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Abstract

A series of new chiral titanium alkoxide-hydroxyarylphosphine oxides complexes has been used as catalysts
in the asymmetric trimethylsilylcyanation of aromatic aldehydes. The corresponding cyanohydrins have been
obtained in high chemical yields with good to excellent enantiomeric excesses up to 98%. The influence of the
structural features of the catalysts on the enantioselectivity has been investigated. © 1999 Elsevier Science Ltd. All
rights reserved.

1. Introduction

Cyanohydrins are valuable intermediates for the synthesis of various chiral compounds such as
hydroxycarbonyl derivatives anf-aminoalcohols. Although the addition of cyanide to an aldehyde
or ketone is an old reaction, it has been the subject of renewed interest since Reetz’s discovery that
a chiral Lewis acid could be used to catalyze the asymmetric addition of trimethylsilylcyanide to
isobutyraldehydé. In this area, several approaches to the catalytic asymmetric synthesis of this class
of compounds have been envisioned in the presence of various chiral Lewis acids. Thus, a set of catalytic
systems based on Ti(IV)-tridentate Schiff’s base complexes, derived KrgBrhydroxy-3tert-butyl-
benzylidene)-$ or R)-valinol (or other aminoalcohols or peptides) and Tif@), has been elaboratéd
leading to the expected cyanohydrins in enantiomeric excesses (ee) up to 96%. Recently, we have reported
a new general procedure for the preparation of various ctirsidroxyaryl diazaphospholidine oxides,
o-hydroxyaryl oxazaphospholidine oxides @hydroxyaryl phosphonatésThis method, based on the
directed metallation properties of the phosphoryl group (P-DMG), involves a stereoselective P—O to P—C
rearrangement with complete retention of configuration at the phosphorus atom (Scheme 1).
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Scheme 1.

These compoun@deaturing a basic (RO) and an acidic (OH) site have found application as catalysts
in the asymmetric addition of diethylzinc to aromatic aldehydeth enantiomeric excesses up to
95%. Due to their metal complexation properties, we envisioned the use of titanium alkoxide—chiral
o-hydroxyarylphosphine oxide complexes in a catalytic enantioselective trimethylsilylcyanation reaction
of various aromatic aldehydes (Scheme 2).

Me 1) CH,Cl,, 20°C oH
0 [ 10 mol% Ti* H
+ Me—Si—CN ——™™™™>
R H | 2) hydrolysis R CN
Me

Ti* = chiral titanium catalyst

Scheme 2.

2. Results and discussion

We first examined the reaction of benzaldehywith trimethylsilylcyanide using chiral titanium
complexes as catalysts prepared in situ from Til®), ando-hydroxyarylphosphine oxidela(Table 1).

It clearly appears that the mode of generation of the catalyst has a dramatic influence on the outcome
of the reaction in terms of enantioselectivity. Thus, the use of a catalyst prepared fronPTHi{@nd
anti-lain a molar ratio 1:2 or 1:4 led to the expected mandeloni8ile high chemical yields but with

Table 1
Enantioselective trimethylsilylcyanation of benzaldehyde

Me 1) CH,Cl,, 20°C OH
o] | 10 mol% Ti* S H o
+ MC—SI—CN _— OH \\ ‘N ‘' H
H | 2) hydrolysis CN anti-la PSy
2 Me 3 N \Ph

Ti* = catalyst generated from Ti(O-iPr), and anti-1a

Entry® Catalyst system (10 mol%) Yield (%)b ee (%)°
1 Ti(O-iPr)4 + L* (2 equiv.) 90 20 (S)
2 Ti(O-iPr)4 + L* (4 equiv.) 92 31 (S)
3 Ti(O-iPr)4 + L* (4 equiv.) - iPrOH 89 29 (S)
4 Ti(O-iPr)4 + L* (4 equiv.) + MS 4A 71 15 (S)
5 Ti(O-iPr)4 + L* (4 equiv.) + iPrOH (1 equiv.) 95 75 (S)
6 Ti(0-iPr)4 + L* (4 equiv.) + iPrOH (2 equiv.) 95 94 (S)

a Experiment performed at 1 mmol scale. b Isolated yield. ¢ Ee determined by 'H NMR of (-)-
menthyl chloroformate derivatives
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low enantiomeric excesses up to 31% (entries 1 afdSnilar results were obtained by removal of the
i-PrOH from the reaction mixture (entry 3, 29% ee). Moreover, addition of molecular sieves (MS 4 A) to
the previously described catalytic system does not improve the enantiomeric excess of the reaction (entry
4, 71% vyield and 15% ee). On the other hand, it was found that highly enantioselective reactions were
initiated by addition of one or two molar equivalents of isopropyl alcohol per titanium (respectively, 75
and 94% ee, entries 5 and ).

This study has been extended to a series of aromatic aldehydes under the best previously described
experimental conditions (entry 6, Table 1). The results are summarized in Table 2.

Table 2
Enantioselective trimethylsilylcyanation of aromatic aldehydes

Me  1)CH,CIL, 20°C OH
0 | 10 mol% Ti* SH o
+ Me—Si—CN ——— > OH\ N—{"y
R H | 2) hydrolysis R CN anti-la PSy
Me S
Ph

Ti* = catalyst generated from Ti(O-iPr), and anti-1a

Entry® Aldehyde Yield (%)° Ee (%)°  Configuration®

[¢}
1 ©)k,* 95 94 S

o]
.
7 Q/U\ 70 15 s

a Experiment performed at 1 mmol scale. b Isolated yield. ¢ Ee determined bylH NMR of (-)-menthyl
chloroformate derivatives. © Absolute configuration determined by comparison of reported specific rotation®.

In all cases, a total conversion of the aldehydes into the corresponding cyanohydrins was obtained in
yields varying from 70 to 95%. Furthermore, tHg-Eyanohydrin was formed as the major enantiomer
whatever the substrate. On the other hand, a significant variation in enantiomeric excess was observed
depending on the nature of the aldehydes; the best results being obtained with 1-naphthylaldehyde and
p-methoxybenzaldehyde leading to 90 and 98% ee, respectively (entries 4 and 5).
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On the basis of these results, compoudslh have been successfully employed as ligands in the
asymmetric trimethylsilylcyanation of benzaldehyde (Table 3).

Table 3
Enantioselective trimethylsilylcyanation & in the presence of various-hydroxyarylphosphine
oxidesla-1h
Me 1) CH,Cl,, 20°C OH
@0 | 10 mol% Ti* H
+ Me—Si—CN ——————>
H | 2) hydrolysis CN

Me

Ti* = catalyst generated from Ti(O-iPr), and la-1h

Entry® Ligand Yield (%)° Ee (%)°  Configuration’

1 Ng N 89 98 R
syn- lb

M
2 . OH O\\ N
anti-1c P 89 78 N
<L

Q\ j)/ 85 76 R
syn-1d
4 anti-1e OH \\ @H 79 93 S

e

w

5 Rpj‘ H 86 92 R
syn-1f OH c{/ N\
6

é( ,O 83 52 R

OH \\ N

7 ©/ 89 47 s

a Experiment performed at 1 mmol scale. b Isolated yield. ¢ Ee determined by 'H NMR of (-)-menthyl
chloroformate derivatives. d Absolute configuration determined by comparison of reported specific

. 4
rotation .

In all cases, a total conversion of benzaldehyde into mandelonitrile and enantioselectivities varying
from good to excellent (entries 1-7, 47 to 98% ee) were encountered. Ligands with a stereogenic phos-
phorus center appeared to be more efficient than ligands possessSirgyenmetrical unit (76—98% ee
vs 47-52% ee, respectively, Table 3). It is noteworthy that depending on the configuration assigned at the
phosphorus atom of the considered diastereomer used, the reaction afforded the expected cyanohydrins
with R or Sabsolute configuration, respectively.
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Nonlinear effects have often been observed in such reactions using Lewis acids as ¢athlymtser
to test this hypothesis in our case, a series of experiments was carried out where benzaldehyde was reacted
in the presence of a catalyst generated from TiiP©z and the considered ligarahti-1a of varying
enantiopurity. A pronounced negative nonlinear relationship was observed and could be explained by
the action of heterochiral aggregates for which dissociation occurs more easily than for the homochiral
dimers (Scheme 3).
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Scheme 3.

3. Conclusion

In this paper, we have clearly demonstrated that chiraldroxyarylphosphine oxides are a new
class of efficient ligands for the titanium enantioselective trimethylsilylcyanation of aromatic aldehydes.
Further investigations of their catalytic ability including modifications to aldehyde and ligand design are
still in progress.

4. Experimental

1H NMR spectra were recorded on a Bruker AC200 spectrometer in €&s3$olvent. The chemical
shifts (ppm) were determined relative to M#. All aldehydes and Ti(OPr), were distilled or crystal-
lized and stored under argon prior to use.

4.1. General procedure for catalytic asymmetric trimethylsilylcyanation of benzaldehyde

To a solution ofanti-1a (170 mg, 0.54 mmol) in dichloromethane (5 mL) was added TRQx (37.2
pL, 0.13 mmol) at 20°C. After the mixture had been stirred for 1 h at room temperature, isopropy!
alcohol (15.6uL, 0.26 mmol) and dichloromethane (2 mL) were added and these were followed by
trimethylsilylcyanide (200uL, 1.6 mmol) and benzaldehyde (142 mg, 1.34 mmol). The mixture was
stirred for 12 h at this temperature and then poured into 1 M HCI (30 mL). After extraction with
ethylacetate (820 mL), the combined extracts were dried over8@y, filtered and evaporated under
reduced pressure. Flash chromatography on silica gel (eluent: petroleum ether:ethyl acetate, 5:1) afforded
the expected mandelonitrile in 95% yield and 94% ee.
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4.2. Determination of the enantiomeric excess of cyanohydrins

(1R,2S 5R)-(-)-Menthyl chloroformate (0.025 mL, 0.012 mmol) was added to a solution of cyanohy-
drin (0.057 mmol) in toluene (0.5 mL). Pyridine (0.015 mL, 0.019 mmol) was added and the reaction
stirred at room temperature for 12 h. The mixture was concentrated in vacuo and analyZed by
NMR. The diastereomeric excess was determinedHyNMR analysis of methine signals neér6,
corresponding to the methine protento the cyano group of each diastereomer of the cyanohydrin
menthyl carbonate.
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