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Abstract : Triphenylphosphine m-trisulfonate [P(mC&S03Na)3 = TPPTS] 1 and triphenylphosphine m- 

monosulfonate [PhzP(mC&&03Na) = TPPMS] 2 react in water with activated alkynes R - C - C - A (A = 
CO2H, CO2R1, COR2, CHO) affording new vinylphosphonium salts or vinylphosphine oxides or alkenes 
deoendinn on the DH of the aoueous solution and on the nature of the substituent R. The reactions of 1 or 2 
w6h alkGes bea&g an electron-acceptor substituent R give rise to the corresponding tracs disubstituted 
olefins. Specifically mono or dideuterated alkenes are thus obtained in good yields by sequential use of H20- 
D20. When R = H or Alkyl, vinylphosphonium salts or vinylphosphine oxides are quantitatively produced 
respectively in acidic or in neutral medium. 

Resume : La triphcnylphosphine m-trisulfonate [P(mC6H&O3Na)3 = TPPTS] 1 et la triphenylphosphine 

m-monosulfonate [Ph2P(mC&S03Na) = TPPMS] 2 magissent dam l’eau avec des alcynes activts R - C = 

C - A (A = CO2H, C02R1, COR2, CHO) pour donner des nouveaux sels de vinylphosphonium ou des 
oxydes de vinylphosphines ou des al&es en fonction du pH de la solution aqueuse et de la nature du 
substituant R. Quelle que soit la nature du groupement tlectro-attracteur A, les r&ctions des phosphines 1 et 
2 sur les alcynes portant un substituent R tlectro-accepteur conduisent aux olefines tram disubstitutes 
correspondantes. Des al&es sptcifiquement mono ou dideuttries sont obtenus avec de bons rendements en 
utilisant H20 et/au D20. Lorsque R = H ou Alkyl, des sels de vinylphosphonium ou des oxydes de 
vinylphosphines sont form& quantitativement selon que la reaction est rcaliste en solution acide ou neutre. 

Introduction 

Recently, emphasis has been put on hydrophilic phosphines, particularly in Organometallic Chemistry, 

because these ligands can accord water solubility to coordination compounds and thus afford a means to separate 

easily catalysts from aqueous phases 1-s. Our contributions to this field have led us to discover unusual behaviours 

of some water-soluble phosphines towards unsaturated organic molecules which represent novel examples of 

organic chemistry in water 6-S. For these reactions we take profit of the high polarity of water and of its acido-basic 

properties to perform quantitative reactions by displacement of equilibria because the reactive intermediates are 

instantaneously protonated. Recently, we have described the reaction of TPPTS 1 (triphenylphosphine meta tri- 

sulfonate) 5 and TPPMS 2 (triphenylphosphine meta mono-sulfonate) 9 with activated oletins 6’ giving new 

families of phosphonium salts and phosphine oxides which are regioselectively deuterated in Dfl. 
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In this paper, we describe the nucleophilic additioas of the sulfonated phosphioea 1 and 2 to activated 

acetylcoic compounds which lead to vioylphosphonium aalta or vinylphosphioc oxides. Depending on the 

substitution of the vhlyllc group, vinylphoapha&m lmltll release an aKmIatic riDg Of the oleflltic group upon additioa 

of hydroxide anion. The acquential use of Hfl and Dfl aflbrcb therefore a new and efficient p&way to prepare 

specifically mono or didcutcratai alkenea. 

Rernltr and Discussion 

- Nucleophilic addition of water-soluble phorphiner on oalkynic addr. 

‘fhe water soluble phoJphInes I and 2 react in water with a-alkynic acids 3 to form a mixture of Z and E 

vinylphosphonium salts 4 and 5 [equation (I)] 
R R 

(1) (‘$#‘,) p: + R-CR C-CO2H % (ha_,ph,) P’I +/+ + 
(& 30 

I2 
H 

30 0 

1 :0-O a:R-II-C5H9 4 (ad):n-0 

2 :n-2 b:R-H 5 (&d):n-2 

c:R-Pb 
d:R-qH 

The reaction rates are moaitored by 3tP NMR spearoscopy. Afta addition of stocchiometric amounts of alkynic acid 

3 to an aqueous solution of 1 or 2, the singlet characteristic of the phosphine (8 E - 5.5 to - 6 ppm) is removed. Two 

new singlets appear at lower field (in the range 15 - 28 ppm). They are attributed to the E and Z isomers of the 

vinylphosphooium salts 4 or 5 [equation (l)]. The reaction rate markedly depends on the electron-withdrawing 

power and the bulk of the R substituent rather than on the nature of the phusphioe (Table 1). Unsubstituted or 

electron deficient triple bonds of acetylmic acids 3b and 3d arc the most reactive. Nevertheless, the reaction carried 

out at room temperature, is always rapid and quantitative. These results show that nucleophilic additions of 

hydrophilic phosphincs on alkynes occur readily in water because the carbnnionic intermediate is instantaneously 

protonatcd. The hydroxide anion produced is neutralized by the carboxylic acid function leading to a xwitterionic 

salt. The role of water is demonstrated by the formation of vinylphosphonium salts 6 and 7 specifically dcutemted at 

the p-carbon when the reaction is carried out in Dfl. 

Vinylphosphonhun salts have been obtained before by nuclcophilic addition of PPh3 in concentrated HBr or HCl and 

of PPh3, HBr in organic solvents *O*tt. When triphcnylphosphine is added to alkynes in protic or aqueous 
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Table 1: Reaction of phoaphina~ 1 and 2 with a-alkynic acids. 

31P { ‘H)NMR mudy. 

R-Cm C0zH Plloqhe Ractioalimc 
vinylFaKephalium nlta 

%Z(6 pda % Et6 ppm) 

R-nC5H9 3a 1 IO h 48 75 % (23.5) 25 9b (26.9) 

2 12h 5a 80% (22.5) 20% (26.1) 

R-H 3b I 10 mn 4b 70% (17.1) 30 % (19.9) 

2 mm Sb 80% (16.0) 20 % (18.9) 

R-Ph 3c 1 Ih 4c 85 % 03.5) 15 96 (25.1) 

2 lh 5c 70 % (23.2) 30 % (24.7) 

R-C02H 3d 1 5ma 4d 20% (26.6) 80 % (28.0) 

2 5mn 5d 25 % (24.5) 75 % (25.4) 

(a) 31 P ( IH) NhJR chemical shift (Hfl, 36”C, 32.38 MHZ). 

Table 2 : Vinylpbosphonium salts 4 and 5 

‘H Nh4R Data (a) (Dfl, 90 MHz) 

Z isomer E isoma 
~mpouad 

6 H2(PPm) ’ JP.H (HZ) 6 HAppm) 3 JP.H (Hd 

I d 
7.45 

36 

I 

d 
7.03 

58 
h8udc&kt~) - 

7.23 
d 

6.94 
25 

4b 

Sb@ 

dd 

7.37 

dd 

7.02 

37 dd 

6.91 (II,.:‘. 17H& 

36 dd 

‘JHH- 6.54 9 <II; 17d 

(a) For tbc high field dhylenic proton HZ ; (b) Only one branch of the doublet is obse~~cd, the other is masked 

by the aromatic multiple ; (c) Spcanun rcgimai at 300 hi& 
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solvents 12113, vinylphosphonium salts have been idcntifkd or portulatcd as transient species but they readily 

decompose, by alcoholysis, into alkoxyphosphonium ylids, vinylethets or alkenes. In our case, water acts as an 

acidic solvent and makes the maction quantitative. The xwittetionic vinyIphoaphonhtm salts arc stable (excepted for 

4d and Sd, see below) and can be fully characterixed. Compounds 4 and 5 are both water-soluble although the 

monosulfonated salts 5 can solubilixe in organic solvents such as chlorinated solvents or alcohols. Thus, the proper 

choice of the phosphine 1 or 2 allows to isolate vhtylphosphonhrm salts in water or in organic solvents for huther 

synthetic purposes. 

The sttuctum of Z and E isomers are proved by 1H NMR data. The tH NMR spectra of compounds 4a,b and 5a.b 

show two signals (a doublet for R - nPenty1 and a double doublet for R - H) in the mgion 6.5 - 7.2 ppm attributed 

to the cthylmic protons H2 at the p carbon which is in agreement with the 3Jp.~ and chemical shiRs values 

previously reported for related compounds 14# (Table 2). These signahr are effectively not observed for deuterated 

compounds 6 and 7. In order to ascribe the 3JP NMR chemical shifts, selective irradiations of the phoaphotw nuclei 

have been performed on the vinylphoephonium salts 4b and 5b. For Sb the selective irradiation of the phosphorus 

nucleus at 16 ppm does not modify the tH NMR signal at 6.54 ppm but the signal at 7.02 ppm is ttansfotmed into a 

doublet with 3J~_~ cis - 9 Hx because the 3JP - tH coupling is suppressed. Consequently the higher field 3*P 

resonance can be assessed to the Z isomer. As expected, irradiation of the phosphorus at 19 ppm (E isomer) 

transforms the double doublet into a doublet with ~JH_H ttans - 17 Hz The order of 3lP NMR chemical shift dZ < 

SE is in agreement with data obtained for vinylphosphinc oxides 14 and vinylphosphonates 1s. When R - Ph or 

C02H the 1H NMR signal of the ethylenic proton is shifted at lower field and masked by the aromatic multiplet. 

However the 1t NMR data are consistent with a mixture of E and Z isomers and for instance, the carboxylic carbon 

signals always appear as two doublets with 3Jp.c cis - 6 Hx and )Jp_c tmns - 2 I Hz. The steric hindrance of the 

substitucnts on the triple bond does not affect significantly the VZ ratio and in every cases the Z isomers always 

predominate. In agreement with the widely studied stereochemistry and mechanism of the nucleophilic additions to 

activated triple bonds 16.17, these results can be explained by assuming that external protonation of the carbanion 

tmns to the phosphotua atom is mom rapid than interconversion of the double bond. A stabilisation by chelation 

between the phosphonlum and the carboxylate is also possible (see below). For compounds 4d and 5d, 

energetically favorable interactions between the carboxylatc and the carboxylic acid in the cis-carbadonic 

intermediate as well as in the fimal product may be invoked to explain the predominant obtention of the E isomer. 

- Reaction of water-soluble pbosphincs with activated alkyncr in biphasic rystem. 

The sulfonatul phosphincs 1 and 2 also react quantitatively with hydrophobic alkyncs like unsubstituted 

derivatives 8 or phenyl propargylaldchydc 9 in biphasic conditions without phase tmnsfer reagent. The nucleophilic 

addition can again be monitored by 3tP NMR spectroscopy of the aqueous phase. These substrates having no ability 

to neutralbe the hydroxide anion produced by the protonation of the c&anionic intermediate, the nature of the 

products dramatically depends on the acidity of the aqueous phase. Nevertheless, whatever the pH values in the 

range 1-7 the addition is always instantaneous and quantitative thus demonstrating the predominant role of water 

acting as a proton source. For instance, the reaction of TPPMS 2 with compounds 8 in aqueous HCI IN gives 

selectively vinylphosphonium salts IO. The same reaction performed at pH - 7 produces vinyldiarylphosphine 

oxides 1 I and I2 and triarytphosphinc oxide 13 [table 3, equation (2)]. 
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M-7 

I- 

0” 

“20 
~2Jtq- co-c, + ArphzP-0 

A 
0 13 

(2) 4Qpf42p: + H-CZC-A 

-I 

m-l:11 Z,E 

m-2:12 Z,E 
u 

H20/HQ 10 zg 

In distilled water, the production of phosphinca oxides results from a nuclcophilic attack of the hydroxide anion 

(generated in situ) on the phoephonium with elimination of a phenyl or a phcnylsulfonate group (for I 1 and 12) or 

ofthe vinylgmup for 13 (scheme I) 6-8, ttlt8.19. The same mixtures of oxides (chamcterized by their 3tP NMR data 

(38 and 39 ppm for 11 and 12 ; 34 ppm for 13) arc effectively obtained by addition of OH to vinylphosphonium 

salts 10. 

Ph2ArP: + R-C=C--A + H20 + 

. 
Ph-H + II 

Ml +I2 
b 

“CR-CHA + t3 3- 
c 

Scheme 1 

The formation of vinylphosphinc oxides 1 I et 12 or arylphosphine oxide I3 is greatly dependent on the nature of 

the substituent R *I* t*t*. When R - H, the elimination of an aromatic group is predominant affording a mixture of 

I 1 and 12. For R - Ph, ttans cinnamaldehyde and I3 arc selectively obtained (see below). 

The reaction of TPPMS 2 with prwpiolic cstets 8b-e at neutral pH is much more complicated because hydrolysis of 

the carboxylic ester becomes competitive. In this case, the hydroxide anion generated in situ preferentially reacts on 

the carboxylic function affording zwitterionic vinylphosphonium salts 5b (scheme 2). 3tP NMR monitoring of 

Pb2ArP: + 

4 C 
0 

Pb 2Ar P- C(H)=- C<” 
CO0 2 

Sb 
EuidZ 

Scheme 2 
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the reaction shows that the formation of the zwitterion ia i~tantanco~~ thus demonstrating that hydrolysis of the 

ester gmup is rapid and predominant. Moreover, the amount of phoaphioe oxidu produced is low (table 3). 

Table 3 : Reaction of 2 with a&atcd alkyncs in biphasic system 

impound PH 
6) 

viiylpborpbauum nltl pboepba oxida 

E Z 

H-C- C-C~CHJ 0 10a E (6%) 10a z (70 96) 13 (6%) 

aa 
7 10a E (11 %I 10a z (3 90 11 mYl 12 (70%); 13 ww 

lob E (17%) lob Z (78 %) 11 ai 12 (1%) 
H-C= C--CO,CH, 

0 

8b 7 lob E (5 %I lob Z (35%) 11 d 12 (5%) ; 13 (2%) 
5b E (8%) 14 (45 %I 

H-C- C--co,E1 0 10~ E (19%) IOC z (5s W) 11 rod 12 (12%); 13 (3%) 
5b E (5 %I 

%c 7 1oc E (6%) lot ZoO%) 11 ai 12 (9%); 13 (9%) 
Sb E (12%) 14 (33 90 

H-C z c-qiPr 0 1Od E (33%) lod z (52%) 11 ad 12 (4%); 13 (3%) 

8d 7 1Od E (4 %) lod z (30%) 11 d 12 (13%); 13 (3%) 
5b E (6%) 14 (42 %) 

H-C= C-CCJcolPent 0 10~ E (25%) 1Oe z (49%) 11 ml 12 (2%); 13 (10%) 

Se 7 10e E (2%) lee Z (6%) 11 ml 12 (57%); 13 (12%) 
14 (18%) 

Pb-c= c-CHO 
0 10f E (40%) 10f z (60%) 11 m.l 12 (0%) ; 13 (0%) 

9 
7 

101 E (0 %) 1Of z (0%) 11 ad 12 (0%); 13 (100% 

(a) Estimated from the 31P NMR spectnun (32.38 MHz, Hfl), the reaction is quantitative ; (b) pH of water 
before adding 2 and 8 or 9 ; pH - 0 (HCI IN) ; pH - 7 (distilled water). 

Both E and Z isomers of 5b are obtained and were identified using 3lP NMR spectroscopy by addition of authentic 

samples. Nevertheless, the 31P NMR spectra show a new singlet at 15 ppm which is transformed, upon addition of 

dilute hydrochloric acid or silver salt, into the Z isomer Sb. This signal might corrcapond to the phosphorus nuckus 

of the chelate I4 formed during the hydrolysis of the ester group. 
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In acidic medium, the addition of TPPMS 2 on activated alkyna 8 and 9 affordtt a&ctively the vinylplmqhonium 

salts 10. Stocchiomctric amounta of H* in the rcDction mdi inhibit the fommtion of phouphinc oxides as well as 

the hydrolysis of &xylic eaten. The vinylphosphonium ults IO (mixture of Z and E isomen) arc water-soluble 

and can be solubiiizcd in polar organic solvents (chloroform, dichloromethane, alcohols). They have been fully 

characterized by their SIP, tH and 1% NMR spectra. The 3lP NMR signals of the two isomers Z and E have been 

attniutcd by tH NMR with sckctive imuiiatim of the phorphom nuclei. For instance the 1H NMR spectrum of 8s 

(Z and E) allows to distinguish two ainglctn correspondi to the methyl grcup (rcqxtivcly 2.16 and 2.52 ppm) 

and two double doublets for the p-ethylenic proton. The first one at 8 = 6.66 ppm with 3Jp_~ = 16 Hz and ~JH_H 

(trans) = 17 Hz corrcspondn to the E isomer, the second at 8 - 7.31 ppm with 3Jp.t.t = 22 Hz and 3Jt.t.~ (cis) = 12 

Hz for the Z Isomer. Sclcctive irmdiion of the phosphorus nuclcua at 2 1 ppm causes the dii nce of the P-H 

coupling at 6.66 ppm. Similarly, inadiation of the phosphonrs nucleus at 18 ppm transforms the signal at 7.3 1 ppm. 

Therefore, the 3lP NMR signals at 2 I and 18 ppm have been attributed respectively to the E and Z isomers. Similar 

expcrhncnts, performed on vinylphosphonium salts lob-c, demonstrate that whatever the p substituent, the E 

isomer always ruonatu at lower field which is cooJistent with data previously described 8~15. 

When the nxctions were carried out in &O-DC1 specifically monodcuterated vinylphosphonium salts 15 have been 

obtainal and chatacterized by NMR spectrcscopy (see experimental section). 

0 
Ar2PhP- cfH,=c:D 

A 

15 

As already observed for a-alkynic acids 3, the nucleophilic additions of TPPMS 2 on compounds Sa-c and 9 

preferentially give rise to Z vinylphoaphonium salts (tables 2 and 3). The stereochemistry of the predominant isomer 

does not depend on the pH : cxpcrimats performed in acidic or neutral solutions lead predominantly to the Z isomer. 

The results obtained for a series of propiolic estem 8b-e show that the steric hindrance of the triple bond does not 

alTect significantly the nature of the major isomer. Addition of nucleophilcs such as arnincs or ammonium salts on 

activated acctylenics have already been described t6-*7. 20-22 and in a recent paper Jung and Buszek **have rrportcd 

that the nxtioo of trimcthylammonium fluoroborate with propiolic cstets in methanol lead to the production of E or 

2 isomer resulting respectively of rau%ons under thermodynamic or kinetic control. Thus in water, the obtention of 

larger amounts of Z isomer can be explained by a very rapid protonation of the kinetic trans c&anionic 

intermediate I. Protonation by water is faster than isomcrization of the trarrs carbanion I into the thermodynamically 

more stable &u&anion II (scheme 3). 

a 
_=P 

a 
_=P: + 

e 
>c 

R 
R-C=C-A 

/_ _=P 
/ 

A 
, 0 

rlow I( 

R 

O,A 

fat 

0 
1 

Hz0 H2O 

0 1 

_=P R _=P R 

A H H A 
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Fwtbermorc, under the rcactioo conditions no tier&a&~ OCCUR buwccn Z nod E isomers. On the otbcrhd, the 

EisomerIsthesdeproduddbtainedanahesHogamixbtreofZandE~enfor24hat60’C.Thus,theadduaof 

stcmchcmistrica E and Z appear to be rcapc&vely the thermodynamic ami the kinetic produbs. 

- Reactivity of vinylphorphonium ultr with hydroxide mionr. 

The reaaivity and the stability of vinylphcqhonium salts greatly depend on the nature of the subsHtuent Rat 

the B-carbon %* *v’*. When R - H or alkyl, viaylphcxphonium salts an very stable in water or in organic solvents ; 

upon addition of stocchiomctric amounta of sodium hydroxide to the aqueous solution they arc tmnsfonnul into 

vinylphospbine oxides. Monoaulfonatcd salts give a mixture of two vinylphesphiae oxides 11 and 12 arising fm 

the eliminatim of a benzene or a bcnixne sulfonate ring [equation (3)]. Trisulfonatcd vinylphoephonium db afford 

the disulfonatcd vinylphasphine oxidca 16 [equation (S)]. 

-Ccru-C:H + 
Ph, 

A Ph di A 
- Cw-C:H 

0 
1 I Z,E I2 Z,E 

58 : R-nqH,,A=C$ 11a, t2a : R-nCsH9,A-C$ 

0 
Jb : R-H,A-CQ 

10a : R-H.A-COCHJ 

1Ob-c : R-H,A-CqR’ 

tlb,l2b R H A cd;3 : -, - 

ttc, 12~ : R-H,A-COCH, 

HO 
(4) Ar3Lo=dH + lylDH 2L 

‘A 
AI2 - CUO=C:H 

A 

0 
16 Z,E 

48 : R-nGH9,A-w 16a 
0 

: R-nC5H9,A-CQ 

4b :R-HA C$ , - 16b . R HA C$ . _ , - 

When R is electron acceptor (R - Ph or CO2H) the stability of the vinylphosphonium salts depends on the degree of 

sulfonation. The monosulfonatcd salts are stable while the trisulfonatcd salts decompose into triarylphosphine oxide 

I8 and tmns olefius 19 whatever the pH value [equation (S)]. The decomposition rate is fast when R - C02H and 

slow when R - Ph. 

(5) A$ /H % Ar,P=O + 
R 

C(R)=C, 
0H 

A H 
)c=c, 

A 

18 19 

4c : R-Ph.*-C$ 191 

4d : R-mH,A-C$ 

: R-P~I,A-C~~N~ 

19b: R-COzH,A-CO2Na 

18 : R-Ph,A-CHO 19c : R-Ph,A-CHO 
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Tbc monoaulfonated K&S h-d, 10f can be isolated. They arc oxidized in Hfl upon addition of NaOH giving rise 

to the pbospbinc oxide 13 and the corresponding trana alkcae I 9 like their tripbenylphoaphonium analogs I* 

[esuation WI. 

0 R 
(6) Alill,P-CiC(Ue:” + fq&fj - 

A 
ArpblP-o + 0” 

H 
;c-c, 

A 

SC : R-Ph,A-C$ 

5d : R-CO H A-2 2 1 

101 : R-%.A-CHO 

13 19 

19a : R-Ph,A-C02Na 

19b : R - COzH, A - COzNa 

19c : R-W.A-CHO 

Reactions (5) and (6) afford a new and cffbzieat synthetic p&way to prepare tmns-substituted alkcnes from 

acctylcncs the IW&XI products b&g qantitatively separated (by precipitation or extmction) after acidification. In 

Dfl, didcuterated trans-cinnamic acid 208, funuuic acid 20b and trans-cinaamaldehyde 2Oc a~ obtained starting 

either from TPPTS 1 or TPPMS 2 (s&me 4). 

R-C= C-A 

3~ : R-P&A-C02H 

3d : R-A-C02H 

9 : R-Ph,A-CIlO 

I (ii) HQ 
I 

I R D 

I 

‘WC< 
D’ A 

1 (i) 40 2la : R-Ph,A-C02H 

ArPh,P 2 (ii) Na2COJ 2lb: R-A-C02H 
(iii) HCI 21~ : R - Ph, A - CHO 

Scbane 4 

Furthermore. with the monosulfonated phosphine 2, spccifdly monodcutcmtcd olefuu 22 and 23 can be prepared 

by sequential use of Hfl and Dfl (scheme 5). 

(ii) “20 R 
+ /D 

(iii) NaOH H 
;c=c, 

A 
(iv) HCI 

2 + R-CiC-A 

i 

22a: R-Ph,A-CO,” 

22b: R-A-C%” 

3c : R-Ph.A-CO,” 
0 

3d : R-A-C02H 
(H+ for 9 ) 

_= P -aR+c, /” + 
tii) D20 R, ,” 

A D 
,c=c, 

9 : R-Ph,A-CHO (iii) N%CO, A 
SC, 5d, 101 (iv) “a 

238: R-Ph,A-C02H 

23~ : R-W,A-CHO 

Scheme 5 
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Theses results shed light on some U&I applications of water-soluble phosphinca in organic synthesis. The 

preparation of specifically dcuteratcd tranealkenea illustrated in this paper by some examples may p&ably be 

extended to other olefins substituted by an electron withdmwing grouping. Furthermore, vinylphoaphonium sale 

and vinylphosphinc oxides are of interest to prepare for instance deuterated hctemcyclca (by nuclcophiiic addition 

followed by an internal Wittig reaction) or polyhmnctionnal phosphorus compounda (by addition of dienee or 

nuclcophilca). Thcae aspects arc currtatly king developed in our laboratory with monoeulfonated derivatives in 

organic solvents and in water. 

CONCLUSION 

The nucleophilic addition of water-soluble phosphines on activated alkyna affords an useful synthetic 

pathway to new vinylphoaphonium salts. By controling the pH and by a proper choice of the phosphine, 

vinylphosphonium salts or vinylphwphine oxides soluble in water or in organic .solvcnta can be prcpnrcd at will. 

Water acts aa an acido-basic solvent and incnxse the reaction rate by pmtonation of the carhanionic intermediate 

thus promoting a larger amount of the products of kinetic control (Z isomer). The reactivity and the stability of the 

vinylphosphonium salts are greatly dependent on the dcgnt of Julfonation and on the nature of the substitucnt at the 

carbon Q to the phosphonrs. salts bearing electron-acceptor groups lead to trana substituted alkenea which can be 

specifically mono or dideutcrated by sequential mtions in Hfl and Dfl. Further studies arc currently being 

developed to fiid other applications in organic synthesis. 

EXPERIMENTAL SECTION 

TPPTS I and TPPMS 2 have been prepared using previously described procedures 5~ 9 (TPPMS is also 

available from SPECS). Alkynic acids 3, 3-butyn-2-one ga and phenylpropargylaldchydc 9 are of commercial 

origin and used withwt further purification. Pmpiolic eJterS gb-e have been pm by cstcrification of propiolic 

acid in the presence of boron trifluoride ctbemte and purified by distillation 22. Water was distilled before use, NMR 

spectra were recorded on a Bruckcr WP 80 MHz 23[3tP( tH), 32.38 MHz, external reference H3PO4 85 %], a 

Brucker AM 300 MHz 23[‘3C(75.47 MHz), tH (300 MHz), 3tP(l 12.9 MHZ), a (46.1 MHz)] and a Jcol FX9OQ 

90 [ tH(89.55 MHz), external rcfercnce TMS]. The percentages of deutcrium incorporation have been obtained by 

mass spectrometry using a Varian MAT 3 1 I spectrometer 23. The results of sulfonatcd vinylphosphonium salts and 

phosphine oxides elemental analysis are not significant because the hydration number depends on the purification 

and drying procedures. Sulfonatcd compounds (phosphonium salts and phosphinc oxides) melt above 300°C. 

- Reaction of TPPTS 1 and TPPMS 2 with aalkynic acids 

5.5. I@ mole of 3a-d are added to an aqueous solution of I or 2 (5.5. I@ mole in 2 ml of Hfl or Dfi). 

The reaction rate is monitored by 3tP NMR spcctr~~~opy. The conversion is complete after time given in table 1. 

After removal of water under vacuum, the phosphonium salts arc dried at 50°C for 2 days in vaccuo and stored in an 

exsiccator. 
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- [i-(~~eUrylme)se~l~~3-~ffo~~yI~~~~~ fmxr salt, triaodkm aalr : GE) : Ia (390 mg, 

95 %) ; 3lP(tH) NMR, Hfl, 8 ppm : 23.5 (s, 2, 75 %), 26.9 (IX, E, 25 %) ; tH NMR, Dfl, 6 ppm : 0.70 (t, 

CH3), 0.90-1.10 (m, CH2), 2.30 (m, CHrC-), 7.03 (d, 3Jp.t.t * 25 HZ, Hz, E), 7.45 (d, 3Jp.~ - 36 HZ, HZ, Z), 

7.5-8.4 (an, ArH). 

- IJ-(~~e~~e~e~~~l~diphenyi~3-~ifopbenyl~h~~o~~ imw salr, sodium salt (Z,E) : Sa (268 mg, 

97 %) : 31P( tH] NMR, Hfl, 8 ppm : 22.5 (a, Z, 80 %), 26.1 (s, E, 20 %) ; tH NMR, Dfl, 6 ppm : 0.70 (t, 

CH3), 0.90-1.20 (m, CH2), 2.27 (m, CHz-C-C), 6.94 (d, 3Jp_~ - 25 Hz, E), 7.23 (half doublet, Z), 7.45-8.40 

(m, Ar-H) ; &I (tH) NMR, Dfi, S ppm : 14.04 (II), CHsE), 14.20 (I, CH3, Z), 22.06 (8, CH2, Z), 22.25 (s, 

CH2, E). 29.61 (broad, CH2, Zt, 29.78 (broad, CH2, E), 31.24 (s, CH2, Z), 31.78 (s, CH2, E), 35.38 (broad, 

CH2, Z), 35.91 (broad, CH2, Z), 115-137 (aromatic and cthylenic), 145.55 (d, 3Jp_c - 13 Hz, C-SOfiNe, E), 

146.45 (d, 3Jp_c - 13 Hz, C-SOfla, Z), 169.33 (d, 3Jp_c - 6 Hz, CQ, Z), 171.36 (d, 3Jp_c - 21 Hz, CO2, E). 

-[2-carboxyelhenyl)t~s(3-sul~pbenyl)ph inner salt, trisodium salr (Z,E) : 4b (3542 mg, 95 %) ; 

31P[ tH} NMR, Hfl, 6 ppm : 17.1 (s, Z, 70 %), 19.9 (s. E, 30 96) ; 1H Nh4R, D$I, 6 ppm : 6.97 (dd, 3Jp_~ - 22 

Hz, 3J”.” = 17 Hz, HZ, E), 7.37 (dd, 3Jp.~ - 37 Hz, ~JH_H - 8 Hz, Hz, Z), 7.40-8.45 (m, ArH). 

- (2-~&~e~~yl~i~~yI~3-~fophen~~b~honium inner salt, sodium salt (Z,E) : 5b (233 mg, 96 %) ; 

3IPIIHf NMR, H@, 6 ppm : 16.0 (s, Z, 80 %), 18.9 (s, E, 20 %) ; tH NMR (300 MHz), Dz,O,6 ppm : 6.61 (dd, 

~JH.H - 17 Hz, 3Jp.~ = 16 Hz, HZ, E ; d upon irradiation of phosphorus at 19 ppm), 7.33 (d, 3J~.~ - 12 HZ, 

3Jp.t.t - 21 Hz, Hz, Z ; d upon irradiion of phusphonts at 16 ppm), 7.40-8.25 (m, ArH and HI) ; 13C-NMR, DZO, 

S ppm : 118.3 (dt, *Jp_c -92 Hz, ~Jc_H - 7 Hz, C4, Z), 120.8 (dt, tJp~- 91 Hz, SC-H - 7 HZ, C4, E), 120.9 (dt, 

tJp_c- 93 HZ, ~Jc_H * 8 Hz, Cto, Z), 123.3 (dd, lJp.c- 92 HZ, 2J~.~ - 8 HZ, Cto, E), 126.0 (dd, *Jc.H - 175 

Hz, 1Jp.c - 82 Hz, Cl, Z), 127.1 (dd, ~Jc_H - 173 Hz, Cl, E), 147.9 (dd, 3Jp_c- 13 Hz, ~Jc_H - 6 Hz, Cg, Z), 

148.4 (dd, 3Jp.c’ 13 Hz,~Jc_H-~Hz, Cg, E), 148.9 (ddd, ‘Jc.H- 174 HZ, 2Jc.t.t - 5 HZ, 2Jp.c-4~, Cz, 

E), 149.5 (ddd, ~Jc.H - 174 Hz, SC-H - 5 HZ, 2Jp_c - 4 HZ), 168.1 (d, 3Jp.c - 21 HZ, C3, E), 168.2 (d, 3J~-c - 

8 Hz, c3, Z). 

- f2-cartroxy--I-phenylethenyI~nrrctncnyl)irisl-3-surf inner salt, aspic salt (Z,E) : 4c (not isolated) ; 

SIP{ tH} NMR, Hfl, 6 ppm : 23.5 (I, Z, 85 %), 25.1 (a, E, 15 %) ; tH NMR, D&I, 6 ppm : 7.35-8.43 (m, ArH). 

- (2-auhoxy- I-phenylethenyi)diphenyl(3-suifopheny&Wsphonium inner salt, so&m salt (2, E) : SC (270 mg, 

97 %) ; 31P( tH] NMR, Hfl, 6 ppm : 23.2 (s, Z, 70 %), 24.7 (s, E, 30 96) ; IH NMR, Dfl, 6 ppm : 7.30-8.45 

(m, ArH) ; t3C ( IH) NMR, Dfl, 6 ppm : 112-134 (aromatics and cthylenics), 142.21 (d, 3Jp.c * 12 HZ, C- 

SOsNa, Z), 142.75 (d, 3Jp_~ - 12 Hz, C-S03Na, E), 166.45 (d, 3Jp_c - 5 Hz, CR, Z), 168.60 (d, ‘Jp_c - 21 

Hz, Co2, E). 

- ~1,2-di~~etheny~~t~s~3-su~fophenyl~ph~phonfum inaer salt, t&o&m dt (Z,E) : 46 (not isolated) ; 

3tP( IHI NMR, Hfl, 5 ppm : 26.6 (1, Z,20 %), 28.0 (8, E, 80 %I. 
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- (ft2-~~~n~~(3-~f~h~yl~~f~ laaermlt, aodium salt (Z,E.) : Sd (230 mg, a7 96) ; 

3’P{1H) NMR, Hfl, d ppm : 24.5 (s, Z, 25 %), 25.4 (I, E, 75 %) ; *3C {‘H} NMR, D20, i ppm : 116-140 

(aromatics and ethylcnics), 146.55 (d, 3Jp_c - 13 Hz, C-SOfla, Z), 147.67 (d, 3Jp.c - 13 Hz, C-SOfla, E), 

170.93 (d, 3Jp_c - 7 Hz, CO2, Z), 171.94 (d, 3Jp_c - 21 Hz, C%, E), 173.43 (broad, CXI2, E), 175.63 (broad, 

co2,a. 

- [l-(ca~~e~ylene~)be~l]t~s(3-sulfo~en~~~ni~ inner salt, tisodim salt (Z,E) : 6r (397 mg, 

97 %) ; 3*P{tHJ NMR, DzO, S ppm : 23.4 (I, Z, 70 %), 26.8 (I, E, 30 %) ; ‘H NMR, Dfl, 6 ppm : 0.72 (1, 

CH3), 0.95-l. 15 (m, CH2), 2.30 (m, CHz-C-C), 7.45-8.45 (m, ArH). 

- (2-~~~~yl-2-d~~3-~lfophenyl~h~~o~~ inoer salt, trisodiu~~ mlt (Z,E) : 6b (357 mg, 96 %) ; 
3’P( ‘H) NMR, Dfl, S ppm : 17.0 (s, Z, 70 %), 19.9 (I, E, 30 %) ; ‘H NMR, W, 6 ppm : 7.40-8.45 (m, ArH) ; 

%I( ‘H) NMR, Hfl, S ppm : 6.74 (s broad, E), 7.55 (s broad, Z). 

- (Z-carboxy- I -phenylethenyl-2-d)tris(3-sulfophenyl)phosphon~um inner salt, trisodium salt (Z,E) : 6c (not 

isolated) ; 3*P( *H) NMR, Dfl, i3 ppm : 23.5 (s, Z, 80 %), 25.0 (8, E, 20 %). 

- (1,2- ~~~e~enyl-Z-d)tris(3-~lfo~~yl)p inner salt, t&odium salt (ZJ?) : 6d (not isolated) ; 

,‘P( ‘H} NMP., D#, 6 ppm : 26.6 (I, Z, 30 %), 27.9 (s, E, 70 %). 

- [l-(~~e~~ene-d)he~l]~pbaayl(3-~fo~n~)ph~i~ inner salt, sod&m Sal, (Z,E): 7a (265 mg, 

96 %) ; 3tP{tH) NMR, D$), 6 ppm : 23.5 (s, Z, 70 %), 26.2 (s, E, 30 %) : ‘H NMR, Dfl, 6 ppm : 0.75 (t, 

CH3), 0.81-1.30 (m, CH2), 2.32 (m, CH2-C-1, 7.40-8.40 (m, ArH) ; %I(. ‘H) NMR, HzO-CH$OCH3,5 ppm : 

6.75 (s, broad, E), 7.55 (s, broad, Z). 

- (2-catfwxyethenyl-2-d)diphenyl(3-sulfophenyi~hosphoni~ inner salt, sodium salt (Z,E) : 7b (230 mg, 95 %) ; 

3’P( ‘H) NMR, Hfl, S ppm : 16.5 (s, Z, 65 %), 18.9 (I, E, 25 %) ; a( ‘H) NMR, Hfl-CHSOCH3,6 ppm : 

6.67 (s, broad, E), 7.53 (s, broad, Z). 

- (Z-cadwq- i-phenyletbmyl-2-d~ph~yl(3-sul/ophm~~h~~i~ inner salt, sudium salt (Z,E) : 7c (264 mg, 

93 %) ; 3tP( *H) NMR, w, S ppm : 23.2 (s, 2, 35 %), 24.8 (s, E, 65 %). 

- (1,2-dk&o~thenyl-2-d)diphenyl(3-sulfophenyl)phosphonium inner salt, sodium salt (Z,E) : 7d (228 mg ; 

86 %) ; 3*P( ‘H) NMR, Dfl, 6 ppm : 18.8 (s, Z, 40 %), 24.9 (s, E, 60 96). 

The reaction of I and 2 with a-alkynic acids has been scaled up in some experiment to check the prepamtive 

usefulness of the method. For example the reaction of 2 (2.7.10-J mole, 985 mg) with 3a (3. 10m3 mole, 420 mg) 

and 3~ (3.1&s mole, 440 mg) affords respectively 5a (1.25 g, 92 %) and 5c (1.30,94 %). 
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Reaction of 2 with activated l lkyner in bipbulc system. 

IO-3 mole of h-e or 9 arc added to an aqueous solution of 2 (5.5 10-4 mole in 2 ml of Hfl (w), pH - 7, 

or Hfl-HCI (L?@-DCI), pH - 0). The mixture is vigourously shakcd for 2-3 mn (gee) or 16 h (9) at room 

temperature. The 31P NMR spectra ahow that the reaction is complete. The aqueous phase is washed twice with 

ether in order to remove the exceus of alkyncs. The vinylphospbonium salts obtained in acidic medium can be 

extracted in CHCI3 or CHzCl2 by salting out. The o&c layer is then dried over MgSO4 and the solvent removed 

under vacuum. The vinylphosphonium salts can alsu be Isolated from water after ncutralisation and removal of water 

in vaccuo. 

Vinylphosphonium salts 108-c, 17 (don.8 performed in Hfl-HCI) : 

- (2-acctyletbenyl)dipbeny~(3-suIf~benyl~baspbonium chloride, sodium salt (Z,E) : 108 (350 mg isolated from 

water ; 134 mg, 52 % extracted in CHCI3) ; 3lP( IH) NMR, CDCI3,6 ppm : 18.14 (s, Z, 78 %) ; 20.84 (s, E, 17 

%) ; IH NMR, CDC13, S ppm : 2.16 (I, CH3, Z), 2.52 (s, CH3, E), 6.66 (dd, 3J~_~ - 17 Hz, 3Jp-~ - 16 Hz, Hz, 

E), 7.31 (dd, ~JH_H - 12 HZ, 3Jp.~ = 22 Hz, Hz, Z), 7.50-8.40 (m, ArH and Hi, Z and E). *H NMR with 

irradiation of the phosphorus nucleus at S - 20.84 ppm, CDCl3,6 ppm : 2.16 (s, CH3, Z), 2.52 (s, CH3, E), 6.66 

(d, ~JJH_H - 17 Hz, Hz, E), 7.30 (dd, broad, )JH_H # 12 HZ, 3Jp_~ X 22 HZ, Hz, Z), 7.50-8.40 (m, ArH and HI). 

IH NMR with irradiation of the phosphorus nucleus at 6 - 18.14, CDC13, S ppm : 2.16 (s, CH3, Z), 2.52 (s, CH3, 

E), 6.66 (dd broad, ~JH_H # 17 HZ, 3Jp.~ # 16 HZ, Hz, E), 7.31 (d, 3J~_~ - 12 Hz, Hz, Z), 7.50-8.40 (m, ArH 

and HI). *3C NMR, CDC13,6 ppm : 28.5 (q, ~Jc.H - 121 HZ, CH3, E), 30.1 (q, *Jc.H - 121 HZ, CH3, Z), 116.2 

(d, ‘Jp_c - 92 Hz, Cq, E), 116.3 (d, ‘Jp.c - 92 Hz, Cq, Z), 119.2 (d, ‘Jp_c * 92 Hz, Clo, Z), 119.5 (d, ‘Jp.c = 

92 Hz, Clo, E), 121.5 (dd, ‘Jp.c = 81 Hz, ~Jc.H - 173 HZ, Cl, Z), 122.2 (dd, 1Jp.c - 81 HZ, ~Jc_H - 173 HZ, 

Cl, E), 149.1 (dd. 3Jp_c - 12 Hz, ~Jc_H - 6 Hz, Cg, Z), 149.6 (dd, )Jp.c = 13 HZ, ~Jc_H - 12 HZ, Cg, E), 151.4 

(d, ‘Jc.H - 168 HZ, C2, Z), 151.6 (d, ~Jc.H - 167 HZ, C2, E), 195.9 (d, 3Jp_c - 20 HZ, C3, E), 196.6 (d, 3Jp.c - 

8 Hz, C3, Z), 129-137 (Cs, C7, C8, Cs, CII, C12, C13). 

- (2-carhotnethoxyetbenyl)dipbeny~(3-sulf~benyf~hoqhonium chloride, sadium salt (Z,E) : 1 Ob (385 mg isolated 

from water ; 125 mg, 47 % extracted in CHCI3) ; 3lP( IH) NMR, CDCI3,6 ppm : 17.17 (s, Z, 65 %) ; 19.86 (s, E, 

35 %) ; IH NMR, CDCI3.S ppm : 3.35 (s, CH3, Z), 3.81 (s, CH3, E), 6.54 (dd, 3Jp_~ - 20 HZ, 3J~.~ - 17 HZ, 

HZ, E), 8.04 (dd, zJp_~ - 20 Hz, ~JH_H - 17 Hz, HI, E), 7.50-8.40 (m, At-H and Ii1 and Hz of Z isomer). IH 

NMR with irradiation of the phosphorus nucleus at 8 - 19.86 ppm, CDC13, 6 ppm : 3.35 (s, CH3, Z), 3.81 (s, 

CH3, E), 6.54 (d, 3J~.~ - 17 Hz, Hz, E), 8.04 (d, ~JH.H - 17 Hz, HI, E), 7.50-8.40 (m, At-H and HI and H2 of 

the Z isomer). The inadiation of the phosphorus nucleus resonating a1 17.17 ppm did not modify the IH NMR 

spectrum. 13C NMR, CDCI3, S ppm : 52.9 (q, ‘Jc.H - 149 HZ, CH3,Z), 53.3 (q, ‘Jc.H - 149 HZ, CH3, E), 

115.3 (d, ‘Jp.c - 91 Hz, C4, E), 115.8 (d, ‘Jp.c = 91 Hz, Clo, E), 118.2 (d, ‘Jp.c - 92 Hz, C4, Z), 118.3 (d, 

*Jp.c-91 Hz,Clo,Z), 124.4(dd, ‘Jc.H- ~~~HZ,~J~_C-~OHZ,CI,Z), 124.5 (dd, ‘Jc.H- 174Hz,‘Jp.c- 

83 Hz, Cl, E), 145.2 (dt, zJp_c - 4 Hz, *Jc.H - 170 Hz, ~Jc.H - 4 HZ, Cz, E), 145.6 (dt, ‘Jp.c - 4 Hz, *Jc.H - 

174 Hz, ~Jc_H - 4 HZ, C2, Z), 149.6 (dd, 3Jp_c - 12 Hz, 2Jc_~ - 8 HZ, Cg, Z), 150.2 (dd, 3Jp.c - 12 HZ, ~C_H 
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= 8 Hz, C& E), 162.6 (d, 3Jp_c - 9 Hz, C3, Z), 163.7 (d, 3Jp.c - 24 Hz, C3, E), 129-138 (Cs, C7, CS, Cg, Ctl, 

c12, Cl3). 

- (2-crrrboe~oxyetbenyl)diphenyl(3-sulfophenyl)ph~phonium chloride, sodium salt (Z,E) : 1 Oc ; (2- 

carhopropoxyeBenyl)diphcnyl(3-sulfophenyl)phosphoni~ chloride, sodium salt (2, E) : 10 d ; (2- 

carbopento~ethenyl)diphenyl(3-sulfophenyl)ph~phonium chlotide, sodium salt (2, E) : I 0 c ; (2-fonnyl- I- 

phenylethenyl)diphenyl(3-sulfophenyl)phuephonium chloride, soo%m~ salt (Z,E) : 1 Of ; 3*P( *H) NMR, Hfl- 

CDjCOCD3.6 ppm ; 10~ : 16.7 (a, Z, 55 %), 19.2 (a, E, 19 %). 10d : 16.7 (I, Z, 52 %), 19.1 (s, E, 33 %). 10~ 

: 15.9 (s, Z, 49 %), 18.6 (s, E, 25 %). 10f: 21.05 (8, Z, 60 %), 23.99 (s, E, 40 %). 

Remark : The purr E isomen have been isolated by heating the cnule Z and E mixtures in aqueous solution for 24 h 

at 60°C. The spectroscopic data of the Z isomers have thus been obtained by comparison of the NMR spectra of the 

Z and E mixtures with those of the pure E isomen. 

Monodeutcrated vinylpbosphonium ralts (reactions performed in w-DCI). 

- (2-acetykthenyl-2-d)diphenyl(3-sulf~henyl)p chloride, sodium salt (Z,E) : 15a (370 mg isolated 

from water ; 152 mg, 59 % extracted in CHC13) ; 3lP ( 1H) NMR, CDC13, S ppm : 18.32 (8, Z) ; 20.96 (s, E) ; *H 

NMR, CDCI3, 6 ppm : 2.17 (s, CH3, Z), 2.54 (s, CH3, E), 7.25-8.25 (m, Ar-H and HI, Z and E). 1% NMR, E 

isomer, CDCl3, d ppm : 28.5 (q, ~Jc_H - 129 Hz, CH3), 116.0 (d, lJp.c - 91 Hz, C4), 116.3 (d, 1Jp.c = 91 Hz, 

Cto), 122.4 (dd, *Jp_c - 80 Hz, ~Jc_H - 172 HZ, Ct), 149.6 (dd, )Jp_c - 12 HZ, SC-H - I1 Hz, Q), 151.2 (t, 

~Jc.D= 18 Hz), 195.9 (d, 3Jp.c = 20 HZ, C3), 129-138 (Cs, C7, C8, C9, Ctt, Ct2, Cl,). Q( lH)NMR, Hfl- 

CH30H, S ppm : 6.80 (s broad, E), 7.7 1 (s broad, Z). 

- (2-cat&omcthoxyethenyI-2-d)diphenyl(3-sulf~henyi)phosphonhun chloride, sodium salt (Z,E) : I5b (390 mg 

isolated from water ; 140 mg, 52 % extracted in CHCl3) ; 3tP {tH) NMR, CDCI3, S ppm : 17.17 (s, Z) ; 19.89 (s, 

E) ; tH NMR, CD2C12, S ppm : 3.36 (s, CH3, Z), 3.82 (s, CH3, E), 7.40-8.30 (m, Ar-H and HI, Z and E). 

a( ‘HJNMR, H@CH30H, S ppm : 6.97 (s broad, E), 7.85 (I broad, Z). 

- (2-fonnyl- I -phenyiethenyl-2-d)diphenyl(3-sulfophenyl~hosphonium chloride, ‘sodium salt (Z, E) : 15 f ; 4 IO mg 

isolated from water ; 196 mg, 67 % extracted in CHCl3) : 3tP ( 1H) NMR, H@CD$XKID3,S ppm : 2 1.30 (s, Z) ; 

24.1 (s, E). 

31P NMR rtudy of the reactions of 2 with 8a_t at neutral pH : (3tP ( tH)NMR, H20). 

Reaction with Ia, 8 ppm : 34.25 (s, 13, 21 %), 38.17 (s, 128, 13 %), 39.00 (6, 1 la, 47 %). Reaction with 8b, 6 

ppm : 15.47 (s, 14, 38 %), 16.60 (s, lob Z, 42 %), 18.94 (s, 5b E, 7 %), 19.09 (s, lob E, 8 %), 33.04 (s, 13, 2 

%), 37.79 (I, 11 b, 3 %). 280 mg (1.1.10-J mole) of silver triflate were then added to the aqueous solution and the 

3tP (tH] NMR spearurn recorded immediately, 8 ppm : 16.45 (I, 5b Z, 37 %), 16.60 (s, IOb Z, 43 %I, 18.94 (s. 

5b E, 7 %), 19.09 (s, IOb E, 8 %), 34.02 (s, 13, 2 %), 37.87 (s, 1 lb, 3 %). Reaction with SC, 6 ppm : 15.47 (s 
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14, 33 %), 16.68 (I, 10~ 2, 30 %), 18.86 (a, 5b E, 12 %), 19.09 (I, 1Oc E, 6 %), 34.47 (I, 13, 9 %), 37.60 (8, 

12c, 1 %), 38.02 (s, 1 Ic, 9 %). Reeaion with ad, 8 ppm : 15.47 (I, 14,42 %), 16.68 (I, 10d Z,30 %), 18.87 

(a, 5b E, 6 %), 19.09 (s, 10d E, 4 %), 34.17 (s, 13, 2 %), 37.40 (a, 12d, 1 %), 37.79 (II, 1 Id, 13 %). Reaction 

with 8c,S ppm : 15.55 (I, 14, 18 %), 16.60 (a, 10~ Z, 6 %), 18.94 (a, 10~ E, 2 %), 24.32 (s, 13, 12 %), 37.06 

((I, 12e, 11 %), 36.73 (s, 1 le, 20 %). Reaction with 9,19 ppm : 34.70 (a, 13,95 %). In all these mixtures, the 

compound 5b was identified by addition of small amounts of authentic sample 5b prepared independently by an 

unambiguous ptocedure (vide sup@. 

- Reactivity of vinylphospbonium ultr in the prercnct of base 

24 mg (6. lo4 mole) of sodium hydroxide were added to an aqueous solution of vinylphosphonium salt 

(5.5.10-4 mole in 2 ml of H20). The reaction mixture was allowed to stand at room temperature for 15 nut while it 

turns slight yellow. ‘llte ,*P NMR spectra showed in aU casts a quantitative transformation of the vinylphosphonium 

salts. 

- The disulfonated vinyl phosphine oxides 16x-b obtained from 48-b were Wated after neutmlisation of the 

aqueous solution and removal of water. 

- IJ-(~~e~y~e~e~be~~~~3-~fo~be~yJ~~e ox&, &odium salt : 16a (310 mg, 97 %) ; 3tP ( tH) 

NMR, H20, d ppm : 38.32 (I) ; tH NMR, w, 8 ppm : 0.81 (t, CH3), l-1.60 (m, CH2), 2.32 (m, C&C-), 6.70 

(d, 3Jp.H - 26 Hz, Hz), 7.65-8.50 (m, A&i). 

- ~Z-carboxye~e~y~~~~~3-~~~~e~~~~~pbine oxfjde, disudium salt: 16b (275 mg, 98 %) ; )*P ( JH) NMR, 

Hfi. 6 ppm : 38.54 (s) ; JH NMR, D$), 8 ppm : 6.95 (dd, 3JP_~ - 29 Hz, 3Jf.t-r.t - 12 Hz, H2), 7.50-8.25 (m, 

ArH). 

- The monosulfonated vinylphosphonium salts 5a-b and lOa-C gave a mixture of vinylphosphinc oxides 

(ii, 12) and triaryiphosphine oxide 13 upon addition of NaOH. The 3tP NMR spectra of the crude mixtures gave 

the following data (3tP (tH) NMR, Hfi) : reaction with 5a,& ppm : 37.83 (s, 1 la, 60 %), 38.21 (s, 12a, 40 %). 

Reaction with 5b : 38.39 (s, 1 lb, 70 %), 38.77 (s, 12b, 30 %). Reaction with 1Oa (Z,E) : 34.02 (s, 13, 15 %), 

37.94 (s, 1 lb, 13 %), 38.62 (s, 12b, 72 %). Reaction with lob (Z,E) : 33.27 (s, 13, 14 %), 38.09 (s, 14 %), 

38.39 (s, 16 %), 38.62 (s, 50 %) (1 lb and 12b, Z and E). Reaction with 10~ (Z,E) : 34.77 (e, 13,5 %), 38.99 

(s,9 %), 39.45 (6, 16 %), 39.60 (s, 64 %) (1 lb and 12b, Z and E). Reaction with 10~ (Z,E) : 33.79 (s, 13,38 

%), 37.64 (s, 4 %), 38.85 (s, 4 %), 39.37 (s, 54 %) (1 lb and 12b, Z and E). Reaction with 1Of (Z,E) : 34.70 (s, 

13,90 %). 

- Preparation of alkeats 

- starting from 1 

2. IO-3 mole of acetylcnic acid 3c or 3d were added to an aqueous solution of 1 (2. IO-3 mole in 5 ml of H$) 

or D$)). The reaction mixture was stirred at room temperature for 2 h (3~) or 5 h (3d). Hydrochloric acid was then 

addedtopH= 1. 
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The cinnatnic acid 198 (mactlon performed ln Hfl) and the dideutcrlocinnamic acid 2 la (maction performed ln 

l&O) were eatmetal fium the aqueous phase with chltuoform ; the organic layer wgl then dried over MgSO4 and the 

solvent was remwed under vacuum. 

- rmns -clntmmic acid 19a : 281 mg, 95 96 yield ; F (“C) - 132 (litt 24 : 135) ; 1~ NMR, CDCl3,6 ppm : 6.43 (d, 

3J~.H - 16 Hz, -CH), 7.20-7.60 (m, ArH), 7.75 (d, 3JH_H - 16 Hz, -CH), 9.80 (s broad, CaH) ; Mass 

spectrometty, M+- (CpHgO2) : 148.0525 (found), 148.05243 (calculated). Elemental analysis found : 72.6 96 C, 

5.6 % H ; calculated : 72.9 % C, 5.4 96 H. 

- &W.S -It@-~&nnamic acid 2 1 a : 270 mg, 90 % yield after tecrlstallisatlou ; F PC) - 134 ; IH NMR, CDCI3, 

S ppm : 7.25-7.65 (m, Ar-H), IO.30 (I broad, CQ#) ; Mass spectromctry, hi+’ (CpHeO2Di) : 150.06448 (found), 

150.06498 (calculated), isotopic purity : 95.5 %. Elemental analysis found : 71.8 % C, 4.1 % H ; calcdatcd : 

72%C,4%H. 

The~cacid19b(~onperfo~cdinH~),aadthedideutcrlohrmaricBcid2Ib(~pcrformedIn~) 

were obtained by using the following procedure. The reaction mixture was acidified to pH - 1 with hydrochloric 

acid and the solvent removed at 50°C under vacuum. The reatlting crude solid is thee added to 30 ml of absoiute 

ethanol, the insohtble material ls mmwul by Wation and the alcobollc sohuion is amcentmted to dry-n- 

- Fumaric acid 19b : 202 mg, 87 % yield ; F (“C) - 299 sub1 (Iitt 24 : 300) ; tH NMR, CD3COCD3.6 ppm : 6.79 

(s, -CH), 10.86 (s broad, CO2H) ; Mass spectrometry, M+’ (C4H404) : 116.0108 (found), 116.01095 

(calculated). Elemental analysis found : 4 1.2 % C, 3.5 % H ; calculated 4 1.4 % C, 3.4 % H. 

-ktj3-2H2] fimtaric acid 2 lb : 207 mg, 89 % yield ; F(T) - 300 (subl) ; IH NMR, CD$OCD3,6 ppm : 10.73 (s 

broad, CO2H). Maas specttometty, M+’ (QHO4D3) : 119.0295 (found), 119.02979 (calculated), isotopic purity 

95.8 %. Elcmenutl analysis found 40.2 % C, 0.9 % H ; calculated 40.3 % C, 0.8 % H. 

2.1 O-3 mole of aldehyd 9 were added to an aqueous solution of 1 (2.2.1 O-3 mote in 5 ml of H20 or Dfl). 

The reaction mixture was stirted at room tempemtute overnight under N2. The aqueous phase was then washed with 

ether, the otganic layer was dried over MgSO4 and the solvent remwed under vacuum. 

- tntas -cinnamaldehyde 19~ (reaction performed in Hfi) : 260 mg, 98 96 yield ; IH NMR, CDCl3,6 ppm : 6.69 

(dd, 3JR.H - 16 Hz, ~JH.H - 8 Hz, -CH), 7.36-7.63 (m, ArH and -CH), 9.69 (d, 3JH.H - 8 Hz, CHO). Elemental 

analysis found : 82 % C, 5.9 % H ; calculated : 8 1.7 96 C, 6.0 % H. 

- tmns -l@-~$zbmamaldehydc 2 lc (reaction performed in Dfl) : 255 mg, 96 96 yield ; tH NMR, CDCI3, 8 

ppm : 7.40-7.60 (m, ArH), 9.70 (s, CHO). 2H( tHf NMR, CHCi3,6 ppm : 6.81 (s, -CD), 7.72 (s, -CD). 

Elemental analysis found 80.9 % C, 4.7 % H ; calculated 80.5 % C, 4.5 % H. 
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- starting from 2 

The vinylphoaphonium salts 5c, Sd, 6c, Sd, IOf were prepared as previously desertbed in T&G (HCI) or 

D$I @Cl) for the danerated producta T oanaqxutssoUionoftkauitableealt(i gial5mlofH~or&O)was 

added 0.5 g of Na$O3. The reaction mixuuc wan allowed to ataad at room temperature for 15 ma (the 3tP NMR 

spectra showed only the s&ml of 13) and then acidified to pH = I by addition of hydrochloric acid. The alkenea 

we* isoktcd as described above. 22a and 22b warn obtained fmm 6c and 6d in Hfl. 

- trans-fat-‘ttfjcinnamic acid 22a : 260 mg, &8 % yield ; Ff”Cf - 134 ; tH NMR, CDCZi3,S ppm : 7.20-7.60 fm, Ar- 

B), 7.72 (a, =CH), 10.1 (s broad, CQH) : Mass sptromctry, M” (C9H7G2D) : 149.0581 (found), 149.0587 

peculated), isotopic purity : 96.3 46, Elcmcntal analysis fc*ind 72.6 %C, 4.8 % H ; calculated 72.4 % C, 4.7 46 H. 

-[cr-2HEfbmaric acid 22b : 200 mg, 85 % yield ; F(oC) - 298 (subl) ; tH NMR, CD3COCD3, b ppm : 6.78 (s, 

=CH), 10.80 (s broad, CO&I ; Mass spcctromctry, hi” (C.&JCL@) : 117.0168 (found), 117.01723 (calculated), 

isotopic purity : 93 96. Elemental analysis famd 41.4 % C, 2.9 % H ; cakubd 4 I .O % C, 2.6 % H. 

238 and 23~ were obtained ftom SC and 10f in D&I : 

- lrans -~~-~~~~i~ acid 23a : 270 tug, 90 % HeId : F(“C) = 135 ; tH NMR, CDC13, S ppm : 6.45 (s, -CB), 

7.25-7.65 (m, A&J), f0.4 (s broad, CG2H) ; Mass spmtmmetty, M+. (CqH$I2D) : 149.0589 (found), 149.0581 

~~l~lat~~, isotopic purity : 95.5 %. Elementa analysis found 72.8 % C, 4.9 % H ; cahzulated 72.4 % C, 4.7 46 H. 

- rms-&-~]cinnamaldehyde 23~ : 245 mg, 92 % yield ; tH NMR, CDc13,8 ppm : 6.69 (dt, 3JB_B = 7.7 Hz, 

3JB.~ = 2.5 Bz, = CH), 7.38-7.65 (m, ArH), 9.68 (d, ~JH.H - 8 Hz, CHO). Elemental analysis found 8i.S 46 C, 

5,4 46 H : adculated 8 I. 1 46 C, 5.2 46 H. 
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