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Abstract 

The regioselective addition of diphenylphosphine on conjugated olefins leads to new hydrophilic phosphines. IAgands with various 
functional groups (carboxylic, sulfonate, trimethylammonium and hy&'oxy) and their neuwal and cationic rhodium complexes have been 
prepared end characterized. 

gey~rds: Water soluble phosphines; Rhodium complexes; Michael addition 

I. Introduction 

Btphasic catalysis consisting of a water-phase con- 
raining catalytic species and a non-miscible organic 
phase continues to attract interest in view of industrial 
applications [I]. For this purpose, numerous attempts 
have been made to introduce hydrophUic functional 
groups, on convenient ligands, mainly phosphines [1-3]. 
Up to now, sulfonated phosphines have been mostly 
studied because this highly hydrophilic group affords 
water solubility to the ligands and to their metal com- 
plexes [4,5]. Several catalytic applications have been 
published [1,5] among which hydroformylation of 
propene [6] and carbon-carbon coupling [7] have been 
applied on industrial plants. In our group, we have 
recently focused on the synthesis of hydrophilic phos- 
phines bearing functional groups other than sulfonates 
with the objective of a better control of water solubility 
of the corresponding coordination compounds. We are 
guided by the conviction that for a specific reaction 
involving particular substrates the catalyst has to be 
exactly adapted to the hydrophilic and hydrophobic 
characters of the partners. In this paper, we describe the 
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preparation and characterization of several new phos- 
phines and of neutral and cationic rhodium coordination 
compounds. 

2. Michael addition of diphenylphosphJne cn acrylic 
esters and amides 

Addition of secondary phosphines on conjugated 
olefins is a well.known reaction in organic f;yntbesis [8]. 
This reaction can be performed without a catalyst [9], 
under radical conditions [10], in the presence of a Lewis 
acid [11] or by using strong bases [12]. Moreover, 
several limitations have been encountered owing to the 
further oxidation of phosphorus and/or competing 
polymerization. Recently, a significant improvement 
have been recorded [8] using an aqueous base under 
mild conditions [13]. In our case we must take into 
account other parameters such as the water solubility of 
the Michael product and an enhanced tendancy to oxida- 
tion in a strongly basic aqueous medium. We have 
found that the addition of a small amount of tetraeth- 
ylammonium hydroxide into a solution of Ph:PH and 
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activated alkene in acetonitrile leads to the desired 
phosphines with good yields (Table I): 

O 

Ph=Ptl + ~ , R ,  ~ Ph:P R~ 
R= 

O 

~: R, --NH-C(CH~)~CH=SO~'NFA~ R~ - H 
® 

b: R, - O,~,,N(C'H~)~I = R~ - H 
@ @ 

c: It, -~O~N(CH~)~ ~ ' ~ O ~  R~ - CH~ 

e: Ri "oNH4~(OI IOH) ~ R~ -- H 

|: R, - OH R~ - ~II~CO~H 

~ '  Rh,~.C I 

3 

( l) 

3. Complexes of phosph!_nos 2 with rhodlum(O 

In order to avoid oxidation at phosphorus when 
complexation occurs in water in the pw.sence of Rh(m) 
[14] we have used preformed Rh(I) dimer 3 [4]. Com- 
plexes 4 and $ arc prepays! according to literature 
methods adapted to the particular case of hydrophilic 
phosphines. Other hydmsolublc phosphlnes are known 
to react similarly, and the SSp HMR spectral parameters 
(B ,  I Jab_ e ~ p o s s i b l y  a Jr_ P) compaxe well with those 
of 4 and $ [14,15]. The neutral complexes 4 are ob- 
tained by addition of one equivalent of lipnd 2 to the 
dimer [RhCI(COD)]= in ethanol or tetrahydmfuran 
(I'141:) in the presence of aqueous NaCI to avoid the 
displacement of the chlorine ligand: 

~ ..~ P.h'" C I~  %1.- "Rh  

3 

A mmll quaaUqr of di~'~tylphenol wu  always added 
to Invent polymerization. Some limitations have been 
eacmmtered when the hydrolysis of the ester function 
com~tes with the a~leophilic e~lition of Ph=PH and 
when the olefin it very hygroscopic. In the latter case, 
the preamc~ of a ~ mnount of water seems to favor 
the production of phosphine oxide, Compom~ ~ was 
obtained in a oae~pot reaction with an excess of NaOH 
or horn ~1 by acid hydrolysis, 

Cl ce~so~ ~)--EI 

/ C l  
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Table 2 
3t p NMR data of 4 

Complex S 'J~., 
(ppm) (m) 

4a" 24.8 154 
41) " 25.3 156 
4¢ " 22.0 149 
4e" 23.0 149 
41'" 24.7 154 
41g" 23.3 149 
4h b 30.9 152 

"Solvent mixture of CD3OD-EtOH-THF-H20. 
b Solvent mixture of H20-THF-CD3OD. 

Table 3 
3t p NMK data of $ 

Complex R B Multiplicity 'Jr,. - e z Jr.- P 
(ppm) (Hz) (Hz) 

~nt 24.8 d 154 
Sb" 25.3 d 151 
&: • 22.6, 22.9 rid, dd 144 44 
Sea 23.7 d 149 
sr • 23.3, 24.1 dd, dd 137 34 
Sg ' 23.2 d 151 
Sh b 26.1 d 149 

' Solvent mixture. EtOH-CD3OD. 
b Solvent mixture. H20-EtOH-CD3OD. 

Complexes 4 are characterized in solution by their 3lp  
NMR spectra showing a doublet around 25 ppm with 
t J ~  e ~n the range of 150 Hz (Table 2). 

For the synthesis of cationic complexes 5, silver 
triflate is added to a solution of dimer [RhCI(COD)]~ 
and the addition of two equivalents of ligand 2 in 
ethanol or THF affords $ [4].The complexes 5a, Sb, and 

age charaeterl~d in solution by their 3tp NMR 
spectra: one doublet around 25 ppm with t,]lth= p R 150 
HZ. For compounds Se and Sf the phosphorus ligands 
are not equivalent. Presumably for stereoelectronic ($e) 
and/or steric (SO reasons, there is a loss of symmetry, 
giving rise to an additional coupling 2jp.j, (Table 3). 

For comparison 4h and Sh have been prepared with 
(triphenylphosphine monosulfonate sodium salt) and 
also studied by 3tp NMR. Chemical shifts vary signifi- 
cantly in both series certainly owing to cumulated influ- 
ences of ligand and solvent effect; however, the I JRh~ p 
values are very close to the values already recorded 
[14]. 

4. Conclusion 

ability of these to catalyze hydrogenation and carbon- 
carbon coupling in biphasic conditions are currently 
being examined. 

5. Experimental section 

Preparations and NMR studies of the ghosphines and 
complexes were carried out under anaerobic conditions. 
All solvents were degassed before use. 13C{tH} NMR 
spectra (22.5 MHz) were recorded on a JEOL F X 9  
and 3tP(tH} NMR spectra (32.38 MHz) were recorded 
on a Brucker WP 80 MHz (external reference, 85% 
H3PO4). Phosphine oxides (6) were prepared when 
necessary for analytical purposes. 

5.1. Phosphines (2) and phosphine oxides (6) 

5.1.1. Synthesis of 2a 
Commercially available 2-acrylamido-l-propane sul- 

fonic acid (621.8 mg, 3 × 10 -3 tool) was dissolved in 8 
mi of acetonitrile and tetraethy!ammonium hydroxide 
(1.08 ml, 3 × 10 -3 mol) solution in water (40% by 
weigh0 was added to neutralize the acid. Then, a mix- 
ture of diterbutylphenol (9 rag, 4.4 × 10 -s mol), te- 
traethylammonium hydroxide (90 I~!, 2.5 × 10 "4 tool) 
and 8 ml of acetonitrile was placed under nitrogen. 
Diphenylphosphine (519 I~1, 3 × 10 .3 tool) and the 
deoxygenated solution of acrylamido propane sulfonic 
acid prepared before were successively added. The solu- 
tion was maintained at room temperature for 4 h. The 
mixture was cooled and the solvent removed to dryness. 
After addition of 20 ml of 10% NaOH aqueous solution 
the mixture was washed three times by Ih20 (20 ml). 
The remaining aqueous phase was extracted ten times 
by CH2C! z (10 ml) and all the combined organic phases 
were dried on MgSO4. After removal of the solvent 
under vacuum, 1.09 g of phosphine 2a was obtained 
(70% yields) as a colorless oil. 

Rf w 0,28 (Ethylacetate:methanol, 2: 8). 
3tp (tH} Nblg (CDCI~--CHCI~): 0 - 17.7 ppm. 
tH NMR (CDCI 3, 300 MHz): 0 1.31 (t, 12H, ~J m 7 

Hz); 1.31 (t, 12H, 3j i 7 Hz); i.32 (t, 12H, 3 j ,  7 Hz); 
1.57 (s, 6H); 2.15-2.40 (m, 4H); 2.90 (s, 2H); 3.33 (q, 
8H, ~J - 7 Hz); 7.20-7.75 (m, 10H); 8.03 (s, NH) ppm. 

t~C (tH} NMR (CDC~ 3, 22.5 M Hz): B 7.2 (s); 22.9 
(d, t j  ~ 12 Hz); 26.0 (s); 33.4 (d, "J - 18 Hz); 51.7 (s). 
52.02 (s), 52.1 (s), 52.26 (s); 60.5 (s); 127.94 (s); 128.2 
(s); 132.3 (d, 2j ~ 19 Hz); 137.8 (d, t / ~  13 Hz); 171.2 
(d, 3j ~ 15 Hz) ppm. 

In conclusion we have described a general method 
for the synthesis of various hydrophilic phosphines by 
addition of Ph2PH on acrylic esters and amides. These 
compounds possess the expected properties to coordi- 
nate on rhodium(1) and lead to new complexes; the 

3.1.2. Synthesis of 6a 
1.,;7 g (2.8 × 10 =3 mol) of phospbine 2a was dis- 

solved in 20 ml of water; 286 ttl of H202 (30%) were 
added and the reaction was stirred at room temperature 
for 12 h. A colorless oil is obtained. 
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~tp {*H} NMR (DzO): B 40.3 ppm. 
The product purified by column chromatography un- 

dergo exchange of NEt~" by H + (ethylacetate: methanol, 
6: 4). The phosphine obtained as a white solid was 
recrystallized in boiling chloroform (melting point 
(m.p.), 230°C). 

Elemental anal. Found: C, 55.32; 14, 5.31; O, 18.83, 
P, 7.23. CseH24OsNSP calc.: C, 55.74; 14, 5.91; O, 
19.54; P, 7.56~. 

5.1.3. $~ukesis of 2b 
Commercially available 2-(dimethylamino)othyl- 

acrylate (3 ml, 1.94 × I0-2 tool) was added dropwisc 
to a solution of iodomethar~ (1.2 ml, 1.94 × 10 -2 tool) 
in 25 ml of CH2C12 under nitrogen. The mixture was 
maintained at room temperature for 16 h. The salt Ib 
was fillered and recrystallized in boiled methanol; Ib 
was obtained with a 86% yield as a white solid. 

tH NMR (CD~OD. 89.5 MHz): 8 3.33 (s. 3H); 3.41 
(s. 61"i); 3.924(m. 2H); 4.70 (m. 2H); 6,01 to 6.46 (m. 
3H) ppm, 

I~C {~H} NMR (CDsOD. 22.5 MHz): 8 55.6 (s. 
CH~); $5.7 (s. CHs); 55.8 (s, CH~); 60.0 (s, CH~); 66.5 
(s. CH2); 129.5 (s. CH~); 133.9 (s. CH 2 =); 167.2 (s. 
C~O) ppm. 

A mixture of diterbutylphenol (3 rag. 1.45 × I0 °s 
tool) and ol¢fin Ib (284.9 rag, I0 =s tool) in 6 ml of 
CHICS was heated at 80~C under nitrogen. 30 t~1 
(8,3 × 10 =s tool) of te~r~thylammonium hydroxide and 
173 ttl (10 =) tool) of diphenylphosphine were succes° 
sively added, The solution was maintained at 80°C for 
16 h, The mixture was cooled an~e the solvent was 
removed to dryness. The residue was washed three 
times with hexane (20 ml); the oil was solubili~d in 10 
ml of HCI (I N) and extr~ted flweo time with CH~CI~ 
(20 ml) and all the combined or~anie phases were 
washed with water and dried on MgSO~, After ~moval 
of the solvent under vacuum phosphine 2b was ~: ~ i ~ d  
with a 66~ yield as a white solid. It was recryst~:~zed 
in boiling ethyla~tate: methanol (10: I) mixture (re,p, 
149~C), 

~*P {*14) NMR (CDsCN~-CtI~CN): 6 - 16.5 ppm, 
*~C {*H| NMR (CDCl s, 22,$ Mtlz): B 22,2 (d, 

*Jac" 12 Hz); 30,3 (d, 2 j ~ ,  19 H~); 54.3 (s); 57.70 
(s); 64,7 (s); 128,9 (d, ~Jpc" 11 Hz); 128,6 (s); 132.4 
(d, ~ J ~ -  19 Hz); 153,8 (d, tJ~c" 19 Hz); 193,1 (d, 
~Jac" 13 Hi) ppm, 

Elementai anal, Found: C, 50,76; H, 5,88; O, 6,94; P, 
6.69. C~H:~O~NPI caic: C, 50.97; H, 5.77, O, 6.79; P, 
6,$7%, 

~,1,4. Synthesis of 2e 
A mixture of ditedrbutylphenol (60 rag, 2,9 × 10 ~ 

tool) and commercially available betain lc (3,35 8, 
1,2 × 10 =2 tool) in 100 ml of CH~CN was heated at 

under nitrogen, Tctracthylammonium hydroxide 

(300 ttl. 8.3 X 10 -4 mol) and diphenylphosphine (173 
~1, 10 -3 11101) were successively added. The solution 
was maintained at 70°C for 4½ h. The mixture was 
cooled, hydrochloric acid (1 N) (830 ttl; 8.3 X 10 -3 
mol) was readily added and the solvent removed to 
dryness. 20 ml of water were added and the mixture 
was washed three time with Et20. Water was removed 
under vacuum and methanol added to the product. The 
methanol was removed and the solid dried under vac- 
uum, the phosphine was obtained with a 30% yield as a 
white solid. 

Rf - 0.29 (methanol). 
31p {tH} NMR (CDsOD-CHsOH): 8 -20.7 ppm. 
13C {IH} NMR (CD~OD, 22.5 MHz): B 19.6 (d, 

sJ ~ 10 Hz); 20.8 (s); 34.1 (d, i j _  14 Hz); 39,1 (d, 
2j _ 17 Hz); 49,5 (s); 52.8 (s); 60.1 (s); 64.6 (s); 65.8 
(s); 130,5 (d. 3j _ 9 Hz)~ 130,8 (d, 4j ~ 5 Hz); 134.5 (d, 
2j ~ 20 Hz); 134.6 (d, J - 20 Hz); 139,9 (d, tJ-- 13 
Hz); 140.1 (d, i j  = 12 Hz); 177,1 (d, 3 j_  6 Hz) ppm. 

5.1.5. Synthesis of 6¢ 
1 g (2.15 × 10 -3 tool) of phosphine 7,e was dis- 

solved in 10 ml of water, 220 I~! of H 2 0  2 (30%) were 
added and the reaction stirred at room temperature for 
12 h. The solvent was remov~,~d under vacuum and a 
while solid is obtained. It was recrystallized in boiling 
dichloromethane. 

~lp {IH} NMR (D20): 8 37,1 ppm. 
Elemental anal, Found: C, 56.83; H, 6.65; O, 19.70; 

P, 6.$1. C~H~206NSP caic.: C, 57.37; H, 6.70; O, 
19.93; P, 6.43%. 

:,.;.O. Synthesi# of 2d 
A mixtu~, of diterbutylphenol (30 ms, 1.47 × I0 =' 

tool), tctraethylammonium hydroxide (345 ttl, 9.6 × 
10 s` tool) in 30 ml of CHsCN was placed under 
nitrogen, Diphenylphosphine (2 ml, 1.15 × 10 ~'2 tool) 
and a solution of commercially available dimethylitao 
conate (I.89 g, I. 15 × 10 ~ 2 tool) in 10 ml of CH 3CN 
were successivel~y added. The mixture was maintained 
at room temperature for 30 rain. The solution was 
cooled and the solvent removed to dryness. 20 ml of 
water with 0.96 ml of HCI (I N) were added and this 
aqueous layer was extracted three times with 30 ml of 
Et20 and all the combined organic layers were washed 
with water and dried over MgSO~, After ~movM of the 
solvent under vacuum, phosphine 2d was obtained with 
a 69% yield as colorless oil. 

R~ ~, 0,32 (CH~CIz), 
~Ip {iH} NMR (CD~CN-ether): 8 - 21.0 ppm. 
I~C {I H} NMR (CDCI3, 22,5 MHz): /~ 30.7 (d, 

*S ~ 15 Hz); 36.4 (d, ~J - I0 Hz); 38.8 (d, 2j. 17 Hz); 
51,6 (s); 51,8 (s); 128,5 (d, ~J ~ 7 Hz); 128.5 (d, ~J ~ 7 
Hz); 128,7 (s); 128,89 (s); 132.6 (d. 2j ~ 19 Hz); 132.8 
(d,2J ~ 20 Hz); 137.3 (d, IJ ~ 15 Ha); 137.9 (d, *J ~ 15 
Hz); 171.8 (s); 174.5 (d, sj ~ 7 Hz) ppm. 
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5.1.7. Synthesis of 6d 
2.76 g (8.02 X 10 -3 mol) of phosphine 2d was dis- 

solved in 10 ml of water, 820 p.l of H20 2 (30%) were 
added and the reaction stirred at room temperature for 
12 h. The solvent was removed under vacuum and a 
colorless oil is obtained. The product is purified by 
column chromatography with ethylacetate as eluent. A 
white solid compound was obtained and recrystallized 
in boiling hexane (m.p. ! 03"(2). 

3~p {tH} NMR (Die): 8 34.0 ppm. 
Elemental anal. Found: C, 63.38%; H, 5.57%; O, 

22.11%; P, 8.72. CtgH2~OsP talc.: C, 63.33%; H, 
5.87%; O, 22.20%; P, 8.10%. 

5.1.8. Synthesis o$2e 
Tris(hydroxymethyl)acrylamidomethane le was pre- 

pared according to a published procedure [16]. It was 
dried under vacuum at 40°C for 3 days before use. 
'Ihen, a mixture of diterbutylphenol (3 mg, 1.45 × 10 -s 
mol) and oleO, in le (175.2 mg, 10 -3 mol) in 6 ml of 
CH3CN wa~ heated at 80°C under nitrogen. Tetraeth- 
ylammonium hydroxide (30 p,I, 8.3 × 10 -s mol) and 
diphenylphosphine (173 ixl, 10 -3 reel) were succes- 
sively added. The solution was maintained at 80°C for 
20 h. The mixture was cooled and the solvent removed 
to dryness. The residue was washed three times with 
hexane (20 ml). 20 mi of HCI (1 N) was added and this 
aqueous phase was washed tlu~ee times with EI20 (100 
ml). The white solid was filtered and washed with 
Et~O. Phosphine 2e was obtained with a 47% yield. 

Rf - 0.26 (ethylacetate). 
~tp {tH} NMR (CD~OD~CH~OH): 8 - 17.7 ppm. 
~C [H} NMR (cD~OD, .2.5 MHz): 8 2:5.5 (d, 

t j ,  11 Hz); 34.6 (d, 2 j ,  18 Hz); 63.3 (s); 64.43 (s)', 
130,$ ~d, ~,/~ 10 ltz); 130.5 (s); 134,6 (d, ~J ~ 18 Hz); 
140.2 (d, t j ,  12 Hz); 177.i (d, ~J - 14 Hz). 

Elemental anal. Found: C, 63.04; H, 6.82; O, 17,83; 
P, 8.40. Ct, H2404NP calc.: C, 63.15; H, 6.70; O, 
17.71; P, 8.57%. 

5.L9. Sy,,thesis of 25 
A mixture of diterbutyiphenol (30 rag, 1.45 × 10 -4 

mol), tetraethylammonium hydroxide (300 ttl, 8.3 × 
10 ~4 reel) and 50 ml of CH3CN was placed under 
nitrogen. Diphenylphosphine (!.73 ml, 10 °2 moi) and 
commercially available 2odimethylaminoethylacrylate 
(1.52 mi, 10 "2 reel) were successively added. The 
solution was maintained at room temperature for 4 h. 
The mixture was cooled and the solvent removed to 
dryness. 90 ml of water with 10 ml of HCl (12 N) were 
added and this aqueous layer was washed three times 
with Et20 (100 ml). Aqueous NaOH solution (I N) was 
added until pH 10 at:d was extracted three times with 
Et20. All the combined organic layers were washed 
with water and dried over MgSO4. After removal of the 

solvent under vacuum, the phosphine :If was obtained 
with a 60% yield as a colorless oil. 

R~ ,- 0.47 (ethylacetate: methanol, 50: 50). 
3tp {tH} NMR (CD~CN-CH3CN): 8 - 16.5 ppm. 
~H NMR (CDCI 3, 89.55 MHz): 8 2.16 (s, 6H); 2.27 

(t, 2H, 3./_ 5.6 Hz); 2.31 (t, 21-[, 3j _ 5.3 Hz); 2.43 (t, 
214, 33 = 5.8 Hz); 4.05 (t, 2H, 3j _ 5.8 Hz); 7.0-7.5 (m, 
10H) ppm. 

13C {IH} NMR (CDCI 3, 22.5 MHz): B 22.6 (d, 
tJ-- 12 Hz); 30.3 (d, 2j _-20 Hz); 45.2 (s); 57.3 (s); 
61.88 (s); 127.9 (s); 128.27 (s); 132.3 (d, 2j _- 18 Hz); 
137.4 (d, ~J -- 12 Hz); 172.5 (d, 3./_ 15 Hz) ppm. 

5.1.10. Synthesis of 6f 
0.72 g (2.19 × 10 -3 mol) of phosphine 2f was dis- 

solved in a mixture of water (30 ml) and CH3CN (20 
ml), 250 Ixl of HzO 2 (30%) were added and the reac- 
tion stirred at room temperature for 30 rain. The solvent 
was removed under vacuum and a colorless oil was 
obtained. The product was purified by column chro- 
matography (ethylacetate:methanol, 1: I). 0.61 g of 
product was obtained as a colorless oil. 

31p {tH} NMR (D20): 8 37.5 ppm. 
Elemental anal. Found: C, 65.75; H, 6.90; O, 13.95; 

P, 8.83. Ct9H2tOsP talc.: C, 66.08; H, 7.01; O, 13.90; 
P, 8.96. 

5.1.11, Synthesis of 28 
A mixture of diterbutylphenol (30 rag, 1.45 × 10 ~4 

reel) with 2.5 ml of NaOH (10 N) in 10 ml of CH~CN 
was placed under nitrogen. Diphenylphosphine (I.73 
ml, 10 ° ~ reel) was added and the mixture was heated at 
60°C; a solution of dimethylitaconate (I.58 ml: 10 =2 
reel) in 10 ml of CH~CN was added dropwise and the 
mixture was maintained at 60°C for 3 h. The mixture 
was cooled and the solvent removed to dryness. After 
addition of 50 ml of 10% NaOH aqueous solution, the 
mixture was washed four times with Et20 (40 ml). HCI 
(I N) was added until pH I and the aqueous layer was 
extracted six times with Et20 (40 mi). All the combined 
organic layers were dried over MgSO4. After removal 
of the solvent under vacuum, the phosphine 28 was 
obtained with a 93% yield as a white solid (m.p., 
1570c). 

3tp {IH} NMR (CD~OD=CH3OH): 8 - 19.5 ppm. 
t H NMR (D20, 89.55 MHz): 8 2.38 (s, 2H); 2.53 (s, 

2H); 3.41 (s, IH); 7.2~7.7 (m, 10H) ppm. 
I~C {tH} NMR (CD3OD, 22.5 MHz):_8 32.3 (d, 

tj ~ 14 Hz); 38.2 (d, 3j ~ 1 i Hz) i 40.9 (d, zj ~ 17 Hz); 
130.3 (d, 3j ~ 7 Hz); 130.4 (d, J ~ 7 Hz); 130.6 (s); 
130.8 (s); 134.4 (d, 2j ~ 19 Hz); 134.6 (d, 2j ~ 20 Hz); 
139.6 (d, i j  ~ 11 Hz); 140.2 (d, tJ ~ 10 Hz); 176.0 (s, 
Ct); 178.7 (d, 3j ~ 7 Hz) ppm. 

Elemental anal. Found: C, 64.51; H, 5.32; O, 19.46; 
P, 9.40. CtTHtTO4P talc.: C, 64.55; H, 5.42; O, 20.23; 
P, 9.79. 
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&2. ~ i ~  of rkodium coordinagon compounds 

5~.1. (COD)RkCI(PPk2 R) (4) 
3.6 X 10 -4 mol of phosphine 2 in an aqueous solu- 

tion of NaCI (1 M) was added to 883 mg (1.8 x 10 -4  

mo0 of (P.hC'KCOD)]2 in ethanol (3 nd). Sometimes. it 
is necessary to improve the solubility by addition of  
TEIF (3 ml). After stirring for 1 h a yellow solution is 
oblain~ and the complex characterized by 3tp NIVlR. 

5.2.2. [(COO)Rk(PPk2R)2] +, CF350; ($) 
[ ~ C O D ) ]  2 (88.7 rag, 1.8 x l0 -4 mol) and 92.5 

wig (3.6 X 10 - ~  tool) of silver lriflale (CF3$OsAg) 
were db~ived in ethmml (3 ml). After stirring for 15 
rain the precipitate of silver chloride was filtered and 
the ethanolic solution was added to 7.2 x 10 -4 tool of 

2 in ethanol. The yellow solution was stirred 
for 15 rain at room temperature and the complex charac- 
terized by 31P NMR. 

, Umwtedgmmts 
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