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Abstract

The coupling reaction ogp-iodoanisole with phenyl boronic acid occurs in high yield in a water—toluene biphasic system catalyzed by
palladium complexes with water-soluble phosphine ligands. Silica supports amphiphilized by different types of detergents were prepared and
used as phase-transfer reagents. A novel approach to the amphiphilization of the supports was applied to modify phase-transfer stages and t«
embed the catalytic system in this bipolar surface layer. The reaction was accelerated using these immobilized amphiphiles and the conversion
was increased in comparison to the detergent-free homogeneous systems.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction avoided. Therefore, a two-phase system consisting of water
and toluene was usei@]. Several suitable phase-transfer
Carbon-carbon bond formation is of general importance reagents were added to promote the transport of the
in transition metal catalyzed organic synthedik In this water-soluble palladium catalyst to the interface of the
regard the reaction of organoboron compounds with aryl, reactant-containing toluene phase. An accelerating effect
alkenyl and alkynyl halides catalyzed by palladium com- on the reaction was found in dependence on the structure
plexes is a modern and successful coupling process (Suzukbf the added amphiphilg9].
reaction)[2]. Most of the syntheses have been realized in  However, the phase separation after the reaction was diffi-
organic solvents because of the solubility of typical reac- cult in the presence of surfactants, because of the formation
tion components like aryl, allyl or benzyl halogenides and of an emulsion. Certain improvements could be achieved by

boronic acids as well as their coupling products. the use of a new type of triphase catalys0—12] which
Only a few papers deal with the reaction in aqueous contains an amphiphilic layer in a heterogenized form.
two-phase systenj8—7] with water-soluble palladium com- In a recent work, we used two different types of meso-

plexes as catalysts allowing easy separation of the waterporous supports synthesized by a template method con-
phase which contains the palladium catalyst and a strongsisting mainly of silica and alumina. The functionalized
base to bind the formed hydrogen halide. (sulfonated) MCM 41 was loaded with a palladium (Il)
Here and in our previous studies, we ugetdoanisole complex and used in a aqueous two-phase Suzuki-type
(1) or alternatively p-bromoanisole and phenyl boronic C-C coupling reactiofil3,14] but the small particles were
acid ) as coupling compoundsS¢heme L To improve sensitive against the strong base {88&3), mechanically
the solubilization of the reactants, the Suzuki-type cou- labile against stirring and finally not to recycle by filtration.
pling was performed in an aqueous micellar medium. In the present work, we investigated reactions in a thin
However, precipitation of the diaryl products could not be layer of amphiphiles on a commercially available silica gel.
The system is comparable with immobilized micelles or
* Corresponding author. Tekt49-381-4669-330: “triphase“ (phase—transfer) .cataly$l$)]. He.re, the catalytic. _
fax: +49-381-4669-324. active palladium complex is embedded in the amphiphilic
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1381-1169/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.molcata.2003.12.025



242 E. Paetzold et al./Journal of Molecular Catalysis A: Chemical 214 (2004) 241-247

X =Brorl

Scheme 1. Standard Suzuki system:= 15mmol PhB(OH); 13.5mmol p-iodoanisole; toluene/ethanol/water (15/15/15 [ml]), 0.01mmol
PdCbL[Ph,P(CH,)4SOsK] 2; substratgcatalyst= 1350; 1.00 g immobilized amphiphilé&{8); 45 mmol NaCOz x 10 H,O; up to 24h at 78C.

2. Results and discussion triethoxysilane the resulting amine was reacted alternatively
with propanesultone to givé or with ethylene sulfate to
Recently, we worked in a liquid—liquid two phase sys- give 6. In the last step the surfactant was fixed on the silica
tem and observed high catalytic activity of water-soluble gel. The anchored amount is given Table 1 It is worth
palladium phosphine complexes, we also observed an ac-noting that compound consists of two different prepa-
celerating effect in the presence of colloidal dispersed rations of the same supported amphiphile (loading see in
surfactants[8,9]. Usually, PdG[PhP(CH)4SO3K]2 or parentheses). The synthesis is showsameme 3
the in situ formed complex derived from (NBPdCl, and Here, w-bromoundecanol was reacted with commer-
2PhP(CH,)4SOsK were used. The desired product is the cially available 3-triethoxysilylpropyl-isocyanate to the
substituted biaryB and was formed with a selectivity of
more than 95%.
Addition of a surfactant as phase-transfer reagent, e.g. /\/\/\/\/\"/C'
cetyltrimethylammonium bromide (CTAB), accelerated the 0
reaction and enhanced the conversion. Moreover, the selec- ¢ + NH(CHY)
tivity was increased and the yield of the by-proddoias 2
<0.5%. This can be attributed to a phase-transfer effect but _ N(CHa)z
we found a dependence on the structure of the surfactant and M
observed the best results with micelle forming amphiphiles ¢ + LiAH,
[9]. The amount of phosphine plays an important role in
the effectivity of the in situ formed catalyst. More than two
moles of the phosphine per mole of palladium inhibit the
reaction. Although the catalytic reaction was successful, we
could not realize recycling of the catalyst because of the
soap effect of the surfactant within the phase separation.
Table 1summarizes the immobilized surfactants used in

NSNS N(CH)2

ii. HSI(OEt)5, [H,PtClg] = cat.

this work. In all examples commercially available silica gel (E10),ST N(CHa),
(Merck, silica gel 60, 0.043-0.060 mm) was applied after
dehydration at 200C in vacuum for 12 h.The sequence of o
synthesis for the zwitterionic amphiphilésand 6 is pre- + \
; S0z or SO,

sented inScheme 2 o </

Dimethylamine was acylated with 10-undecenoyl chlo- o
ride and the resulting dimethylamide was reduced with
lithium aluminium hydride. After hydrosilylation with ¢ + [Si0y]
Table 1
Different heterogeneous detergents of support (mmol/g)

. - N+ SO -
Heterogeneous detergent Anchored [Si0]-0nS! 1 SNTEEs 5
amount or

[SiO2]-0,,Si-(CHz)11N T (CHz)2(CH2)3S03 ™~ (5) 0.26 \
[Si02]-0, Si-(CHz)11N T (CH3)2(CHz)30SOs~ (6) 0.73 _ P PN
[SiO2]-0, Si-(CHz)3NHCOO-(CHy)1aN* (CHz)s Br~ (7)  0.42, 0.41 [SiO-OnSi T\/\OSOs' 6
[Si02]-0,, Si-(CH,)30CH, CH(OH)-(EO)-(PO)6-(EO) 0.027,

®) 0.024 Scheme 2. Synthesis of the immobilized amphiph8esnd 6.
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HO-(CHy)14-Br HO-(EQ)s-(PO)s6-(EO)s-H
_ i i. NaH
i. (E10)3Si-(CHp)sN=C=0 l i (E10)sSi /\/\o/\ﬂ
6]
ii. N(CHa)3
(EtO)3Si-(CH2)sNHCOO-(CH,)1{N*(CHg)3 Br (EtO)sSi /V\O/\(\O'(Eo)s'(Po)se'(Eo)S'H
OH
+ [SiOy] + (802

[SiO,]-0,,Si-(CH2)gNHCOO-(CHp)1sN*(CHa)s Br 7

/\/\O
Scheme 3. Synthesis of the immobilized amphipfile [Si02]-0,Si 0-(EQ)s-(PO)s6-(EQ)sH
OH

corresponding carbamate and this was converted with 8
trimethylamine tow-(3-triethoxysilyl-propylcarbamato)un-
decyl-trimethylammonium bromide which was fixed on
silica gel in the common procedure. Scheme 4. Synthesis of the immobilized amphipigile
The last type of immobilized surfactan®) (s a nonionic
block co-polymer with a hydrophobic poly(oxypropylene) surfactants on the conversion of the catalytic test reactions
chain as center and two hydrophilic poly(oxyethylene) is shown inFig. 1
chains as wings§cheme % These Synperonics or Pluron- As expected, there is a clear improvement in comparison
ics are commercially available surfactants. We chose to the system without surfactant: after about 30 min the ac-
the Synperonic L 101 for our experiments and reacted tivity (TOF) is higher for all experiments with surfactants.
this with two equivalents of NaH and subsequently with The lower productivity of the surfactant-free system (only
3-glycidoxypropyltrimethoxysilane. 70% conversion after 6 h) is an indication of a lower stabil-
After fixation on silica gel the coating seems to be low but ity of the catalyst under these conditions (lower TON).
of the catalytic test reactions higher loading would inhibit ~ Best results gave surfactants of typésand 8 in ac-
the separation by filtration. The influence of the immobilized cordance with the related monomeric amphiphiles, which

EO = -CHyCH,0-, PO = -CHy-CH(CHg)-O-

P

—&— without detergent
—e— RI/CTAB =10
—&—5 + [Pd]

—v— 6 +[Pd]

——7 +[Pd]

—<4—8 +[Pd]

conversion [%)]

T
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Fig. 1. Use of different immobilized amphiphile§-8) as phase-transfer reagent in the Suzuki reaction &&eme ) in comparison to monomeric
CTAB (RI/CTAB = aryliodide/surfactant). [Pd PACh[PhyP(CH;)4SOsK] 2.
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Fig. 2. Recycle experiments with the immobilized amphipfliléseeScheme ) [Pd] = PdCh[Ph,P(CH2)4SOsK] 2.

provided outstanding effects with cationic surfactants (e.g.  After the reaction, supporf was filtered, washed and
CTAB). reused in a new experiment, but without any effect. Ob-

Surprisingly, the immobilized polyoxyalkylene block viously, the catalyst remained in the agueous phase (as to
co-polymers showed an optimal promoting effect. The non- be seen by the brown color) after the first experiment the
ionic system can successfully compete with the cationic coated silica was inactive. Addition of the original amount
one. Especially in recycling experiments there are some of palladium complex resulted in a catalytic system with
advantages. acceptable activity. One should note here that the sup-

Fig. 2 contains recycling experiments with the immobi- ported amphiphiles have only the function of phase-transfer
lized cationic surfactant. reagents.

100 —

,A7./‘ —&— without detergent
An —e— reuse 5 + [Pd]
—&— reuse 6 + [Pd]
—w—reuse 7 + [Pd]
—&—reuse 8 + [Pd]

conversion [%]
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Fig. 3. First reuse experiments with the immobilized amphiptsles New addition of the catalytic palladium complex [RPd]PdCh[Ph,P(CH2)4S0Os5K] 2.
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The recycling experiments of all supported amphiphiles

are summarized ifig. 3.
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14 NMR (400 MHz, CDC}): § 1.1-1.3 (m, 10H, 5Ch),
1.3 (m, 2H, CH), 1.4 (m, 2H, CH), 1.9 (m, 2H, CH), 2.1

Systemé lost its accelerating effect (perhaps because of (s, 6H, 2CH), 2.2 (m, 2H, CHN), 3.8-4.0 (m, 2H, ChF),
a saponification of the sulfate ester group). In accordances 7 (m, 1H, CH).

with Fig. 2, systeni7 was also less active than in the original
experiment. Systentsand8 gave about the same effects as
in the first use.

The recovery of these reagents (“triphase” catalysts) is

very convenient but the catalytically active palladium com-

13C NMR (100 MHz, CDC}): § 27.9, 28.2, 29.3, 29.5,
29.8, 29.9, 30.0, 34.2 (GH, 45.9 (CH), 60.4 (CHN),
114.5 (CH=), 139.6 (CH)

GC-MS:m/z = 197(M™).

Analytically calculated for gzHo7N (197.36): C 79.1, H

plex is not reusable by this method. We cannot use the aque-13.8, N 7.1. Found: C 79.1, H 13.7, N 7.0%.
ous phase a second time because of the high concentration
of base and potassium iodide. The advantage of our proce-3.1.3. w-Triethoxysilylundecyldimethylamine

dure is the enhancement of the reaction rate by the immo-

w-Triethoxysilylundecyldimethylamine was prepared in

bilized amphiphile and a convenient phase separation afteraccordance td16]. The product was distilled in vacuum

recovery of the phase-transfer reagent by filtration.
In future experiments, the amphiphilic layer should con-

tain phosphine as an anchor group for the palladium com-

plex.

3. Experimental

The chemicals were purchased from Aldrich, Fluka,

(135-140C, 0.7-1 mbar) yielding 12.0g (66%).

1H NMR (400 MHz, CDC}): § 0.5 (2H, CHSi), 1.1-1.3
(m, 27H, 9CH, 3CHg), 2.0-2.1 (m, 8H, 2NCkl CH;N),
3.8-4.0 (m, 6H, 30ChH).

13C NMR (100 MHz, CDC#): § 10.7 (CHSi), 18.6 (3
CHg), 23.2 (SICHCH,), 27.9, 28.1, 29.6, 29.9 (G} 33.6
(CH2N), 45.8 (CHN), 58.6 (CHO0), 60.3 (CHN).

GC-MS:m/z = 36LUM™).

Analytically calculated for @H43NO3Si (361.64): C

Merck or Lancaster, except the water-soluble phosphine 63.1, H 12.0, N 3.9. Found: C 79.1, H 13.7, N 7.0%.

PhP(CH)4SOsK which was prepared in our labora-
tory by reaction of potassium diphenylphosphide with
1,4-butanesultonfl5].

All catalytic reactions were performed in oxygen-free sol-
vents under argon atmosphere.

ThelH and3C NMR spectra were recorded on an ARX
400 Bruker spectrometer using CRCDMSO-¢ and DO

3.1.4. 3-(w-Triethoxysilylundecyldimethylammonio)-

propane sulfonate
3-(w-Triethoxysilylundecyldimethylammonio)-propane

sulfonate was prepared according[18]. The product was

filtered, washed with cyclohexane and dried in vacuum

(yield 3.8 g, 81%), mp 22¢C.

as solvents. The mass spectrometry was performed on an H NMR (400 MHz, DMSO-@): 5 0.5 (t, 2H, SiCH), 1.1

GC-MS instrument HP 6890.
3.1. Synthesis of 5and 6

3.1.1. 10-Undecenoyl dimethylamide

(t, 9H, 3CH), 1.3-1.4 (16H, 8CH), 1.6 (m, 2H, CH), 1.9
(m, 2H, CH), 2.4 (t, 2H, CHS03), 2.95 (s, 6H, 2ChN),
3.3-3.5 (m, 4H, 2CEkN). 3.72 (q, 6H, 3CHO).

13C NMR (100 MHz, DMSO-¢): § 10.2 (CHSi), 18.6
(3CHg), 19.3, 22.0, 22.7, 25.8, 26.2, 28.9, 29.0, 29.2, 29.3,

10-Undecenoyl dimethylamide was prepared according to 32.7, 48.0, (11CH), 50.3 (2CHN), 58.0 (3ChHO), 62.5 ,

[16]. Purification by distillation (100-120C/1.2—1.9 mbar)
yielding 23.6 g (55%) of the product.

1H NMR (400 MHz, CDC}): § 1.2-1.4 (m, 10H, 5 CH),
1.6 (m, 2H, CH), 2.0 (m, 2H, CH), 2.3 (t, 2H, CHCO),
3.8-4.0 (m, 2H, Ck), 5.0 (d, 6H, CH), 5.8 (m, 1H,
CH=).

13C NMR (100 MHz, CDC}): § 23.9, 27.6, 27.8, 28.0,
28.2, 32.1, 32.5, 34.0 (GHl, 36.0 (CH), 112.8 0 (CH=),
137.8, CH), 171.9 (GO).

GC-MS:m/z = 21UM™).

Analytically calculated for @zH2sNO (211.34): C 73.9,
H 11.9, N 6.6. Found: C 73.9, H 11.9, N 6.4%.

3.1.2. w-Dimethylamino-undec-1-ene

w-Dimethylamino-undec-1-ene was prepared in ac-
cordance to[17]. The product was distilled in vacuum
(60—62°C/0.5 mbar) yielding 21.6g (98%) as a colorless
oil.

63.2 (2CHN).

Analytically calculated for @H49NOgSSi (483.77): C
54.6,H10.2, N 2.9, S 6.6. Found: C 53.3, H 10.5, N 2.8, S
6.4%.

3.1.5. 2-(w-Triethoxysilylundecyldimethylammonio)ethyl
sulfate

2-(w-Triethoxysilylundecyldimethylammonio)ethyl sul-
fate was prepared according[tt®]. The precipitated prod-
uct was filtered off at OC (yield: 2.2g, 66%}H NMR
(400 MHz, DMSO-@): § 0.4 (t, 2H, CHSi), 1.0 (t, 9H,
3CHg) 1.1-1.3 (m, 16H, 8Ch), 1.6 (m, 2H, CH), 2.4 (t,
2H, CH0S), 2.9 (s, 6H, 2Ck), 3.2 (m, 2H, CHN), 3.4
(m, 2H, CHN), 3.7 (g, 6H, 3CHCH,).

13C NMR (100 MHz, DMSO-@): § 14.3 (CHSi), 18.9
(3CHg), 22.1 (SICHCH,), 23.3, 26.1, 28.9, 29.2, 29.3, 33.2
(CHy), 42.5, 51.1, 55.3, 56.4 (G), 60.0, 61.6 (CHN),
62.1(3CHO), 64.5 (CHN), 64.9 (CHSOy).
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Analytically calculated for @H47NO;SSi (485.76): C

51.9, H9.8, N 2.9, S 6.6. Found: C 48.8, H9.2, N 2.9, S

7.0%.

3.1.6. Supporting of
3-(w-Triethoxysilylundecyl dimethylammoni o)-propane
sulfonate on SO» (5)

To 5.59 of silica gel (Merck 60, 0.040—0.063 mm, dried
in vacuum <1 mbar at 200C for 12h), 3.1g (6.4 mmol)
of  3-(w-triethoxysilylundecyldimethylammonio)-propane

sulfonate dissolved in 20ml of toluene was added un-

E. Paetzold et al./Journal of Molecular Catalysis A: Chemical 214 (2004) 241-247

3.2.2. Quaternization of
3-(w-bromoundecyl car bamato)propyltriethoxysilane [ 20]

The 3.0ml (6.67mmol) of 3ef-bromoundecylcarba-
mato)propyltriethoxysilane and 20ml of a solution of
trimethylamine in ethanol were heated at°@for 14 h.
The resulting mixture was concentrated by using a vac-
uum rotary evaporator and dried in vacuum (5 mbar,Gp
overnight to give a colorless waxy product (yield: 3.2g;
81%).

1H NMR (400 MHz, CDC}): § 0.5 (t, 2H, SiCH), 1.05
(t, 9H, 3CH,CHy), 1.1-1.3 (m, 18H, 9C}), 1.5 (m, 4H,

der argon. The mixture was shaken overnight and then2CHy), 1.7 (m, 2H, CH), 3.0 (m, 2H, CHOCO), 3.3 (s,

refluxed for 2h. The half of solvent amount was dis-
tilled off. Ten milliliter of toluene was added and 10 ml
was distilled off again. The mixture was filtered and
washed with 30ml of hot toluene, 50ml of hot ethanol
and twice with 50ml of ether. The support was dried
overnight in vacuum (analytically found: C 5.9, H 1.44,
N 0.40, S 0.74%. 218 mg organic substance®y Gee
Table J).

3.1.7. Supporting of
2-(w-Triethoxysilylundecyl dimethylammonio)ethyl sulfate
on SO (6)

To 5¢ of silica gel (Merck 60, 0.040—0.063 mm, dried in
vacuum<1 mbar at 200C for 12h), 2.2 g (4.54 mmol) of
2-(w-triethoxysilylundecyldimethylammonio)ethyl  sulfate

9H, 3NCHp), 3.7 (g, 6H, 3CHCH3), 4.9 (bs, 1H, NH).

13C NMR (100MHz, CDC4): & 7.9 (SiCh), 18.6
(3CH;CHy), 23.6, 26.0, 26.5, 27.2, 29.2, 29.4, 29,5, 29.7,
32.9 (9Ch), 45.2 (MgN), 53.7 (CH), 58.8 (3CHCHa),
60.9 (CHN), 65.1 (CH:N), 67.2 (CHOCO), 157.1 (€O).

Analytically calculated for @7H53BrN2OsSi (593.72): C
54.6, H 9.0, Br 13.5, N 4.7. Found: C 53.9, H 9.2, Br 14.2,
N 4.9%.

3.2.3. Supporting of w-(3-triethoxysilylpropylcar-
bamato)undecyl-trimethylammonium bromide on SO, (7)

To 10 g of silica gel (Merck 60, 0.040-0.063 mm), dried
in vacuum &1 mbar) at 200C for 12 h, 3.2g (5.76 mmol)
of w-(3-triethoxysilylpropylcarbamato)undecyl-trimethyl-
ammonium bromide dissolved in 15ml of toluene was

dissolved in 15ml of toluene was added under argon. The added under argon. The mixture was shaken overnight and
mixture was shaken overnight and then refluxed for 3 h. then refluxed for additional 3 h. The half of solvent amount
The half of solvent amount was distilled off. Ten milliliter was distilled off. Ten milliliter of toluene was added and
of toluene was added and 10 ml was distilled off again. The 10 ml was distilled off. The mixture was filtered and washed
mixture was filtered and washed with 30 ml of hot toluene, with 30 ml of hot toluene, 50 ml of hot ethanol and twice

50 ml of hot ethanol and two times with 50 ml of ether.

The support was dried overnight in vacuum (analytically
found: C 14.2, H 2.85, N 1.05, S 2.30%. 354 mg organic

substance/gf), seeTable J).
3.2. Yynthesis of 7

3.2.1. 3-(w-Bromoundecylcarbamato)propyltriethoxysilane
The 2.51g (10mmol) ofw-bromoundecan-1-ol and
3.0ml (12mmol) of 3-(triethoxysilyl)propyl isocyanate
were heated at 8@ in a sealed tube for 14 h. The reac-
tion was controlled by TLC (CHGVEtOAc = 10/1). The

product was isolated by column chromatography (crude

product: 4.5 ml, purified product: 3.1 ml, 68%).

1H NMR (400 MHz, CDCb): § 0.5 (t, 2H, SiCH), 1.1 (t,
9H, 3CH), 1.15-1.3 (m, 16H, 8C}J, 1.5 (m, 4H, 2CHj),
1.7 (g, 2H, CH) 3.0 (m, 2H, CHO), 3.3 (t, 2H, CHBYI),
3.7 (g, 6H, 3CHCH,), 5.0 (bs, 1H, NH).

13C NMR (100MHz, CDC4): § 7.8, (SiCH), 18.5
(3CHg), 23.6 (SICHCH,), 25.5, 26.0, 29.0, 29.4, 29.6,
29.7, 30.0, 32.8, 33.1, 34.1, 43.7, 45.7, 53.1, 57.2CH
60.7 (CHO0), 63.1 (CHBr), 65.0 (3CHO).

Analytically calculated for @H44BrNOsSi (498.57): C
50.6, H 8.9, Br 16.0, N 2.8. Found: C 50.0, H 8.4, Br 17.6.

with 50 ml of ether. The support was dried overnight in
vacuum (found: C 5.47, H 1.52, N 0.56, Br 1.35%. 233 mg

organic substance/d), seeTable J.
3.3. Yynthesis of 8

3.3.1. Slylation of Synperonic L 101

7.49 (2mmol) Synperonic L 101 (HO-(E®JPOks
(EO)%-H) and 50mg (2.1 mmol) of NaH were stirred in
10 ml of absolute THF at room temperature for 3h. One
milliliter (4 mmol) of (3-glycidoxypropyl)trimethoxysilane

was added and the mixture refluxed for 48 h. After the
solvent was removed the product was dried at X20n
vacuum for 1 day (yield: quan.yH NMR (CDCk): 1-1.1

(CHg), 3.2-3.6 (CHO).
Analytically calculated for GggH404073Si (3957.26): C
59.5, H 10.3. Found: C 56.9, H 10.5.

3.3.2. Supporting of silylated Synperonic L 101 on SO

To 20 g of silica gel (Merck, 60, 0.043—-0.060 mm), dried
in vacuum &1 mbar) at 200C for 12 h, was added 8.0g
(2 mmol) of the trialkoxysilane compound dissolved in 40 ml
of toluene under argon. The mixture was shaken overnight
and then refluxed for additional 2h. The half of solvent
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amount was distilled off. Forty milliliter of toluene was acceleration with heterogenized detergents, which could be
added and 20 ml were distilled off. The mixture was fil- recycled simply by filtration. The selectivity with respect to
tered and washed with 40 ml of hot toluene, 60 ml of hot compound3 was in all cases better than 99%.

ethanol and twice with 20 ml of ether. The support was dried

overnight in vacuum. (Found: C 9.96, H 2.2%. 270 mg or-

ganic substance/@), seeTable J). Acknowledgements
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