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Sumnary Two a-phenylselenophosphoranes (III R-R or He) were 

allowed to react with cyclohexanone giving Instead of the expected olefinic 

Ulttig product the correspondrng 2-phenylselenocyclohexanone (VI). Tbe reactron 

pathway has been demonstrated to involve nucleophrlic substitution on selenium 

by the ketone enolate, the leavrng group being the selenium free phosphoram (I) 

Thu reaction is shown to be general for seven pore ketones, thus indicating its 

preparative potential. 

Introduction In a preceding paper 111 we reported the preparation 

of triphenylselenophosphoranes (III) vra transylidatron betveen 

alkylrdenephosphoranes (I) and PbSeBr. or by dehydrohalogenatron of the 

correspondrng seledophosphonium salts (11). The V1ttr.g reaction of the 

aelenophosphoranes vrth aliphatrc and arwtxc aldehydes produced the expected 

vanylic sclenides, uhrch then could be hydrolysed to the correspondxng carbonyl 

w- 
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Ph3P=CRR + PhSeBr Br- (I) PhgP4XSePh + ~h_,~-CR2R] Br 

PhSeCEXX + Pb3P -> (II) C&IL1 -> (III) R'CLI-CRSePh 

w 

(R -H,CH3) W12 CH3CN/H20 

P 
R'CHX' 

In vxew of these remits, ar;d of the literature reports 

descrrbmg the ULttxg reactron of a-alkoxy and a-aryloxy phosphoranes 2-4 c 1 and 

rhex tbro-analogs [S] with ketones. we had expected that the reaction of 

selampbosphoranes (III) vrtb ketones vould also gave vmylxc selenxdes*. 

Subsequent bydrolps~s would then canplete a general one-carbon atom homologatmn 

sequence . 

PhgP=CRSePh + RlCOR2 R1lC-CRSePh + 

- Rz/ 

Ph PO 
3 

(III) 

-ever the reaction betueen t&e selenophosphoranes (III. and a series of ketones 

produced Z-p2ienylseleno ketones instead. In this paper we report the ;esuIts 

-- 
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of our study of thu reactxon m vhzch ~.e demonstrate the reactlon pathway and 

show its synthetrc potential 

Results and dlscusszon 

The reaction of the selenophosphoranes (III). prepared by 

erther method, vlth cyclohexanone under the usual conditions gave an 80% isolated 

yield of Z-phenylselenocyclohexanone (VI) together with the selenium free phosphonmn 

salt (IV) (in almost quantrtatlve yield) 

P$P-CRSePh + 

<III) 

THP/r.t 

(LIBr) 

SePh 

m9 

The preclpltatmn of (IV) can be most easzly observed when (III) IS obtamed 

from <II) and n-BULL. and 1s mstaotaneous at roan temperature. showlog that the 

reactzon 1s very raprd. The ketonm product was compared wrth an authentxc sample 

obtarned by treatmg c)=lohexanone enolate vrth PhSeBr c7.81. 

6 rPrZNLr ~ e+ PhSeBr > Qr-- + Br_ 

Thr4 unexpected resazlt can be ratlooallzed as follows: 

P o-LX+ 

’ -0: a) PhjP-CRSePh + 
LzBr, 

c 

fIII1 

Ph&,-]Br-+ -0 



0 
II 

SePh 

c) Ph P-CHR 
3 

+ 

(I) <VI) m9 (VIII) WI) 

Ovmg to the lower reactxvrty of ketones xn comparrson vxth 

aldehydes. the selenophosphorane (III). mstead of zddrng to the carbonyl groq 

&stracts a proton from the ketone (step a', fommg Its enolate (VII) and the 

selenophosphonrua salt (11). In vzew of the lack of exact pK, data for 

phosphonmxn salts (IX), it 1s hard to predxt the positron of thrs equxl~brzum. 

The enofate (VII) then attacks the Se atcm of (11). by nucleophzlxc substltutror 

gxvmg the I-phenylselenoketone (VI) and the Se-free phosphorsne (I) (step b). 

Thrs step 1s analogous to that revolved 2~ the preparatxon of authentx (VI) 

startang fras (VII) ard PhSeBr. dxfferrog only ux the rather remarkable 

drsplacement of a non-stabtlxred phosphorsne as the leabmng group. Anslogous 

behavior also has been observed 1x1 the reactrons of 2-s~lylphosphonmrn salts 

vlth nucleophlles ~10.11. und er fairly suld condltlons*. The preference of 

enolate atrack at the Se atom of (II), instead of partrcipafmg 1x1 an aldol 

condensation. 1s supported by the propensity of the selenms atom to suffer 

nucleophalx substitutron reactions and the veakness of the C-Se bond (58 kcal/ 

mol F3],_ Roton exchange (step c) completes the sequence. thus equxfxbrruv 

berng shxfted to the right due to the stabilrzatlon of the 2-seleno-enolate (VII 

by the selenrum orbitals. and the insolubxty of the selenium free phosphonrum 

salt (TV). 

The proposed pathway was proved by investigating the 

individual steps in the reacticm ulth cyclohexancme, as Indicated xn the 

_4__ =-*-r&-os= 

lj Reaction of cyclohexanone enolate (VII). fram cyclohexum 
-_ 

ne and iR$‘Li, 

_ - 
i _ -. 

- -_ 
‘_ __ --__ 

I-_ 
A .* _._* . . % _ _’ - _ _ I-_ _ _ --2, 



O-L=' o-L=+ 

SePh 

Ch3 

+ 
+ P P-CH2SePh Br- 

3 
E 

(VII) (11) (VIII) (Iv) 

L 0 
11 

0 
SePh 

R20 

2) Reactxon of 2-phenylselenocyclohexanone (VI) wrth Ph3P=CR2 

(VI) 

(1) 

0 o-L=+ 

II 
SePh 

+ PhJP-CH2 x, 
LrBr 

Br- 

SePh 

(VI) 

Both reactions gave results ic'entical to those obtained 

XII the main reaction. to be specifu Z-phenylseleno cyclohexanone (VI) was 

isolated XP 80% yaeld and the simple phosphoaiurn salt (?CV) xn almost 

quanbcatiue yaelb. 

The generality of the reaction then vas investigated 

using a series of cyclic and acyclic ketones. The table sumarises the yields 

and the analytical and spectral data of the products obtained. 

It is interestxng to note that all the ketones studied follov 

the sam reactxon patbvay, phereaa in the Wittig reaction, vhrck vorks vell 
. 

_yitb most ketones. it *e knova tha~cgelc+entasum l and acetophemme are prme 
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of the less substituted selenmm derivative (3-2 at 2S" and 9:l at loo, as 

determined by NMR integration). This cau be attributed to the fomacron of the 

kinetic enolate vrth the phosphonane base and this process obviously is teoperatu 

dependent. 

l&en the starting selenophosphoranes (III) were prepared via - 

transylrdation, i.t vas observed (in some runs) that the presence of the 

rnsoluble phosphonrua salt (N) leered the final yzeld of the 2-selenoketones. 

and flltrataon was therefore adopted as standard procedure Thrs suggests 

that the two phosphonium salts (II) and (IV) can compete for the ketone enolate. 

(II) producing (VI) as already discussed , and (IV) regenerating the phospborane ( 

vhzch then reacts vlth the ketone in a normal Urttzg reaction In the case 

of acetophenone, we observed by EiHR the formation of sr~all quantities of the 

olefrn (IX. Ph(CE3)CICR2), and in separate experiments acetophenone enolate 

was allowed to react vath triphenylmethylphosphonrrtn bromide, producing the 

same olefrn <IX). In the other cases the corresponding olefrn vas not observed, 

probably due to its volatxlrty. 

2Ph3P=C:W + PhSeBr -> Ph_,P-CRSePh * Ph3P-CH2R Bf r' 3 
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COhCLUSIO': 

Although proton exchange also occurs in the Wrttrg reaction, 

this is to our knowledge the first example of a subsequent reacrzon between 

the enolate and the phosphonrum salt The results obtained demonstrate three 

interestmg facets which are emphasrzed by the extreme rapzdity of the overall 

process the phenylseleno group on the ylzde carbon dictates enolate formatron 

of all +he keconcs srudred. the enolates formed all prefer nucLeophrlrc substitution 

on selenxum to the aldol condensation, and methylenetrrphenylphosphorane can be 

an effective leaving group under very mrld conditions. Hovever the results 

rarse more questions than answers. especially the positron of the frrst 

equrlrbrxuc and the basicity / nucleophalicrty of the a-selenophosphorane. These, 

and other questxons, vxll be the subJect of future investigatrons 

EWERl3fEXhTL SECTION 

General 

Ffelting points vere determined on a Kofler hot stage apparatus 

and are uncorrected bNt spectra were run on a Varran T60 spectraneter using 

tetrauethylsilane as internal standart and Ccl4 as solvent. Infrared spectra r;ere 

recorded on a Perkin-Elmer 457-A spectrometer. (Selenophenyl)?cethyltrrphenyl- 

phosphonrum branide. selenophenol and phenylselenenyl bromide were prepared as 

descrrbed prevxously [I_]. The products were purxfied by horlrontal evaporative 

dzstrllatron on a B&ha Kugelrohrofen. Analytxal samples were obtained by 

subsequent preparative than layer chromatography. 

I) Beactxon of phenylselenophosphorane (III) vxth ketones - Typical procedure 

a) Vxa transplidatlon - 
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reaction flask by means of a 4S" curved tube charged uith glass ~001, and the 
-. 
ketone <0.0025 molf added dropvise at room temperature. A crystalline precipitate 

forned instantaneously which afzer stirring for 1 hr was renmved by filtratioa. 

The yellovish filtrate vas vashed vith aqueous hX4C1 and NaCl. dried vith XgSOo 

and evaporeted. The reaction mixture also can be diluted -vith petroleum - ether 

(30-50). the solvent decanted aud the process repeated three times. The organic 

fraction was vashad. dried and evaporated giving the product in the same yield 

but with iocreased facility of extraction and distillation. The residue was 

distilled ic vacua to give the 2-phenylselenoketone in the yield indicated -- 

in the Table- 

The crystalline precipitates vere identified separately 

as being the phosphoniurn salt <XV) by mixed ssp and 8KR spectra. In the nm 

vith acetophenour, the crude product contained traces of 2-phenylpropene (IX), 

as shown by NHR canparisoo vith an authentic sample. 

b) From the selenophospboniun salt (II) 

To (selenopheuyl)methylphenylphosphonium branide (1.28g. 0.0025 ml) 

in TEF (5 ml) vaa added dropvise n-Bu2.i (0.0025 mol) under nitrogen at roazz 

tempereture with xaagoetic stirring. Tbe ketone vas added and the reaction 

perforned as described in (a). 
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cycloheranone, and the data can be found zn the Table wrth analytical data. 

3) Reactron of cyclohexanone enolate (VII) vrth the selenophosphonium salt (11, R-H) 

The cyclohexanone enolate (0.001 mole) MS prepared as 

descrrbed in the precedrng experrment. The solid salt (11; R=H) (0.512 g). 

0.001 mol) was added at room temperature to thrs solution under nrtrogen. 

After strrrrng for 1 hr. the crystallrne precrprtate which formed was removed 

by frltratron (IV, R-H), (yreld 0.35g. lOOI, mp and 

with those of an authentic sample) Rormal work-up 

yreld 0.20~ (80%). 

RMR spectrum identrcal 

of the filtrate gave (VI); 

4) Reactron of phosphorane (I. R-H) vlth 2-phenylselenocyclohexanone (VI) 

Wethylenetrrpheaylphosphoraae was prepared fra?? methyltrlyhenyl- 

phosphonxvm bromide (0.714g. 0.002 mol) and n-BuLa <O-O02 mol) xn THP (lo znl>. 

under nrtrogen To this solutroa was added 2-phenylselenocyclohexanone (0 5Og. 

0 002 mol) at room temperature. The crystallme preczpltate vhrch formed 

was removed by filtration (IV; R-H), (yield 0 71g, 100%. m-p and NklR rdentxal 

vrth those of an authentrc sample). Normal work-up of the filtrate gave (VI), 

yield 0.4Og (80%) 

5) Reactron of acetophenone eaolate with methylttrphosphoarum brwide 

To the enolate prepared from iPr2NLr (1 equxv) and acetopheaone 

(O.lZOg, O.OOl~mole) io THP (10 ml), was added methyltrrphenylphosphonium 

bromrde (0.357g. 0.001 mole) at room temperature under nitrogen, aud the 

mixture was allowed to react for 24h at room temperature. After normal 

work-up, 2-phenylpropene was rndrcated in the crude product by the 

follouang NlfR peaks; 6(CC14)2.L0, 5.01 and 5.31. Repetition of the 

reactiorr (reflux 1.5h) Permitted the isolation by preparative than layer 

chraaatograpby of pure 2-phenylpropene (30% yield). M b(CC14)2.10 (s.38). 

S.?l (3; ill), 5*31(m, lH), 7.10-T.52 (m, 5R). 
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