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SUMMARY

Triphenylpbosphine m-trisulfoaate P{PhSO3Na); « TPPTS and tripheaylphosphine m-monosulfonate
PPPhSO;3Na = TPPMS react in water with a8 unsatursted acids affording hydrosoluble phospbooium salts. The
conversion is quantitative because water readily protoasies the carbanionic intermediate thus displacing the equilibrium
towarda the right. This nucleophilic addition of hydrosoluble phosphines has been extended to non water miscible
activated olefins in biphasic media ; depending on the pH, pbosphine oxides or phosphoaium salts are obtained. When the
reactions are carried out in D20, the addition products are specifically deuterated.

RESUME

La triphenylphosphine m-trisulfonate P(PhSO3Na); = TPPTS et Ia triphenyliphosphine m-monosulfonate
Ph;PPhSO3Na = TPPMS réagissent dans I'esu avec les acides ,p insaturés pour doaner des sels de phosphonium
bydrosolubles. Ces réactions sont quantitatives car la protoostion par 'esu du carbenion intermédiaire déplace I'équilibre
vers Ia droite. Ces additions nucléophiles de phosphines hydrosolubles ont été généralisées i des oléfines activées non
miscibles & eaus en milleu biphasique ; en fonction du pH des sels de phospbonium ou des oxydes de phosphines soat
obtenus. Lorsque les réactions sont réalisées dans D70, les produits d'addition sont spécifiquement deutériés en B du

phosphore.
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Organophosphorus chemistry has received considerable attention and phosphorus derivases are now commonly used
in biology, in synthetic organic chemistry and in industrial processes. For instance, the versatile tervalent phospborus
compounds have been widely studied in organic solvents for their aptitudes to stabilize reactive intermediates and o
coordinate transition metals. Recently, some emphasis has been put on water-soluble and hydrophilic phosphines,
particularly in the field of organometallic chemistry, because such compounds are ligands which can accord waser-sodubility
to coordination compounds and thus afford a means 1o separase casily catalysts from aqueous phases 2-6, Our coatributions
to this field bave led us to discover ususual behaviours of some water-soluble phosphines towards unsaturated organic
molecules which are novel examples of organic chemistry in waser. Effectively, for these reactions we take profit of the high
polarity of water and of its acido-basic properties which allow for instance quanttative reactions by displacement of
equilibria because reactive insermediases are instntaneously protonated.

In this paper we describe the addition of TPPTS (Triphenyl Phosphine-meta Tri-Sulfonate) and TPPMS (Tripbeayl
Phosphine meta-Mono-Sulfonste) 1o various activated olefins. In the presence of water, we obtain new families of
phosphonium salts and phosphine oxides which can be regioselectively deuterated when D20 is used. The differcnces
found between the reactivities of TPPTS and TPPMS are not the result of a change in the nucleophilic properties of the
phosphines but the consequence of the modification of their water-solubility and consequently of their amphiphilic

character.
Results and Discussion

- Nucleophilic addition of water-soludble phosphines oa @ , B - unsaturated carboxylic acids.

The water-soluble phosphine 3 (TPPTS) reacts in water with the @,  -unsaturated carboxylic acids 2 to form the
phospbonium sals 3 {equation (1)].
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(b) Rl = R2 = H, R3 = CH;
(c)R1 = R2 = H, R3 = CH;COH
(d)Rl1 =CH;3,R2=R3=H

These reactions are readily monitored using 31P NMR spectroscopy. By addition of a stoechiometric amount of 2 to
an aqueous solution of 1, the singlet st 8 = 5.5 ppm characteristic of the phosphine is removed while a new sigoal,
antributed 10 the phosphonium salt 3 appears at lower fleld (+ 25 10 30 ppm). The chemical shift depends on the nature of
the substituents R!, RZ and R3. For instance, the !H NMR spectrum of 3a shows two doublets of triplets (3 = 2.66 and
3.74 ppm) corresponding to the CHj protons with 3y = 8 Hz, 2Jp.y = 13.4 Hz and 3Jp.y = 12.8 Hz. Selective
irradiation of the phospborus niuscleus proves that a phosphorus-carbon bond has beea formed. The 13C NMR data are
consistent with those already described for phosphonium salts 73 : 8Cy = 21.60 ppm, !Jp.c, = 52 Hz, §C2 = 31.96 ppm,
Up.c; = 3Hz ; 8C4 = 121.26 ppm,Jp.co~ 87 Hz. Similarly, the 'H and 13C NMR spectra of 3b, ¢, d coofirm thelr
structure. In all these cases, the 31P NMR spectroscopy, casily carried out in water, is a very efficient technique for
monitoring the reactivity of water-soluble phosphines. The reaction mte is influenced by steric factors : the pbosphine reacts
instantaneously and quantitatively with the activated terminal olefins 2a, b, ¢ but the rate of the reaction is much slower
with the B substituted crotonic acid 2d and in that case a slight heating is required. These results show that the nucleophilic
addition of a hydrophilic pbosphine on activated olefins readily occurs in water. Similar sucleophilic reactions of classical
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tertiary phosphines (especially PPh;) with a, B aasaturated carboxytic acids have already been described %10, In aprotic
solvents, the additioa is reversibic and pbospbonium salts can oaly be obtained when the reaction is carried out in highly
acidic media (concenimsed HC1 or HBr). In our case, the acidity of the solvent s not strong encugh to protonate the
phosphine but water protomates iostantancously the strongly basic carbasioaic iatermediate thus making the reaction
quantitative by driving the equilibrium towards the right. The intervention of water is demonstrated by wsieg D-O. In these
conditions specifically deatesated phosphootum saits 4 are obtained [equation (2)].
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The mooosulfonsted triphenylphosphine S (TPPMS = PhoPPhSO3Na) also reacts with a, f -unsaturased carboxylic
acids leading respectively to the pbosphonium salts 6 and 7 when the reaction is carried out in H20 or DYO.

R' @ R'
H D
P P
@— R R’ @— R R’
SO, Na SO,Na

Nevertheless, we notice a significant decrease in the reaction me. This caa be explained by the dilutioa of the
reaction medium rather than by the weaker nacleophilicity of the phesphine because tho 31P chemical shifts of the
phosphines (8 = - 5.5 ppm for TPPTS and - 5.9 ppe for TPPMS) and of their oxides (5 = 33.4 and 33.9 ppm respectively
for TPPTS and TPPMS oxides 8 and 9) are very close 9.1},

- Reaction of water-soluble phosphines with activated olefins is biphasic system.

An aqueous solution of TPPTS also reacts with hydrophobic olefins such as acryloaitrile and acrylic esters. The
reactioa is carried owt ia biphasic system withost phase transfer reagent by stirring the aqueous phase in the presence of
olefln at room temsporature. Like before, the sucivephilic addition can be moaitored by 31P NMR spectroscopy of the
aqueous solution.

a) Reaction with acryloaitrile

After 10 b of reaction a single resoaance correspoading to the phosphine oxide 10 is observed at 38.2 ppm
[equation (3)]. The proton decoupled 13C NMR spectrum shows the signals of aromatic nucleus linked 10 pbosphorus and
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additionnal peaks corresponding 1o the free benzenesulfonate ring removed from phospborus. The chemical shift and
coupling constant values for the aromatic carbon C4 bonded 1o phosphorus (8C4 = 132.6 ppm, 1Jp.c, = 106 Hz) are very
close to those obtained for O = P(PhSO3Na)3 8 and O = P(CH; PhSO3Na)2 (8 = 132.9 end 133.6 ppm, Up.c = 107 and
108 Hz respectively). The expected 1H and 13C NMR spectroscopic data are obtained for the aliphatic chain.

The pbosphine oxide formation is the result of a nucleophilic attack of the hydroxide anjon (genemied in sits) oo the
phosphonium with climination of a phenylsulfonate group.

The hydrolysis of phospbonium salts in the presence of base is well known. In water, It occurs instantaneously with
neutral olefins which cannot neutralize the hydroxide anion arising from the protonation of the carbanionic intermediate.
Accordingly, the pbosphonium sak 1 1 is the sole product formed in weakly acidic medium {oquation (3))].
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The synthesis of the analogous phosphoaium salt [PhyP *(CH2)2CN, X'} requires strongly acidic conditions 12 1o
protic solvents such as alcobols, the nucleophilic addition of PPh; oa acrylonitrile is used to initiate its anionic
oligomerization or 10 perform Wittig reactions via the phosphorus ylid 1213,

The reaction of the monosulfonated phosphine $ is also governed by the amphoteric properties of water. The
hydration of acryloaitrile occurs readily and is accompanied by a pH increase which induces the oxidation of the phosphine.
Further studics show that small amounts of phosphine catalyze the production of bydroxy-3 propioaitrile 12. The
nucleophilic addition of the phosphine on acrylonitrile produces hydroxide anions which can either react with the
phosphonium or add to the activated double bond. As shown in scheme 1, the hydration of acrylonitrile is catalytic because
it produces hydroxide anions. The formation of very small amounts of PhaP{OXCH2)2CN at the beginaing of the reaction
demoastrates that hydroxide anions initiate the hydration process (scheme 1). In ocganic solvents, tertiary phosphines bave
also been used 10 catalyze the Michad] reaction between nitroalcanes and olefins 16.

This reaction, carried out in D20, affords an efficient pathway fo synthesize the monodeuterated
hydroxypropionitrile OH-CH»CHD-CN 13. In the sbsence of TPPMS higher coacentrations of sodium hydroxide are
required to achicve the ssme hydration reaction but in these conditions partial hydrolysis of the nitrile is observed.
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acryloaitrile at the interface and leads to 10. Thus, the behaviour of acrylonitrile i strongly dependent on the amphiphilic
properties of the phosphine and these types of reactions can only be observed in an ampboteric solvent such as water.

b) Reaction with acrylic esters

In the same way, the reactions of TPPTS 1 with methyl or ethylacrylate produce a mixture of phospbonium salts 14
and phosphines oxides 1 5 [equation (4)).

In this case the hydroxide anion resulting from the protonation of the carbanionic intermedinte can eitber react with
the phosphoaium or hydrolyze the ester grouping. Like before, the phospbonium salts 16 are the unique products obtained
in weakly acidic medium [equation (4)).
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The monosulfonated phosphine TPPMS S reacts similary and the camlytic hydmtion of acrytic esters is not observed
mummbmmlh&dﬁkbhy&dy&hmmmm.

- Reaction of TPPTS with alkyl halides ia biphasic system.

The reactivity of the highly waser-soluble TPPTS 1 is sot Limited 10 nucicophilic addition on sstivased olefins and we
mmmummnmwwmammmmmmm
or co-solvent. Fot imstance, the phospbonium sl 17, 18 are ebtained when an aquecss solution of 1 and sn excess of the
corresponding alkyl halide ase stitred together overnight at room temperature [oquatioa (S)).
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®
(5) ArP + RX o ArP-R, x©
RX = CH i ; Br- CH 00 Me 17;18

The reaction monitored by 31P NMR spectroscopy of the aqueous phase shows also quantitative transformation of
TPPTS into pbosphonium salts by reaction with allylbromide, benzylbromide and propargylbromide. In these biphasic
systems water plays exclusively the role of solvent ; consequently the sucoess of these substitution reactioas in biphasic
systems confirms that the sucleophilicity of the phosphorus is not affected by the presence of sulfonate groups. This is in
agreement with previously described NMR data 4a

- Reactivity of phosphonium salts ia the preseace of base.

As shown above, the addition of stoechiometric anounss of sodium hydroxide 10 aqueous soluticas of pbospbontum
salts instantaneously produces phosphine oxides with elimination of a benzene sulfonate or of the alkyl chain. For instance,
the zwiterrionic phosphonium sits 3 and the lodide 17 give the expected oxides 19 and 20.

CO,H Ar, P— CH,
Ar, P Il
] o
(o]

19 a, b, c, d 20

On the contrary, the reaction of OH" with 18 leads to the triarylphosphine oxide 8 by removing of the alkyl group
because an electron withdrawing fonction is located at the & carbon atom.

In basic media, the monosulfonated phosphonium salts 6 are transformed into the phosphine oxides 21 and 22
arising respectively from the climination of PASO;3" or of a beazene nucleus.
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All theae results show that the sequential use of nucleophilic addition of TPPMS on olefins o oo alky! balides
followed by elimination of an aromatic nucleus after addition of OH' lead t0 chicat phosphing oxides waser-sokable o not.

These aspects are being developed with alkyidiaryl phosphines in osder to obsia easily chiral compounds suitable for the
synthesis of water-soluble transition metal compounds and to study possible asymetric deuteration on convenient activated
olefins.

CONCLUSION

This first study on the nucicophilic addition of waser-soluble phosphines towards organic molecules has shed light
on several important aspects of phospborus chemistry in water. Thus a great variety of new phosphonium salts and
phosphine oxides can be obtained at will by coatroliag the pH of water. Furthermore, coe desteriun atom can be
specifically introduced at the carbon f 10 phospbores. The substrates may not be hydrosolubie and we have shown that

oucleophilic additions ocaur efficiently Ia biphasic conditions. Further studies are currently being developped to find other
applications in organic synthesis.

ACKNOWLEDGEMENT : Valuable suggestions made by a referee are gratefully acknowledged.

EXPERIMENTAL SECTION

TPPTS 1 and TPPMS S have been prepared using pnviouly described procedures 6417, Unsamred compounds
and alkythalides are of commercial origin and used withous further purification. NMR spectra were respectively recorded on
a Varian EM 360 (1H 60 MHz), a Brucker WP 80 MHz!8 (31P{1H}, 32.38 MHz, external refercace H3PO4 85 %), a
Brucker AM 309 MHz!# [13C (75.47 Mir), TH (300 Mix)}, cxternsd refereace TMS). Water was distifled before use. The
numbering starts with the aliphatic chain and contiones oo the aromatic ring (ses formuls 10 for an cxample). The resude of
elemental analysis are oot significant becanse the hydration number depends on the purification and drying procedures.

Reaction of TPPTS with @ ,B ussatured carboxylic acids

- Preparation of 3s, 3b, 3¢

.10-4 mole of TPPTS and 7.104 mole of 2a, 2b or 2¢ are dissolved in 3 ml of water. After removal of water under
vacoum, the white product is washed with acesone and dichloromethane. The yields are guantitmaive. (The phosphoaium
salts can also be precipated from the aqueous solution by adding a mixtare of ethanol and acetons §0/20 bt the yiclds are
lower and the products contain small amounts of cthanol). These hygroscopic phosphonium salts are then dried at 50°C for
2 days under vacuum and stored in an exsiceasor.

- Preparstion of 3d
420 mg of 1 and 60 mg of 2d are dissolved in 3 m] of water and the mixmre is heated at 50°C overnight.

Spectroscopic data

3a 31P{1H} NMR, H;0, 8 ppm : 25.50, 5. 1H NMR, (D20), § ppm : 2.66, 3Jyy.4 = 8 Hz, 3p.y = 13 Hz, doublet of
triplets, CHy ; 3.74, A3 = 8 Hz, 2p gy = 13 Hz, doudlet of triplets, CHy ; 7.72 - 8.30, multiplet, Ar-H. {H NMR with
irradiation of phosphorus nucleus, 5 ppmm : 2.66, AUy = 8 He, t, CHy ; 3.74, My = 8 Hz, ¢, CHy ; 7.70 - 8.30,

multiplet, Ar-H. 13C NMR, D10, [(i) with 1H decowpling, (1) without decoupling], 8 ppm : 21.60, Up.c = 52 Hz, Uc =
138 Hz [C(1), (1) d, (i) &) ; 31.96, Dp.c = 3 Hz, ucu-tsmz[qz) W4, (u)dn) 121.26, Up.c = 87 Hz, ey = 8
Hz [C(4), (1) d, (id) 8d) ; 133.13, 2p.c = 14 Hz, Ucy = 162 Hz, Ty = 8 Hz [C(9), (1) d, () dq) ; 134.18, Upc = 13
Hz, Uc.y = 169 Ha, 2.y = 8 Haz, [C(S), (1) d, (1 4d) ; 138.20, ey = 161 Hz, oy = 8 Hz, (X7, () s, ) dd]
139.03, ¥p.c = 10 Hz, Uc.ju = 167 Hz, e = 8 Hz [C(8), (i) d, (1) dq) ; 147.73, 3Jp.c = 12 Hz, 2c.iy = 8 Hz [C(6),
(1M, (i) ; 179.77, 3pc = 13 Hz (C(3), (iM, (i)

3b 31P (1H} NMR, H20, § ppm : 24.80, s. lH NMR, (D70), 8 ppm : 1.29, V.34 = 7 He, Up.yy = | Hz, dd, CH; ; 2.78,
broad multiplet, CH ; 3.56, 3. u= 6 Hz, Uy = 16 Hz, Up.jy = 13 Hz, septu CH,, H,; 3.88, M.y =9 Hz, Uyl
= 16 Hz, Up 4 = 13 Fa, octuplet, CHy, By, ; 7.31-8.22, w Ar-H 1H R with irradistion of tw
ouclous : 1.29, dy.q = 7 Hz, 4, CHjy ; 2.78, broad muktiplet, CH ; 3.56, ”nu'6“l.Unu'l6H:ﬁG‘lz,H..
3.88, U= 9Hz.Uu.“-l‘|'h.q.CH2.& 7.3:8.2¢, lnhblel

3¢ 31P {1H} NMR, H20, § ppm : 24.37, s. IH NMR, (D0), 8 ppm : 2.83, 3Jy.y = 6 He, d, CH2; 3.23, Y.y~ 7 Hz,
3)p.i = 13 Hz, broad octuplet, CH ; 3.71, Uy = 6 Hz, Uy = 16 Hz, Up.yy = 12 Hz, broad septuplet, CH2, H, ; 3.95,
u.H = 10Hz, Uy = 16 Hz, 2Jp.l = 12 Hz, broad octuplet, CH3, Py ; 7.82-8.38, multplet, Ar-H.

~
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3d 31P {LH)} NMR, Hy0, & ppm : 30.85, s. 1H NMR, (D;0), § ppm : 1.45, 3.y = 7 Hz, Jp.y = 19 Hz, dd, CH;3 ;
2.92, 3Jp.;y = 14 Hz, broad multiplet, CHy ; 7.30-8.35, multipiet Ar-H.

- Preparation of 48, 4b, 4c, 44
4a, 4b, 4c and 4d are prepared in D70 following the experimental procedure described above for 3a, 3b, 3¢, 34.

Spectroscopic data:

4a 31P {1H} NMR, H;0, § ppm : 25.50, s. 1H NMR, (D20), 8 ppm : 2.61, 3Jy.y = 7 Hz, Mp.y4 = 13 Hz, broad
sextuplet, CH ; 3.65, 3Jy.14 = 7 Hz, Wp.jy = 13 Hz, q broad, CHy ; 7.65-8.35, multiplet, Ar-H. 13C NMR, DO, {(1) with
1H decoupling, (ii) without decoupling] 8 ppm alipbatic carbon nucleus (the chemical shifts and coupling constants of
aromatic carbon nucief are not modified by the of deuterium) : 21.62, Up.c = 53 Hx, Ucy = 133 Rz [O(1),
(i) d, (1) de) ; 31.25, dpc = 3Hz, Jcp=17Hz; Uy = 133 Hz (((2), (1) &, (II) ddt).

4b31P {1H)} NMR, H1O, § ppm : 24.85, 5. IH NMR, (D70), 8 ppm : 1.39, Up.y = | Hz, d, CHy; 3.67, Uy = 17 Hz,
Upy = 13Hz,q, CHy, Hy ; 3.89, .4 = 17 Hz, Yp.n = 13 Hz, q, CH2, Hy: 7.77-8.35, muldplet, Ar-H.

4c 3P {1H) NMR, H0, 8 ppm : 24.41, 5. tH NMR, (D;0), Sppm : 2.81,3, CH2: 3.79, Uy~ 16 Hz, Wp.y = 13
Hz, q, CHa, Hy; 4.02, .1 = 16 Hz, Up.y = 13 Hz, q, CHy, Hyp ; 7.87-8.39, multplet Ar-H.

4d 1P (1H) NMR, H0, § ppm : 30.81, s. 'H NMR, (D70), 8 ppm : 1.40, 3.4 = 7 Hz, Np.y = 19 Hz, dd, CH3
2.85, Jp. = 14 Hz, d broad, C-H ; 7.25-8.35, multiplet, Ar-H.

Reaction of TPPMS witha , B unsatered carboxylic acids

- Preparation of 6a (7a), 6b (7).

7.104 mole of TPPMS § and 7.104 mote of 3a or 3 b are dissolved in 10 ml of water (or D7O). After removal of water
under vacuum, the crude product is washed with acetone and cthanol. The yields are quantiative. The phosphontum salts
deﬂanCfmZhyqummmdmlnnw

Spectrascopic data (s}

6a (7a) 31P {IH} NMR, H70, 8 ppm : 24.03, s. 1H NMR, (D;0), § ppm : 2.55, V.1 = 7 Hz, 3Jp.y = 13 Hz, sextuplet,
CH2(CHD); 3.61, ¥y = 7 Hz, 2Jp.4 = 13 Hz, sextuplet (q), CH; ; 7.30-8.37, multiplet, Ar-H.

6a (7b) 31P (1H) NMR, H20, § ppm : 23.30, &. 1H NMR, (D70), 8 ppm : 1.22, 3.4 = 7 Hz, &(s), CH3 ; 2.69, broad
mu) (n0 ), C-H; 3.28, 3y.q= 16 Hz, Uu.u'ﬁﬁz,ﬂpu-nﬂz,mpkt(q) CHa:H,;3.69, 3y =6
Hz, Uy = 16 ﬂpn-llﬂznxnlpk( (q), CHy: 4y ; 7.40-8.1S, muhiplet, Ar-H

Preparation of the phosphine oxides OTPPTS 8 and OTPPMS 9.

8 and 9 are prepared respectively from 1 and § by using HYO2 as oxidant 600 mg of 1 or S are dissolved in 90 ml of
hydrogen peroxide (10 % in water) and the solution is heated 10 reflux overnight. Afier removal of water the crude product
is dried under vacuum for 24 h. The yiclds are quantitative.

31P (1K) NMR, S ppm : 34.3 for 8;34.8for 9.

IR (KBr) : vS=O(cm-1) 1050 (strong) ; 1200 (strong, broad).

13C NMR, D0, [(i) with |H decoupling, (1i) witbout decoupling], 8 ppm, 8 : 131.49, Zp.c = 11 Hz, UJc.y = 167 Hy,

2J<;.u 8 Hz [C(2); (1) ; (1)de] ; 132.93, Up.c = 107 He, ey = 6 Hz [C(1) ; (1M ; (li)dt] ; 133.12, Up.c = 11 Hz; U
=166 Hz; Uc.y = THz [C(6); (1)d : (lixd) ; 133.22, Vol = 167 Hz, Uy = 9 Hz [C(4) ; (s ; (U)dd) ; 137.5S, 3Ip.c

-ll}{z Ucu' 166 Hz, Uy = 8 Hz [C(5) ; (X ; (11)dq) ; 146.66, 3p.c = 7 Hz, 2lc.y= 6 Hz [C(3) ; (i)d ; (M)ql.

g‘u:m:a can more easlty by synthetized by sulfonation of PPh; ln oleum (65 % in sulfuric scid) at room temperature for

Reactioa of TPPTS | and TPPMS S oa activated olefins in biphasic system.
- Reaction of 1 with acrylonitrile in scwiral mediom.
6 ml (9.2 10-2 mole) of acrylonitrile are added to an aquoous sotution of 1 (1.14 g ; 1.9 10-3 mole in 4 ml of water). The

two phase mixre is stirmed magnetically overnight at wmmumwuumm
washed with dichloromethane. The 31P NMRspemunthmthtdllbepbaphlne has been transformed. 2 ml of the

(2) 45 brackets Indications for the & d compounds 7a and 7b.
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aqueous sobition is weed 10 perform the NMR spectroscopic studies. 10 is precipitated from the remaining 2 mi of soluticn
by addition of a mixture of ethanol and acetooe, filtrated washed with dichloromethane and dried under vacsum.

Spectroscopic deta

10 : IR (KBr) v cm-1 : 2240 (weak), C = N ; 1050 (strong), 1200 (strong, broad) S = 0.
31P{1H} NMR (H;0) § ppan : 38.25 (s).

IH NMR (H20) 8 ppm [(1) without decoupling, (ii) with phosphorus decoupling] ; 2.78, 3 = 7 Hz, dp.y = 13 Hz [(i)
sextuplet (H) ], CHj ; 2.90, 3y = 7 Hz, Np.jy = 11 Hz [(1) sexruplet (1) t], CH3 ; 7.62-8.25 (multiplet), ArH.
13C NMR (D20) & ppe [(1) with 1H decoupling, (ii) without decoupling) : 26.68, Up_¢c = 73 Hz, Uc.i = 134 Hz, [C()),
(i)d(il) &) ; 12.6), Up.c=3Hz, U = 139 Hz {C(2), (1) d (i1) &) ; 122.36, Np.c = 3 Hz [C(3), (1) (i) d] ; 132.68,
Up.c = 106 Hz, dc.y = 6 Hz [C(4) f(’ﬁ'a ; (i) ad) ; 134.72, Up.c = 14 Hz, Uc.y = 167 Hz, Uc.y = THz [C(5) ; (i) d ;
(ii) dd] ; 147.07,3pc=12Hz; Uc.y=8Hz[C(6);: (1) d ; (il) &) ; 134.32, tIc.y= 162 Hz, Y.y = T Hz [C(T) (1) s,
(i) dt) ; 138.6, Vp.c= 10 Hz, Uc.u = 166 Hz, Uc.y = THz [C(8) (1) d ; (i1) dq) ; 133.25, Up.c = 13 Hz, lic.q = 163
Hz, 2C.y = 8 Hz [C9) (1) d, i) a.

The 13C NMR study of the reaction mixture (H20/D20) shows, in addition to the spectrum of 10 described above,
the characteristic signals of PASO3Na.

- Reaction of 1 with acrylositrile is acidic medium.

6 ml (9.2 10-2 mole) of acrylonitrile are added to an aqueous acidic solution of 1 (1.14 g, 1.9 10-3 mole in 4 m! of dilute
hydrochloric acid, pH = 4). The two phases mixture is stirred overnight at room temperatire and then decanted. The
scparated aqueous layer is carefully neutralized with sodium bicarbonase and washed with dichloromethane. The 31P NMR
spectruis shows that all the phosphine bas been transformed. Atlemps to slimiaate the remaiaing sodium chioride by
repeated precipitations bas been unsuccessfull ; the spectroscopic data were therefone obtained without further purification
after removal of water under vacuum.

Speoctroscopic dats

11: IR (KBr) v cm-1 : 2240 (weak) C=» N ; 1050 (strong), 1200 (strong, broad) S = O.
31P {1H} NMR (H20) 8 ppm : 24.07 (s).

IH NMR (Dy0) 8 ppm : 1.90, 344 = 7 Hz, p .y = 13 Hz, sextuplet, CHj ; 2.84, 3.y = 7 Hz, p.jy =~ 12 Hz,
sextuplet, CH; ; 7.63-8.32, muldplet, Ar-H.

- Reaction of 5 with acrylonitrile in newtral medium.

8 ml (1.2 10-1 mole) of acrylonitrile are added to an aqueous solution of S (1g ; 2.5 10-3 mole in 20 ml of H20 or D70).
After stirring overnigint as room seaaperature, the reaction mixtore becomes bomogencous. The resulting basic sodation (pH
= 9-10) is neutmiized with diluted hydrochioric acid. The organic products are extrated with dichioromethane and the
organic layor dried with magreesium sulfate is then concestrased under vactum. 12 (13) s separated by chyommsography on
a silica gel columa (elusnt : methanol) afier previous elstion of PhyP(ONCH2)2CN and excess of acryloaitrile with
chloroform. The removal of methanol under vacuum yields 3.2 g (4.5 10-2 mole) of 12 (13).

Spectroscopic data

12 (13): IR (liquid) v car 1 : 2230 (weak), C = N ; 3300 (strong, broad) O-H.
IH NMR (CDCl3) & ppe : 3.82, 3Jy.4 = 7 Hz, ((d), CH2 ; 3.55, 3, OH ; 2.60, 3Jj1.14 = 7 Hz, 1(1), CH; (CHD).

- Reaction of 1 with acrylic esters in acutral medivm.

Ethytacrylate (1 ml) is added to an aqueous solution of TPPTS (7.10 4 mole, 423 mg in 5 ml of water) and the two
phases mixture is stirred overnight at room temperature. The aqueous layer is washed with ether. The spectroscopic studies
were performed directly on this aqueous solution.

Spectroscopic studies (14 + 15)

31P (1H} NMR (H0) S ppm : 26.11,8,72 %, 14 ;38.72,5, 17%, 15, R = Et; 40.08,5, 11 %, 15, R= H.

IH NMR (H20) 8 ppm : 1.15, 3Jy.y~ T Ha, t, CHy ; 1.20, M.y = THz, 1, CH3 ; 2.79, Uy = 7T Hz, Vp.y = 12 Hz,

. CHz, 14 :3.03,3 .4 = 7 Hz, p.y # 3]p.4 # 13 Hz, multiplet, CHz, 1S, R=Hor Et;3.73, My.y=THz, q,
CH32 (CO2E1) ; 3.87, 3. = 7 Hz, p.y = 12 Hz, sextuplet, CHy, 14 ; 4.13, 3. = 7 Hz, q, CH; (EtOH) ; 7.70-8.42,
multiplet, ArH, 14 and 15.

- Resction of | with acrylic esters in acidic medium.

Ethylacrylate (1 ml) is added t0 a selotion of TPPTS (7. 104 mole, 423 mg) in S ml of dilwted hydrochioric acid (pH = 4)
and the two mixture is stirred ovemight at room sompersture. The aquecus layer is washed with ether and then
¢ e to dryness affording 16. The 31P NMR spectrem shows that the phosphine has beea quantitavely
transformed.
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Spectroscopic duta

16 : 31P{1H)} NMR (H;0) § ppm : 24.75, 5.

IH NMR (D20) § ppm : 1.10, .y = 7 Hz, ¢, CHj ; 2.73, M.y = 7 Hz, Mp.gy = 12 Hz, sextuplet, CHy ; 3.78, Ay~
7 Hz, Jp.y = 13 Hz, sextuplet, CHy ; 3.88 ; .4y = 7 Hz, q, CH3 ; 7.50-8.35, multlplet, Ar-H.

- Reaction of | with alkyl halides in biphasic system.
Synthesis of 17 and 18
1 ml of methy! todide or methylbromacetase ts added to an aqueous sofution of 1 (200 mg ; 3.3 104 mole in 2 el of water).
dichloromethane.

The mixnre is stirred overnigin at room temperature and thea decanted. The layer is washed with

The 31P NMR spectra demonstrate that all the phosphine has been trans 17 and 18 are isolated afler removal of the
water under vacuum.

Spectroscopic data

17 : 31P(1H) NMR (H:0) & ppm : 23.24, s.

1H NMR (D;0) § ppm : 3.0, Up.jy = 14 Hz, d, CHj ; 7.60-8.30, muldplet, Ar-H.

18 : 31P {1H} NMR (H;0) § ppm : 21.43,s.

;}L:]MR (D20) 8 ppm : 3.50, 5, CHjy ; 7.63-8.42, multiplet, Ar-H. The signal of the CH3 protons is masked by the HOD

13C NMR (D0) & ppm [(i) with 1H decoepling ; (if) without decoupling) : 33.61, Jp.c = 56 Hz, Uy = 136 Hz [O(1) ;
(1) 8, (1) &) ; 168.52, Up.c = 4 Hz (C(2) (D) 4, (1i) d) ; 56.53, U iy = 149 H2 [C(3) (1) s ; (1) q) ; 120.41, Up.c =~ 90 Hz,
Ac.y = 8 Hz [C(4) () d, (i1) &d) ; 134.35, Up.c = 13 Hz, ey = 169 Hz [C(5) (1) d, (1) dd] ; 147.93, ¥p.c= 13 Hz,

A = 8 Hz [C(6) () d, (ii) q) ; 135.62, Ve = 170 Hz, .y = 7 Hz [C(7) (1) 8, (i) 6d) ; 133.44, Jp.c = 12 Hz, Ug.
1= 168 Hz, et = 6 Hz [C(8) (1) d, (i1 dq) - 139.39, p.co 11 Hz, Ucpy= 168 Hz, Dy = 8 Hz (C9) (1) , (H) da.

- Reaction with other alkyl halides

The 31P NMR spectm of aqueous sofutions after reaction with PhCH;Br, CHy=CH-CH2Br, HC = C-CH2Br show also 2

quantitative conversion of 1 leading 1o the corresponding phosphonium salts. Their chemical shifts (ppm) are respectively :
23.31;25.19 ; 22.26.

- Reactivity of trisslfonated phosphonium salts is the presence of base.

Stoechiometric amounts of sodium hydroxide are added 0 an aqueous solution of phosphonium salt. The smrtiag colouriess
solution becomes instantancously slight yellow. The reactioa mixture is allowed 10 stand at room terperasure for 15 mn.
The pH is thea measured and ajusted (o 3-4 by adding diluted hydrochloric acid. The 31P NMR epectra show in all cases 2
quantintive tmosformation of the pbospbonium salts. The crude pbosphine oxides are isolated after removal of water under
vacuum and recristallized in methanol.

Spectroscopic data

19a,b,c,d : 31P{1H) NMR (H70) § ppm : 40.50, s, 192 ; 39.10, 5, 195 ; 37.94, 8, 19¢ ; 43.89, s, 19d.

1H NMR, (D20), 8 ppm, 193 : 2.60, 3.4 = 7 Hz, ¥p.y = 13 Hz, sextuplet, CH2; 2.92, 3.y = 7 Hz, Up.y = 12 Hx,
sextuplet, CHz ; 7.57-8.45, multiplet, Ar-H. 19b:1.37, 3. u= 7THz, d, CHy ; 2.98, ). = 7T Hz, Uy .y = 16 Hz, Up.
H = 13 Hz, septuplet, CHa (H,) ; 3.04, g4 = 8 Hz, Uy iy = 16 Hz, 2p.y = 13 Hz, septuplet, CHy (Hy) ; 7.59-8.45,
multiplet, Ar-H. 19¢: 2.95, 3Ji5.4 = 7 Hz, d broad, CH3 ; 3.20, multiplet broad, CH3 ; 7.58-8.44, multiplet, Ar-H.

20 :31P{1H} NMR, (H20), 8 ppm : 38.69, 5.
1H NMR (D70), § ppen : 2.08, 2Jp.jy = 13 Hz, d, CHj ; 7.40-8.35, multiplet, Ar-H.

13C NMR (D20) [(1) with 1H decoupling, (i) without decoupling] 8 ppm : 17.27, Up.c = 75 Hz, Uc.q = 130 Hz [C(1),
(i) 4, (ii) dq) ; 128.12, Yp.c = 12Hz, Uc.x = 163 Hz, Y.y = 8 Hz [C(7), (1) d, () d¢) ; 132.57, Uc.q = 166 Hz, Uc.y
= 8 Hz [C($), (D) s, (1) d:] : 131.58, Up.c=106 Hz, Uc =8 Hz[C(2), (i) d, (ii) dd] ; 134.25, p.c =12 Hz, tic.H
= 162 Hz [C(6), (1) 4, (i1) dq) ; 136.10, Up.c = 10 Hz, tic.4 = 165 Hz [C(3), (1) d, (i) dd) ; 146.28, Jp.c = 11 Hz, 2.
H = 8 Hz [C(4), (i) 4, (i) &].

Reactivity of moaosalfonated phosphonium salts ia the presence of base.

Stoechiometric amounts of sodium hydroxide are added to a concentrated aqueous solution of phospbonium salt. The
reaction mixture is allowed 10 stand st room temperature for 15 mn while & turns sligit yellow. The pH is then ajusted to 1-
2 by addition of concentmied hydrochloric acid. The solution becomes turbid and is allowed to stand ot
+ 5°C 10 complete the precipitation. The while precipitate of 21 is flitrated and 21 is recristallized in acetone. The e
containing 22 is concentrated under vacuum and the resulting crude maserial is dissolved in methanol. 22 which precipitates
upon dropwise addition of ethanol is then filtrated and dried at 50°C in vaccuo for 48 h. Yields : 21 : 659,22 : 30 %. 21a
:mp = 138°C (Htr. : 1389%); 21b : mp = 136°C (lins. 136 ).
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Spectroscopic dats

21 : 3P{1H} NMR (CHCl3) 8 ppm : 36.33,5, 21a ; 35.95,,21b

1H NMR, & ppm, 21a (CDCl3) : 2.65, multiplet, CHz ; 7.27-7.75, multiplet As-H ; 10.49, s droad, CO2H. 21% (CDCH)

1 1.22, 3J.4 = THe, d, CH3 ; 2.39, multiplet, CH ; 2.90, multiplet, CH ; 7.26-8.16, multiplet, Ar-H ; 12.26, s, COH.
13C NMR [CDC1 (I)vhh IH decoupling, (i) without decoupling] 8 ppm, 21a : 24.71, Upc = 73 Hz, Uc_" -

130 Hz [C(1), (1) 4, (8) 26.53, Up.c~4Hz, Uc.y =130 Hz, [C(2), (1) d, (“)dt] 128.89, Apc =~ 12 Hz, Uc.

= 163 Hz, Ucu-7ﬂz|C(5).(|)d (\Bdl] 130.33, Mp.c= 10 Hz, Jc y = 166 Hz, ﬂc.u-7Hle( XN (ll)dq]

131.14, VJpc =101 Hz, Vc.y=~THz [(X‘) 4, (ll)da 13227, 4pc = 2“1,“(;)1"160“1 CH'-?HZIC(

(1) d, (ll)dq] 174.09, llp.c- 15 Hz, [C(3), (1) d, (i1) d).

22 :IRv (caor?) : 1050 (strong), 1200 (strong, broad) S = O ; 1715 (strong broad), C = O ; 3600 (strong broad), OH.

31P {1H} NMR, (H;0), & ppm : 39.82, s, 22a ; 39.23, s, 22).

1H NMR, (D70), § ppm, 22a : 2.57, broad multiplet, CH ; 7.40-8.15, multiplet, Ar-H. 22b: 1.38, 3.y = THz, Ylp.y
= 1 Hz, dd, CHj ; 2.95, broad multiplet, CH; ; 7.57-8.10, multiplet, Ar-H.

Syathesls of dcuterated phosphine oxides 23, 24
They are obtained by the experimental procedure described above using DO instead of H7O.
Spectroscopic data

23:31P {1H} NMR, (H20), 8 ppm : 40.50, 5, 23a ; 39.10, 3, 23b ; 37.94,5, 23c ; 43.89,s, 234d.

1H NMR, (D10), 8 ppm, 23a : 2.55, 3.4 = 7 Hz, 3Jp.y = 13 Hz sextuplet, CH ; 2.90, 3.y = 7 Hz, p.y = 12 Hz,
dd, CHj ; 7.50-8.45, multiplet, Ar-H. 23b : 1.25, s, CH3 ; 3.00, 2lyy.4 = 16 Hz, 2p 4 = 13 Hz, ad, CHa (H,) : 3.11,
2)y.H = 16 Hz, 2Up_y = 13 Hz, dd, CH; (Hy) ; 7.45-8.40, multiplet, Ar-H. 23¢ :2.70 ; 5, CHz; 3.10, 2Jj3.4 = 1S HZ,
::r.u = |3Hz, d, CHy (Hy) ; 3.21, Uy = 1S Hz, Up.yy = 15 Hz, Up. = 13 Hz, d, CH) (Hp) ; 7.50-8.45, multiplet, Ar-

24 :31P (1H)} NMR, (CDCl3), § ppm : 36.30, s, 242 ; 35.95, s, 24b.

1H NMR, (CDC1;), § ppm, 24a : 2.62, muhiplet, CHz and CH ; 7.31-7.75, multiplet, Ar-H ; 10.50, s broad, CO;H. 24b
: 1.20, s, CHj ; 2.85, multipiet, CH; ; 7.26-8.16, multiplet, Ar-H ; 12.10, s, COH.

13C NMR, {CDCl3, (i) with 1H decoupling, (ll)mthomdecoup!lngl Sppm, 24a:24.62, VJp.c =73 Hz, Jcy = 130 H2
[C(1), (i) &, (1i) dt] ; 26.05, 2Jp.c =4 Hz, 1 = 130 Hz, Uc.p = 19 Hz, [C(2), (1) dt, (i1) dd1] ; 128.86, 2Jp.c = 12 Hz,
Uc = 163Hz; Uc.y=7Hz [C(9), (l)d H)d!] 130.80, Jp.c = 10Hz, Uc.yy = 163 Hz, Ncu"”‘{z C(6) (1) d,
(184 : 11,07, e = 101 Hz, 2.y = 7 Hz [C(4), (l)d.(il)dtf 132.25, 4Jp.c = 2 Hz, Uc. = 160 Hz, Dy = T Hz
[C(7), () d, (ii) dql ; 174.13, Yp_.c = 16 Hz, [C(3), (i) 4, (i1} d].
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