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Abstract

Carbon—carbon coupling of myrcene with methyl acetylacetate in two-phase system using various water-soluble
rhodium(I) complexes was studied. The influence of the sulfonate counter-ion nature in TPPTS and in 1,4-bis(diphenylphos-

phino)butane meta-tetra sulfonated was investigated.

Keywords: Water-soluble ligand; Rhodium; Two-phase catalysis; Quaternary ammonium ion; Carbon—carbon coupling

1. Introduction

Two-phase catalysis developments rely on
the easy recovery of both products and
organometallic species. Several industrial devel-
opments have been published among which hy-
droformylation of propene and diene conver-
sions have been applied on industrial plants.
These processes are based essentially on the
exceptional water-solubility of triphenylphos-
phinetrisulfonate sodium salt (TPPTS—Na) [1].

Several factors not encountered in homoge-
neous systems become crucial in two-phase sys-
tems. At times, to achieve good rates in biphasic
reaction, cosolvent addition is necessary to in-
crease the solubility of the organic substrate in
water. Such a process is applied by Rhone—Pou-

" Corresponding author. Tel.: +33-299871301; fax: +33-
299871399,

lenc to synthesize a vitamin E precursor [2-5].
In this process, the use of TPPTS—Na, highly
water-soluble, leads to very good yields in pres-
ence of a ligand excess and methanol as cosol-
vent. The challenge is now to prepare ligands
with well fitted water-solubility so that they
could promote the necessary contact between
the lipophilic substrates and the hydrosoluble
catalyst without any cosolvent addition, and the
guarantee that all the catalyst is maintained in
water. To ensure a better exchange at phase
boundary, several methods are possible. One
approach involves the use of amphiphilic addi-
tives or ligands, but further difficulties in cata-
lyst recycling and products recovery occur [6—
11). Another approach consists in adding qua-
ternary ammonium or phosphonium salts which
act as solubilizing agents in water [11-17]. In
this paper, we demonstrate how counter-ion
modification in TPPTS can be an improvement
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Scheme 1. Synthesis of TPPTS-NR,.

for the carbon—carbon coupling of myrcene with
methyl acetylacetate. Moreover, in order to
avoid the addition of a large excess of ligands,
we show that water-soluble chelating ligands
can advantageously replace monophosphines
[18].

2. Results
2.1. Ligands preparation

The exchange of Na* by NR] in TPPTS 1
was realized in two steps. In the first one triph-
enylphosphine meta trisulfonic acid 2 (TPPTS-
H) was prepared by ion exchange over strong
acidic resin (Amberlyst IR 120 plus). Then, to
an aqueous solution of 2 bearing three sulfonic
acid groups a quaternary ammonium hydroxide

TRPTS (10)
\Cl)h NaCl (lM)
CF; S0 Ag l
H
TPPTS (2 eq)
—_—

CF,503

B,
!
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Scheme 2. Synthesis of tetra sulfonated diphosphines.

was added (1 equivalent/SO,H) to afford mod-
ified TPPTS 3 (Scheme 1). A general method
for the preparation of phosphine 3 was prelimi-
nary described by Kuntz [16]. The total transfor-
mation of TPPTS—Na was checked by "H NMR.
The same procedure was used to prepare meta-
tetra sulfonated diphosphine 5 with different
counter-ions (Scheme 2).

2.2. Characterization of rhodium(1) complexes

Rhodium(I) complexes of TPPTS-Na
(Scheme 3) and diphosphine 4 (Scheme 4) have
been prepared from the dimer [RhCl(COD)]2
and characterized in solution by 'P NMR spec-
tra (Table 1). All the complexes show a doublet
and rhodium-phosphorus coupling constants in
complete agreements with well known com-
pounds [19-23]. As previously published [19],
compound 6 can been stabilized in the presence
of an excess of chlorine anions.

/Cl
h\ P(m-CH -S5O 3Na) 3
6

® /P(m-C6H4-SO3Na) s

\ P(m-GgH,4-SO 3Na) 3
7

©]
. CF,S0;

Scheme 3. Preparation of neutral and cationic rhodium complexes.
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Scheme 4. Preparation of [Rh(CODXdiphosphine 4)]* C1~.

2.3. Catalytic studies

The influence of ligand nature was tested in
the carbon—carbon coupling reaction of methyl
acetylacetate with myrcene leading to a vitamin
E precursor. This catalytic addition is industri-
ally performed in a two-phase system
[RhCI(COD)}, /TPPTS /H,0/MeOH /Na,CO,
and is highly regioselective: attack of the car-
banion occurring at the activated vinylic double
bond (Scheme 5) [2,3,24].

2.3.1. Influence of counter-ion nature in TPPTS
The importance of cosolvent addition has
been described [2,3] and with TPPTS-Na
methanol is necessary to allow a sufficient
myrcene solubilization in water otherwise low
conversion rates are obtained (Table 2). On the
contrary, with ligand 3a in which sulfonates
counter-ions are NMe,, cosolvent addition lead
to lower yields than in pure aqueous medium.
When ligands 3b and 3c, with respectively
NEt; and NBuj as sulfonates counter-ions, are
used, comparable yields are observed in pure
aqueous medium and in hydroalcoholic mix-
tures. Consequently, methanol addition is use-
less and even defavorable in most cases. Very

Table |

'p NMR spectra of rhodium complexes

Complex & (ppm) Jen_p (Hz)
6 3287 154

7 284 ¢ 147

8 266" 144

* Solvent mixtre of D,0, H,O and EtOH.
® Solvent mixture of D,0O and H,O.
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Scheme 5. Coupling reaction of myrcene with methyl acetylac-
etate.

good turn-over and rates are obtained with 3c
leading also to excellent recycling.

2.3.2. Use of a sulfonated diphosphine 4

No reaction was observed when a ligand
excess of more than three equivalents was used
and with three equivalents, poor yields are ob-
tained. In fact, one or two equivalents of ligands
allow an efficient catalysis in hydroalcoholic
medium and there is no significant loss of cat-
alytic activity in recycling. The high water-solu-
bility of 4 necessitate the addition of cosolvent
to obtain good yields of condensation for analo-
gous reasons than with TPPTS-Na.

Table 2
Catalytic results ?

Ligand P/Rh Solvent Conversion rate
ratio (%)"

7| T2
1 21 MeOH/H,0 100 68
1 21 H,0 8 20
3a 21 MeOH/H,0 38 33
3a 21 H,0 62 69
3b 21 MeOH/H,0 84 83
3b 21 H,0 85 80
3¢ 21 MeOH/H,0 95 86
3¢ 21 H,0 98 95
4 10 MeOH/H,0 0 —
4 5 MeOH/H,0 0 -
4 4 MeOH/H,0 0 o
4 3 MeOH/H,0 15 25
4 2 MeOH/H,0 69 59
4 I MeOH/H,0 63 55
4 1 H,O 15 —
5a 1 H,O 32 <1
5b 1 H,O 44 <1

* Conditions: [RhCI(COD)],: 1.7 X 10~* mol; myrcene: 107+ mol;
methylacetylacetate: 1.2X 10™2 mol; Na,CO,: 7.22x 107 mol;
solvent: 3.4 mL; 7=90°C; ¢=3h20; 7,: first catalysis; 7,:
recycling.

® Determinated by GLC analysis.
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2.3.3. Influence of counter-ion nature in diphos-
phine 4

Influence of counter-ion nature in diphos-
phine 4 has also been studied. In pure aqueous
medium, with one equivalent of 5a or 5b, yields
are lower than with 4 in hydroalcoholic medium.
Furthermore, a total loss of catalytic activity is
observed in recycling. Indeed, ligands 5a and
5b, bearing four ammonium counter-ions, are
not able to ensure an efficient remaining of
metal in aqueous phase during the catalytic
reaction. These diphosphines are too much
lipophilic when NR replaces Na™ the conse-
quence being a partial solubilization of rhodium
in the organic phase.

3. Experimental section

Catalytic studies and preparation of phos-
phines were carried out under anaerobic condi-
tions. All solvents were degassed before use.
NMR spectra were recorded on a Bruker ARX-
400 FT-NMR spectrometer (*'P{'"H} NMR,
20°C, 161.8 MHz referenced to external 85%
H,PO,; "C{'H} NMR, 20°C, 100.5 MHz; 'H
NMR, 20°C, 400 MHz; & in ppm).

Surface tension measurements were obtained
by the Du Nouy method with a Kriiss K10T
tensiometer. The surface tensions of aqueous
solutions (ultrapure water) were measured at
25°C until constant values.

3.1. A typical procedure for catalytic studies

The C-C coupling system consisted of an
aqueous layer and an organic one. The aqueous
layer was made of 2.4 mL. H,0/1 mL. MeOH
or 34 mL H,0 with 1.7X107° mol of
[RhCCOD)],, 7.22 X 107° mol of Na,CO,
and various amount of ligand 1-5. Methylacety-
lacetate (1.2 X 1072 mol; 1.3 mL) and myrcene
(1072 mol; 1.8 mL) were successively added
and catalytic reactions were stopped after 3 h
and 20 min at 90°C. The reaction products and
myrcene were analyzed by gas chromatography

on a Carlo Ertba GC 6000 chromatograph
equipped with AT1 column (30 m X 0.25 mm
X 0.25 pum) and FID detector and He was the
carrier gas.

3.2. Ligands preparation

3.2.1. Preparation of 2

An aqueous solution of TPPTS 1 (10 g;
1.76 X 10™% mol) was stirred with Amberlyst
IR 120 plus resin (100 mL) under nitrogen
during three hours. After resin filtration, the
solvent was removed under vacuum and after
several methanol additions in order to remove
water. The product was obtained as a white
solid and dried under vacuum in a deswcator

Yield: 95%: >'P{'H} NMR (D 0): —88.'H
NMR (D,0): 693 (t, Jy_p= H_H—676 Hz,
1H); 7.03 (, ° Jyu=76 Hz 1H); 7.36 (d,
JHP—877HZ lH) 7.43 (4, J g = 8.1 Hz,
1H). “C{'H} NMR (D,0): 126.7 (s) 129.8 (d,
Jp_c = 6.8 Hz); 1303(d Jp_c =22 Hz); 136.3
(d, Jp_o = 18.6 Hz); 136.5 (d, Jp_. = 11.7 Hz);
143.6 (s). Elemental anal. Found: C, 38.9; H,
4.0. C;gH,;50,S,P-3H,0 calc.: C, 38.85; H
3.8%.

3.2.2. Preparation of 3

An aqueous tetraalkylammonium hydroxide
solution (6 X 107? mol) was added to ligand 2
(2 X 1073 mol) in 25 mL aqueous solution. The
solution was stirred 2 h at room temperature
under nitrogen and after removal of solvent
under vacuum and several methanol and eth-
ylacetate addition in order to remove water, the
product was obtained in quantitative yield.

3a: TPPTS- ~NMe;: >'P{'"H} NMR (D,0):
—8.71. '"H NMR (D,0): 2.89 (s, 12H) 7 21 (t,
JHP~JH u = 6.1 Hz, 1H); 7.32 (1, ° =
76Hz 1H); 7.54 (d, J4 ,3,—81Hz IH) 762
(d, *Jy. w =76 Hz, 1H). °C {'H} NMR (D,0):
55.50 (t, 'Jy_c = 4.2 Hz); 126.96 (s); 129.75 (d,
Jp_c=6.5 Hz); 130.0 (d, Jp_=21.6 Hz);
136.31 (d, Jp_ = 18.6 Hz); 136.53 (d, Jp_c =
11.7 Hz); 143.57 (s). Elemental anal. Found: C,
46.32; H, 7.13; N, 5.3. C;,H ,,Oy,N,;S;P - 3H,0
calc.: C, 46.44; H, 7.01; N, 5.42%.
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3b: TPPTS-NEt;: p{'H) NMR (CD, OD):
~8.75. HNMR(CD OD): 1.21(t,°Jy ;=76
Hz, 3H); 1.22 (¢, °J_ w=7.1Hz, 3H); 1.23 (¢,
*Jy_n =76 Hz, 3H); 3.24 (g, Jy_q=7.6 Hz,
2H) 734(t Jy_p = Jy_n=71.1Hz, 1H); 7.46
(t, Jy_y=174 Hz, [H); 7.84 (d, Jy p=8.l
Hz, 1H); 7.91 (d, *J,,_y = 8.6 Hz, 1H). "C{'H}
NMR (D,0): 8.29 (s) 53.57 (t, Jy_c=3.03
Hz); 128.60 (s); 131.62 (d, J,_o=6.1 Hz);
132.03 (d, Jp_o =239 Hz); 13794 (d, J, =
16.3 Hz); 138.18 (d, J,_. = 11.4 Hz); 145.59
(d, J,_c=6.8 Hz). Elemental anal. Found: C,
52.56; H, 8.25; N, 4.29. C,,H,,0,N,S,P-
4H,0 calc.: C, 52.42; H, 8.38; N, 4.37%.

3¢ TPPTS- ~NBu;: Jp(lH} NMR (D,0):
~8.58. '"H NMR (D,0): 0.75 (t, 3JH,H:H
Hz, 12H); 1.08 (m, *J,,_,=7.1 Hz, 8H); 1.37
(m, 8H); 2.89 (t, Jy_c=8.6 Hz, 8H) 739 (t,
Jy o= Ty y=71Hz, 1H); 752 (t, Ty y=
7.6 Hz, 1H); 7.73 (d, JH_F—71 Hz, 1H); 7.78
(d, *J,,_,,=7.1 Hz, 1H). "C{'H} NMR (D,0):
13.06 (s); 19.23 (s); 23.16 (s); 57.49 (s); 126.85
(s); 129.79 (d, Jp_. = 6.1 Hz); 130.40 (d, J,_c
=235 Hz); 136.18 (d, J,_. = 15.2 Hz); 136.43
(d, Jp_o=11.4 Hz); 143.69 (d, J,_. = 6.5 Hz).
Elemental anal. Found: C, 61.09; H, 9.6; N,
3.12. Cg4H,,,0oN,S,P - 4H,0 calc.: C, 61.03;
H. 9.93; N, 3.23%.

3.2.3. Preparation of 4

Diphosphine 4 was prepared according to a
described method. The oleum concentration and
the reaction time were slightly modified for
complete sulfonation.

Oleum (40 mL; 30% SO,) was added slowly
to 1,4-bis(phenylphosphino)butane (6 X 107>
mol) at 0°C under nitrogen and with vigorous
stirring. The sulfonation was complete after 4
days at room temperature. The mixture was
quenched by the slow addition of water (50 mL)
and NaOH 10 N (200 mL) at 0°C. The solution
was reduced under vacuum to 30 mL and after
filtration, methanol (20 ml.) was added. Crystal-
lization occurred at 0°C. The solution was fil-
tered and the solid dried under vacuum was
washed by diethylether and acetone.

Yield = 65%: *'P{'"H} NMR (D,0): —15.69
(s) "H NMR (D,0): 1.25 (s broad, 2H); 1.84 (s
broad, 2H); 7.20 (m, SH); 7.60 (m, 5H). "c{'H}
NMR (D,0): 26.39 (d, 'Jp_. = 8.1 Hz); 26.76
(dd, *Jp_=14.1 Hz and °J, .= 13.1 Hz);
126.49 (s); 129.68 (d, J,_.=11.3 Hz); 129.82
(d, Jp_o=2.7Hz); 135.59(d, J,_ = 16.8 H2);
139.02 (d Jo_c=13Hz); 14320 (d, Jp_ =7
Hz). Elemental anal. Found: C, 35.71; H, 3.9.
C,H,,0,Na,S,P, - 6H,0 calc.: C, 35.67; H,
3.85%.

3.2.4. Preparation of 5

An aqueous solution of diphosphine 4 (1072
mol) was stirred with Amberlyst IR 120 plus
resin (100 mL) under nitrogen during 1 h. After
filtration of the resin, the solvent was removed
under vacuum and after several addition of
methanol, in order to remove water, a white
solid was obtained and dried under vacuum in a
desiccator. Then an aqueous tetraalkylammo-
nium hydroxide solution (5.4 X 107* mol) di-
luted in ethanol (10 mL) was slowly added to
the white solid (1 g; 1.3 X 10™* mol) in 20 mL
ethanol. The solution was stirred 2 h at room
temperature under nitrogen and after removal of
the solvent, a viscous product was obtained in a
quantitative yield.

5a: *'P{'H} NMR (CD,OD): —18.77. 'H
NMR (CD,OD): 1.15 (tt, 'J,,_,, = 7.1 Hz, J =2
Hz 24H); 1.50 (s, 2H); 1.90 (s, 2H); 3.16 (q,
*Jy_w=7.1 Hz, 16H); 7.40 (m, 4H); 7.72 (m,
2H); 7.85 (m, 2H). “C{'H} NMR (CD,0D):
8.45 (s); 29.0 (d, Jp_~=11.8 Hz); 29. 27 (d,

= 15.2Hz); 54.04 (1, J_. =3 Hz); 128.33
(s); 130.70 (d, Jp_o=5.3 Hz); 132.14 (d, J,_c
=243 Hz); 136.03 (d, J,_ = 15.2 Hz); 141.17
(d, Jp_o =159 Hz); 147.77 (d, Jp_. = 6.1 Hz).
Elemental anal. Found: C, 53.1; H, 8.61; N, 4.2.
CeoH,0,0,,N,S,P, - 5SH,0 calc.: C, 53.23; H,
8.49; N, 4.14%.

5b: *'P('H} NMR (CD,0D): —18.93. 'H
NMR (CD,0D): 091 (t, JH y=71Hz, J=2
Hz, 24H); 1.30 (q, *Jy_,, = 7.5 Hz, 16H); 1.29
(m, 16H); 1.5 (m, 2H); 2.05 (m, 2H); 3.13 (t,
Jyi_n = 8.6 Hz, 16H); 7.40 (m, 4H); 7.70 (m,



158 L. Lavenot et al. / Journal of Molecular Catalysis A: Chemical 118 (1997) 153-159

2H); 7.90 (m, 2H). “C{'H} NMR (CD,OD):
13.99 (s); 20.66 (s); 24.74 (s); 28.73 (d, Jp_o =
6.8 Hz); 28.95 (d, Jp_.=12.5 Hz); 59.42 (t,
Inoe =27 Hz); 127.51 (s); 129.68 (d, Jp_c =
4.5 Hz); 131.56 (d, J,_c = 26.5 Hz); 134.08 (d,
Jo_c=12.9 Hz); 141.1 d, Jp_o= 159 Hz);
147.05 (d, Jpc=8.3 Hz). Elemental anal.
Found: C, 62.51; H, 7.7; N, 3.11.
CgH 50, N,S,P, - 5SH,0 calc.: C, 62.7; H,
7.89; N, 3.18%.

3.3. Preparation of rhodium coordination com-
pounds

3.3.1. Synthesis of (COD)RhCIUTPPTS) 6

An aqueous solution of NaCl (1 M) contain-
ing TPPTS—Na (3.6 X 10~* mol) was added to
[RhCI(COD)], (1.8 X 10™* mol) in THF. After
stirring for 1 h, an orange solution was obtained
and the complex characterized by ’'P NMR.

3.3.2. Synthesis of
[(COD)RhCITPPTS),]* CF,S0; 7

[RhCHCOD)], (1.8 X 10™* mol) and silver
triflate (3.6 X 10™* mol) were dissolved in
ethanol (3 mL). After stirring for 15 min, the
precipitate of AgCl was filtered and the ethano-
lic solution was added to TPPTS-Na (7.2 X
10™* mol) in water. The orange solution was
stirred for {5 min and the complex character-
ized by >'P NMR.

3.3.3. Synthesis of [([COD)RhW(4)]*Cl~ 8

An aqueous solution of diphosphine 4 (107*
mol) and [RhCI(COD)], (5 X 107> mol) was
stirred one hour at room temperature. The struc-
ture of the complex was established by p
NMR analysis.

4. Discussion

In order to gain a better comprehension of
the above results, the influence of counter-ion
nature on interfacial tensions values of 1 and

mN/m
80

TPPTS-Na 1
TPPTS-NMay 3a

TPPTS-NEYy 3b
TPPTS-NBug 3¢

70

o m 4 o

60

50 <

40

30 —r T rp T —r—rrT
,001 .01 Bl 1
mol/l

Fig. 1. Surface tension evolution. o = f(log C), T = 25°C.

3a-c aqueous solutions has been studied (Fig.
1.

In the whole cases, the linear decrease of
surface tension with log(c) indicates an hydro-
tropic behavior for the salts of TPPTS. When
the ligand concentration is 0.21 mol /1, surface
tension values with 1 and 3a,b varies from 50
mN/m to 45 mN/m. This small variation has
however an important influence on the catalytic
system with 3a,b showing an interesting behav-
ior. These results suggest that the presence of
tetraalkylammonium counter-ions in TPPTS
confers to the catalytic species phase transfer
agent properties in parallel with decreasing sol-
vation of sulfonates and leads to a better molec-
ular affinity between catalytic species becoming
more lipophilic and myrcene.

In the case of 3¢, both a better solubility of
myrcene in water (=29 mN/m when c¢=
0.21 mol /1) and an increase in molecular affin-
ity explain the excellent results.

At the end of all the experiments, the organic
layer was colourless while the aqueous layer
had the typical orange colour of rhodium(I)
complexes. Consequently there is no loss of
metal in the organic layer in presence of 3a-c
ligands which was confirmed by rhodium con-
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centration measurements in the aqueous phase
by atomic absorption spectrometry [25].
Cosolvent addition is not necessary when
TPPTS is modified because phase transfer agent
properties are obtained without changing the
solubility in water. These characteristics are
brought by associating to sulfonate anion qua-
ternary ammonium cation instead of sodium.
However we are conscious than when modi-
fied TPPTS 3 is the ligand, the solubility of the
substrate in water is not yet the determining
parameter because in this case, the reaction
takes place at the phase boundary. These obser-
vations are in agreement with the recent conclu-
sion drawn by Cornils [26] who pointed out the
crucial importance of ‘proper tailoring of the
ligands’ in order to ‘carefully match hydrophilic
and hydrophobic characteristics’ of these ones.

5. Conclusion

We have demonstrated that the reaction of
methylacetylacetate with myrcene can be
achieved in high yields without cosolvent addi-
tion. Furthermore, from an economic and engi-
neering stand point, the use of modified TPPTS
3 does not imply any change in the purification
step in the existing process. These results should
be of interest for developing other reactions in
pure biphasic medium such as hydroformylation
of non water-soluble olefins [27].
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