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a b s t r a c t

Several highly modular chiral amino diol tridentate ligands were found to be effective for the asymmetric
alkylation reaction of aromatic aldehydes in the presence of methyllithium reagent, providing up to 96%
ee values and up to 94% yields under relatively mild conditions. The investigation of the catalytic activity
of these ligands shows a correlation of enantioselectivities of ligands with steric properties of substituent
N-alkyl and nucleophilic Li-alkyl. With the addition of Ti(O-i-Pr)4 to the ligand 3c, the 1H NMR spectrum
reveals a hexa-coordinate Ti transition state complex with only one Ti metal center generated in solution.

© 2014 Elsevier B.V. All rights reserved.

Introduction

b-amino alcohols are the most often used chiral auxiliaries. In
recent years, aromatic and aliphatic amino diols bearing a 1, 2- or a
1, 3-amino alcohol moiety have proven to be useful building blocks
[1e3]. They have been applied as chiral catalysts or starting ma-
terials in the stereoselective synthesis of compounds of pharma-
cological interest. In addition to their synthetic importance, amino
diols can also be applied as chiral ligands and auxiliaries in enan-
tioselective transformations [4e6]. In this regard, the asymmetric
addition of organometallic reagents to aldehydes has become a
highly investigated model reaction, with the application of chiral
promoters such as 1,2- or 1,3-difunctionalized ligands [7e9].
Although numerous enantiopure chelating ligands have been pre-
pared, there is still a need for new types obtainable by concise
syntheses from inexpensive starting materials. Enantiopure
epichlorohydrin (ECH) is a key chiral synthon and building block for
preparing chiral pharmaceuticals and agrochemicals such as
pheromones, L-carnitine and b-blockers [10,11]. (R)-ECH are
commercially available enantiopure epoxides that has been

underutilized in organic synthesis. It is also well known that
enantioselectivities of chiral ligand-catalyzed reactions are always
related to the steric effects of ligands besides their electronic effects
[12,13]. Thus, it should be of interest to explore the catalytic ability
of bulky amino diol ligands derived from (R)-ECH.

Over the past decades, an overwhelming majority of chiral
catalysts have been developed and applied for the reaction of
organolithium reagents with aromatic aldehydes, while most of the
ligands could not simultaneously show good yields and enantio-
selectivities in the organolithium additions to a broad range of ar-
omatic substrates [14e19], and successful methods often require
non-ideal conditions (temperatures < �100 �C and equimolar
quantities of chiral ligand) [20]. In addition, The catalytic enantio-
selective addition of terminal alkynes to aldehydes has recently
generated a tremendous amount of interest [21,22]. The resulting
propargylic alcohols are versatile building blocks for fine chemicals,
pharmaceuticals, and natural products [23,24]. However, on the
one hand, in the wonderful studies [25,26], synthetic chiral ligands
served for metals, while on the other hand, there is only few reports
of high enantioselectivity for the alkynylation of carbonyl com-
pound in the presence of organolithium rather than organozinc
[27e29], Herein, we report a highly efficient catalytic system
(Scheme 1) for the asymmetric additions of several organometallic
reagents to aldehydes using chiral amino diol tridentate ligands
3aed with bulky substituent and Ti(O-i-Pr)4 as cocatalysts.
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Results and discussion

The synthesis of new amino diol ligands 3aed is straightforward
(Scheme 1). Considering the strongly rigidity nature of triphe-
nylmethyl, we speculated that the introduction of bulky and rigid
triphenylmethyl group on the side chains can make the structure of
amino diols become more rigid. One possible reason is that the
strong repulsive interaction between the bulky and rigid triphe-
nylmethyl group and the alkyl on the nitrogen atom of the amino
diol chain leads to this tetrahedral structure that is a stable
conformation. Another reason is due to formation of an intra-
molecular hydrogen bond [30], which further prevents nitrogen
inversion. The stable rigid structures could be beneficial to the
investigation of catalytic activity and catalytic mechanism of amino
diol ligands.

Given these, the new amino diol ligands were initially applied in
the enantioselective addition of methyllithium to benzaldehyde in
toluene. As shown, 3aed derived from (R)-ECH gave good yields
and good enantioselectivities under the optimal reaction condi-
tions (Table 1, entries 1e4). The enantioselectivity depended on the
rigidity of R1 on the nitrogen atom of the amino diol, namely, the
order was A < B < C < D, which indicated that increase in the
bulkiness of the achiral auxiliary increased the enantioselectivity of
the reaction. The ee value of product increased with increasing
bulkiness of the N-alkyl group (R1) in the following order: 3a(n-
Bu) < 3b(cyclohexyl) < 3c(Ph2CH2) < 3d(tert-Bu), i.e., there was a
trend among ligands 3a, 3b, 3c, 3d that the catalytic enantiose-
lectivity was higher with more sterically hindered substituting
group at the amide nitrogen (Table 1, entries 1e4). According to the
obtained ee values and isolated yields, 3c was considered as the
most effective ligand among these amino diol ligands, affording the

best asymmetric activity with 80% ee and 90% yield (Table 1, entry
3). The ligand 3cwas then used for the addition of methyllithium to
several aromatic aldehydes under the optimal reaction conditions
(Table 1, entries 5e11). The reactions were performed using
10% mol of the catalyst in toluene. With regard to the additions of
LiCH3 to various aromatic aldehydes with electron-donating group
or electron-withdrawing group, good enantioselectivities and good
chemoselectivities were observed (Table 1, entries 5e9). As can be
seen from the summarized results (Table 1), thismethodwas highly
efficient for all of aromatic aldehydes studied; the sec-alcohols
were obtainedwith 80e86% ee value and up to 80e92% yield. It was
worth mentioning that, in previous reports, when chiral b-amino
alcohols were used as catalysts for the asymmetric addition of
organolithium to aldehydes, the reaction had to be performed in
the presence of chiral ligand at a lower temperature in order to
obtain good yields and good enantioselectivities because of the
increased reactivity of organolithium with raising the reaction
temperature [15,31].

The contrasting induction abilities of ligands 3aed call for an
explanation. These ligands differ from each other only by the sub-
stitution at the amide nitrogen center, so this center has to be
responsible for the changes in enantioselectivity. However, we still
believe that the type of substitution is less important than the
configuration of chiral carbon. Although the exact mechanism of
the titanium-promoted addition of methyllithium to aldehydes is
so far unknown, recent structural and mechanistic investigations
have shown that the active catalytic intermediate could be
a methyltitanium species derived from the transfer of an methyl
group from lithium to titanium [14]. The variation of the addition
order of titanium and lithium reagents, leading to virtually identical
asymmetric induction indicates a monometallic transition state,
which has been postulated several times in the literature for other
ligands and other organometallic such as diethyizinc and dime-
thylzinc [34e36]. Thus, a plausible explanation of the stereo-
chemical outcome of the reaction can be based on model transition
states Ia, IIa, Ib, IIb depicted at Scheme 2.

For picture simplicity, addition of methyllithium to benzalde-
hyde in the presence of amino diol 3c is analyzed (Scheme 2). In the
model Ia and IIa re attack leads to products with the observed
configuration R, opposite to that observed in experiments. In
models Ib and IIb the si attack leads to the absolute configuration S,
but the apical position of the bulky isopropoxy group in the model
IIa and Ib are not very likely, due to a steric hindrance from tri-
phenylmethyl. In all four we postulate the presence of hydrogen

Scheme 1. Synthetic strategy for the synthesis of chiral amino diol tridentate ligands.

Table 1
The chiral induction ability of 3aed toward the reaction of methyllithium reagents
with aromatic aldehydes.a

Entry Ligand RCHO Yield/%b E.e.(%)c Config.d

1 3a Benzaldehyde 85 70 R
2 3b Benzaldehyde 90 75 R
3 3c Benzaldehyde 90 80 R
4 3d Benzaldehyde 80 82 R
5 3c p-Methoxybenzaldehyde 80 85 R
6 3c p-Methylbenzaldehyde 90 86 R
7 3c m-Methoxybenzaldehyde 80 84 R
8 3c p-Chlorobenzaldehyde 82 82 R
9 3c p-Nitrobenzaldehyde 82 80 R
10 3c 1-Naphthaldehyde 91 85 R
11 3c Cinnamaldehyde 92 81 R

a RCHO: 1 mmol; reaction time: 24 h; reaction temperature: �20 �C; n(R1CHO)/
n(3c)/n(Ti(O-i-Pr)4)/n(LiCH3) ¼ 1/0.1/1.5/2.

b The isolated yield.
c The e.e. of the product was determined by chiral HPLC.
d the absolute configurations of the products were determined by comparing

their rotation sign with that reported by literatures [32,33]. Scheme 2. Stereochemical models for a methylation of aldehydes.

A.-L. Zhang et al. / Journal of Organometallic Chemistry 768 (2014) 50e55 51



Download English Version:

https://daneshyari.com/en/article/1323894

Download Persian Version:

https://daneshyari.com/article/1323894

Daneshyari.com

https://daneshyari.com/en/article/1323894
https://daneshyari.com/article/1323894
https://daneshyari.com

