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An efficient one-step synthesis of the optically active hifunctional BINOL ligand ( S)-3 has been developed. It was found that (  S)-3 in combination

with Me ,AICl is a highly enantioselective catalyst for the addition of TMSCN to aliphatic aldehydes of diverse structures and is also among
the most practical ones. A remarkable positive nonlinear effect was found for this chiral ligand.

In recent years, a number of }H4i-2-naphthol (BINOL)-
based bifunctional chiral catalysts that contain both Lewis gcheme 1. One-Step Synthesis of the Optically Active)3

acidic and basic sites have been successfully applied in asym- —\

metric reaction$:3 For example, the aluminum complexes N O N O (53

of chiral ligands §-1?2and §)-2% have been used to catalyze OH — OH_ OH 55%, 75% ee
the enantioselective reaction of aldehydes with trimethylsi- :OH 110°C, 72 h o0 OH — f;‘t;;sta"izaﬁon_
lylcyanide (TMSCN) to generate the synthetically useful S1BING 2, 25~30 psi N O 37%,>99%ee
chiral cyanohydrins. These bifunctional ligands require either (S)-BINOL I\

a six-step synthesis from the optically active BIN®br CCO NP

optical resolution in a multistep synthesis from a naphthalene 8: (3?0}4 87% ce
derivative? Although the synthesis of the 3;Bis(alkylami- CO nome

nomethyl)-substituted BINOLs from the reaction of BINOL

with a-alkoxyamines was reported by Cram et‘ghg high

temperature of this reaction (16Q) prohibited the prepara- 1) and its application in the highly enantioselective cyano-

tion of the optically active ligands. Herein, we wish to re- hydrin synthesis.
port an efficient one-step synthesis of the optically active
3,3-bismorpholinomethyl-substituted BINOISE3 (Scheme
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As shown in Scheme 1, we conducted the direct reaction



reaction at 110+ 2 °C under~30 psi nitrogen produced
the optically active $-3 with 55% yield and 75% ee.
Separation of the racemic crystals from the solution in-CH
Cly/CH;OH (3:1) led to the optically pure§-3 (>99% ee,
37% from BINOL). The specific optical rotation oS)-3
was fo]p —152.1 € 1.0, CHCI,). At lower temperatures, a
much longer reaction time was needed, and lower yields were
achieved; higher temperatures led to the completely racem-
ized product. The side product of this reaction was the
monomorpholinomethyl-substituted compousgt4, which
could be converted to§-3 by further treatment with
morpholinomethanol.

With the readily availableg)-3, we examined the use of
its aluminum complex in the catalytic asymmetric reaction
of TMSCN with aldehydes (Scheme 2). The silyl ether

Scheme 2. Asymmetric Reaction of Aldehydes with TMSCN
Catalyzed by $-3+Me,AICI

o]
O (S)-3+Me,AICI _TMS o)k
M romorw) o 1. 2N HCI Me
R Lave, ]
+ R™ TCN 2. Ac,0, R~ TCN
TMSCN 5 Pyridine 6

product b) of this reaction was converted to the acetater

ee determination with a G&3-cyclodextrin column. Ap-
plying the conditions developed by Saad co-workers for
(9-2,% we first tested the use of)-3 for the reaction of
benzaldehyde with TMSCN in the presence of JNEI
(Table 1, entry 1). This gave an excellent result (95% ee)
similar to the use of9)-2. We also found that changing the

Table 1. Asymmetric Addition of TMSCN to Benzaldehyde
and Octyl Aldehyde in the Presence §-3 and MeAICI?

entry aldehyde solvent 4A MS t(h) ee (%)
1’ @—CHO Toluene  S5mg 48 95
2 @—CHO Toluene Smg 24 94
3 \H’BCHO Toluene  5mg 24 91
4 \H’GCHO THF Smg 24 87
5 \H’GCHO Et,0 Smg 24 97
6 \H’SCHO Toluene Smg 24 82
7 \H’SCHO Toluene  None 24 46
8 4 CHO Et,0 5mg 76
9% N CHO EtO  15mg 4 31
10° \H’GCHO Hexane  5Smg 24 6

a Following procedure was used unless otherwise indicat8d3 (0.025
mmol, 10 mol %) 4 A molecular sieves, and M&ICI (10 mol %, 1 M in
hexanes) in a solvent (1 mL) were stirred under nitrogen at room temperature
for 3 h. The mixture was then combined with the additive HMPA (40 mol
%) and cooled te-20°C. TMSCN (3.0 equiv) and an aldehyde were added.
bPhPO was used as the additiveNo additive.d Reaction at room
temperature® Performed with 20 mol %9)-3 and 20 mol % MeAICI.

additive PRPO to HMPA greatly accelerated this reaction
while still maintaining the high enantioselectivity (Table 1,
entry 2).

Although (§-2 was previously reported to be highly
enantioselective for the reaction of aromatic aldehydes with
TMSCN, it gave much lower ees for the reactiorabiphatic
aldehydesgP For example, even at40 °C, (9-2 catalyzed
the addition of TMSCN to heptaldehyde with only 66% ee.
In general, very few catalysts could give consistently good
results for the asymmetric reaction afiphatic aldehydes
with TMSCN despite a good number of highly enantiose-
lective catalysts for the reaction of aromatic aldehyfes.

Therefore, we explored the application &)3 for the
asymmetric reaction odliphatic aldehydes with TMSCN.

In entries 3-10 of Table 1, the results for the reaction of
octyl aldehyde with TMSCN in the presence &-3 and
Me,AICI under various conditions are summarized. In these
reactions, HMPA replaced BO as the additive because it
offered a higher reaction rate. In toluene solutio8)-3
showed up to 91% ee for this reaction (entry 3). Changing
the solvent to THF reduced the ee (entry 4). In diethyl ether,
however, a significant enhancement in ee was observed (97%
ee, entry 5). Without the additive HMPA, a somewhat lower
ee was observed (entry 6). Absence of molecular sieves led
to a large reduction in enantioselectivity (entry 7). The room
temperature reaction gave a lower but still significant ee
(entry 8). Increasing the amount of molecular sieves at room
temperature greatly decreased the enantioselectivity even
with the increased amount of the chiral catalyst (entry 9).
Changing the solvent to hexanes at room temperature
diminished the enantioselectivity (entry 10).

We applied the optimized conditions of entry 5 in Table
1 for the reaction of a variety of aliphatic aldehydes with
TMSCN. As the results summarized in Table 2 show, in the

Table 2. Asymmetric Addition of TMSCN to Aliphatic
Aldehydes in the Presence @){3 and MeAICl

. isolated b
entry aldehyde yield (%)" ee (%)
CHO
1 RNA 91 97
CHO
2 o 92 98
CHO
3 o 87 96
4 O—CHO 90 99
5 >_CHO 65 97
6 _<—CH0 72 96
7 @_/‘CHO 86 95
8 M—cHo 70 98
9 <;>_//—CHO 74 94
10 \_/ CHO 67 96
11 MeOQC—\_/—CHO 90 92

aFreshly distilled? For the acetate8.

2382

Org. Lett, Vol. 7, No. 12, 2005



presence of$-3 (10 mol %) and MeAICI (10 mol %), high When ©§)-3 was treated with M&AICI in tolueneds, the
enantioselectivities have been achieved for the reactions of'H NMR spectrum showed a complete disappearance of the
TMSCN with diverse aliphatic aldehydes, including linear signals of the ligand accompanied with the formation of a
(entries 1-3), branched (entries 47), o,f-unsaturated  white precipitate, indicating the aggregation of the produced
(entries 8 and 9), and functionalized substrates (entries 10aluminum complexes. A singlet &t 0.16 in the spectrum
and 11). The absolute configurations of the products from was attributed to methane generated from the protonation
hydrocinnamaldehyde and cinnamaldehyde were determinedof Me,AlICI by the chiral ligand. Further mechanistic study
to be R by comparing their optical rotations with those in  will be conducted in order to better understand the catalysis
the literature. by (9-3.

The effect of the optical purity of§)-3 on the ee of the We tested the use of the optically pure 3-monosubstituted
asymmetric cyanation product was studied. A large positive BINOL ligand (-4 to catalyze the reaction of TMSCN with
nonlinear effect was observed for the reaction of octyl both benzaldehyde and octyl aldehyde. Under the same
aldehyde with TMSCN in the presence &3 and Me- conditions as the use oB)-3, only diminished enantiose-
AICI (Figure 1). As shown in Figure 1, a chiral ligand of lectivity was observed (#20% ee). Thus, both the 3;3

morpholinomethyl substituents o§)3 are very important
s for the observed high enantioselectivity.
In summary, we have developed an efficient one-step
100+ synthesis of the optically active bifunctional BINOL ligand

4
B /H*"/ (9-3. We have discovered thaB)¢3 in combination with
§ 801 * Me,AlICl is a highly enantioselective catalyst for the addition
S 60 / of TMSCN to aliphatic aldehydes of diverse structures and
§ ¢ is also among the most practical ones. A remarkable positive
% 401 nonlinear effect was found for this chiral ligand.
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Figure 1. Correlation of the ee of-3 and that of its catalytic ~ acterization of $-3, (9-4, and the catalytic reaction
product from the reaction of octyl aldehyde with TMSCN. products. This material is available free of charge via the
Internet at http://pubs.acs.org.
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nomethanol: Fabris, F.; Lucchi, O. D.; Lucchini, jiiitaisaain 1997 Moskalenko, M. A.; Peregudov, A. S.; Dmitriev, A. V.; Ikonnikov, N. S.;
62, 7156-7164. (b) A partially hydrogenated BINOL was reacted with  Kagan, H. B - 2004 43, 4085-4089. (f) Liang, S.;
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