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ABSTRACT

[RhCI(nbd)],/dppp cat R,

SDS/H,0 SiEt,
rt.

R—==—H + Et,SiH

Rhodium-catalyzed hydrosilylation of alkynes in an aqueous micellar system has been developed. A combination of [RhCI(nbd)], and bis-
(diphenylphosphino)propane (dppp) effects (E)-selective hydrosilylation in the presence of sodium dodecyl sulfate (SDS) in water. The (E)-
selectivity strongly indicates the formation of a cationic rhodium species via dissociation of the Rh—Cl bond by the action of anionic micelles.
The addition of sodium iodide provided (Z)-alkenylsilanes predominantly.

Water is a strongly coordinating solvent for ionic solutes.

pue to iFs large dielectriq constanrf) (it yveakens coulombic Scheme 1
interaction between anions and cations. In water, conse- H
quently,_ ionic_: compounds usually dissociate to their com- )|/\/\o [RhCI(nbd), o
ponent ions in hydrated forms. N = SDSH,0 oo
We have recently found that mixing [RhCl(nbg#nd an Ho r.t, 10 min °
HO

anionic surfactant, sodium dodecyl sulfate (SDS), in water
afforded a clear yellow homogeneous solution, although the
rhodium chloride dimer itself is insoluble in wateThe - o
combination of [RhCI(nbd}}-SDS in water provides a the upllty of the [RhCl(nbd)}—SDS combination in aqueous
highly reactive catalyst for intramolecular }42] annulation ~ feactions:™®

of 2,4-dienyl propargyl ethers without the use of any

phosphine ligands (Scheme 1). We have proposed formatio”[RhCI(nbd)]Z +H,0 Sbs

of a cationic rhodium species in this aqueous reaction system + _

on the basis of the detection of chloride ion by the electrode [Rh(nbd)(HO),] "~ + [CI(H0),] (1)
analysis (eq 1). Because cationic rhodium catalysts are

frequently employed as a homogeneous catalyst in a number Transition metal-catalyzed hydrosilylation of alkenes and
of transformations in organic synthedise explored further  alkynes has been extensively investigated and has found
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widespread application from asymmetric synthesis to material ||| NkNNNNGEGNGEEEEEEEEEE
scienceé’” A variety of transition metal complexes catalyze Table 1. Rhodium-Catalyzed Hydrosilylation of 1-Octyne in
this process, and platinum and rhodium catalysts are mostyatep

frequently employed. Among them, cationic rhodium com-
plexes have achieved high regio- and stereoselectivity in
hydrosilylation of terminal alkynes (Scheme®2)his process

Scheme 2

[Rh(cod),]BF, PPh,
acetone

R

+ R,SiH

SiR';
E-Selective

exhibits high E)-selectivity, whereas neutral rhodium complex-
catalyzed hydrosilylation usually provideg){alkenylsilanes
predominantly>. We anticipated that a cationic rhodium
species formed from the [RhCI(nbg)]SDS combination in
aqueous media would also exhibE){stereoselectivity in
hydrosilylation of alkynes.

The aqueous rhodium catalyst was prepared by just mixing
[RhCI(nbd)} (0.005 mmol) and SDS (0.5 mmol) in degassed
water (2.5 mL) at room temperature. After stirring for 10
min, the rhodium complex was cleanly dissolved to afford a
clear light yellow solution. Then, 1-octyne (1.0 mmol) and
triethylsilane (1.1 mmol) were sequentially introduced. The
reaction mixture was stirred for 3 h, and then extracted with
ethyl acetate. The reaction provided only polymeric material,
and none of alkenylsilanes could be isolated (Table 1, entry
1). We then examined the addition of phosphine ligands,
because the desired alkenylsilaheas obtained by the use
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0.5 mol%
_ L G mod,  mCHy
n-CoHiz—= + Et,SiH =
Additive, H,0O 1 SiEt, EtSi 2
yield (%)
entry ligand additive (E)-1 (2)-1 2
1 none SDS
25 PPhs SDS 46 11
3 dppe SDS 59 0 2
4 dppp SDS 77 0 3
5 dppb SDS 76 7 3
6 dppf SDS 56
7° tppts SDS
8 dppp Triton-X100 53 23
9 dppp OctzNMeCl
10 dppp MeOSO3z;Na 0.6 0.3
11¢ dppp SDS 39 38 1
12¢ dppp none 36 33 2

aReaction conditions: [RhCI(nbd)](0.005 mmol), 1-octyne (1.0
mmol), triethylsilane (1.1 mmol), additive (0.5 mmol), diphosphine (0.013
mmol), water (2.5 mL), room temperature, 3°MMonodentate phosphine
(0.02 mmol) was employed.Reaction was carried out in acetone instead
of water.

of triphenylphosphine (entry 2). Bis(diphenylphosphino)-
propane (dppp) worked nicely to provide alkenylsildngith
high stereoselectivity, although a minor amount of the regio-
isomer2 was obtained (entry 4). A water-soluble phosphine,
the trisodium salt of tristrsulfonatophenyl)phosphine (tppts),

which is employed in a number of aqueous rhodium-

,catalyzed reactions, was not effective (entry 7). Interestingly,

the use of a neutral surfactant, Triton X-100, resulted in
nonstereoselective hydrosilylation (entry 8). A cationic
surfactant, methyltrioctylammonium chloride, provided none
of the hydrosilylation products (entry 9). Furthermore,
sodium methyl sulfate instead of SDS vyielded a trace of the
desired products (entry 10). The use of anionic surfactant is
essential for the high stereoselectivity. It is also noteworthy
that the reaction in acetone did not show any significant
stereoselectivity (entries 11 and 12).

Table 2 summarizes the results of hydrosilylation with a
variety of alkynes in water under catalysis of the [RhCI-
(ndb)L—SDS combination. Alkynes with bulky substituents
also yielded the products with high stereoselectivity, although
a prolonged reaction time was required (entries 2 and 3).
The use of aromatic alkynes afforded low yields due to the
concomitant polymerization of the alkynes (entries 4 and 5).
The reaction was compatible with functionalities such as
alcohol, ether, ester, and carboxylic acid. Internal alkynes
also provided the desired products with high stereoselectivity
(entries 14 and 15). The solubility of alkynes in water seems
to be related with the reaction efficiency. The use of very
water-soluble alkynols resulted in lower yields (entrie<9§.

We believe that the reaction proceeds in a micelle formed
from SDS in water (vide infra), and a water-soluble substrate
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Table 2. [RhCI(nbd)p—SDS-Catalyzed Hydrosilylation of
Alkynes in Watet

(RhCIba
n
R'—==—R? +Et,SiH dopp e + R1_R2
SD?;_Hzo 1 SiEt; EtSi 5
entry R R? yield (%)
(E)1 (21 2
n-CoH,, H 71 2 3
2 +-Bu H 55 - -
3¢t Me,Si H 70 - -
4 Ph H 35 - -
5 CF,(C4H,) H 59 - 1
6 HOCH, H 58 - -
7 HO(CH,), H 67 1 5
8 HO(CH,), H 85 - 5
9 HCQ H 85 - -
10 BuMe,SiO(CH,); H 81 2 4
11 BnO(CH,), H 87 - 4
EtO
12 \'of(’7> H 79 - 4
HO ).
13 0 H 72 - 3
14 Ph Ph 66 - -
15 Et Et 53 - -

aReaction conditions: [RhCl(nbd)[0.005 mmol), alkyne (1.0 mmol),
triethylsilane (1.1 mmol), SDS (0.5 mmol), dppp (0.013 mmol), water (2.5
mL), room temperature, 3 B.Reaction time was 16 h.

is predominantly present in the exterior phase of the micelle
to lower the reaction rate.

From these experimental results, it is obvious that SDS
plays a key role in this hydrosilylation reaction. We then
investigated the effect of the concentration and amount of
SDS on the yield and selectivity (Scheme 3). The yield and
selectivity stay virtually constant with variations in the
amount of SDS from 100 to 2.5 mol %. The efficiency and

Scheme 3
0.5 mol%
c [Rhc?l;glpbd)]z n-CeHig . n-CeHg
n-CeHiz—= + Et,SiH ———
SDS, H,O . ;
rt.,3 h 1 SiEt; EtSi
amount of SDS  H,O [SDS] 1-(B) 1-(9 2
100 mol%  2.5mL 400 x 10°°M  77% 1% 3%
50mol%  2.5mL 200x 10°M  75% - 3%
10 mol% 2.5 mL 40x107°M 70% - 3%
25mol%  2.5mL 10x10°M  69% - 4%
25mol%  3.5mL 7x10°M  69% 3% 4%
2.5 mol% 5mL 5x10°M 49% 7% 4%
1.25mol% 2.5mL 5x10°M 29% 13% 3%

effect on the selectivity and found that sodium iodide (1.0
equiv) inverted the sense of stereoselectivity to provje (
isomers predominantly (Table 3). Mori and Hiyama have

Table 3. [RhCIl(nbd)p,—SDS-Nal-Catalyzed Hydrosilylation
of Alkynes in Watet

0.5 mol%
RhCl(nbd
o ' Rros ™ 7 sie, LN
R—= + Et;SiH —SDS, H,0 91 ELSl 2
Nal] . s
entr R time yield (%)
Y M @1 @21 2
1 1-CH,4 3 5 70 -
2 1-C oty 20 11 65 2
3 E‘Ogﬁ 27 11 55 -
4 rBuMe,SiO(CH,), 63 20 50 1
5 BnO(CH,), 2 21 51 2

a8 Reaction conditions: [RhCI(nb@)]0.005 mmol), alkyne (1.0 mmaol),
triethylsilane (1.1 mmol), SDS (0.5 mmol), dppp (0.01 mmol), Nal (1.0
mmol), water (2.5 mL), room temperature.

the stereoselectivity of the reaction decreased dramaticallyalready reported that the addition of sodium iodide to RhCI-

at 1.25 mol %. Meanwhile, in the presence of the same
amount of SDS and [RhCl(nbd)]a change in the concentra-
tion of SDS also has a significant efféét.Both the

(PPh)s resulted in £)-selective hydrosilylatiod! Imperfect
selectivity might indicate that a cationic rhodium species that
provides the [£)-isomer is still present in the reaction system

concentration and amount of SDS is essential. On the basiseven in the presence of sodium iodide.

of these findings as well as the fact that sodium methyl
sulfate does not work (Table 1, entry 10), we concluded that
the formation of anionic micelle in water is critical for the
generation of a cationic rhodium species that catalyggs (
selective hydrosilylation.

In the presence of halide ions, dissociation of the rhoeium
chloride bond (eq 1) would be unfavorable, and the observed
selectivity of alkenylsilanes would be affected. In fact, the
addition of excess sodium chloride (2.0 equiv) reduced the
stereoselectivity®/Z = 90/10). We then examined the salt
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In conclusion, we have developed a stereoselective rhodium-
catalyzed hydrosilylation of alkynes in aqueous media. A
combination of [RhCl(nbd}] and bis(diphenylphosphino)-
propane (dppp) effectEf-selective hydrosilylation in the
presence of SDS in water. The observdf)-gelectivity
indicates the formation of cationic rhodium species. Finally,

(10) Critical micelle concentration (cmc) of SDS without organic
substrates is 8.k 1073 M.

(11) Mori, A.; Takahashi, E.; Kajiro, H.; Hirabayashi, K.; Nishihara, Y.;
Hiyama, T.Chem. Lett1998 443.
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the selectivity can be switched froEato Z in the presence

Supporting Information Available: Experimental pro-
of sodium iodide.

cedures and compound data. This material is available free
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