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Stereo-controiled Synthesis of Styrylphosphines and
their Oxides or Sulfides Using Phosphonium Diylides
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Abstract : Lithium dimethyldiphenyiphosphonium diyiide reacts with electrophiles
such as Ph,PCl, Ph,P(O)Cl or PhP(S)CI to give monoylide intermediates allowing by

eaction with benzaldehyde the synthesis of the styrylphosphines or the corresponding

oxides or sulfides. This efficient one-por method permits at choice the selective
synthesis of each isomer Z or £ and corroborates further the isomeric identification of
the styrylphosphines. © 1998 Published by Elsevier Science Ltd. All rights reserved.

In our recent work, we have shown that diphenyiphosphonium diyiides are excelient tools in organic
synthesis.} Indeed, these reagents, more reactive than the corresponding triphenylphosphonium
monoylides, afford a general synthetic method for numerous a,B-unsaturated functions. In order to
further enlarge the field of application of these diylides, we have begun to study their reactivity
towards phosphorus electrophiles such as chlorodiphenylphosphine and its oxide or sulfide (scheme 1).
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The results repo, ted here show that the diphenyldimethylphosphonium diylide 1 (scheme 1) reacts
instantaneously at room temperature with Ph,PCl (X= represents an electronic doublet), yielding in situ
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a new r'nonoyu(lc intermediate 2a. The latter is pluuamy Spon
non-stabilized monoyiide 3a via an intramolecuiar protion iransfer. indeed the phosphorus NMR
spectrum indicates the presence of 3a by two doublets with the same ‘Jpp coupiing constant (tabie 1).
At this stage, direct addition of benzaldehyde to the reaction mixture (scheme 1), leads to the
quantitative formation of the two isomers of the styrylphosphine 4a (scheme 2 : A ; step b. overall
isolated yield : 95%). This last step, corresponding to a Wittig reaction is performed in very mild
conditions (one minute at 20°C). According to the non-stabilized character of the monoylide 3a, the
major isomer is Z, separated from the E by classic column chromatography (Z/E' = 90/10).
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namely the reaction of lithium diphenylphosphide with
reaction of diphenylphosphine with phenyl acetylene,” the reaction of styryl Gngnard with
cliphenylc:-hlorophosphine,ZC and a Horner reaction between benzaldehyde and a phosphinoxy
carbanion. ™ However, the problems encountered make these methods not totally satisfactory : In the
first, the styrylphosphine could be isolated only as the corresponding oxide and in very low yields, in
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the second one an UV-irradiation during a fong time was necessary and, in the third, isomerization
problems were encountered. Concerning the last one, a diphosphorus precursor of the phosphinoxy
carbanion was previously isolated and nothing was said about the stereochemistry of the reaction. In
comparison our method is interesting because it allows, thanks to the properties of the dipheny!
dimethylphosphonium diylide 1, an efficient one-pot stereoselective synthesis of the styrylphosphine
via a Wittig reaction in the double bond formation step.
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Scheme 1. Study of the reactivity of phosphonium diylides type 1 towards phosphorus electrophiles.
Application to the synthesis of a,B-unsaturated phosphorus compounds.

We could generalize this new synthetic pathway, starting from Ph,P(O)Cl as electrophile. Thus the
formation of 3b, followed by the in sifu addition of benzaldehyde leads through a Wittig reaction in the
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the electron-withdrawing group rnz"(" 0), and stabihized.” Finally, using Ph,P(S)CI as electrophiie, the
corresponding styryl phosphine sulfide 4¢ was synthesized rapidly in very good yield and exclusively
in the E configuration (E/Z > 95/5), Ph,P(8) being also an electron-withdrawing group (scheme 2 : C ;
step a and b).

We thought then that it would be interesting from a synthetic point of view to complete these results
to develop a general method allowing the selective formation of the £ or Z isomers of the styryl

phosphine or the formation of their oxide and sulfide derivatives.
Thus, by in situ addition to the reaction mixture, contammg the styryl phosphine 4a (Z/E : 90/10), of
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ast step (scheme 2 : A ; steps ¢). in addition, the synthesis of
the last missing molecule, namely the E-styrylphosphine 4a, was easily and stereospecifically achieved
by the in situ reduction of the E-styrylphosphine sulfide 4¢ with 1.5 equivalents of S1,Clg (scheme 2 : C
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; step ¢). Notice that in this last case the exchange HF by toluene as reaction solvent gives cieaner
results. From the synthetic point of view, all the isomers 4a-c were isolated in very good yields by
classical work-up, a treatment with NaOH being however necessary in order to eliminate the
hexachlorodisilathiane S,S1,Cls formed during the reduction of the P=S bond.
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Scheme 2. Stereo-contolied synthesis of styrylphosphines and their oxides or sulf des. (1) e indicated

ylelds correspond to isolated products (£ + Z). (ii) Z/E is determined by *'P and 'H NMR. (iii)
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Concerning the two isomers of the styrylphosphine 4a, an interesting exception to the classical
Karplus-type relationship about the coupling constants *Jyy of the double bond is noteworthy. Indeed,
the comparison with the literature shows that for the styrylphosphine this constant 1s higher for the Z
isomer than for the E one®® * Another phenomenon is the surprising shielding of the signal

corresponding to the Z isomer in 3|P NMR_ which can be explained by the presence of a steric
rrespondin, he £ mer m " P NME be explamned by the presence of a steric
compression between the vhenvl of the stvrvl moiety and the free doublet of the vhosphorus atom 2c
COIMpression peiween ne pnenyl o1 tne styryi moiety and e irec Gouoiet 01 ine pnospnorus atom

However the earlier assignment of the *'P chemical shifts and the *Jyy coupling constants to the
correct £ or Z styrylphosphine is not totally unambiguous. Indeed, in the literature this identification 1s
based on a synthetic method, namely the reaction of Ph,PCl with the Grignard reagent of the Z or E
bromostyrene, which affords a mixture of the two isomers of the s’cyrylphosphine.2c Moreover, we have
to be careful in the isomeric attribution because the inversion of the 3JHH is not clearly linked to the
geometry of the molecule. For example no apparent inversion is seen when the phenyl of the styryl

However, our results seem to confirm the identification given in the literature. Indeed, as we have
aiready mentionned our direct synthesis of the styryiphosphine 4a from Ph,PCl offers the Z 1somer as
the major product, because of the non-stabilized character of the intermediate Wittig reagent 3a.



Taking this into account, the comparison of the *Jiy constants confirms that the cis >Jyy of the Z
1somer is larger than the trans 3Juu of the E one. Moreover, the reduction with Si,Clg of the well
identified E styrylphosphine sulfide 4¢ (scheme 2 : C ; step c), gives a molecule showing spectra
corresponding exactly to those attributed to the E styrylphosphine 4a, obtained directly as the minor
isomer from Ph,PCI (scheme 2 : A ; step a and b). Notice for this last case that the reaction in work-up
conditions does not give stereoisomerization at all.

Table 1. Characteristic data [8*'P (ppm), 3 'H (ppm) and J (Hz)]” for the styrylphosphines 4a and their
corresponding oxides 4b and sulfides 4c, and for the Wittig monoylide intermediates 3a, 3b and 3¢.”

compound 3P 2Jpp 3JpC & Hpcw 2qu & Hpcenr 3 JuH
4a Z 242 227°¢ 6.47 2.77 £ 12.65
4a E -10.8 9.76 ¢ 7.18 0 -~ 10.83
3a 159and-2027 15876
4b Z 20 73 6.32 195  754%" 1408
4b E 25.47 17.9 6.83 22.3 7.6 17.37
3b 29.7and 13.7F 2149
4c A 29.36 6.84 6.41 17.89 - 13.61
4c E 37.76 19.3 6.96 21.18 7.61 16.66
3c 349and 1557 30.12

(a) Solvent : CDCl;. (b) All isomers Z and E for 4a-c are fully characterized (¢) Literature : 0 Hz. (d) Literature
17.4 Hz (CDCl;). (e) Hidden. (f) Solvent : THF. (g) "Jpu = 54 Hz. (h) Literature : 7.97 ppm (CDCl3)

diminishes for the corresponding oxide and suifide.

We have developed a general, stereoselective and new synthetlc method for styrylphosphines and
for their corresponding oxides and sulfides. This efficient one-pot pathway, probably generalizable to
other o,B-unsaturated phosphines and phosphorus compounds, shows once again the general interest of
phosphonium diylides in organic synthesis.
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