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Abstract: N-alkylated-α-amino acids and methyl esters are a special class of building blocks used for the
production of combinatorial libraries. They have two reactive groups for their incorporation into chemical
scaffolds and they bear on their 3-atom backbone two residues which contribute to the diversity of a library.
The work contained herein describes the methodology to synthesize N-alkylated-α-amino acids and methyl
esters in a parallel and automated fashion. The aim was the preparation of a series of these building blocks
in gram quantities. Furthermore, the reported method tolerates that the N-residues as well as the α-C residues
bear a wide range of pharmacologically relevant functional groups, including ones with acid-labile protecting
groups. Following a reductive alkylation procedure, using NaBH4 as reducing reagent, 14 different α-amino
methyl esters have been combined with nine different aldehydes. The products were isolated in satisfying
purities and moderate to good yields. For the demanding extraction procedure (volumes of 150 ml), a recently
developed automated system has been successfully applied and is reported here for the first time.
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1. Introduction

1.1. The Special Character of 
Amino Acid Building Blocks
Chemical libraries usually consist of a
central scaffold with residues attached to
this scaffold at different positions in order
to obtain many diverse compounds. These
residues are introduced as building blocks
which consist of a reactive function and an
unreactive residue directly attached to it.
The reactive function is used for the at-
tachment of the residue to the core structure
of the library compounds or for its incorpo-
ration into the scaffolds. The residues of
the building blocks are responsible for the
diversity of the library at the different vari-

ation sites of the scaffold. The most fre-
quent building blocks used for the prepara-
tion of combinatorial libraries are amines,
aldehydes, acids and isocyanates. They typ-
ically consist of one reactive group. In con-
trast to this, amino acids have two reactive
groups (an amino and a carboxylic group)
and are typically incorporated into the
scaffolds. Only in rare cases, amino acids
are attached to small organic molecule
scaffolds. The difference between building
blocks with one reactive group and amino
acids bearing two reactive groups is there-
fore the contribution of the latter to the
build-up of the scaffold. Hence, amino acid
building blocks introduce simultaneously
with their side chains the diversity to a
library and with their 3-atom backbone a
sub-unit of the core structure (Scheme 1).

Amino acids are the only class of
building blocks which bear a wide range of
functional groups and are commercially
available in two enantiomeric forms. The
effort to develop the chemistry for the
preparation of a given library can therefore
be applied twice in exactly the same way
but generating the double number of com-
pounds, which are in a chiral environment
different to each other. 

To our surprise, a search of the recent
literature revealed only a few examples in
the field of non-peptidic and non-pep-
tidometic libraries, where amino acids have
been used as building blocks, mainly to
build-up cyclic scaffolds. [1–14]

1.2. N-Alkylated Amino Acids 
as Building Blocks

In addition to the characteristics men-
tioned above, N-alkylated amino acids bear
on their 3-atom backbone two substituents.
This additional position for variation ren-
ders them a class of building blocks with
a high density of chemical diversity. As
they allow the introduction of two variable
residues with the simultaneous build up of
parts of the scaffold in one step, N-alky-
lated amino acids are exceptionally useful
for the preparation of combinatorial libraries
in solution (Scheme 2).

Many advantages favoring the prepa-
ration of libraries in solution have been
mentioned in the literature. However, to our
knowledge, the most important advantage
has not been mentioned so far: The prepa-
ration of a library in solution following
a convergent synthesis strategy allows a
dramatic reduction of the number of sequen-
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tial steps. As a consequence, libraries of
higher (and not lower) structural complexity
can be achieved in solution in fewer trans-
formations than on a solid phase, where
linear synthesis routes have to be applied. 

Another attraction of N-alkylated amino
acids as building blocks for combinatorial
libraries in the context of lead finding are
the preferred pharmacologically relevant
properties of the functional groups (tertiary
amines and tertiary amides) which are
incorporated into the scaffolds. 

All this together prompted us to initiate
several library projects where N-alkylated-
α-amino acids or their corresponding esters
are used as building blocks, following con-
vergent synthesis routes in solution.

Out of the recently published library
preparations, only three scaffolds [7][9]

contain N-alkylated amino acids as a sub-
structure. In all cases, the amino acids were
N-alkylated via reductive alkylation on
solid phase. We assumed that the relatively
low appearance of this motif in libraries is
due to the lack of a reliable method for
the synthesis of N-alkylated amino acids
and esters in gram quantities. Only a few 
N-benzyl amino methyl esters are commer-
cially available. Therefore, we initiated a
chemistry program for the investigation
of the synthesis of N-alkylated-α-amino
acids and esters with the following criteria: 
1) The method should tolerate all typical

side chains of natural amino acids,
including the ones bearing acid labile
protecting groups.

2) The N-alkyl residues introduced via
aldehydes should cover a wide range

of pharmacologically relevant functional
groups including acids, amines, alcohols,
imidazoles, indoles, and pyridyls.

3) The method should allow the parallel
synthesis of the desired building blocks
in gram quantities. 
The special case of the synthesis of 

N-methyl-α-amino methyl esters, which
was also intensively investigated by us, is
excluded from this publication and will be
published elsewhere [15].

1.3. Starting Point
Various approaches to N-alkylated-

α-amino acids and N-alkylated-α-amino
methyl esters have been described in the
literature. Among the methods reported,
reductive alkylation plays an important role
for the preparation of N-benzyl derivatives.
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the scope of the method by testing alde-
hydes that have, to our knowledge, never
been involved in this type of reaction. We
chose phenylalanine as a model substrate
for its easy HPLC detection. The reductive
alkylation was carried out in the presence
of NaBH4 with pyridine-3- and -4-carbox-
aldehyde, 2-methylbutyraldehyde, 4-di-
methylamino-benzaldehyde, 1-methylin-
dole-2-carboxaldehyde. On the basis of
these experiments, we observed that excel-
lent purities could be achieved, however the
yields were somehow moderate, depending
on the precipitation of the products after
aqueous work-up and subsequent neutral-
ization.

The automation of this process would
allow the formation of a wide range of di-
verse N-alkylated-α-amino acids in good
purities. The yields obtained, and the dif-
ficulty to automate this type of filtration,
indicate that the efficiency of the process
would be questionable. The access to the 
N-alkylated-α-amino esters would (in this
case) rely on an esterification reaction of
the corresponding acids (Scheme 3).

We next focused on an alternative
approach to N-alkylated-α-amino methyl
esters and N-alkylated-α-amino acids. We
investigated the reductive alkylation of α-
amino methyl esters and their subsequent
hydrolysis to N-alkylated-α-amino acids,
expecting that hydrolysis of esters should
be simpler than ester formation.

For the synthesis of N-alkylated-α-
amino methyl esters we extended the scope
of the procedure of Thompson et al. [18]
already mentioned. We first performed the
benzylation of various α-amino methyl
ester hydrochlorides (H-Ala-OMe.HCl, H-
Asp(OtBu)-OMe.HCl, H-Glu(OtBu)-OMe.

HCl, H-Gly-OMe.HCl, H-Leu-OMe.HCl,
H-Lys(Boc)-OMe.HCl, H-Phe-OMe.HCl,
H-Phg-OMe.HCl, H-Ser(tBu)-OMe.HCl,
H-Thr(tBu)-OMe.HCl, H-Tyr(tBu)-OMe.

HCl, H-Val-OMe.HCl, H-3,4-(OMe)2-Phe-
OMe.HCl) with benzaldehyde in the pres-
ence of triethylamine and sodium borohy-
dride in methanol. The purities were excel-
lent (>95%) with the exception of N-Bzl-
Gly-OMe (70% purity). The average yields
were good, in the range of 75% (better

Various reducing agents have been em-
ployed such as NaBH4 or NaCNBH3. Quitt,
Hellerbach, and Vogler [16] published in
1963 a three-step process for the prepara-
tion of N-methyl-α-amino acids in which
the first step involves the reductive alkyla-
tion of α-amino acids with benzaldehyde
and NaBH4 in aqueous sodium hydroxide.
In 1985, Rapoport and co-workers [17] re-
ported the preparation of N-benzyl threo-
nine methyl ester in 57% yield after column
chromatography by reductive alkylation
with benzaldehyde and NaCNBH3 in gla-
cial acetic acid and DCM. In 1990, Thomp-
son and co-workers [18] slightly modified
the conditions used by Rapoport and co-
workers to prepare N-benzyl serine methyl
ester. They used NaBH4 under basic con-
ditions (triethylamine, benzaldehyde) and
obtained the products in good yield and
purity without column chromatography. In
1997, in their synthetic approach on solid
phase to 1,2,4,7-tetrasubstituted perhydro-
1,4-diazepine-2,5-diones, Houghten and
co-workers [19] carried out the reductive
alkylation of resin-bound aspartic acid
with four different benzaldehyde deriva-
tives in the presence of NaCNBH3 in DMF
containing 1% AcOH. Other approaches to
N-alkyl-α-amino acids have been reported
in the literature. These include the forma-
tion in good overall yields of Fmoc-pro-
tected N-alkyl-α-amino acids by a two-step
strategy reported by Freidinger and co-
workers [20] in 1983. In the first step oxa-
zolidinones are formed by the acid-cat-
alyzed condensation of various Fmoc-pro-
tected amino acids (including protected
lysine and histidine) with aldehydes (cyclo-
hexane carboxaldehyde, acetaldehyde and
phenyl acetaldehyde) in the presence of 
p-toluenesulfonic acid in benzene at reflux.
In the second step, the oxazolidinones are
reduced with triethylsilane and trifluo-
roacetic acid to the N-alkyl derivatives.
Other routes to N-alkyl-α-amino esters in-
volved the alkylation of sulfonamides via a
Mitsunobu reaction, such as 2,2,5,7,8-pen-
tamethylchroman-6-sulfonyl amino esters
[21] or 4-dinitrobenzenesulfonyl phenyl-
alanine methyl ester [22], in which the
sulfonyl groups act as protecting groups.
Another approach is the alkylation of N-un-
protected α-amino methyl esters by lithium
hydroxide promoted alkylation of α-amino
methyl esters using activated alkyl bro-
mides as reported in 2002 by Cho and Kim
[23]. They tested a wide range of amino
esters, however the applied selection of
alkyl bromides was limited to activated
alkyl groups including propargyl, benzyl,
2-nitrobenzyl and methoxycarbomethyl
groups. This method involved a purifica-
tion step by column chromatography as in

some cases the formation of dialkylated
product was reported. 

In all the previously described ap-
proaches (one-, two- or three-step reaction
process), an important feature is the limited
diversity of the amino acids employed
and/or of the alkyl side chains introduced.
In the course of our experiments, Verardo
and co-workers [24] broadened the spec-
trum of alkyl chains by publishing the prepa-
ration of 35 N-alkylated-α-amino acids and
methyl esters by a reductive alkylation re-
action using eight different amino acids
(Asn, Asp, Gly, His, Leu, Met, Phe, Trp,
Tyr) and four different aldehydes (R = Et,
Pr, tBu, Ph) and acetone in the presence of
sodium borohydride. 

2. Results

2.1. Preliminary Studies 
(Non Parallel)

We aimed to prepare both N-alkyl-α-
amino acids and N-alkyl-α-amino methyl
esters. We first considered the synthesis of
the acid derivatives using the reductive
alkylation reaction in the presence of ben-
zaldehyde and NaCNBH3. Even after varia-
tion of the reaction conditions, we could not
achieve satisfactory results. We switched
the reducing agent to NaBH4 and followed
the procedure of Quitt et al. [16] describing
the synthesis of N-benzyl amino acids.
We screened a variety of amino acids (H-
Ala-OH, H-Asp(OtBu)-OH, H-Phe-OH, H-
Dab(Boc)-OH, H-Ser(tBu)-OH, H-Thr(tBu)-
OH, H-Trp(Boc)-OH, H-Tyr(tBu)-OH, H-
Val-OH). Typically, benzaldehyde (1 equiv.)
was added at room temperature to a solu-
tion of amino acid in aqueous sodium
hydroxide 2M. After 2 h, a time sufficient
to form the imine intermediate, the reac-
tion mixture was cooled to 0 °C and solid
NaBH4 (0.3 equiv.) was slowly added. Af-
ter aqueous work-up, the desired N-benzyl
derivatives were filtered off the reaction
mixture. Excellent purities >95% were
obtained without further purification with
the exception of tryptophan, where the de-
sired compound was contaminated with
20% starting material. We then extended
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Scheme 3. Route to N-alkylated-α-amino methyl esters via N-alkylated-α-amino acids
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than the ones obtained with the procedure
of Quitt and co-workers for the N-benzyla-
tion of α-amino acids). We also screened
this reductive alkylation protocol for other
aldehydes. The reaction between H-Phe-
OMe.HCl proceeded smoothly with pyridine-
3- and -4-carboxaldehyde, thiophene-2-car-
boxaldehyde, anisaldehyde, 2-methylbu-
tyraldehyde, 4-dimethyl-amino-benzaldehyde,
1-methylindole-2-carboxaldehyde affording
the corresponding products in high purities
and good yields. With this protocol in hand,
we examined the access to N-alkyl-α-
amino acids. N-Alkyl-α-amino methyl es-
ters were hydrolysed in the presence of
5N LiOH in dioxane to afford N-alkyl-α-
amino acids in 90% yield (Scheme 4).

On the basis of these preliminary
studies, we decided to develop a parallel
and automated preparation of a large series
of N-alkyl-α-amino methyl esters in multi-
ple gram quantities.

2.2. Parallel Preparation of 126 N-
Alkylated-α-Amino Methyl Esters

If we segment the process of chemical
reactions into the sub fields of a) accom-
plishment of reactions b) work-up of reac-
tions and c) purification of crude products,
only a) and c) have become broad areas
for automated processes. Sophisticated de-
vices, called synthesizers, for the automat-
ed addition of reagents to reactor vessels
under technically demanding conditions
(e.g. inert gas, low temperatures) have
become commercially available as well as
automated systems for purification. Whilst
high-throughput LC-MS systems have con-
quered their consolidated place in the field
of library purification, the synthesizers
have not demonstrated their general useful-
ness. This might mainly be due to the fact,
that the function of a ‘synthesizer’ in or-
ganic chemistry can be – once the addition
of reagents is finished – essentially reduced
to parallel stirring and heating. Even cool-
ing is a function that is rarely required for
the production of combinatorial libraries.
In contrast to these rudimentary require-
ments, the principal part of a ‘synthesizer’
consists indeed of the technically demand-
ing capability to add automatically solvents
and reagents. Because adding reagents and
solvents to vessels in order to start chemi-
cal reactions is such a small effort, com-
pared with the preparation of the experi-
ments, the work-up and the purification, it
is a step which is – in our eyes - not worth
automating, even for larger libraries. How-
ever, it is worth mentioning that more-
generic automated liquid handling systems
play very well an important role in all
process steps of combinatorial chemistry.
They have demonstrated their usefulness

for the distribution of stock solutions and
nonsensitive reagents or for the generation
of copies of product plates. 

However, in contrast to the step of
starting a reaction by adding reagents, the
work-up of reactions, usually liquid–liquid
extractions, can become dramatically time
consuming as soon as the number of reac-
tions increases. It is therefore the sub field
b) (work-up of reactions) where a definite
need for automation is obvious. Surpris-
ingly, there is only one major provider
(Mettler-Toledo) of commercial systems
dedicated to multiple automated extraction.
Because our needs for the synthesis of
building blocks, starting materials or in-
termediates are in the range of grams, the
maximum extraction volume of 90 ml of
the Allex™ system was insufficient for us. 

Together with Dr. T. Zoller from Ciba
SC and the Hamilton company, we devel-

oped a system that allows the parallel
and automated extraction of volumes up to
150 ml (Fig. 1). Two shakers, independent-
ly controlled from each other, can host to-
gether 96 tubes of 50 or 100 ml or 48 tubes
of 150 ml volume. In order to have a com-
plete mixing of the aqueous organic phases,
a vortexing speed of up to 600 rpm is
possible. Special fittings at the edges of the
holes of the racks hold the tubes tightly
during such a fast vortexing. The shakers
are inserted in the desk of the liquid
handling system and placed on independent
aluminum tables, which have been fixed
on the lab floor. This guarantees that no
resonance is transferred from the shakers
to the liquid handling system. Syringes of
25 ml volume manage the solvent delivery
and the aspiration of aqueous or organic
phases. The software allows rather complex
extraction procedures to be programmed. 
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Scheme 4. Route to N-alkylated-α-amino acids via N-alkylated-α-amino methyl esters

Fig. 1: Hamilton twin extraction station with two independent shakers integrated



COMBINATORIAL CHEMISTRY 245
CHIMIA 2003, 57, No. 5

For the parallel and automated prepara-
tion of 126 N-alkylated-α-amino methyl
esters (results summarized in the Table), we
followed the procedures that we developed
for the non parallel experiments described
above. We selected 14 commercially avail-
able diverse α-amino methyl esters, includ-
ing acid-labile protected derivatives. We
chose nine commercially available alde-
hydes covering a wide range of pharmaco-
logically relevant functional groups such
as aryl, pyridyl, indole, amine, imidazole,
alcohol, and alkyl.

The results of the automated and paral-
lel synthesis of all 126 N-alkyl-α-amino
methyl esters were interpreted in terms of
purities and yields. The distribution of the
purities (Fig. 2) over all the synthesized
compounds shows high rates of compounds
with acceptable (50–75%) and good puri-
ties (>75%). Only 15% of the compounds
were formed in purities lower than 50%.
From the distribution of the yields (Fig. 3),
an equal distribution between satisfactory
(for parallel experiments) (>50%) and in-
sufficient (<50%) yields is apparent. This

fact might be explained, in the absence of
an analysis of the last aqueous phases after
the parallel extraction, by some more polar
substances perhaps remaining in the aque-
ous phases. We analyzed as well the purities
and the yields of the obtained compounds
versus amino esters (Fig. 4 and 5) and alde-
hydes (Fig. 6 and 7). The best purities were
observed with the methyl esters derived
from Lys(Boc), Phe, Phg, Ser(tBu) and Val.
In contrast, we obtained the lowest purities
with the methyl esters derived from Met
and 3,4-(OMe)2-Phe. The methyl esters of

Amino Ester Aldehyde 1 Puritya Yieldb

Ala >95% >95%

Asp(OtBu) 94% 72%
Gly 87% 63%

His(Bn) 52% 43%
Leu 83% 28%

Lys(Boc) 92% 70%
Met 61% 34%
Phe 90% 50%
Phg 95% 59%

Ser(tBu) 90% 69%
Thr(tBu) 82% 38%
Tyr(tBu) 50% 7%

Val >95% 60%
3,4-(OMe)2-Phe

O

69% 70%

Amino Ester Aldehyde 4 Puritya Yieldb

Ala 85% 84%

Asp(OtBu) 77% 5%
Gly 0% 0%

His(Bn) 60% 35%
Leu 33% 2%

Lys(Boc) 92% 8%
Met 42% 17%
Phe 80% 39%
Phg 0% 0%

Ser(tBu) >95% 67%
Thr(tBu) 75% 22%
Tyr(tBu) 50% 3%

Val >95% 85%
3,4-(OMe)2-Phe

N

O

51% 5%

Amino Ester Aldehyde 2 Puritya Yieldb

Ala 47% 18%

Asp(OtBu) 54% 42%
Gly 49% 6%

His(Bn) 60% 9%
Leu 69% 47%

Lys(Boc) 87% 78%
Met 53% 20%
Phe >95% >95%
Phg 80% 56%

Ser(tBu) 90% 79%
Thr(tBu) 56% 33%
Tyr(tBu) 90% 84%

Val 95% 88%
3,4-(OMe)2-Phe

N

O

74% 42%

Amino Ester Aldehyde 5 Puritya Yieldb

Ala 41% 19%

Asp(OtBu) 75% 77%
Gly >95% 81%

His(Bn) 80% 76%
Leu 59% 57%

Lys(Boc) 94% >95%
Met 0% 0%
Phe 90% 91%
Phg >95% 28%

Ser(tBu) 90% 94%
Thr(tBu) 45% 41%
Tyr(tBu) 90% >95%

Val >95% >95%
3,4-(OMe)2-Phe

O

N

14% 14%

Amino Ester Aldehyde 3 Puritya Yieldb

Ala 95% 40%

Asp(OtBu) 44% 37%
Gly 52% 13%

His(Bn) 74% 22%
Leu 82% 48%

Lys(Boc) 88% 86%
Met 70% 39%
Phe >95% >95%
Phg 75% 37%

Ser(tBu) 95% 74%
Thr(tBu) 80% 49%
Tyr(tBu) 95% 65%

Val >95% 72%
3,4-(OMe)2-Phe

N

O

58% 32%

Amino Ester Aldehyde 6 Puritya Yieldb

Ala 80% 51%

Asp(OtBu) 73% 52%
Gly 67% 29%

His(Bn) 51% 55%
Leu 73% 63%

Lys(Boc) 84% 83%
Met 51% 39%
Phe 90% 37%
Phg 90% 63%

Ser(tBu) 75% 44%
Thr(tBu) 79% 78%
Tyr(tBu) 80% 10%

Val >95% 26%
3,4-(OMe)2-Phe

O

O

58% 47%

Table 1. Automated preparation of a series of N-alkyl-α-amino methyl esters

Amino Ester Aldehyde 7 Puritya Yieldb

Ala 0% 0%

Asp(OtBu) 92% 84%
Gly 43% 3%

His(Bn) 42% 2%
Leu 87% 71%

Lys(Boc) 95% 95%
Met 63% 14%
Phe 85% 50%
Phg 80% 68%

Ser(tBu) 95% 77%
Thr(tBu) 88% 85%
Tyr(tBu) 95% 87%

Val >95% 84%
3,4-(OMe)2-Phe

N

N

O

70% 11%

Amino Ester Aldehyde 8 Puritya Yieldb

Ala 0% 0%

Asp(OtBu) 61% 53%
Gly 22% 3%

His(Bn) 56% 35%
Leu 62% 35%

Lys(Boc) 52% 50%
Met 57% >95%
Phe 95% >95%
Phg >95% 78%

Ser(tBu) 0% 0%
Thr(tBu) 22% 9%
Tyr(tBu) 75% 19%

Val 0% 0%
3,4-(OMe)2-Phe

O

72% 51%

Amino Ester Aldehyde 9 Puritya Yieldb

Ala 94% 57%

Asp(OtBu) 90% 34%
Gly 53% 25%

His(Bn) 71% 60%
Leu >95% 69%

Lys(Boc) 89% 70%
Met 66% 39%
Phe 65% 8%
Phg >95% 67%

Ser(tBu) 93% 76%
Thr(tBu) 92% 85%
Tyr(tBu) 62% 5%

Val 92% 52%
3,4-(OMe)2-Phe

O

tBuO

93% 61%

Purities determined by LC-MS analysis
bYield calculated as follows :
Yield = ((weight obtained / mw) x purity) /
number of mmols of starting  amino ester

a
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Lys(Boc), Phe, Ser(tBu), Val afforded the
highest yields, when they were reacted with
the nine different aldehydes. Fig. 6 shows
that the highest purities were achieved with
benzaldehyde, 3-pyridyl-carboxaldehyde
and 4-tert-butoxybenzaldehyde and the
lowest purity was observed with bu-
tyraldehyde. From the results given in
Fig. 7, it is apparent that dimethyl-amino
benzaldehyde led to the highest yield and 
1-methylindole-2-carboxaldehyde to the
lowest one, when they were reacted with
the 14 different amino methyl esters. Be-
sides the inherent problems of paralleliza-
tion and automation, other chemical factors
such as steric hindrance and polarity of the
compounds definitely had an impact on the
results.

In conclusion, we developed an effi-
cient, parallel and automated approach to a
wide range of novel N-alkylated-α-amino
methyl esters in gram quantities.

3. Experimental

General Remarks: The reactions were
performed in 100 ml tubes fitted in a 24 Var-
iomag reaction block (H+P Labortechnik
AG). The extractions were carried out with
a Hamilton Microlab 4200, modified for
parallel extractions, as described above.
The reaction compositions were determined
using an analytical Waters HPLC system
Alliance 2695 separation module. Waters
reverse phase (C-18, Symmetry®) 3 ×
150 mm radial compression module
(RCM) columns were used with ACN/
H2O/0.1% TFA mobile phase. 1H NMR and
13C NMR spectra were recorded on a
Bruker-Avance-DPX-400 spectrometer in
chloroform-d1 with tetramethylsilane as an
internal standard. All reagents and solvents
were obtained from commercial suppliers
and used without further purification. All
the α-amino acids and α-amino methyl
esters were purchased from Bachem AG. 

General Procedure: The amino acid
methyl ester hydrochlorides (20 mmol)
were placed in 100 ml tubes, dissolved
in 30 ml MeOH and cooled to 0 °C. To
these solutions, triethylamine (20 mmol)
was added and the reaction mixtures were
stirred for 10 min and allowed to warm-
up to room temperature. The aldehydes
(24 mmol) were added and the reaction
mixtures were stirred for 2 h at room tem-
perature. The solutions were cooled to 0 °C
and NaBH4 (40 mmol) was added portion-
wise to the reaction mixtures over a period
of 30 min. After stirring for 2 h at T < 10 °C
and 1 h at room temperature, the reaction
mixtures were acidified with 10% aqueous
NaHSO4 and ether was added. The phases

were separated. The organic phases were
washed with 10% aqueous NaHSO4 (1x).
The combined aqueous layers were careful-
ly neutralized with solid sodium carbonate
and extracted with ether (3x). The combined
ether layers were dried over sodium sulfate
and evaporated to afford the products.
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