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New enantiomerically pure S,N-chelated (R)-Zn(Et)SR complexes, 3a-3c (R=2-[CHMeN(CH;)4]-5-
[SiMes_n(CH2CH, CxFax1)n]CsHs; n=1,x=10; n=2, 3 and x =8), have been synthesized from the reaction
of EtZnCl and the corresponding trimethylsilyl(aminoaryl) thioethers, or lithium aminoarene thiolate 2c.

Complexes 3a-3c were successfully used as highly enantioselective catalysts for the 1,2-addition (e.e.
up to 92%) of diethylzinc to benzaldehyde in perfluoromethylcyclohexane/n-octane. At 2.5 mol%, catalyst
3c, thanks to its three CH, CH, CgF7 tails, could be reused at least 10 times with retention of its initial high
enantioselectivity, thereby significantly increasing the turnover number per unit amount of catalyst in
comparison with earlier studies.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Previously we have shown that in addition to the large number
of reported zinc catalysts also enantiopure zinc ortho-aminoarene
thiolate compounds are excellent catalysts for the enantioselective
addition of dialkylzincs to aldehydes (Scheme 1) [1,2].

Following the invention of using fluorous biphasic systems (FBS)
by Horvath and Rabai [3] for the recycling of homogeneous cat-
alysts, we developed a strategy for the application of the FBS
approach in the 1,2-addition of dialkylzinc to benzaldehyde [4]. We
reported on the synthesis of monoperfluoroalkyl-functionalized
arene thiolate ligands, their conversion into ethylzinc thiolate cat-
alysts [4b] and their modest retention values in FBS recycling
experiments. To this end we developed zinc ortho-aminoarene
thiolate catalysts with a fluorous silicon substituent at the 5-
position (see Scheme 2). Other groups reported the application
of fluorous zinc catalysts based on fluorous BINOL ligands [5]
and fluorous B-aminoalcohols [6]. In earlier work concerning the
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use of perfluoroalkylsilyl-substituted arylphosphine complexes in
homogeneous catalysis [4] we noticed that functionalization of
a silicon atom with more than one perfluoroalkyl chain gave a
much higher fluorophilicity under FBS conditions [4e]. In this
paper, we have applied the latter insights to the preparation of
bis-, and tris(perfluoroalkyl)silyl-functionalized versions of highly
enantioselective zinc aminoarene thiolate complexes that demon-
strate significantly improved recycling efficiencies compared to
those already known in the literature.

2. Results and discussion

The synthesis of 1a starts with the conversion of enantiomer-
ically pure (e.e.=98.9%) (R)-(+)-N-(1-(4-bromophenyl)ethylamine
into the corresponding pyrrolidine derivative 4. Introduction of the
perfluoroalkyl-group was carried out by reacting 4 with 2 equiv. of
tert-butyllithium at —70°C in diethyl ether. The resulting lithium
compound was reacted with C1oF,1(CH> ),SiMe, Cl to give 1ain high
yield (see Scheme 2).

For the syntheses of compounds 3b and 3c with two
and three perfluoroalkyl chains, respectively, suitable bis- and
tris(perfluoroalkyl)silyl building blocks have been developed in
our laboratory as part of other FBS-type applications [4e]. For


http://www.sciencedirect.com/science/journal/13811169
mailto:berth-jan.deelman@arkema.com
mailto:g.vankoten@uu.nl
dx.doi.org/10.1016/j.molcata.2008.02.018

66 H. Kleijn et al. / Journal of Molecular Catalysis A: Chemical 287 (2008) 65-69

1 cat , hexane

O
w e O e O
2 H,0 Et
e.e 92%
cat* (2.5mol%) R J
R=H N_—=
S—Zn,
Et
Scheme 1.

synthetic reasons the fluorous tails were shortened from -CqgFy;
(1a) to -CgFy7 for the higher molecular weight derivatives (1b
and 1c). The new building blocks were coupled with the in
situ generated aryllithium derivatives in almost quantitative
yields, using the same methods as described earlier for the
mono(perfluoroalkyl)silyl-functionalized aminoarene thiolate lig-
ands [4b].

The heteroatom-assisted ortho-lithiation (Li-H exchange) of chi-
ral a-substituted benzylamine derivatives in apolar solvents has
been well established and usually produces the corresponding
lithiated compounds within a few hours in quantitative yield [7].
However, quantitative lithiation of fluorous ligand 1a with tert-
butyllithium in pentane required more than 5 days. The lithiated
compound was converted in situ into the thiol derivatives by reac-
tion with a stoichiometric amount of elemental sulfur at —70°C
in the presence of added THF ((pentane/THF)=(40/60)). Subse-
quent treatment of the resulting lithium thiolate with an excess of
trimethylsilyl chloride afforded trimethylsilyl thioether 2a, which
was used without further purification.

Complete ortho-lithiation of 1b and 1c could not be achieved
with 1equiv. of tert-butyllithium. Under these conditions a max-
imum of 33% conversion of 1b into the lithio-compound was
obtained after 7 days stirring at room temperature. Most likely for-
mation of mixed aggregates of aryllithium and tert-butyllithium [8]
stabilized by the presence of the fluorous tails might be a reason for
this low conversion. The lithiation of 1b (in CgDg as solvent) was
studied in more detail by "H NMR spectroscopy. It appeared that
4 equiv. of tert-butyllithium were required to reach full lithiation.
Under these conditions the aromatic as well as the a-H pattern of
the lithio-compound of 1b was already observed after 2 h of reac-

2t-Buli

tion time. After 16 h the lithiation was complete, showing only one
pattern for the aromatic and o protons.

The amount of elemental sulfur added was stoichiometric to the
amount of tert-butyllithium used (4 equiv.). Quenching of the reac-
tion mixture with trimethylsilyl chloride gave 2b in high yield. The
side product trimethylsilyl tert-butylthioether was easily removed
because of its volatility.

The synthesis of 2¢ was complicated by the very low solubil-
ity of 1c in pentane. To realize homogeneous reaction conditions it
was necessary to add 25-50 wt.% of perfluoro solvent FC-72 to the
solution. With 4 equiv. of tert-butyllithium a reaction time of 2 days
was required for complete conversion. Sulfur insertion occurred as
expected. However, according to 'H NMR spectroscopy measure-
ments, the quench with trimethylsilyl chloride failed to give the
corresponding trimethylsilyl thioether. MALDI TOF analysis con-
firmed the formation and isolation of the expected thiol (M+H)*
(m/z 1578). This indicates that the insertion of elemental sulfur
into the lithium thiolate intermediate was successful. For 2b the
same problem occurred when FC-72 was present, whereas com-
plete silylation was observed in the absence of FC-72. Apparently
the fluorous lithium aminoarene thiolate intermediates are sol-
vated in such a way by FC-72 that the subsequent reaction with
trimethylsilyl chloride is extremely slow or even hampered.

The formation of the ethylzinc aminoarene thiolates 3a-3c
involved the reaction of the respective thioether (2a and 2b)
or lithium thiolate (2c¢) with EtZnCl. The products 3a-3c were
obtained in quantitative yield (see Scheme 2) [9]. Crystallization
from hexane gave novel 3a as a colorless solid that was character-
ized by elemental analysis, 'H and 13C NMR spectroscopy.

Crude ethylzinc aminoarene thiolates 3b and 3¢ were obtained
as brown waxes. They could only be characterized by elemental
analyses. Not surprisingly due to their high molecular weight, the
TH NMR spectra of both compounds showed very broad lines even
at higher temperatures (up to 95°C).

3. Determination of partition coefficients

The values for the partition coefficients of the three compounds
1 and zinc compounds 3 are presented in Table 1. It can be seen that
there is a clear correlation with the number of fluoroalkyl tails that
have been attached to the silicon tethering point. Compounds with
one fluoroalkyl tail (1a and 3a) dissolve to a significant extent in the
octane layer, whereas the compounds with three fluoroalkyl tails
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Table 1
Partition coefficients of the fluorous aminoarenes and the corresponding ethylzinc
aminoarene thiolate complexes determined at 0°C?

Compound P

1a 0.3
1b 5.0
1c 14.6
3a 2.8
3b 10.3
3c 21.1

The two layers were warmed to 50°C until a clear, mono-phase solution was
obtained. Then the solution was equilibrated at 0°C for 30 min. When two sepa-
rated layers were obtained, each layer was taken apart and the solvent evaporated.
The weight of each residue was determined. The partition coefficients were calcu-
lated by dividing the amount found in the fluorous phase by the amount of material
found in the organic phase (=P).

2 A known amount of the compound (between 1 and 25 pmol) was added to a
mixture of PFMCH (7.0 mL) and n-octane (7.0 mL).

(1c and 3c) dissolve preferentially in the PFMCH layer. Compounds
with two fluoroalkyl tails (1b and 3b) still have modest affinity for
the octane phase. From these results we can also conclude that for
efficient fluorous biphasic separation strategies three fluorous alkyl
tails are needed.

3.1. Catalytic reactions in hexane

Experiments in hexane confirmed that these enantiopure, flu-
orous ethylzinc ortho-aminoarene thiolates are active catalysts in
the 1,2-addition of diethylzinc to benzaldehyde (Fig. 1). The activ-
ity and enantioselectivity of these catalysts were comparable with
the parent zinc ortho-aminoarene thiolate catalysts we published
earlier [1a].

When the activities of pre-catalysts 3a, 3b and 3c are compared
it is rather surprising that 3b reacts slower than 3¢ while the oppo-
site would be expected on the basis of steric requirements. So far
we do not have an explanation for this behavior.

3.2. Catalytic reactions in a fluorous biphasic solvent system (FBS)

Fig. 2 shows the results of the catalytic experiments in
octane/PFMCH 1/1 (v/v). After 3h reaction time stirring was
stopped, the reaction mixture was cooled to 0°C, and the
octane layer with the product was removed as much as possi-
ble, hydrolyzed and then analyzed. In each cycle ca. 10% of the
organic layer was left behind to limit the effect of phase sepa-
ration errors on catalyst retention. After phase separation new
portions of benzaldehyde and Et,Zn in octane (1.0 M) were added
to the fluorous layer and stirring was continued. Due to the large
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Fig. 1. 1,2-Addition of Et,Zn to PhC(O)H in hexane with 2.5 mol% of fluorous cat-
alyst. Reaction conditions: 5.0 mmol of PhC(O)H, 6.0 mmol of Et,Zn, 1M solution
in hexane, 4 mL of hexane, 2.5 mol% of 3a-3c, room temperature. The experiments
were performed in duplicate.
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Fig. 2. FBS experiments with 2.5 mol% of fluorous catalyst 3a-3c, diethylzinc and
benzaldehyde. Reaction conditions: 5.0 mmol of PhC(O)H, 6.0 mmol of Et,Zn, 1.0 M
solution in octane, 6.0 mL of PFMCH, 2.5 mol% of 3a-3c, 3 h at room temperature. e.e.
% was determined by HPLC analysis; Daicel Chiralcel O.D. column, 25 cm x 4.6 mm;
eluents i-propanol/hexane 2/98 (v/v).

amount of diethylzinc present in the organic phase, the reaction
mixture remained biphasic during the course of each run. Despite
the biphasic conditions, conversions in each run were high (>98%).
No correction for the leaching of fluorous solvent was needed due
to its low solubility in the organic phase.

The enantioselectivities obtained in each cycle are shown in
Fig. 2 and can be considered as first approximation of the recy-
cling efficiency of the catalyst. Pre-catalyst 3a with one fluorous
tail failed to give a high e.e. already after three cycles. This is as
expected from the partitioning experiments which showed that
the fluorous catalyst dissolves well enough in the octane layer to
be almost completely removed from the fluorous phase after five
cycles. Consequently a rapid decrease in the e.e. from 92 to 28% is
observed when pre-catalyst 3a is used. However pre-catalyst 3¢ can
be used for 10 cycles with high e.e. and it is only during cycles 10-17
that the value of the e.e. starts to diminish slowly. The behavior of
3b is intermediate between that of 3a and 3c.

To find out the minimal amount of pre-catalyst needed for the
chiral induction observed, some experiments in hexane were car-
ried out in which different amounts of 3b were used. With 1.0 and
0.1 mol% of fluorous catalyst, product e.e’s of 92 and 74%, respec-
tively, were obtained. With 0.01 mol% of fluorous catalyst the e.e.
dropped to 24% while at 0.001 mol% no e.e. was observed. This indi-
cates that a significant drop in e.e. is observed once the catalyst
concentration has dropped below 1.0 mol¥% relative to substrate.
This corresponds to minimum retention values of 40, 83 and 90%
per cycle for 3a, 3b and 3¢, respectively. It should be realized that in
some earlier studies based on different ligand systems much higher
catalyst concentrations (in the order of 10-20 mol%) have been used
[5,6]. In such cases, even at moderate retention of the ligand, the
e.e.’s only start to suffer when already significant amounts of the
ligand has been lost. In recycling studies, it is therefore essential
to use the minimum amount of catalyst needed if one wants to use
conversion or selectivity data to estimate recycling efficiency of the
catalyst.

The effect of auto-catalysis [10] by the remainder of zinc (R)-
a-methylbenzylalcoholate that is left in the fluorous phase after
phase separation (ca. 10 mol%) was also studied in a separate exper-
iment in hexane by adding 10 mol% of (R)-a-methylbenzylalcohol
(e.e. 99%), and by assuming that the zinc alcoholate would be
formed in situ. The observation of an e.e. of 46% for the latter
reaction corresponds very well with the values published [10]
and indicates that the high enantiomeric excess obtained in the
presence of 3a-3c is indeed the result of a catalyzed reaction by
the ethylzinc arene thiolate rather than by an auto-catalytic effect
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caused by the 10 mol% of zinc alcoholate product left in the PFMCH
phase from incomplete separation during previous cycles.

4. Conclusion

A method for the attachment of perfluoroalkyl chains to chiral
aminoarenethiolates is now available and leads the way to a new
family of mono-, bis- and tris(perfluoroalkyl)silyl-functionalized
arenethiolate ligands. These can be converted into the correspond-
ing ethylzinc thiolate compounds which are active catalyst in the
1,2-addition reaction of Et,Zn to benzaldehyde. Especially the tris
(perfluoroalkyl)silyl-modified ethylzinc aminoarenethiolate 3c is
an excellent catalyst for the use in a FBS medium and can be
reused for several cycles with high conversions and enantioselec-
tivity.

5. Experimental procedures

All manipulations were carried out using standard Schlenk tech-
niques under an inert atmosphere of dry, oxygen-free nitrogen.
Organic solvents were distilled from sodium prior to use. (R)-4-
BrCgH4CH(Me)NH, with an optical purity of 98.9% was obtained
commercially. The synthesis of the fluorous tails has been described
inRef.[3e]. 'H and 13C NMR spectra were recorded on a Varian Inova
300 MHz spectrometer. Chemical shifts (§) are given in ppm relative
to SiMe, as internal standard. HPLC was performed on a Dai-
cel Chiracel 0O.D. column, 25 cm x 4.6 mm. Optical rotations were
determined on a PerkinElmer 241 polarimeter. Elemental analyses
were obtained from Kolbe Mikroanalytisch Laboratorium, Miilheim
a.d. Ruhr, Germany. MALDI-TOF-MS spectrometric measurements
were acquired using a Voyager-DE BioSpectrometry Workstation
(PerSeptive Biosystems Inc., Framingham, MA, USA) mass spec-
trometer and 3,5-dihydroxybenzoic acid was used as matrix. IR
spectra were measured on a Perkin Elmer Spectrum One FT-IR spec-
trometer.

5.1. General procedure for the preparation of fluorous ligands
la-1c

To a stirred solution of 5mmol of (+)-N-(1-(4-
bromophenyl)ethyl)pyrrolidine in Et;O (20mL) was added
10 mmol of tert-butyllithium (1.7 M) in pentane at —70°C. This
solution was stirred for 1h followed by the addition of 5mmol
of either CISi(Me;)CH,CH,CxFoxsy or BrSiMes_,CyFoxs1 (n=2,
3 and x=8). The reaction mixture was allowed to rise to room
temperature and stirred for another 3 h. Subsequently the resulting
mixture was poured into saturated aqueous ammonium chloride
(50mL). After separation of the organic layer, the water layer
was extracted once with pentane (40 mL). The combined organic
layers were dried on sodium sulfate. The product was isolated as a
colorless liquid by removal of the solvents in vacuo. Fluorous ligand
1a was purified by fractional distillation under reduced pressure.
Fluorous ligands 1b and 1c¢ could not be distilled and were used as
obtained from the respective reaction.

1a yield: 98%, bp 160°C/0.5 mmHg, mp 45 °C. [«]Z = +19.36°,
c=2.9 (n-hexane) "H NMR CgDg: § 7.40 (d, J=7.4Hz, 2H, aromatic
H),7.36 (d,]J=7.4Hz, 2H, aromatic H), 3.07 (q,J = 6.4 Hz, 1H, CHCH3),
2.43-2.41 (m, 2H, NCH3), 2.39-2.29 (m, 2H, NCH;), 2.04-1.87 (m,
2H, F51C19CH3), 1.63-1.54 (m, 4H, NCH,CH,), 1.32 (d, J=6.4Hz, 3H,
CHCH3), 0.96-0.86 (m, 2H, F»;C;oCH,CH>), 0.08 (s, 6H, SiCH3). 13C
NMR in CgDg: § 148.3, 135.2, 133.7 and 127.1 (aromatic C), 65.9
(CHCH3),52.8 (NCH3), 26.1 (t, Jr_c =24 Hz, FCCH;), 23.7 (NCH,CH>),
23.6 (CHCH3), 5.3 (SiCH;), —3.8 (SiCH3). GCMS, m/z 780 [M]*. Anal.
calc. for CygHy6F21NSi: C 40.06, H 3.36, N 1.80, Si 3.60. Found: C

40.16, H 3.46, N 1.85, Si 3.68. IR (ATR neat, cm~1) 2965 (w), 2935
(w), 1600 (w), 1203 (s), 1148 (s), 1111 (m).

1b yield: 91%, brown waxy solid, [oc]ZDO =+16.0°, c=1.134 (n-
hexane). 'H NMR CgDg 50°C: § 7.35 (d, J=8.1 Hz, 2H, aromatic H),
7.21 (d, J=8.1Hz, 2H, aromatic H), 3.06 (q, J=6.4Hz, 1H, CHCH3),
2.42-2.32 (m, 2H, NCH3), 2.32-2.12 (m, 2H, NCH;), 2.07-1.76 (m,
4H, F17CgCH>), 1.56-1.36 (m, 4H, NCH,CH>), 1.27 (d, J=6.4Hz, 3H,
CHCH3), 0.88-0.76 (m, 4H, F7CgCH,CH3), —0.01 (s, 3H, SiCH3).
13C NMR CgDg: 50°C: § 148.9, 137.0, 132.1 and 127.4 (aromatic
(), 65.8 (CHCH3), 58.7 (NCH;), 25.9 (t, Jr_c =24 Hz, FCCH,), 23.7
(NCH,CH;), 23.4 (CHCH3), 3.5 (SiCH;), —6.6 (SiCH3). MALDI-TOF-
MS, m/z 1112.94 [M+H]* (calc. 1112.61). Anal. calc. for C33H»7F34NSi:
C35.66,H 2.45,N 1.26, Si 2.53. Found: C35.74,H 2.39,N 1.22, Si 2.61.
IR (ATR neat, cm~1) 2974 (w), 2791 (w), 1690 (w), 1199 (s), 1144 (s),
1112 (m).

1c yield: 96%, brown waxy solid, [ot]zD0 =+9.0°, c=1151 (n-
hexane). "H NMR CgDg 70°C: § 7.38 (d, J=7.9 Hz, 2H, aromatic H),
717 (d, J=79Hz, 2H, aromatic H), 3.10 (q, J=6.4Hz, 1H, CHCH3),
2.42-2.39 (m, 2H, NCH;), 2.32-2.24 (m, 2H, NCH3), 2.06-1.82 (m,
6H, F17CgCH,), 1.70-1.30 (m, 6H NCH,CH>), 1.27 (d, J=6.4Hz, 3H,
CHCH3), 0.94-0.80 (m, 6H, F17CgCH,CH,). 13C NMR in CgDg 70 °C:
6 149.8, 133.9, 129.3 and 127.6 (aromatic C), 65.4 (CHCH3), 52.5
(NCH,),25.8(t,Jrp_c =24 Hz,FCCH,)), 23.7 (NCH,CH5 ), 22.9 (CHCH3),
1.6 (SiCH;). MALDI-TOF-MS, m/z 1545.63 [M+H]* (calc. 1544.68).
Anal. calc. for C4H,gF51NSi: € 32.68, H 1.83, N 0.91, Si 1.82. Found:
C32.72,H 1.90, N 0.83, Si 1.84. IR (ATR neat, cm~') 2966 (w), 1684
(w), 1200 (s), 1145 (s), 1113 (m).

5.1.1. Preparation of the trimethylsilyl thioether 2a

To a stirred solution of 10 mmol of 1a in pentane (30 mL) was
added 10 mmol of tert-butyllithium (1.5 M solution in pentane) at
—70°C.Theresulting reaction mixture was stirred for 5 days atroom
temperature. The clear brown solution was cooled down to —70°C,
cold THF (50 mL) was added, which was followed by the addition
of 10 mmol of elemental sulfur. The reaction mixture was allowed
to warm to room temperature and then was stirred for a further
2h to allow the sulfur insertion to go to completion. The thio-
late intermediate was quenched with trimethylchlorosilane (2 mL).
After 1h, the lithium chloride precipitate was separated from the
reaction mixture by centrifugation. Subsequently the organic layer
was decanted from the lithium chloride. Evaporation of the sol-
vent, afforded the crude product 2a that was used without further
purification (vide infra). The thioether has been characterized only
by NMR.

2ayield: 98%. 'H NMR CgDg: § 7.88 d (J=7.6 Hz, 1H, aromatic H),
7.71 (s, 1H, aromatic H), 7.25 (d, J=7.6 Hz, 1H, aromatic H), 4.29 (q,
J=6.4Hz, 1H, CHCH3), 2.55-2.51 (m, 2H, NCH,), 2.44-2.41 (m, 2H,
NCH3), 2.02-1.84 (m, 2H (F2;C19CH>), 1.60-1.57 (m, 4H, NCH,CH>),
112 (d,_]=64 Hz, 3H, CHCH3), 0.99-0.83 (m, 2H, F»; C]oCHzCHz),
0.24 (s, 9H, SSiCH3), 0.06 (s, 6H, SiCH3)). 13C NMR CgDg: § 151.1,
141.3, 135.1, 132.6 and 130.5 (aromatic C), 61.8 (CHCH3), 52.6
(NCH,), 23.7 (NCH,CH,), 22.8 (CHCH3), 1.2 (SSiCH3), —3.9 (SiCH3).

5.1.2. Preparation of the trimethylsilyl thioether 2b

The same procedure as described for 2a was used, except that
4 equiv. of tert-butyllithium and 1b were used. The reaction mixture
was stirred for 24 h and then reacted with 4 equiv. of sulfur.

2b yield: 96%, brown waxy solid. 'H NMR CgDg 60°C: § 7.83
(d, J=7.8Hz, 2H, aromatic H), 7.62 (s, 1H, aromatic H), 7.15 (d,
J=7.8Hz, 2H, aromatic H), 4.26 (q, ] = 6.4 Hz, 1H, CHCH3), 2.62-2.48
(m, 2H (NCH;), 2.48-2.30 (m, 2H, NCH,), 2.07-1.76 (m, 4H,
F17CgCH,), 1.62-1.46 (m, 4H, NCH,CH,), 1.33 (d, J=6.4Hz, 3H,
CHCHg), 0.98-0.76 (m, 4H, F]7C8CH2CH2), 0.24 (S. 9H, SSI(CH3)3),
—0.01 (s, 3H, SiCH3). 13C NMR CgDg 60°C: § 151.9, 141.2, 132.4,
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131.3 and 128.5 (aromatic C), 61.5 (CHCH3), 52.4 (NCH>), 26.0 (t,
(Je—c=24Hz, FCCHy), 23.7 (NCH,CH2), 22.4 (CHCH3), 3.6 (SiCHy),
1.1 (SSiCCH3), —6.6 (SiCH3).

5.1.3. Preparation of the lithium thiolate 2¢

The same procedure as described for 2b was used, except that
FC-72 (4mL) was added before the addition of tert-butyllithium.
The reaction mixture was stirred for 48 h followed by the addition
of elemental sulfur. After evaporation of the solvents a sticky brown
wax was obtained in nearly quantitative yield.

2c¢ MALDI-TOF-MS, m/z 1578 [M+H]* (calc. 1577). Some signifi-
cant '"H NMR data CgDg 70°C: § 8.3 (d, 1H, aromatic H), 7.9 (s, 1H,
aromatic H), 7.4 (d, 1H, aromatic H), 3.8 (q, 1H, CHCH3).

5.2. General procedure for the preparation of zinc compounds 3a
and 3b

To a stirred solution of zinc chloride (1.5 mmol) in diethyl ether
(10mL) was added 1.5mL of a 1 M solution of diethylzinc in hex-
ane. The mixture was stirred until all zinc chloride was dissolved
and converted into ethylzinc chloride. Then 3 mmol of the appro-
priate thiolate ester in pentane (5 mL) was introduced. The reaction
mixture was stirred for 2 h. The formed trimethylsilyl chloride and
solvents were evaporated. The product 3a was isolated as a white
solid after recrystallization from hexane.

3ayield: 88%, mp 128 °C. '"H NMR THF dg 59 °C: § 7.54 (br s, 1H),
7.06 (d,J=7.3Hz, 1H and 6.92 (d,J=7.3 Hz, 1H, aromatic H), 3.40 (br
q, 1H, CHCH3), 3.0-1.8 (br m, 8H, NCH,CH,), 1.74 (br s, 2H, CF,CH>),
1.64 (d, J=6Hz, 3H, CHCH3), 0.97 (m, 2H, CH,Si), 0.82 (t, J=7.9 Hz,
3H, CH3CH,Zn), 0.26 (s, 6H, SiCH3), 0.06 (q, J=7.9 Hz, 2H, CH,Zn).
13C NMR THF-dg 59°C: § 141.7, 140.2, 135.1, 129.1 and 127.6 (aro-
matic C), 71.2 (CHCH3), 55.5 (CH3N), 24.6 (t, JF-C=23 Hz, CF,CHj),
22.4 (CH,CH;N), 16.8 (CHCH3), 10.6 (ZnCH,CH3), 3.6 (CH,Si), —1.0
(ZnCH,CH3), —5.8 (SiCH3). Anal. calc. for CogH30F»1NSSiZn: C 37.16,
H 3.34,N 1.55, Si 3.10,Zn 7.22. Found: C 37.28,H 3.31, N 1.65, Si 3.08,
Zn 7.34.1R (ATR neat, cm~1) 2966 (w), 2863 (w), 1632 (w), 1203 (s),
1150 (s), 1104 (m).

3byield: 80%, light brown wax. Anal. calc. for C35H3; F34NSSiZn:
C 33.98, H 2.53, N 1.13, Si 2.27, Zn 5.28. Found: C 33.86, H 2.65, N
1.07, Si 2.30, Zn 5.17. IR (ATR neat, cm~') 2965 (w), 2792 (w), 1602
(w), 1200 (s), 1145 (s), 1113 (m).

5.3. General procedure for the preparation of zinc compound 3¢

A slightly modified procedure was used for the preparation of
3c.

To a stirred solution of zinc chloride (1 mmol) in Et;O0 (20 mL)
was added 1 mL of a 1 M solution of diethylzinc in hexane. The mix-
ture was stirred until all zinc chloride was dissolved and converted
into ethylzinc chloride. Then 2 mmol of the aminoarenethiolate-
lithium intermediate was introduced. The reaction mixture was
stirred for 48 h. Stirring was stopped and the vessel was stored
at —40°C. The solvents were decanted from the brown wax that
covered the bottom of the vessel. The wax was washed with Et;0
(10 mL) and decanted. The product 3¢ was isolated as a brown wax
after evaporation of the small amount of remaining solvents. Yield
50%, anal. calc. for C44H3,F51NSSiZn: C 31.66, H 1.93, N 0.84, Si 1.68,
Zn 3.92.Found: C31.72,H 2.06,N 0.78, Si 1.73, Zn 3.86. IR (ATR neat,
cm~1) 2969 (w), 1583 (w), 1199 (s), 1144 (s), 1113 (m).

5.4. General procedure for the FBS experiments

To a solution of 2.5mol% of catalyst in PFMCH (6 mL) was
added a 1 M solution of Et,Zn in octane (6 mL) and freshly distilled
benzaldehyde (0.5 mL). The mixture was stirred for 3h at room
temperature. Stirring was stopped and two phases were allowed
to separate. The organic layer was removed as much as possi-
ble with a syringe and then poured into a saturated solution of
NH4Cl/H,0 (2 mL). To this mixture pentane (10 mL) was added. The
organic layer was separated, dried, concentrated in vacuum and
subsequently analyzed with "TH NMR, GC and HPLC. This procedure
presented one cycle. To the remaining perfluoro layer new portions
of Et,Zn in octane (1 M) and benzaldehyde were added. The whole
procedure was repeated 5-17 times.
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