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Abstract—A general methodology has been evaluated for the preparation and optimization and fine-tuning of polymer-supported chiral
catalysts for the ZnEt2 addition to benzaldehyde. This approach involves the use of parallel solid-phase chemistry and the use of cheap and
easily available chiral starting materials, such as amino acids. In this way, small, focused polymer-supported libraries of a,a-substituted
amino alcohols have been prepared and evaluated as chiral ligands for the above-mentioned catalytic reaction. This strategy allows for an
easy and fast way to analyze the different factors affecting the efficiency of the supported species (including the polymeric network itself) and
to improve the tuning of the chiral catalysts. For the cases studied, amino alcohols containing aliphatic a-substituents have been shown to
give good results when in conjunction with both aliphatic side chains at the b position and a N-methyl substituent. q 2003 Elsevier Science
Ltd. All rights reserved.

1. Introduction

The importance of enantiomerically pure organic com-
pounds in pharmaceutical, agricultural, and food industries
has stimulated for years the development of new methods in
organic synthesis.1 Although different strategies such as
fermentation, chiral-pool synthesis or resolution have been
used in order to obtain those high added value substances,
asymmetric synthesis has been shown to be a very
interesting approach to achieve this goal. Within this
category, asymmetric catalysis is probably the most
attractive strategy under an economical as well as an
ecological point of view.2 Ideally, the economic benefits of
an efficient chiral catalyst are enormous: catalytic processes
are less capital intensive, have lower operating costs and
produce highly pure products. Those advantages are greatly
increased when polymer-supported catalysts and ligands are
considered, as their use has distinct advantages in terms of
the simplification of the work-up, the reduction of the
environmental impact and the facilitation of the recycling
and use in flow systems and in automated syntheses.3,4

The design and optimization of a chiral catalyst being able
to produce the expected enantiopure chiral compound
requires a deep knowledge of all factors involved in the
reaction. Unfortunately, in many cases, due to the lack of the
appropriated theoretical background, catalyst design con-
tinues to be an arduous and rather unpredictable trial-and-
error process. This is particularly true for the development
of new and more efficient polymer-supported enantio-
selective catalysts for which both the structure of the ligand
and the nature of the matrix need to be considered.5

Accordingly, the development of new methodologies
allowing an easier and faster way to find efficient
enantioselective catalysts is highly desirable.

The most general approach for the preparation of polymer-
supported enantioselective catalysts has been, up to now, the
immobilization, via grafting or polymerization, of a chiral
auxiliary whose structure has been optimized in the
corresponding homogeneous process. Very often, however,
the structural modifications required for the immobilization
or the role played by the polymeric backbone are reflected in
the observation of important changes in the behavior of the
supported species.5 An alternative approach is the use of
combinatorial chemistry techniques with the preparation of
large arrays of supported species.4,6 The main limitation of
this methodology continues being the screening of the
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efficiency of the different components of the library in
enantioselective processes and different efforts are currently
being carried out to provide high throughput techniques in
this field.7

The preparation of small focused resin-bound libraries of
chiral auxiliaries or catalysts, in which the potential
structural variations are initially selected according to
previous studies in solution, represents a methodology
intermediate between the two formerly described. Recently,
we have described the use of this methodology for some
non-catalytic reactions,8 and here we describe how this
parallel approach can be a powerful tool that allows a better
analysis of the effects of the different factors (structural
modifications, polymeric matrix) on the efficiency of a

given supported catalyst, tuning its catalytic behavior in a
given enantioselective reaction, in this case the ZnEt2
addition to benzaldehyde (Scheme 1).9 – 11

2. Results and discussion

Chiral b-amino alcohols have been extensively used as
chiral catalysts in both homogeneous and heterogeneous
phase in a large number of synthetic transformations.9 – 12

The catalytic efficiency of this kind of species is clearly
related to the structure they present and different structural
modifications need to be evaluated, namely the type of
amino acid, and the a,a- and the N-substitution (see Chart
1). For supported species, most efforts have been directed
towards the preparation and study of proline derivatives.11

On the other hand, the influence of aliphatic a-substituents
has not been considered for those systems, in spite of the
fact that solution studies have revealed that, in many
instances, this substitution pattern allows very efficient
catalysts for the ZnEt2 addition to benzaldehyde be
obtained.14 Accordingly, and taking into account the high
diversity potential of the present methodology, we con-
sidered for our work amino alcohols derived from different
amino acids and containing aliphatic as well as aromatic
a-substituents.

The initial preparation of a small library of chiral supported
b-amino alcohols was easily carried out as shown in
Scheme 2. The direct reaction of the hydrochloride salts of
different amino acid methyl esters (5) with a chloro-
methylated polystyrene – divinylbenzene (PS – DVB)
polymer provided the corresponding supported amino acid
methyl esters 6. For this reaction, DMF at 50–608C was

Scheme 1.

Chart 1.

Scheme 2. General synthetic procedure for the preparation of supported amino alcohols. (a) DMF/NaHCO3. (b) LAH/THF. (c) PhMgX/THF. (d) XMg(CH2)4-

MgX/THF. (e) CH3(CH2)3MgX/THF. (f) CH3I/K2CO3/THF.
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used as the solvent and anhyd. NaHCO3 as the base.8

Compounds 5 were easily prepared by treatment of the acids
with SOCl2 in methanol. Further treatment of 6 with LAH
yielded the supported a,a-unsubstituted chiral b-amino
alcohols 7. On the other hand, the use of different Grignard
reagents allowed us to obtain the corresponding supported
a,a-substituted amino alcohols 8–10. According to pre-
vious results in solution, three different a-substituents were
selected. The phenyl group was chosen as an aromatic group
representative (compounds 8),10c,13 whilst the n-butyl group
was selected as an aliphatic group representative (com-
pounds 10).10i Finally, a-substitution to introduce an
additional cyclic structure was considered. Taking into
account previous results with this kind of compounds,
cyclopentylidene derivatives 9 were prepared by reaction of
6 with the Grignard reagent prepared from 1,4-dibromobu-
tane.14

In all cases, the reactions could be easily followed using
FT-IR and FT-Raman spectroscopy.5a,15 In general, FT-IR
spectra showed the appearance of a new band at ca.
1730 cm21 corresponding to the ester group as well as the
disappearance of the C–Cl band at 1265 cm21, which is
even clearer in the FT-Raman spectra. Those facts
altogether with the elemental analysis confirm that the
anchoring of the ester moieties took place in quantitative
yield.

13C Gel-phase NMR spectroscopy could also be applied to
monitor these synthetic transformations.5a,16 In addition to
the peaks corresponding to the polymeric backbone, the
appearance of new peaks for the chiral moiety as well as the
disappearance of the peak corresponding to the carbon
bound to the chloride group (ca. 46 ppm) were observed.
Thus, for instance, for 6e the NMR spectrum showed the
presence of peaks at ca. 20, 27, 38, 49, 50, 56 and 62 ppm
corresponding to the proline derivative, in good agreement
with the calculated values. The disappearance of the peak at
ca. 46 ppm could also be observed.

Further modification of the ester group into the b-amino
alcohols 7–10 could be easily monitored by the disappear-
ance of the ester group band in the FT-IR spectra at ca.
1730 cm21 as well as by the disappearance of the methyl
ester peak at ca. 50 ppm in the 13C NMR spectra. Elemental
analysis gave the expected results, with loadings ranging
from 0.94 to 0.80 mmol g21 (see Table 1).

The different supported b-amino alcohols (7–10) were
tested as chiral ligands for the diethylzinc addition to
benzaldehyde using a catalytic amount (10 mol%) of the
polymer supported species to give the corresponding (R)-
alcohol. The results obtained with the compounds of the

sub-library bearing a cyclopentylidene group in the
a-position are shown in Table 2. Similar trends were
obtained for the other amino alcohols of the library. The R
enantiomer of alcohol 2 was the major isomer obtained in all
cases starting from the natural amino acid. As can be seen in
the table, only the (S)-proline derivative 9e showed good
catalytic behavior in terms of both selectivity and enantio-
selectivity (see entry 6, Table 2). Substitution of the
cyclopentylidene ring by a cyclohexylidene ring (polymer
15) did not provide any increase in selectivity (83%) or
enantioselectivity (45% ee), whilst the use of a derivative
containing a cycloheptylidene ring (16) afforded lower
selectivity (70%) and enantioselectivity (35% ee).14a

Although the activity of 9e was not very high, the results
obtained were interesting in terms of enantioselectivity.
Previous results in the literature have shown that a
significant drop in enantioselectivity is very often observed
when a monomeric chiral catalyst is grafted onto a
polymeric backbone. This general behavior is followed by
the different (S)-proline derivatives 11–17 (Chart 2).9,11b,c

Nevertheless, in the case of 9e the heterogeneous catalyst
gave a better enantioselectivity (45% ee) than the

Table 1. Results obtained in the preparation of polymers 6–10

R R0 Polymeric ester DFa Loading (mmol/g) Polymeric amino alcohol (loading, mmol/g)

(CH3)2CH H 6a 0.11 0.92 7a (0.94) 8a (0.82) 9a (0.90) 10a (0.85)
(CH3)2CHCH2 H 6b 0.11 0.90 7b (0.93) 8b (0.81) 9b (0.88) 10b (0.84)
Ph H 6c 0.11 0.89 7c (0.91) 8c (0.80) 9c (0.87) 10c (0.83)
PhCH2 H 6d 0.11 0.88 7d (0.90) 8d (0.79) 9d (0.86) 10d (0.82)
–(CH2)4– 6e 0.11 0.92 7e (0.94) 8e (0.82) 9e (0.90) 10e (0.85)

a DF¼degree of functionalization as the percentage of aromatic rings in PS–DVB containing the expected functional group.

 

   

   

   

 
 

  
      

 

      

  
 

Chart 2.

Table 2. Results obtained for the addition of ZnEt2 to benzaldehyde at 258C
using supported catalysts 9

Entry Liganda Yield (%)b Selectivity (%)c ee (%)d

1 9a 56 53 11 (R)
2 9aa 65 86 6 (R)
3 9b 58 65 7 (R)
4 9c 54 48 5 (R)
5 9d 60 78 10 (R)
6 9e 62 83 45 (R)

a 10% (Molar) of 9 was used in all cases, except for entry 2 (20%).
b Determined by NMR.
c Determined by NMR. Selectivity¼(([R22]þ[S22])/([R22]þ[

S22]þ[3]))£100.
d Determined by HPLC (Chiracel OD), major isomer: R.
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homogeneous analogue 12 (17% ee). This fact should not be
related to the different N-substitution pattern of the
supported proline derivative 9e. As a matter of fact, it is
well established that amino alcohols containing N-methyl-
ated moieties provide higher enantioselectivities than
N-benzylated amino alcohols (compare, for instance, 11b
and 11c in Chart 2). Taking this into account, this is one of
the few examples reported to date in which the immobil-
ization of the chiral ligand leads to a significantly higher
asymmetric induction.

The poor catalytic behavior of the other amino alcohols
must be clearly related with the presence of the NH group in
those supported species. This fact is in good agreement with
results previously reported, for instance, by Fréchet and
Itsuno.11c The use of a larger amount of ligand (20% mol,
entry 2, Table 2) did not afford an improvement in the
enantioselectivity, although a higher selectivity was
achieved.

Thus, it seems clear that the presence of the NH fragment
should be avoided to improve the catalytic efficiency of
those supported species. Three different strategies were
evaluated in order to achieve this goal (Scheme 3). The
supported b-amino alcohol 9a derived from (S)-valine and
bearing a cyclopentylidene group at the a-position, giving
moderate results in activity, selectivity and enantio-
selectivity, was selected for this purpose.

The first approach was the preparation of the oxaza-
borolidine derivatives formed by reaction with borane
(18a) or phenylboronic acid (19a). Similar derivatives have
been used in solution for the diethyl zinc addition to

different aldehydes and their catalytic efficiency seems to
show a great dependence on the substitution pattern of the
boron atom.17 The results obtained with the supported
oxazaborolidine derivatives showed a similar dependence
and in both cases the selectivity was increased (see Table 3).
A greater improvement of the enantioselectivity was
obtained with compound 19a bearing a phenyl group on
the boron atom (50% ee, entry 3, Table 3) but this result is
still far away from those obtained with similar catalysts in
homogenous phase.9

Alternatively, the complexation with nickel (II) (20a) and
the formation of the N-methyl derivative (23a) were also
evaluated.18 The results obtained with the supported metal-
complex 20a were disappointing both in terms of selectivity
and enantioselectivity (entry 4, Table 3). The best results
were obtained with the N-methylated derivative 23a that
allowed us to obtain a large improvement in the catalytic
behavior, in particular enantioselectivity (80% ee, entry 5,
Table 3). Two different alternatives were considered for the
preparation of polymer 23a. The first one was the
methylation of 9a with CH3I in DMF containing K2CO3

as shown in Scheme 3. In a second approach, the
corresponding polymeric amino ester 6a was N-methylated
using the same methodology and then reacted with the
corresponding Grignard reagent to obtain 23a. In both cases
the results were similar, with quantitative conversions, and
no differences were observed when used for the ZnEt2
addition.

In view of the large improvement obtained with the
N-methyl supported derivative 23a, the synthesis of
the corresponding N-methylated derivatives (21–24) of
the b-amino alcohols 7–10 was carried out (Scheme 2). The
results obtained with those heterogeneous catalysts for the
diethyl addition reaction are summarized in Table 4 and
Figure 1.

As can be seen, an increase in selectivity is accompanied, in
general, by an increase in the enantioselectivity observed. In
all cases, a,a-unsubstituted polymeric amino alcohols (21)
gave the lowest selectivities and enantioselectivities. On the
contrary, the highest selectivities were always found when
the a-substituent was butyl or cyclopentylidene. Phenyl
substituents at the a-position gave rise to the appearance of
moderate or poor asymmetric inductions and selectivities.
This is rather surprising, as the presence of such

Scheme 3. Synthesis of supported b-amino alcohols 18–21a. (a) CH3I/K2CO3, DMF. (b) BH3, toluene. (c) PhB(OH)2, toluene. (d) Ni(OAc)2.

Table 3. Results obtained for the addition of ZnEt2 to benzaldehyde at 258C
using supported catalysts derived from amino alcohol 9a

Entry Liganda Yield (%)b Selectivity (%)c ee (%)d

1 9a 56 53 11 (R)
2 18a 90 93 6 (R)
3 19a 95 85 50 (R)
4 20a 90 71 2 (R)
5 23a 99 86 80 (R)

a 10% (molar) of 9 was used in all cases.
b Determined by NMR.
c Determined by NMR. Selectivity¼(([R22]þ[S22])/([R22]þ[

S22]þ[3]))£100.
d Determined by HPLC (Chiracel OD), major isomer: R.
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a-substituents has very often been considered as a central
structural feature for the development of related homo-
geneous chiral auxiliaries in this reaction. However, such a
detrimental effect of a-phenyl substituents has been recently
observed for the LAH reduction of acetophenone mediated
by supported N-tosyl amino alcohols.8c

The nature of the amino acid (R substituent in 21–24) plays
a very important role in the outcome of the reaction. Best
results were obtained, in general, for leucine and valine
derived amino alcohols. This clearly confirms that the
observation of better enantioselectivities for proline deriva-
tives in the first series of experiments (Table 2) is related to
the absence, in those derivatives, of the N–H fragment. For
resin-bound amino alcohols prepared from valine (21a–

24a), the best results were observed for compound 23a
containing a cyclopentylidene substituent at the a-position
(see entry 9, Table 4). In the case of leucine derivatives,
compound 24b, substituted at the a-position with two
n-butyl groups, was clearly the most efficient. This
compound afforded a slightly higher selectivity (91 vs
86% for 23a) and a somewhat lower enantioselectivity (74
vs 80% ee for 23a) (compare entries 9 and 14 in Table 4).

3. Conclusions

The present parallel approach for the preparation of small,
focused libraries of polymer-supported amino alcohols
allows a simple and rapid search for efficient heterogeneous
chiral auxiliaries of interest for catalytic and non-catalytic
enantioselective processes. Thus, in this case it has been
possible to easily analyze, in a few steps, the structural
parameters that control the efficiency of a family of
structurally simple amino alcohols for the ZnEt2 addition
to benzaldehyde. The value of this approach is greatly
enhanced when, as is the case here, a sound knowledge of
the main parameters of the reaction under study is known
from previous solution studies. The results obtained in this
work for the more efficient structures, compare well with
other previously reported supported species derived from
simple aminoacids in terms of the selectivities (86–91%)
and enantioselectivities (74–80%) attained. In general, in
this field, higher selectivities or enantioselectivities have
been described only for the use of structurally much more
complex amino alcohols.11 On the other hand, the final
structures here obtained could also be used as starting points
for a second optimization procedure, in an iterative way.
Within the general trends detected, it is worth mentioning
that a combination of aliphatic substituents both at the a-
and at the b-position gives rise, in general to the best results
in terms of the activity, chemoselectivity and enantio-
selectivity observed for the reaction under study.

Figure 1. Results for the ZnEt2 addition to benzaldehyde catalyzed by 21–24.

Table 4. Results obtained for the addition of ZnEt2 to benzaldehyde at 258C
using supported catalysts 21–24

Entry Polymera Yield (%)b Selectivity (%)c ee (%)d

1 21a 89 55 10
2 21b 94 65 15
3 21c 93 56 7
4 21d 82 48 2
5 22a 89 63 15
6 22b 90 70 24
7 22c 83 58 11
8 22d 97 70 24
9 23a 99 86 80
10 23b 81 53 22
11 23c 90 68 23
12 23d 92 70 20
13 24a 92 73 34
14 24b 98 91 74
15 24c 94 86 17
16 24d 95 85 45

a 10% (molar) of catalyst was used in all cases.
b Determined by NMR.
c Determined by NMR. Selectivity¼(([R22]þ[S22])/([R22]þ[

S22]þ[3]))£100.
d Determined by HPLC (Chiracel OD), major isomer: R.
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One of the main advantages of this methodology is that, for
the search process, not only the factors related with the
structural modification on the chiral auxiliary are con-
sidered, but also, and simultaneously, the factors related to
the polymeric matrix. It is again clear, from the present
results that the polymeric network can play a very important
role, and the trends observed in solution for the variation of
the different structural parameters in the chiral auxiliary are
not strictly followed when the resin-bound compounds are
studied. Using this methodology we have been able to detect
heterogeneous species for which the observed enantio-
selectivity was much higher than that reported in solution.

4. Experimental

4.1. Data for compounds

4.1.1. General procedure for the preparation of poly-
mer-supported amino esters 6: synthesis of 6a. A
chloromethylated resin (1 mmol Cl/g, 1% DVB, 2 g,
2 mmol) (DF¼0.11, (C10H10)0.01(C8H8)0.88(C9H9Cl)0.11)
was added, under an argon atmosphere, to a solution
containing a mixture of the (S)-valine methyl ester
hydrochloride (1.005 g, 6 mmol) and anhyd. NaHCO3

(1.008 g, 12 mmol) in dry DMF (50 mL). After stirring at
658C for 24 h, the resin was filtered and washed with DMF
(2£), MeOH–H2O (2:1)(3£), MeOH–H2O (1:1)(3£),
MeOH–H2O (1:2)(3£), MeOH (3£) and vacuum dried to
give polymer 6a showing a quantitative transformation of
the chloromethyl groups. DF¼0.11, 0.92 mmol/g. IR (KBr):
peak absent at 1260 cm21, peak present at 1733 cm21. 13C
NMR (300 MHz, gel phase) (CDCl3, d): 17.9, 30.3, 50.4,
65.3, 78.2, 127.5, 143.0. Anal. calcd for (C10H10)0.01-
(C8H8)0.88(C15H21O2N)0.11: N, 1.3. Found: N, 0.9.

4.1.2. General procedure for the preparation of poly-
mer-supported amino alcohols 7: synthesis of 7a.
Polymer 6a (0.5 g, ca. 0.455 mmol) was treated with an
excess of LiAlH4 (52 mg, 1.365 mmol) in dry THF (30 mL)
at room temperature for 48 h, under an argon atmosphere.
The polymer was then filtered, washed with THF (2£),
THF–H2O (1:1) (3£), diluted HCl (2£), H2O (2£), MeOH
(3£), and CH2Cl2 (3£) and vacuum dried to give resin 7a
showing a quantitative transformation of the ester groups.
DF¼0.11, 0.94 mmol/g. IR (KBr): peak absent at
1733 cm21. 13C NMR (300 MHz, gel phase) (CDCl3, d):
17.9, 30.3, 39.5, 65.3, 78.2, 127.5, 143.0. Anal. calcd for
(C10H10)0.01(C8H8)0.88(C14H21ON)0.11: N, 1.3. Found: N,
1.0.

4.1.3. General procedure for the preparation of poly-
mer-supported amino alcohols 8: synthesis of 8a.
Polymer 6a (0.5 g, 0.455 mmol) was suspended in dry
THF (30 mL) and treated with an excess of a 2 M solution of
PhMgCl (1.82 mL, 3.64 mmol) in THF. The mixture was
refluxed for 24 h, under an argon atmosphere, and the
polymer was filtered, washed with THF (2£), diluted HCl,
H2O (3£), MeOH (3£) and CH2Cl2 (3£) and vacuum dried
to give resin 8a showing a quantitative transformation of the
ester groups. DF¼0.11, 0.82 mmol/g. IR (KBr): peak absent
at 1733 cm21. 13C NMR (300 MHz, gel phase) (CDCl3, d):
18.1, 23.6, 54.0, 86.3, 125.7, 128.0, 130.0, 143.0. Anal.

calcd for (C10H10)0.01(C8H8)0.88(C26H29ON)0.11: N, 1.1.
Found: N, 0.7.

4.1.4. General procedure for the preparation of poly-
mer-supported amino alcohols 9: synthesis of 9a.
Polymer 6a (0.5 g, 0.455 mmol) was suspended in a solution
of the Grignard reagent prepared from 1,4-dibromobutane
(393 mg, 1.82 mmol) and Mg (88.5 mg, 3.64 mmol) in dry
THF (30 mL). The mixture was refluxed for 24 h, under an
argon atmosphere, and the polymer was filtered, washed
with THF (2£), diluted HCl, H2O (3£), MeOH (3£) and
CH2Cl2 (3£) and vacuum dried to give resin 9a showing a
quantitative transformation of the ester groups. DF¼0.11,
0.90 mmol/g. IR (KBr): peak absent at 1733 cm21. 13C
NMR (300 MHz, gel phase) (CDCl3, d): 18.0, 23.8, 54.0,
72.3, 82.3. Anal. calcd for (C10H10)0.01(C8H8)0.88(C18H27-
ON) 0.11: N, 1.1. Found: N, 1.0.

4.1.5. General procedure for the preparation of poly-
mer-supported amino alcohols 10: synthesis of 10a.
Polymer 6a (0.5 g, 0.455 mmol) was suspended in a solution
of the Grignard reagent prepared from 1-bromobutane
(0.5 g, 1.83 mmol) and Mg (89 mg, 3.66 mmol) in dry THF
(30 mL). The mixture was refluxed for 24 h, under an argon
atmosphere, and the polymer was filtered, washed with THF
(2£), diluted HCl, H2O (3£), MeOH (3£) and CH2Cl2 (3£)
and vacuum dried to give resin 10a showing a quantitative
transformation of the ester groups. DF¼0.11, 0.85 mmol/g.
IR (KBr): peak absent at 1733 cm21. 13C NMR (300 MHz,
gel phase) (CDCl3, d): 14.3, 18.0, 24.0, 54.2, 72.1, 77.0.
Anal. calcd for (C10H10)0.01(C8H8)0.88(C18H27ON)0.11: N,
1.1. Found: N, 1.1.

4.1.6. Synthesis of polymer-supported oxazaborolidine
19a. Polymer 9a (3 g, 2.7 mmol) was suspended in a
solution of phenylboronic acid (0.83 g, 6.84 mmol) in dry
toluene (45 mL). The mixture was heated at reflux in a
system equipped with a Dean–Stark collector accessory
until 20 mL of toluene were collected. The resulting
polymer was filtered, washed with toluene (2£), THF
(3£), CH2Cl2 (3£) and MeOH (3£) and vacuum dried to
give resin 19a. DF¼0.11, 0.83 mmol/g. Anal. calcd for
(C10H10)0.01(C8H8)0.88(C24H30BON)0.11: N, 1.1. Found: N,
0.9.

4.1.7. Synthesis of polymer-supported nickel complex
20a. Polymer 9a (1 g, 0.9 mmol) was suspended in dry
methanol (10 mL) and a solution of Ni(OAc)2 (0.4 g,
2.28 mmol) in methanol (25 mL) was then added. The
mixture was refluxed for 24 h and the resulting polymer was
filtered, washed with toluene (2£), THF (3£), CH2Cl2 (3£)
and MeOH (3£) and vacuum dried to give resin 20a.
DF¼0.11, 0.77 mmol/g. Anal. calcd for (C10H10)0.01(C8-
H8)0.88(C22H31NiO5N)0.11: N, 1.2. Found: N, 1.0.

4.1.8. General procedure for the preparation of
N-methylated polymer-supported amino alcohols 21–
24: synthesis of 23a. Polymer 9a (1.1 g, 1 mmol) was
suspended in dry DMF (10 mL) containing anhyd. K2CO3

(294 mg, 3 mmol) and then methyl iodide (425 mg,
3 mmol) was added. The mixture was refluxed for 24 h,
under an argon atmosphere, and the polymer was filtered,
washed with DMF (2£), methanol (3£) and acetone (3£)
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and vacuum dried to give resin 23a. DF¼0.11, 0.88 mmol/g.
Anal. calcd for (C10H10)0.01(C8H8)0.88(C19H29ON)0.11: N,
1.2. Found: N, 1.1.

4.1.9. General procedure for the addition of ZnEt2 to
benzaldehyde. The corresponding polymer-supported
amino alcohol (0.5 mmol) was suspended in dry toluene
(10 mL), under an argon atmosphere, at 2408C and a 1.1 M
solution of Et2Zn in toluene (10 mL, 11 mmol) was added
dropwise (addition time: 10 min). The mixture was stirred at
this temperature for 30 min and then, at room temperature, a
solution of freshly distilled benzaldehyde (0.54 g, 5 mmol)
in dry toluene (20 mL) was added over 30 min. Stirring was
continued for 24 h and then the reaction was quenched at
08C by addition of a 2 M solution of HCl (60 mL). The
mixture was extracted with diethyl ether (3£40 mL), the
organic phase was washed with a saturated solution of
NaHCO3, dried with anhyd. MgSO4 and vacuum evaporated
to give an oily residue. The 1H NMR (CDCl3) of this residue
allows to obtain the yield and selectivity of the reaction
using the following signals (d): benzaldehyde (1) (9.9, s,
1H); 1-phenyl-1-propanol (2) (4.45, t, 1H); benzyl alcohol
(3) (4.65, s, 2H). The enantiomeric excess was determined
by the use of HPLC (Chiralcel OD) using a mixture
n-hexane– i-propanol (97:3) as the eluent (1 mL/min):
(R)-1-phenyl-1-propanol, room temperature 10.48 min;
(S)-1-phenyl-1-propanol, room temperature 12.64 min.
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