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Met-Triphcnylphosphinc and tri-ptolylphosphinc react with phcnylacetykne and water to 
produce 1.2-diphcnylethylJiphenylphosphine oxide and 2-phcnyl-l_(ptolyl)ethyldi-ptolylphosphine 
oxide respectively. Two possible reaction pathways have been investigated. 

IN AN earlier communication,* WC reported on the reaction of triphenylphosphine 
with phenylacetylene and water in boiling digol. The product had the molecular 
formula &H,OP, and was shown to bc a very stable non-basic compound. It was 
recovered from boiling 10% aqueous sodium hydroxide, boiling 10% aqueous 
hydrochloric acid and boiling hydrogen peroxide in glacial acetic acid. The IR 
absorption spectrum showed the presence of a strong band at I I75 cm-l which could 
bc assigned to a P-O bond, and the UV spectrum contained a series of weak bands at 
254, 260, 267 and 274 m,u similar to the spectra of triphcnylphosphine oxide and di- 
phcnylphosphinic acid. These properties were in accordance with a phosphine oxide 
structure and three oxide structures I, II and III wcrc considcrcd. The ‘H NMR 
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spectrum contained an unresolved 3 proton multiplet centrcd at T = 6.6 ppm and an 
unresolved 2Gproton multiplet at 7 -- 2.0-3.0 ppm. The spectrum was not in accord 
with III and this structure was therefore considered no further. The product was found 
to react readily with one equivalent of N-bromosuccinimide. A monobromo deriva- 
tivc was obtained which on treatment with sodium methoxidc gave an olefinic com- 
pound. The olefin was hydrogcnatcd to give the original phosphine oxide and was 
oxidized to give diphenylphosphinic acid and bcnzoic acid. Thus the olcfin was 
diphenyl-1.2-diphcnylvinylphosphinc oxide (VI) and not the other isomeric possibility 
diphcnyL2,2diphenylvinylphosphine oxide. The structure of the reaction product 
from triphenylphosphine, phenylacetylene and water was therefore shown to be II. 
This structure was confirmed by comparison of the product with an authentic sample 
of 1,2diphcnylcthyldiphenylphosphinc oxidc.s 

I Present address: Chemistry Department, University of Kale, Staffs. 
’ D. Allen. J. C. Tcbby and D. H. Williams. Terrclhedron Lc~fcrs No. 28, 2361 (1965). 
a S. Trippctt and R. J. Walker, Gem. Cumm. 106 (l%S); J. C/tern. Sot. (C) 887 (1966). 
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It has been shown that bromination occurred at the less hindered j? position. The 
monobromo derivative possessed a poorly resolved iH NMR spectrum and was there- 
fore converted to the corresponding methyl ether by solvoiysis in boiling methanol. 
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The iH NMR spectrum of the ether in deuterochloroform solution contained an 
unresolved 20 proton multiplet centred at 7 = 2.7 ppm, a wcfldef%i one-proton 
triplet centred at 7 = 4.92 ppm (J = 6 c/s), a one-proton quartet centrcd at 7 = 6.25 
ppm and 8 three-proton singlet at 7 = 690 ppm. The spectrum contained three 
types of aliphatic protons as required by 8 Me0 group in the p position. Thus the 
methyl ether is represented by V, and its monobromo precurser by IV. 

Trippett and W8lketi have obtained 1,2diphenylethyldiphenylphosphine oxide (II) 
from the reaction of ~iphcnylme~yiencphosphorane with benzaldehydt in ethanoi 
and from the reaction of triphenyiphosphine with styrene oxide. They showed that the 
be&me IX was an important intermediate and we have investigated the possibility 
that the betaine may also be a key intermediate in the reaction of triphenylphosphine 
with phtnylacetylene and water. The reaction squence may involve the bet8ine IX 
as shown in Scheme I. This possibility was investigated by carrying out the reaction 
using deuterium oxide in place of water. The products were 8n8lySCd by mass spec 
trometry. The results, which were reported in full in the first communication3 were 
not conclusive due to a migration which occurred after electron impact in the spectrom- 
eter. WC have therefore sought further evidence to establish the reaction pathway by 
attempting to prepare the proposed intermediate hydroxide VII. &Styryltriphenyl- 
phosphonium bromide (X) was prepared from triphenylphosphine, phenylacetylene 
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and hydrogen bromide in boiling diethylene glycol. Earlier workers‘ were unable 
to obtain the bromide X when ether was used as solvent. The bromide was charac- 
terized by conversion to the crystalline picrate salt. 

The iH NMR spectrum of the picrate in deuterochloroform solution contained a 
2 proton singlet at 7 -= 1.21 ppm due to the picrate anion and a 22 proton multiplet at 
T - = 2-O to 3.3 ppm. The vinyl proton resonances could not be clearly distinguished 
from the phenyl resonances. The absence of terminal methyltne resonances at 7 = 
4-5 ppm shows that the picratc is not the a-styrylisomer. The spectrum of l,l- 
diphenylethylene for instance contains 2 vinyl protons at I = 4.47 ppm (singlet) and 
10 phenyl protons at T :-: 2.55 ppm (singlet) and the vinyl protons of a-styrene- 
phosphonic acid6 appear as two doublets at T - 4.07 and 4.42 ppm. Aguiar and 
Daiglc* have prepared cis and tram /I-styryldiphenylphosphinc oxide and observed 
four vinyl resonances for the ck isomer between 7 = 3.37 and 3.92 ppm. The vinyl 
resonances of the IIGYZ.S isomer were partially hidden by the phenyl resonances and 
occurred between 7 = 2.8 and 3.5 ppm. The vinyl resonances of irons-&styrene- 
phosphonic acid’ also overlap the phenyl region. Comparison of these observations 
together with the spectra of cis and frunr stilbene’ which contain vinyl resonances at 
7 2: 3.45 and 7 - 290 ppm respectively, shows that the picratc is a rrans-#?- 
styryltriphcnylphosphonium salt. 

The preparation of the ~-styryltrjphenylphosphonium hydroxide was attempted 
by treating the bromide X with freshly prepared silver oxide. After removal of silver 
bromide and evaporation in L’UCUO a colourless oil was obtained. The oil, which gave 
an alkaline reaction in water, could not be converted into a crystalline picrate. This 
was possibly due to hydration of the #?-styryltriphenyl phosphonium hydroxide (VII) 
to form some of the next interm~iate VIII. When the oil was heated in wet digol no 
1,2-diphenyle~yldiphenylphosphine oxide (II) could be detected. 

An alternative pathway shown in Scheme 2, involving a cyclic phosphoraae 
intermediate, was also considered. Evidence has been put forward for the existence of 
triarylphosphorancss and phosphocyclopropanes’ as reactive intermediates. The 
last intermediate in Scheme 2 is the phosphonium hydroxide XI (shown in its pcnta- 
covalent form)*O in which either of the P-C bonds of the three-membered ring may 
break to produce 1,2diphenylethytdiphenylphosphine oxide. The reaction of tri-p- 
tolylphosphine, phenylacetylene and water was suitable to test this hypothesis since 
by this pathway the unsymmetrical intermediate XII would be formed, which upon 
cleavage would afford the two isomeric phosphine oxides XIII and XIV. However, 
when this reaction was carried out the product could not be separated into two isomers. 
Separation was attempted by TLC using a variety of supports and eluting solvent 
systems. The *H NMR spectrum measured in deuterochforoform contained only 

4 H. lfothann and H. J. Dichr, Chcm. Ber. -364 (196%. 
* Cr. L. Kmyon and F. H. Wcsthcimcr, 1. Am. Chum. See. 88,3557 (1966). 

* A. hi. Aguiar and D. Daigk, I. 0~. C&m. 30.2826 ud 3527 (1965). 

’ V&an NMR S‘ctru Cut&y Vol. I, Spcctzx Nos MS and 306. National Press, Palo Alto, cafif’. 
( 1962). 

@ D. Scyfcrth, W. B. Hugha and J. K. Heaen, J. Am. Chem. Sot. 87, 2847(1%5); ibid., 86, 307 
(1964). 

’ R. W. Turner and A. H. Soloway, 1.0~. C7wm. 30.4031 (1%5). 

** C. T. IcyIts and S. Trippctt, 1. Chon. Sue. (C) 67 (1966). 
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two singlets (a and b) in the aromatic methyl region: (a) a six-proton singlet at 
T -7 7.77 ppm and (b) a three-proton singlet at 7 - 7.58 ppm. A mixture of the 
isomers (XIII and XIV) was expected to give three singlets in the aromatic Me 
region. Finally the product was shown to be the same as the phosphine oxide XIV 
obtained from the reaction of tri-ptolylphosphine with styrene oxide. Thus the 
reaction pathway is not that shown in Scheme 2. 

Since the reaction of triphcnylphosphine with styrene oxide leads to the same 
product as that obtained from the phcnylacetylenc reaction it is very probable that a 
common intermediate, such as the betaine IX is involved. However WC have been 
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unable to establish that the reaction proceeds by the pathway shown in 
Scheme 1. Further studies are being made of a related reaction with methy propiolate. 
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EXPERIMENTAL 

Mps wcrc taken in capilliaria. The UV and IR spectra welt determined on Unicam SP700 and 
Sp200 spcctrophotomctm. NMR spectra wcrc obtained in CIXl, using a Pcrkin-Elmer RIO 
spcctromctcr, wnh TMS as an internal rcfererxx. 

Rcacrion of triphenylphosphine with phmylacctylmw in the presence of uatcr. A soln of ttiplunyl- 
phosphinc (10 g. 0038 mok), phcnylacctykne (9.0 g, 0088 mole) and water (3 ml) in dkthyknc 
glycol(75 ml) was rcfIuxcd for 8 hr. The solvent was removed by distillation under rcduccd press 
and the rcsiduc uystallizcd from bcnzcne to give a crude product (7.2 g. SO”%). After several 
rccrystallizations from bcnzcnc, pure II was obtained as colourkss crystals, mp. 233-234” (Lit.* 
m.p. 232-233”). The analytical sampk was prcparcd by sublimation at 220”/@1 mm. (Found: 
C. 81.65; H, 590; P, 8.5; M (mass spectromctry) 382. Cak. for C,,H”OP: C, 81.6; II, 6a; 
P, 8.12%; M. 382.) rmnx (KBr) 1437(m), 1173(s), 1118(m), 1 loo(m), ‘792(m). 77S(m), 747(m), 717(s). 
697(s) cm-‘. lr.. (95% EtOH) 254. 260,267, 274 w (e 740). NMR -rum: z 2&3*0 (m, 20 
aromatic protons) and 66 ppm (m, 3 bat+ protons). 

Brominarion of 1,2_dj~nyfethy/djp~nyfp~~i~ oxtie (It). A mixture of N-bro~~~irnide 
( 1.78 g, 001 mole), II (3.8 g. 001 mole) and CC& (60 mJ) was rcfkxul for 5 hr. The solvent was then 
dbtilkd under rc&cul prtJs and the residue boikd with aatonc (60 ml) for 30 min to rcmovc cxccss 
succinimide. The resulting soln was then cookd and filtcrcd to give 2-bromo-1 ,L?-dphrny/cfhyk@heny~- 

phosphinc ox&, (Iv) mp. 182-183” (35 g. 76%). After scvcral rccrystahizations from W 
EtOH, the product formed colourlcas crystals, m.p. 186187”. (Found: C. 67.6; H, WO; Br. 17.3. 
&H,BrOP rcquircs: C, 67.67; H, 4.77; Br. 17.3%) P~.~ 118Ocm i(s). 

Prepuraikm oft&e mcrhyl c&et V. Compound IV (W g, CWOI mole) dissolved slowly in M&H 
(25 m1) when hcatcd under rcflux for 5 hr. Most of the McOH was rcmovcd by distillation and the 
residual soln poured into water (100 ml). The ppt was filtered. washed with a little water, and dried 
mp. 256-260” (044 g. 100%). Aftcr scvcral rccrystallizations from EtOH, 2-mcrhoxy-1,2_diphcnyl- 
cthyldtphenylphosphphirv oxide (v) fonnod colourku crpals, m.p. 263-W. (Found: C, 7846; H, 
5,91. C,+I,,O,P requires: C. 78.6: II, 6.06x.) vmU (KBr) 1180(s), 1100(s) cm-i. NMR spectrum: 
T 2-7 (m, 20 aromatic protons), 4.92 ft. J - 6 cls, one proton), 6.25 (q, J - 6 c/s, 1 proton) and 6-90 
ppm (s. 3 protons). 

Preparurion of rhc olt$n (VI). A soln of IV (I.0 g, O+lO2 mok). NaOH (40 g) in McOH (5Oml) was 
rctXtscd for 4 hr. The soln was acid&xl with HCl and poured into water (150 ml). The ppt was 
tiltercd off. washed with a little water, and drkd m.p. 156158” (082 g, 100%). After recrystallization 
from 8S100” pctrokum with the addition of a small quantity of EtOH 1.2-4+4eny&nyld&+y1- 
phosphine ox&& (VI)** forrncd colourkss crystab, m.p. 159-161”. (Found: C. 81-9; II, 555; M 
(mass spcctromctry) 380. C&H,,OP requires: C, 82@9; Ii, 556%. M, 380.) p-U (KBr) 1608(m), 
1180(s) cm-‘. &D.. (95 % EtOH) 268 mj~ (6 17,630). 

Hydrognurion of& o&& (VI). Compound VI (@3 g. ODORS mok) in abs EtOH (30 ml) was 
hydrogenated in the presence of PtO, (30 mg) for 30 hr. The resulting soln was filtered, and the 
solvent evaporated to low bulk, when the product crystalliz& After scvcral raxystallizations from 
EtOH, the produa had m.p. 230-232”. The IR spectrum of the hydrogenation product waa identical 
with that of II. 
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Oxiiarion of the ofefinic compund (VI). Compound Vi (056 g, 00015 mok) was sqaniai in 
retluring acetone (20 ml), to which Na&O, (025 g) was added. KMnO, (4 g) was added in portions 
to the rctluxing soln. After the addition of KMnO, was compkted, the soln was refluxed for a 
further 6 hr. High flow superceil (1 g, was added and the suspension filtered hot. The filtrate was 
acidified with dil HCI, and extracted with Chf (2 x 10 ml). The Chfcxtract was dried and evaporated 
to yield a crystalline residue (81 mg). The residue was subjected to sublimation at lOO”/@l mm. A 
highly crystalline sublimate was colkcted and was found to be identical with an authentic specimen 
of bcnzoic acid m.p. and mixed mp. 121-122”. The non-volatikrcaiduemp. 192-193” was found tobe 
diphenylphosphinic acid m.p. and mixed mp. 192-193’. 

The high&w superalt fitter aid added to collect the MnO, formed in the reaction was extracted 
with Chf. The dried Chf extract was evaporated to give the unchangad okfink compound m.p. and 
mixed np. 159-161” (@263 g). 

Reaction of tri-p-rolyiphosphine with phenyiacetykne in &presence of water. A soIn of tri-ptoiyl 
phosphine,” (l-0 g. QO03 mok), pbcnykcetykne. (1.0 g, 0009 mok) and water (05 ml) in diethykne 
glycol(5 ml) was refluxed for 6 hr. The solvent was removed by distillation under reduced press and 
the residue crystal&d from benzene. The product was obtained as colourkss crystals, mp. 218-219’ 
(064 g, &*%I. Mixed m.p., TLC and the IR spectrum showed it to be identical with XIV prepared 
below. 

PreParation of 2-plicnyl-l_(~folyt)crhyldi-profy~s~~ oxLie (?Uv). This rcection was carried 
out according to the procedure of Trippctt and Waker. * A soln of ~-~t~ylph~ph~l’ (O-566 g, 
1.86 mmok), rtyrax oxide (Cb24 g, 24 mmok) in abe EtOH (5 ml) was refiuxed for 2 hr. TLC 
examination of the reaction mixture showed the presence of tri-p-tolylphosphim oxide in addition to 
the required product. After evaporating the solvent, the raidue was dissolved in Chf (2 mJ) and 
purifkd by column chromatography on silica using A&Et as elucnt. Crystallization from benzene 
gave the producr as colourku crystals, m.p. 218-219” (@355 g, 45%). (Found: C, 82.4; H, 6.89. 
C,,H,,OP rquiru: C, 82@; H, 6+80/,) * II)*= (nujol mull) 117oIs) cm-t. NMR spectrum: T 2tS3.0 
(m, 17 aromatic protons). 7-58 (s, 3 aromatic Me protons) and 7.77 ppm (s, 6 aromatic Me protons). 

Synthesis of trans-B_srrurrri~nyfp~sphoniw! bromiak cx). This synthesis was achieved by a 
moditkation of the @ proced& for the synthesis of vinyiphosphoniurn salts. Dry, bromine 
free, HBr gas was passed through a soln of t~p~nylph~p~~ (10 g. t3038 mok) and phenyi- 
acetykne (10 g, CKS mole) in dry dkthykne glycol (75 ml), whilst heating at rdiux for 4 hr. The 
solvent was removed by distillation under reduced press to yield a black gum, which was heated on a 
steam-bath with wrxtcr (100 ml) for 1 hr with constant stirring. The resulting mixture was ahowed to 
settle and the aqueous soln decanted carefully, from the tarry residue. The aqueous extract was 
extracted with ether (2 x 20 ml) to remove non-ionic unulsiticd organic material, and then evaporated 
under reduced press to yield a pakred gum. This gum was dissolved in Chf(50 ml). and the Chf soln 
dried over anhyd Na&O,. The dried Chf soln was evaporated to yield trans-&-~ryryk&henyi- 

phosphonfwn bromi& (x) as a pale yellow gum (150 g, 88’/@. Attempted purification by crystalli- 
ration from a number of solvents faikd to give crystalline material. The salt was characterized by the 
formation of the ~~~ndingp~~a~e by treatment of an aqueous soln of the bromide with a saturated 
queow soln of sodium picrate. After several recrystallizatiom from EtOH, trams-B_rtyry/fti@tyI- 
phosphonium picrate formed yellow crystals, mp. 157-158”. (Found: C. 65.1; H. 390; N, 7.2; 
CaHIINtO,P rap~iru: C, 64.7; H, 4-05; N, ?@8%.) I,., (95 ‘/, EtOH) 276 (E 26,5 IO) and 363 ~1. 
(C = 15.560). NMR spectrum: T l-21 (s, 2 aromatic protons), 2+3+3 ppm (m, 22 aromatic and vinyl 
protons). 

Recution of the phosphonfum bromide (X) with silrvt ox&k. The phosphonium bromide (154 g, 
O-033 xnok) was dissolved in water (50 ml) to which was added freshly prepared, washed, A&O 
prepared from NaOH (cog) and AgNO, (8.Og). The suspension was agitated overnight, and 

t1 Note a&d after submiss&n of manuscript. The dip~yfv~y~ip~ylph~ph~ oxide (VI) has 
ban prepamd in its cis and fruns foran by A. M. Aguiar md T. G. Archibald [Tetrahedrm Lxtters 
No. 45,5541(1966)] and the mp. of our product corresponds to that of the ris isomer reported by 
thee workers. 

I1 F. G. Mann and E. J. Chaplin, 1. C/em. SDC. 527 (1937). 
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filtered. The clear, alkaline filtrate was cvaporarai in a rotary evaporator a1 kss than 30’ to yidd a 
colourlcss gum, which could be rediilved in water to yield a ckar ~~~AGDc soln. Attcmpcs to re 
convert the phosphonium hydroxide into the corresponding pi-crate described above gave a product 
which could not be aystalliizal. The phosphonium hydroxide (1-O g) was rdluxcd (a) on its 
own and (b) in the prtstnct of triphenylphosphim respectively in dicthykac glycol containing water. 
The resulting solm were tJm uamincd by TLC using a silica support in an attempt to identify Il. No 
trace of the latter could be observed in the developed chromatogram. which indtitcd the presmce of 
triphmylphosphinc oxide only. 


