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Abstract: The development of a new chiral aluminum catalyst is
reported. This catalyst has been applied efficiently to the asym-
metric cyanosilylation of aldehydes.
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In recent years, we developed a dinuclear zinc catalyst
based on the chiral ligand 1 (Figure 1). This system was
very effective in different asymmetric processes, for
instance the aldol reaction, a Mannich-type transfor-
mation, the nitro aldol reaction and the desymmetrization
of meso-1,3-diols.1 As part of our study on this chiral
ligand, we have explored other catalytic processes and we
report herein its effectiveness in the enantioselective
cyanosilylation of aldehydes, a highly atom economical
reaction.2

Figure 1

Cyanohydrins have a high synthetic potential as chiral
building blocks in organic synthesis and they can be easily
converted into a wide variety of compounds, including a-
hydroxy acids, b-amino alcohols and a-amino acids.3

Numerous methods, both enzymatic and chemical, have
been reported for the asymmetric synthesis of cyano-
hydrins.4 In particular, the development of new enantio-
selective catalysts has been extensively investigated; for
instance, chiral aluminum complexes catalyze the
addition of TMSCN to carbonyl derivatives, showing
excellent enantioselectivity in most cases.5

Initially, we focused on the addition of TMSCN to benz-
aldehyde using different metal sources (Scheme 1,
Table 1). The catalyst was prepared always by stirring
ligand 1 with an organometallic reagent at room tempera-

ture in methylene chloride for 30 minutes. A little excess
of ligand was used to avoid traces of the metal complex,
which could also catalyze the reaction. Divalent metals
did not generate an effective catalyst (entries 1–4). Thus,
when the dinuclear zinc catalyst was used, the conversion
of the reaction at 4 °C (temperature of the reaction)6 was
very low and silylation of the ligand was observed (entry
1). Dibutylmagnesium (one or two equivalents per ligand)
or a mixed complex (one equivalent of both ZnEt2 and
MgBu2) generated the silylated cyanohydrin as a racemic
mixture (entries 3 and 4) or with very low ee (entry 2). A
complex derived from titanium, a tetravalent metal, was
also studied but the product was obtained with low ee
(entries 5, 6). Trimethylaluminum was found to be the
best metal source for this transformation. The addition
of one equivalent of AlMe3 per ligand led to an active
species, which catalyzed the formation of silylated cyano-
hydrin (S)-3a in 60% yield and 80% ee (entry 7). The re-
action did not proceed when two equivalents of AlMe3 per
ligand were used (entry 8) and only 26% ee was obtained
when Cl2AlMe was used instead of AlMe3 (entry 9).

Scheme 1

OHN N

OH
Ph
Ph HO Ph

Ph

1

Table 1 Influence of the Metal in the Catalytic Enantioselective 
Addition of TMSCN to Benzaldehyde with Ligand 1, in CH2Cl2, 4 °C

Entry [M] x [M] 
(%)

Yield of 3a 
(%)

ee 
(%)a

1 ZnEt2 20 4 b –

2 MgBu2 10 44 15 (R)

3 MgBu2 20 43 0

4 ZnEt2 + MgBu2 20 39 0

5 Ti(Oi-Pr)4 10 32 21 (R)

6 Ti(Oi-Pr)4 20 50 31 (R)

7 AlMe3 10 60 80 (S)

8 AlMe3 20 3 0

9 Cl2AlMe 10 20 26 (S)

a Enantioselectivity determined by HPLC analysis.
b Silylated ligand was isolated.
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The addition of TMSCN to benzaldehyde in presence of
the aluminum catalyst (generated at r.t.) was then opti-
mized (Scheme 1, Table 2). First, it was observed that any
change in the temperature of reaction produced lower ee
(see entries 1–3). On the other hand, the choice of solvent
influenced the degree of enantioselectivity (entries 4–8).
Chlorobenzene was the most effective solvent, generating
the product in high yield and 86% ee (entry 5). Finally, a
lower catalyst loading was also tested, but poorer ee was
observed (entry 9).

The scope of the reaction was then investigated with dif-
ferent aldehydes using the optimized conditions (11 mol%
catalyst generated at r.t., 4 °C, chlorobenzene).7 Aromatic
aldehydes gave better results, with high yields and up to
86% ee, as shown in Scheme 2 and Table 3. In general,
alkyl, alkynyl and halogen groups at the meta-position of
the aromatic ring were tolerated well (entries 2–8), where-
as substituents at the para-position gave slightly lower ee
(entries 9–11). Among the heterocyclic aldehydes studied
(entries 14–16) 3-thienylcarboxaldehyde performed best,
forming the silylated cyanohydrin in 75% yield and 84%
ee (entry 16).

Scheme 2

An aliphatic aldehyde was also studied (Scheme 3). Cy-
clohexanecarboxaldehyde reacted well with TMSCN in
presence of our aluminum catalyst, leading to the silylated
cyanohydrin in 70% yield and moderate ee. The absolute
configuration of the products was determined by compar-
ison of optical rotations to known products8 and by analo-
gy in the other cases.9

Scheme 3

In order to examine the structure of the catalyst, we stirred
an equimolecular amount of ligand 1 and trimethylalu-
minum in deuterated methylene chloride (distilled from
calcium hydride) for 30 minutes and obtained a 1H NMR.
Based on this spectrum, we suggest that the precatalyst
could have the structure I represented in Scheme 4. There
is a peak at d = –1.18 ppm assigned to a methyl group still
remaining on the aluminum atom. In addition, two aro-
matic protons at d = 6.24 and 6.33 ppm, and two AB sys-
tems at d = 3.41 (1 H, d, J = 12.3 Hz), 2.96 (1 H, d,
J = 12.9 Hz), 2.85 (1 H, d, J = 12.9 Hz) and 2.23 (1 H, d,
J = 12.3 Hz), corresponding to the diastereotopic methyl-
ene groups, suggest a non-symmetrical structure. The real
nature of the active catalyst awaits further investigation.

Table 2 Optimization of the Cyanosilylation of Benzaldehyde in 
Presence of the Aluminum Catalyst ([M] = AlMe3).

Entry x AlMe3 
(%)

Solvent Temp 
(°C)

Yield of 3a 
(%)

ee 
(%)a

1 10 CH2Cl2 4 60 80

2 10 CH2Cl2 –25 42 58

3 10 CH2Cl2 25 79 55

4 10 CHCl3 4 60 27

5 10 PhCl 4 76 86

6 10 Toluene 4 50 33

7 10 THF 4 38 0

8 10 MeCN 4 59 5

9 7 b PhCl 4 70 77

a Enantioselectivity determined by HPLC analysis.8,9

b 7.8 mol% of 1.

Table 3 Asymmetric TMSCN Addition to Aromatic Aldehydes 
Catalyzed by (S,S)-1

Entry ArCHO Prod-
uct

Yield of 3 
(%)

ee 
(%)a

1 Benzaldehyde 3a 76 86

2 3-Tolualdehyde 3b 72 80

3 3,5-Dimethylbenzaldehyde 3c 68 57b

4 3-Chlorobenzaldehyde 3d 80 86

5 3-Bromobenzaldehyde 3e 76 82

6 3,5-Dichlorobenzaldehyde 3f 78 80b

7 3,5-Dibromobenzaldehyde 3g 74 85b

8 3-(Hex-1-ynyl)benzaldehyde 3h 74 82b

9 4-Tolualdehyde 3i 54 77

10 4-Anisaldehyde 3j 68 62

11 Biphenyl-4-carboxaldehyde 3k 56 60

12 2-Naphthaldehyde 3l 73 84

13 1-Naphthaldehyde 3m 68 73

14 2-Furaldehyde 3n 50 60c

15 3-Furaldehyde 3o 66 71

16 3-Thienylcarboxaldehyde 3p 75 84

a Enantioselectivity determined by HPLC analysis. Absolute configu-
ration assigned as S by comparison to known compounds unless 
otherwise indicated.
b Absolute configuration assigned by analogy.
c R-isomer as a result of a change in the priority of the substituents.
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Tentatively, we propose an initial reaction of TMSCN to
the aluminum alkoxide followed by hydrogen bonding of
the aldehyde to the free hydroxy group, leading to struc-
ture II (Scheme 4). An internal delivery of the cyanide to
the re face of the aldehyde to adduct III, followed by
silylation of the alkoxy group would lead to the final
product.

Scheme 4 Mechanism rationale

In summary, we have developed a novel aluminum
catalyst based on our chiral ligand 1, which lets us to carry
out the enantioselective addition of TMSCN to aldehydes
with reasonable yields and enantioselectivity. More
experiments to determine the nature of the active catalyst
and the mechanism of the reaction are currently under-
way.
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Chiralpak AD, l = 235 nm, heptane–i-PrOH = 99.5:0.5; 0.6 
mL/min; 80% ee): tR = 9.80 and 10.48 (major) min. 
[a]D –12.52 (c 2.91, CHCl3).
Compound 3g: 1H NMR (300 MHz, CDCl3): d = 7.69 (m, 1 
H), 7.55 (m, 2 H), 5.43 (s, 1 H), 0.27 (s, 9 H) ppm. 13C NMR 
(300 MHz, CDCl3): d = 139.9, 135.1, 128.1, 123.5, 118.2, 
62.2, –0.2 ppm. IR (neat): 3076, 2959, 1589, 1562, 1427, 
1256, 1193, 1118, 1095, 848, 742 cm–1. Anal. Calcd for 
C11H13Br2NOSi: C, 36.38; H, 3.61; N, 3.86. Found: C, 36.01; 
H, 2.99; N, 3.94. Enantiomer separation by HPLC (Daicel 
Chiralcel OD, l = 235 nm, heptane–i-PrOH = 99.8:0.2, 1.0 
mL/min; 85% ee): tR = 11.69 (major) and 16.01 min. 
[a]D –9.39 (c 2.53, CHCl3).

Compound 3h: 1H NMR (300 MHz, CDCl3): d = 7.49 (s, 1 
H), 7.39–7.32 (m, 3 H), 5.45 (s, 1 H), 2.44 (t, J = 6.9 Hz, 2 
H), 1.60–1.47 (m, 4 H), 0.98 (t, J = 6.9 Hz, 3 H) ppm. 13C 
NMR (300 MHz, CDCl3): d = 136.4, 132.5, 129.5, 128.9, 
125.4, 125.0, 119.0, 91.6, 79.9, 63.4, 30.8, 22.1, 19.1, 13.7, 
–0.2 ppm. IR (neat): 2959, 2934, 2873, 2230, 1603, 1482, 
1431, 1330, 1256, 1108, 1082, 860, 848 cm–1. Anal. Calcd 
for C17H23NOSi: C, 71.53; H, 8.12; N, 4.91. Found: C, 
70.98; H, 8.51; N, 5.05. Enantiomer separation by HPLC 
(Daicel Chiralcel OD, l = 250 nm, heptane–i-PrOH = 
99.7:0.3; 1.0 mL/min; 82% ee): tR = 18.16 (major) and 30.05 
min. [a]D –9.11 (c 0.26, CHCl3).
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