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Reactions of Phosphines with Acetylenes. Part 1x2 1,2-Alkylidenedi- 
phosphoranes stabilised by Acyl and Ester Groups 
By M. A. Shaw and J. C. Tebby," North Staffordshire Polytechnic, Stoke-on-Trent ST4 2DE 

I ,2-Alkylidenediphosphoranes stabilised by acyl groups have been prepared quantitatively from the reaction of 
tertiary phosphines (2 mot.) and diacylacetylenes (1 mol.). The phosphoranes are thermally less stable and more 
readily hydrolysed than the corresponding phosphoranes stabilised by ester groups. The hydrolyses occur with 
expulsion of tertiary phosphine and the driving force for the fragmentation is shown not to be derived from the 
donation of electrons by a phosphoranyl group but probably from the formation of a P=O bond. The diphosphorane 
derived from diphenylmethylphosphine and dimethyl acetylenedicarboxylate has been synthesised by an alternative 
route. 

IN a previous report we described the stable 1,2-alkyl- 
idenediphosphoranes (1) and (2) which were prepared 
by the reactions of the appropriate tertiary phosphine 
with dimethyl acetylenedicarboxylate. We have ex- 
tended this reaction to include the preparation of stable 
lJ2-alkylidenediphosphoranes from diacylacetylenes and 
have explored alternative synthetic routes to both 
types of IJ2-diphosphoranes. 

Part VIII, E. M. Richards, J. C .  Tebby, R. S. Ward, and 
D. H. Williams, J .  Chem. SOC. ( C ) ,  1969, 1542. 

Horner and Hoffmann have reported on the reaction 
of triphenylphosphine and dibenzoyldiacetylene to give 
a 2 : l-adduct. They have suggested a betaine structure 
in which the negative charge cannot be stabilised by 
px-dv bonding. 

The acyl 1,2-diphosphoranes (3a), (3b), (4a), and (4b) 
were prepared in almost quantitative yield from the 

2 M. A. Shaw, J. C. Tebby, R. S. Ward, and D. H. Williams, 

3 L. Horner and H. Hoffmann, Angew. Chem., 1956, 68, 473. 
J .  Chem. SOC. (C), 1967, 2442. 
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reactions of an excess of triphenylphosphine or di- 
phenylmethylphosphine with dibenzoyl- or di-9-tolyl- 
acetylenes in ether solution. These 1 ,2-diphosphoranes 

Me . .- 
I 

Ph3P COR 

(2)  Me 
Me 
I (3) a; R =  Ph 

b; R=p-tolyl 

are less stable than their analogues from dimethyl 
acetylenedicarboxylate, and their ready hydrolysis 
prevented wholly satisfactory analyses being obtained. 

The 

a 

TABLE 1 
i .r. spectra of acyl-stabilised alkylidenephosphoranes 

Phosphorane v(C=O) cm.-l (KBr) Ref. 
Ph,P=CHBz 1500 a 
Ph,=CHAc 1529 b 
Ph,P=C (Cl) Bz 1470 a 
Ph,P=C(Br)Bz 1465 a 
Ph,P=C(I)Bz 1465 a 

1497 Ph,P=C c 

(3a; R = Ph) 1478 
(3b; R = P-tolyl) 1475 
(4a; R = Ph) 1475 
(4b; R = jb-tolyl) 1475 
A. T. Speziale and K. W. Ratts. T.  Amer. Chem. SOL. 

fHzBz 
\Bz 

1963, 8b, 2590. 
Chem., 1967, 22, 41. 
Smith, Tetrahedron, 1968, 22, 567. 

F. Ramirez and S." Dershowitz, J. Org: 
e F. Ramirez, 0. P. Madan, and C. P. 

The diphosphoranes were characterised, however, by 
the absence of carbonyl absorptions in the usual region 
of the i.r. spectrum and the presence of intense bands 

The n.m.r. spectra of (3b), (4a), and (4b) also indicated 
that two molecules of phosphine had reacted with one of 
the acetylenic ketone. The lH n.m.r. spectra are sum- 
marised in Table 2. The absence of a methine proton 
in the 6 6 4  p.p.m. region of the spectra determined 
from trifluoroacetic acid solutions, indicates that the 
ketonic compounds are weaker bases than the com- 
pounds derived from the acetylenic ester. The presence 
of several conformers such as those identified from the 
n.m.r. spectra of (1) and (2) was not observed. This is 
in accordance with those of other workers who have 
studied acyl-stabilised alkylidenephosphorane~.~~~ 

The acyl-1 ,2-diphosphoranes were thermally less stable 
than their ester analogues and thus satisfactory mass 
spectra could not be obtained. A molecular ion was 
observed only in the spectrum of (4a) (at m/e 634), 
while all the spectra were characterised by intense 
peaks due to  the phosphine and acetylene components 
and their daughter fragments. 

The acyl 1,2-diphosphoranes were readily hydrolysed 
by water to the corresponding phosphine oxides and 
diaroylethanes. The reaction proceeded via the ex- 
pulsion of tertiary phosphine. This was shown by 
the hydrolysis of (4a) in wet iodomethane which re- 
sulted in the formation of dimethyldiphenylphos- 
phonium iodide, diphenylmethylphosphine oxide, and 
dibenzoylethylene. Scheme 1 shows two paths which 
were considered for the hydrolysis. Path (a) involves 
the addition of water followed by the expulsion of the 
tertiary phosphine and path (b)  involves the addition of 
two equivalents of water before expulsion of the phos- 
phine. 

The very low basicity of the acyl-stabilised diphos- 
phoranes (3) and the similarity of the fragmentation to 
analogous reactions in the literature6 led us to  favour 
path (a). We reconsidered path (b)  at  the suggestion 
of a referee, who also suggested that the two paths 
might be distinguished by treating the disalt of (3) with 
1 mol. of base under anhydrous conditions. It was not 

TABLE 2 
N.m.r. parameters for the 1,2-diphosphoranes (3) and (4) 

Phosphorane Solvent Assignment 
(3a; R = Ph) CDCI, Ar 
(3b; R = p-tolyl) CDCI, Ar 

(4a; R 5 Ph) CF,CO,H Ar 

(4b; R = p-tolyl) CDC1, Ar 

Ar-CH, 

P-CH, 

Ar-CH, 
P-CH, 

ArCH,  
P-CH, 

(4b; R = fi-tolyl) CF,CO2H Ar 

in the 1475-1480 cm.-l region, characteristic of acyl 
groups in conjugation with alkylidenephosphorane 
groups (see Table 1). 

* F. J. Randall and A. W. Johnson, Tetrahedron Letters, 1968, 

H. J. Bestmann and J. P. Snyder, J. Amer. Chem. SOL, 
2841. 

1967, 89, 3936. 

8 (P.P.rn.) 
8.4-6.8 (m) 
8.2-6-5 (m) 
2.2 3 ( s ) 
8.4-6.9 (m) 

2*14(d) 

7.6-6-9 (m) 
2.3 6 ( S )  
1 *70 (d) 

8.3-6.9 (m) 
2 - 5 3 ( ~ )  
2- 13( d) 

8*4-8.0(d) 

J(P-CH,) Proton ratios 
- 

38 
6 

30 
13 Hz 6 

4 
24 
6 

12 Hz 6 
30 

6 
13 Hz 6 

possible to do this for the acyl diphosphoranes since a 
salt could not be isolated. However disalts of the 
diphosphorane stabilised by carboxylic ester groups 

G. Wittig, H. Eggers, and P. Duffner, Annalen, 1958, 619, 
10; J. A. Ford and C.V. Wilson, J .  Ovg. Chem., 1961, 26, 1433; 
J. A. Elix and M. V. Sargent, J. Amer. Chem. SOL, 1968, 90, 
1631. 
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Org. 7 

are isolable and therefore the test was carried out on 
one of these salts. 

Treatment of the dihydrochloride of (2) with one 
equivalent of sodium methoxide in methanol gave a 
cream-coloured solid the i.r. spectrum of which contained 
bands a t  1720 and 1620 cm.-l in accordance with the 

R’ R’ R’ 
I I H6 Ph$J COR2 Ph,P: COR’ 2Ph2P0 FOR’ 

TH2-CH2 
/ 
\+ 

I .  

’ + HC=C 

R’CO PPh, Rzc/o PPh, HO 
(5) 

HC=CH 

a R’ 

SCHEME 1 

phosphoranyl-phosphonium salt (5; R1 = Me, RZ = 
OMe). The salt (5) would be expected to consist of a 
mixture of interconverting conformers resulting from 
restricted rotation.2 It was not surprising, therefore, 
that the n.m.r. spectrum of the cream-coloured solid 
in deuteriochloroform was fairly complex in the methoxy- 
group and P-methyl regions. Although it was not 
possible to make assignments, there was no evidence 
for the presence of the diphosphorane or its disalt. 
Phosphine could be isolated neither by ether extraction 
nor after the product had been left in dichloromethane 
solution for 1 week. Addition of further sodium meth- 
oxide led to the formation of the 1,2-diphosphorane. 

These results show that path (a) does not operate for 
the diester and that the phosphoranyl group does not 
provide the driving force for the expulsion of the tertiary 
phosphine. It seems reasonable to conclude that the 
formation of a P=O bond provides the driving force for 
the fragmentation. Path ( b )  is an example of such a 
fragment ation.’ However, considering that the n.m.r. 
spectra of the acyl diphosphoranes in trifluoroacetic 
acid show no evidence of protonation, a mechanism which 
avoids the protonation of the diphosphoranes by water 
would be preferred. 

It should be noted that the stabilised diphosphoranes 
already have extensively developed phosphonium centres 
and that protonation is not essential for the formation 

A. M. Aguiar and H. Aguiar, J .  Amer. Chem. SOC., 1966, 88, 
4090; J.  J. Brophy and M. J. Gallagher, Chem. Comm., 1967, 
344. 

of a phosphine leaving group. Thus, two molecules of 
water may not be essential for fragmentation. When 
the diphosphorane is dissolved in water it is likely to be 
solvated as shown in Scheme 2 and a fragmentation 
such as that shown would be quite feasible. 

f R< &O R’ 
I 

Ph2P: ? Ph2P0 H20 
H/C-CH 

SCHEME 2 

The acyl-l,2-diphosphoranes also decomposed in 
chloroform solution at room temperature as indicated 
by changes in their i.r. spectra. The carbonyl absorption 
bands at  1475 crn.-l slowly decreased while the bands 
at 1685 cm.-l (corresponding to carbonyl absorption 
of the diaroylethanes) slowly increased in intensity. 
The final products were the phosphine oxides and 
diaroylethanes. (Note that the diaroylethylenes are 
reduced by diphenylmethylphosphine and triphenyl- 
phosphine in the presence of water, whereas dimethyl- 
fumarate is reduced only by diphenylmethylphosphine 
and water .2) 

An attempt was made to synthesise the 1,2-diphos- 
phorane (1) via the bis-phosphonium salt (6). It was 
proposed to quaternise 2 mol. of triphenylphosphine 
with 1 mol. of methyl dibromosuccinate in order to 
obtain the required bis-phosphonium salt (6). However 
this mode of reaction could not be achieved. 

Ph3$, ,C02Me 
CH-CH 2Br- 

MeO,C/ \6Ph3 

When the reaction was carried out in ethanol-free 
chloroform dibromotriphenylphosphorane as a white 
deliquescent solid which fumed in air was formed; its 
identity was established by comparison of its i.r. spec- 
trum with that of an authentic specimen prepared from 
triphenylphosphine and bromine in chloroform. The 
mother liquors from the reaction were found to contain 
dimethyl fumarate . 

In methanol solution a different reaction was ob- 
served; the salt which was formed gave the stable 
alkylidenephosphorane (7) when treated with aqueous 
sodium hydrogen carbonate solution. Triphenyl- 
phosphine oxide was also obtained from the methanolic 
solution. 
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8 J. Chem. SOC. (C), 1970 
Convincing evidence has been put forwards that 

phosphines will attack a halogen atom directly when the 
carbon atom to which it is bonded bears one or more 
electron-withdrawing groups. Both of the above 
reactions are readily explained by such a mechanism. 
Attack of triphenylphosphine on the ‘ positive ’ bromine 
atom of the bromosuccinic ester produces an ion-pair 
which gives dimethyl fumarate in the aprotic solvent, 
but undergoes solvolysis in the protic media to give 
triphenylphosphine oxide, methyl bromide, and methyl 
bromosuccinate (see Scheme 3). 

(12) which were characterised as their respective oxides. 
Hoffmann and Diehr l2 obtained the vinyl phosphine (1 1) 
by addition of diphenylphosphine to phenylacetylene. 

Thus it seemed reasonable to expect that diphenyl- 
phosphine would react readily with dimethyl acetylene- 
dicarboxylic ester. Accordingly two equivalepts of di- 
phenylphosphine were added to one equivalent of the 
acetylenic ester in ether. No attempt was made to 
isolate the resulting bis-phosphine but the solution was 
treated directly with iodomethane to give the bis- 
phosphonium salt (13). On treatment of the salt with 

CHCI, 
+ /-+ Ph,PBr, + MeO,C*CH=CH*CO,Me 

Ph,P : Ph,PBr 

CH- H 

C0,Me 

loZMe Br C0,Me 

LIH-LH 

MeO2J 8 r  
1 \,-+ Ph,PO + MeBr + CH,-CHBr 

I LMeOH 
Me,OC 

Ph,P : Br- 

ph3p\ /Co2Me 
,CO,Me 

NaHCOI 
Br C0,Me Ph,$ 
(33--LH2 __t )CH-CI-I, ___f C-CH, 
I 

Me0,C 

In the last-mentioned case the methyl bromosuccinate 
can react further * with a second mol. of triphenyl- 
phosphine to give the salt (8) first obtained by Osuch, 
Franz, and Zienty from triphenylphosphine hydro- 
bromide and dimethyl fumarate. 

Borowitz and VirkhauslO have proposed that tri- 
phenylphosphine and phenacyl bromide gives the 
ion-pair (9), which in aprotic solvents gives the quatern- 
ary phosphonium salt (10). In protic solvents the ion- 
pair undergoes solvolysis to acetophenone, triphenyl- 
phosphine oxide, and an alkyl bromide (RBr from 
solvent ROH) . 

Ph&Br CH2COPh Ph,kH,COPh Br- 

(9) 
A different route to the 1,2-diphosphorane (2) was then 

explored. Aguiar and Archibald l1 treated lithium 
diphenylphosphide with phenylacetylene and obtained 
both the vinyl phosphine (11) and the bis-phosphine 

PhP, /H Ph,P, /PPh2 
c=c CH,-CH 

H/ \Ph ‘.Ph 

(11) (12) 

* A sample of methyl bromosuccinate was prepared and treated 
A salt was formed, which 

8 H. Hoffmann and H. J, Diehr, Angem. Chem. Internat. Edn., 

with triphenylphosphine in methanol. 
gave (7) on treatment with base. 

1965, 4, 737. 

aqueous sodium hydrogen carbonate solution the 
1,2-diphosphorane (2) was obtained. 

2Ph,PH Ph,P, /C02Me 
+ CH-CH 

Ph2P\ ,CO,Me 
NaHCO, 

(2) - CH-CH 21- 

Me 
(13) 

The above synthesis could not be extended to the 
1,2-diphosphoranes (4a) and (4b) since it appeared that 
diphenylphosphine added to the carbonyl group in 
preference to the acetylenic bond. 

EXPERIMENTAL 
The spectra were determined on a Perkin-Elmer 60 

MHz n.m.r. spectrometer, an A.E.I. MS9 double-focusing 
C. Osuch, J. E. Franz, and F. H. Zienty, J .  Org. Chem., 

1964, 29, 3721. 
10 I. J. Borowitz and R. Virkhaus, J .  Amer. Chem. SOC., 1963, 

85, 2183. 
l1 A. M. Aguiar and T. G. Archibald, Tetrahedron Letters, 

1966, 5471. 
l2 H. Hoffmann and H. J. Diehr, Chem. Ber., 1965, 98, 363. 
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Org. 
mass spectrometer, and a Unicam SP 200 i.r. spectro- 
meter. 

lf2-Dibenzoyl- 1,2-bistri~henyl~hosphoranylideneethane- 
(3a) .-Triphenylphosphine (2.6 g.), dissolved in dry ether 
(15 ml.), was stirred and cooled to 0" while a solution of 
dibenzoylacetylene (1.2 8.) in ether (60 ml.) was added 
dropwise to give a cream-coloured precipitate. The 
mixture was stirred 15 min. after the addition and then 
the solid was collected. The product (3a) (3.7 g., 97%), 
crystallised from chloroform-ether, had m.p. 199-200" 
(Found: C ,  79-95; H, 5-35; P, 7.45. C5,H,,02P2,H20 
requires C, 80.4; H, 5-4; P, 8.0). 

1,2-Di-p-toloyE- 1,2-bistriPhenyl~hos~horanylidene-ethane 
(3b).-Prepared in a similar manner to (3a) from triphenyl- 
phosphine (2.6 g.) and di-p-toluoylacetylene (1.3 g.), 
the product (3b) was obtained in 95% yield and had m.p. 
179-180" (Found: C ,  81-7; H, 5-85; P, 8.1. C,,H,,O,P, 
requires C, 82.4; H, 5.6; P, 7.9%). 

1,2-Dibenzoyl- 1,2-bisdiphenylmethyl~hos~horanylidene- 
ethane (4a).-Prepared in a similar manner to (3a) from di- 
phenylmethylphosphine (2.0 g.), the product (4a) was 
obtained in 100% yield and had m.p. 188-189" (Found: 
C, 78-6; H, 6.0; P, 9.65. C,,H,,O,P, requires C, 79.5; 
H, 5.7; P, 9.8%). 

1,2-Di-p-toluoyl- 1,2-bisdiphenylrnethyl~hos~horanylidene- 
ethane? (4b).-Prepared in a similar manner to (3a) from 
diphenylmethylphosphine (2.0 g.) and di-p-toluoylacetylene 
(1.3 g.), the product (4b) was obtained in 97% yield and had 
m.p. 201-202" (Found: C, 78.6; H, 6.2; P, 9.4. 
C4,H,o0,P, requires C, 79.6; H, 6.05; P, 9.35%). 

Hydrolysis of the 1 , 2-Diphosphorane (4a) .-(a) The 
diphosphorane (50 mg.) was dissolved in chloroform (5 ml.) 
and the i.r. spectrum of the solution was recorded a t  
intervals. The intensity of the absorption a t  1475 cm.-l 
slowly decreased whilst that a t  1685 cm.-l slowly increased. 
The solution was examined by t.1.c. on silica with ethyl 
acetate as eluant. Two components were observed which 
corresponded to dibenzoylethane and diphenylmethyl- 
phosphine oxide. 

(b) The diphosphorane (250 mg.) was heated under 
reflux with water (10 ml.) for 4 hr. The mixture was 
cooled and extracted with chloroform. The extracts were 
dried and chromatographed through a silica column. 
With ether as eluant dibenzoylethane was obtained, 
m.p. and mixed m.p. 144146O. Elution of the column with 
methanol gave diphenylmethylphosphine oxide ( 136 mg., 
79%), a sample of which from ether had m.p. and mixed 
m.p. 107-108". 

Hydrolysis of (4a) in the Presence of lodomethane.-The 
diphosphorane (100 mg.) was heated under reflux with wet 
iodomethane (6 ml.) for 72 hr. Dimethyldiphenylphos- 
phonium iodide (34 mg., 43%) was collected and, after 
crystallisation from ethanol, had m.p. and mixed m.p. 
252-253". The iodomethane was evaporated off from the 
filtrate and the residue was crystallised from alcohol to 
give yellow flakes of dibenzoylethylene (18 mg., 38%), 
m.p. and mixed m.p. 107-110". The filtrate was evapor- 
ated to give a yellow gum which was extracted with hot 
ether (5 ml.). The extract was evaporated to dryness 
and the residue was triturated with light petroleum. 
Diphenylmethylphosphine oxide (20 mg., 46%) was ob- 
tained which, after crystallisation from ether, had m.p. 
and mixed m.p. 105-108". 

Hydrolysis of the 1,Z-Diphosphoranes (3a), (3b), and (4b).- 

The hydrolyses were carried out  by method (b) above. 
The corresponding phosphine oxides and diaroylethanes 
were obtained. 

Reaction of Triphenylfihosphine with Methyl Dibronao- 
succinate.-(a) In chloroform Triphenylphosphine (2.6 g.) 
and methyl dibromosuccinate (1.5 g.) were heated under 
reflux with ethanol-free chloroform (10 ml.) for 10 min. 
The solution was cooled and dibromotriphenylphosphorane 
(1.9 g., 90%) was collected. It had an i.r. spectrum 
superimposable on that of an authentic sample. The 
chloroform was evaporated from the filtrate and the residual 
oil was heated under reflux with iodomethane (10 ml.) for 
1 hr. A colourless solid was collected and identified as 
triphenylmethylphosphonium iodide (1.7 g . ,  85%), m.p. 
and mixed m.p. 180-182°. The iodomethane was evapor- 
ated off from the filtrate and the residual oil was crystall- 
ised from methanol to give plates of dimethyl fumarate 
(0.3 g., 43y0), m.p. and mixed m.p. 103-104". 

(b) I n  methanol. Triphenylphosphine (1.3 g.) and 
methyl dibromosuccinate (0.8 g.) dissolved in dry methanol 
(10 ml.) were set aside overnight. The methanol was 
evaporated off and the residue was extracted with several 
portions of hot ether. The extracts were evaporated to 
dryness and the residue of triphenylphosphine oxide 
(0-6 g., 85%) crystallised from aqueous methanol; i t  
had m.p. and mixed m.p. 155-156". 

The residue, after extraction with ether, was treated with 
aqueous sodium hydrogen carbonate. After the gas 
evolution had ceased the phosphorane (7) (0.5 g., 50%) 
was collected. It had m.p. and mixed m.p. 158-159" 
after crystallisation from chloroform-light petroleum, 
and had an i.r. spectrum superimposed on that of an 
authentic sample.lO 

Reaction of Diphenylphosphine with Dimethyl Acetylene- 
dicarboxyZate.-Diphenylphosphine (3-8 g.) and dimethyl 
acetylenedicarboxylate (1.4 g.) dissolved in dry ether 
(70 ml.) were kept under a nitrogen atmosphere for 4 days. 
The buff-coloured precipitate was filtered off under nitrogen. 
Iodomethane (10 ml.) was added to the filtrate and the 
mixture was set aside for 24 hr. ; a buff-coloured solid was 
collected and crystallised from chloroform to give (1,Zdi- 
carbomethoxyethane- 1,2-bisdifihenylrnethylphos~honiuw~ di- 
iodide (13) (3.2 g., 42%), m.p. 132-133" (Found: C, 47-9; 
H, 4.6%; equiv. wt.,13 398. C,2H,41,04P, requires C, 
48.1; H, 4.3%; equiv. wt., 399). 

The bis-phosphonium iodide (13) (0.5 g.) dissolved in 
chloroform (2 ml.) was shaken with aqueous sodium 
hydrogen carbonate (5 ml.) for 30 min. The chloroform 
layer was washed with water, dried, and evaporated. The 
residual gum was triturated with ether to give the 1,2-di- 
phosphorane (2) (0-3 g., 88%) the i.r. and n.m.r. spectra of 
which were superimposable on that of an authentic sample., 
A sample was crystallised from chloroform-ether and had 
n1.p. and mixed m.p. 215-217". 

We thank Imperial Chemical Industries, Limited, Mond 
Division, for gifts of chemicals and determination of the 
mass spectra, and Dr. A. J. Shuttleworth of that company 
for many helpful discussions. We also extend our thanks 
to the University of Keele for the use of an n.m.r. spectro- 
meter. 

[9/495 Received, March 21st, 19693 

lS S. T. Ross and D. B. Denney, Analyt. C h e w ,  1960, 32, 1896. 
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