO p-CH30C¢H,CH=CHP(OE), 7%
0
B N cicut
"H=CHP(OEt 3
Je o7 CHO o CH CHO( )2 80%
3 Ph>= o (Ph),C=CHP(OE), 81%
Ph
Ph Q
3 0 Ph(Me)C=CHP(OEt), 79%
8

4 All the compounds were fully characterized ( IH.NMR, PPC-NMR and MS). Only one
stereoisomer of each 3a-e was obtained, and they are represented as having E configuration
as J gy across the double bond is ca. 16Hz. The E configuration is expected from
analogous chemistry. ® 3 g has the E configuration deduced from NOE technique. € Isolated
yield.

In summary, the present method is facile and proceeds in one pot,

avoiding the necessity of isolation of the intermediate phosphate derivatives 2, and

the starting material are easily available.

REFERENCES AND NOTES

1. Forareview on the synthesis and synthetic application of vinylphosphonates,

see Minami, T.; Motoyoshiya, J. Synthesis 1992, 333.



2016 LEE, SHIN, AND OH

10.
1.

17.
18.
19.

Callot, H. J.; Benegra, C. Can. J. Chem. 1970, 48, 3382.
Ide, J. ; Endo, R.; Muramatsu, S. Chem. Lett. 1978, 401.
Minami, T.; Tokumasi, S.; Hirao, I. Bull. Chem. Soc. Jyn. 19885, 58, 2139.
Yamashita, M.; Kojima, M.; Yoshida, H.; Ogata, T. Bull. Chem. Soc. Jpn.
1980, 53, 1625.
Lehnert, W. Tetrahedron 1974, 30, 301.
Robinson, C. N; Li, P. K.; Addison, J. F. J. Org. Chem. 1972, 37, 2939.
Snider, B. B.; Phillips, G. B. J Org. Chem. 1983, 48, 3685.
Minami, T.; Suganuma, H.; Agawa, T. Chem. Lett. 1978, 285.
Kleschick, W. A ; Heathcock, C. A. J. Org. Chem. 1978, 43, 1256.
Semmelhack, M. F.; Yamashita, A.; Tomesch, J. C.; Hirotsu, K. J. Am.
Chem. Soc. 1978, 100, 5565.
Mclntosh, J. M.; Sieler, R. A. J Org. Chem. 1978, 43, 4431.
Petrov, A. A,; Ionin, B.; Ignatyev, V. M. Terrahedron Lett. 1968, 15.
Tavs, P.; Weitkamp, H. Tetrahedron 1970, 26, 5529.
Kosolapoff, G. M.; McCullough, I. ¥. J Am. Chem. Soc. 1951, 73, 855.
Hirao, T.; Masunaga, T.; Ohshiro, Y.; Agawa, T. Tetrahedron Lett. 1980,
21, 3595,
Koizumi, T.; Tanaka, N.; Iwata, M.; Yoshii, E. Synthesis 1982, 917.
Lee, J. W.; Oh, D. Y. Synlerr 1990, 290.
Typical Procedure : To a stirred solution of 1(1mmol) in SmL of dry THF
was added n-BuLi (1.1mmol, 1.6M in hexane) at -78°C under nitrogen
atmosphere. After being stirred for 1h at -78°C, diethyl chlorophosphate

(1.1mmol) was added and allowed to stand at room temperature for 3h. Then
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the mixture was cooled to -78°C. A solution of # -BuOK(1.2mmol) in SmL
THF was added to the reaction mixture followed by stirring for 10min. Normal
work-up was performed. The desired vinylphosphonate was isolated by columm

chromatography on silica gel using 1:1 hexane/EtOAc as eluent.
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