
Tetrahedron Letters,Vo1.22,No.46,pp 4619-4622,1981 
Printed in Great Britain 

0040-4039/81/464619-048o2.oo/ 
01981 Pergamon Press Ltd. 

ENEPHOSPHINILATION 

Dattatraya G. Mislankar', Ben Mugrage' and S. D. Darling* 
Knight Chemical Laboratory 

The University of Akron, Akron, OH 44325 

A general method is described for the formation of vinylphosphines from arylsulfonyl- 
hydrazones. Oxidation of the resulting vinylphosphines yields phosphine oxides. 

Recent publications from our laboratory have illustrated many alkylation reactions of 

unsaturated phosphorus compounds3. We describe here a new route to unsaturated phosphorus 

compounds beginning with readily available carbonyl compounds. 

In the rush to implement the "Umpolung"4 of various synthons many elements have been 

selected beyond the second row of the periodic table. One element which has not received 

proper attention is phosphorus. Fulfillment of the potential for synthesis by phosphorus in- 

termediates has been hampered by the absence of a general synthetic approach to vinylphosphorus 

compounds. 

Only a limited number of methods have been available for the synthesis of vinylphosphines 

and phosphine oxides. Most of the earlier methods are considered to be generally laborious5. 

Most recent methods have included: 1) the cleavage of tertiary phosphines with lithium fol- 

lowed by alkylation with a vinyl halide6, 2) treatment of an unsymmetrical methylenediphos- 

phorus compound with an aldehyde in the presence of a strong base7, 3) hydrolysis of cyclo- 

alkenylphosphonium salts, and 4) selenylation of the corresponding cycloalkylphosphine oxides 

and subsequent PhSeOsH elimination*. 

Vinyl carbanions generated by the action of an alkyllithium on p-toluenesulfonylhydra- 

9b zones have been trapped with various electrophiles . The following, Scheme I, illustrates 

how this reaction may be used to obtain vinylphosphines and phosphine oxides. 

SCHEME I 
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Maximum yields of the vinylphosphines were obtained when at least three equivalents of 

base were used with tosylhydrazones. This in turn necessitates the use of excess electrophile 

(Chlorodiphenylphosphlne). A substantial amount of diphenylbutylphosphine was formed by the 

reaction of n-butyllithium with chlorodiphenylphosphine. This side product was difficult to 

separate from the vinylphosphine of interest. 
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To alleviate t$ problem of drphenylbutylphosphrne formatron, 2,4,6-triisopropylbensene- 

sulfonyl hydrazones (trrsylhydrazones) were used. In cases where dranron formatron required 

the removal of a secondary hydrogen, we have used 2 equiv of the stronger base set-butylllthrum 

at -45'C for 1 hr. Wrth the unsynnnetrical trrsylhydrazone the reactron proceeded to grve regro- 
9 

specrfically the less substrtuted vinylphosphine oxrde . 
1 

This has been substantrated by examrna- 

tlon of the vinyl hydrogens by H NMR spectroscopy. The results are summarrzed rn Table 1. 

General Procedure for the Syntheses of Vrnylphosphrnes from Trlsylhydrazones 

A dry four-necked flask equrpped wrth a magnetic strrring bar, an argon Inlet, a rubber 

septum, thermometer and an Erlenmeyer flask containing the trrsylhydrazone (ca. 8 g) connected 

by a short prece of Gooch tubrng (wrth punch clamp attached) was charged with dry TMEDA (ca. 

75 ml) (freshly distrlled over CaH2). The solvent was cooled to -45'C and the alkylllthrum (2 

equrv) rn hexane was Introduced via a syrrnge. To thus cold solution was added slowly In por- 

trons the trrsylhydrazones over a lo-15 min perrod. The resultrng orange solutron was starred 

for 1 hr at -45'C and was allowed to warm to O'C. The mixture was held at O'C for 30 mm to 

ensure complete nitrogen evolutron durrng which trme the color of the solutron changed to yellow. 

To the reactron mrxture, agarn cooled to -45'C was added chlorodrphenylphosphrne (1 equiv) via 

a syrrnge. The mrxture was stirred at -45'C for 1 hr followed by stirring at room temperature 

overnrght prror to being poured into water (200 ml) and drchloromethane (100 ml). The organic 

layer was separated and subsequently extracted wrth water (2x200 ml), saturated copper sulfate 

solutron (2x200 ml) and brrne (2x50 ml). The dried solution was concentrated usrng a flash 

evaporator and the residue dlstrlled using a mercury diffusron pump to yield the vrnylphosphrne. 

The followrng procedure for the preparation of (6-Methylcyclohexenyl)diphenylphosphine oxrde 

1s representatrve of the oxidation of vinylphosphrnes to phosphine oxrdes. 

Procedure A: 

To a solution of 2.80 g (0.01 mol) of vinylphosphlne rn 20 ml of THF cooled to O'C was 

added 1.45 ml (0.016 mol) of 30% H202. The reactron mixture was stirred for 2 hr at room tem- 

perature. Excess Hz02 was destroyed by adding solid NaHS03. The reactron mrxture was satu- 

rated with sodrum chlorrde and extracted with ether. Removal of the solvent gave a resrdual 

011. The product was recrystallrzed from THF/ether to give the phosphine oxide (2.37 g. 80%). 

Procedure B: 

To a magnetically stirred ice cold mixture of 2.7 g (0.013 mol) vrnylphosphine and 5 g of 

sodrum carbonate rn 300 ml of dichloromethane was added dropwise 3.0 ml of 40% peracetic acrd 

whrch had been pretreated wrth a small amount of anhydrous sodrum acetate. The resulting mixture 

was starred untrl a negative starch-rodlde test was obtarned. The solrds were removed by suctron 

filtratron and washed well wrth an additronal amount of solvent. The dried solution was concen- 

trated and the resrdual or1 obtarned was crystallized as above (3.38 g, 88%). 
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TABLE I 

Enephosphlnllatlons 
a 

Ketone 

Me-&e 
j3 

i6-57'C 
.xtll 55-56'C 

4 
0 

'2 

HH 

)4 
Y 

0 
I 4 

'-7-7.00 (m, lOH, Ph*P), 

.32-136'C XX-PPhz 
,.31-5.5 (m, 2H, C=CH), 

!.O (d, 3H). 

'.9-7.08 (m, 10H. Ph !) 

)1 ).95-5.15 (m, 2H, C=GH): 

.32-134OC 
!.15-1.95 (m, lH), 

o+PPhe 1.95-0.5 (m, 4H). 

0 PhzW 

8 

'.8-7.3 (m 10H Ph !j 

$2 i.35 (m, 1;1, C=;H), 
2, 

%2-85OC 

75 

Lll-113oc 
t1t5 11o-lll~c .59-160°C 

!.4-2.7 (m, 4H), 
!.O (pent, 2H). 

Ph 

6 ; 
35 1-O-7.4 (m, lOH, Ph2P), 

.23-124'C 
j.45 (m, lH, C=CH), 
?.5-1.2 (m, 8h). 

0 
0 fi 

0 31 

L07-108°C b 

is' 7.9-7.15 (m, lOH, PhsP), 

'Pl 
5.3-5.7 (m, lH, C=CH), 
!.8-1.5 (m, 7H), 

H ..45 (d, 3H). 

7.9-7.1 (m, 10H Ph !I 

77 

LO5-107oc 

59 
j.5-5.7 (m, lH,'CA),' 

2.4-1.9 (m, 6H), 
36-99°C 1.35-O-65 (m, 6H). _~ 

;: 

92 
8.0-7.0 (m, 15H. PhpP and 

aryl), 
159-16O'C 6.35 (m, 2H. C=CH) __ __~ *_ 

R 
8.0-7-O (m, 14H, Ph2P and 

aryl, 
74 6.35 (m, lH, C=CH), 

176-178OC 
3-O-2.7 (m, 2H), 
2.6-2.2 (m, 2H). 

Ph 0 
II 

7.8-7.3 (m, lOH, Ph?P), 
6.3-5.5 (m, lH, C=CH), 
2.7-1.9 (m. 4H), 

90 1.65-0.9 (m, 16H). 

143-144oc 

ti 
0 

0 

co 0 

yield rlnyl- 

nd M.P. of lhosphlne- 

.rlsylhydrazone xlde 

, yield 
md M.P. H NMR (6) (CDC13) 

73 

LO2-104°C 
Lit' 118-120°C 

58 

37-89'C 

78 

119-120" (dec) 

73 

136-137'=C 

77 

95-96'C 

a The term enephosphlnllatlon slgnlfies the conversion of a ketone to a vlnyiphosphlne w'here 

the C-P bond replaces the orlginal carbonyl group. 
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