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Abstract: A novel, facile and practical approach to preparation of
new enantiopure N-ferrocenylmethy! azetidin-2-yl(diphenyl)meth-
anol has been developed. In the presence of a catalytic amount of
the chiral N-ferrocenylmethyl azetidin-2-yl(diphenyl)methanol, the
enantioselective ethylation and arylation of arylaldehydes afforded
addition products with enantioselectivities of up to 98.4% ee and
95.7% ee, respectively.
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Since the initial report of Oguni and Omi on the reaction
of diethylzinc with benzal dehyde in the presence of a cat-
alytic amount of (S)-leucinol producing an addition prod-
uct with moderate enantioselectivity (49% ee) in 1984,
great progress has been made in the catalytic asymmetric
addition of organozinc reagents to aldehydes using chiral
amino alcohols as ligands, and products with excellent
enantiomeric excesses have been achieved with all types
of substrates.? In addition, the reaction of diethylzinc with
aldehydes has also become a classical test in the design of
new ligands for catalytic enantioselective synthesis. Re-
cently, the enantioselective arylation of aldehydes has re-
ceived a specia attention in the presence of catalytic
amounts of chiral ligands because the arylation products
of this reaction are chira diarylmethanols,**®> some of
which are key intermediates for the preparation of phar-
macologicaly and biologically important compounds.*®
In this context, the asymmetric arylation of adehydes
using aryl boronic acids as aryl resources,®>° instead of
Ph,Zn or Ph,Zn—Et,Zn as aryl resources,*31% becomes an
attractive method for the preparation of diarylmethanols
in high enantioselectivity. This new protocol allows the
easy preparation of several substituted arylzinc reagents
and therefore the synthesis of a wide range of substituted
chiral diarylmethanols. In addition, phenylboronic acids
offer a cheaper alternative to the expensive diphenyl zinc
and the background reaction generated by use of Ph,Zn
itself as aryl resource is avoided. Unfortunately, ligands
that effectively catalyze the asymmetric arylation of alde-
hydes using aryl boronic acids as aryl resource with high
eevalues are relatively rare. So, the development of new,
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easily prepared and effective chiral ligandsisan important
challenge for the practical applications of arylation reac-
tions.

More recently, we reported the synthesis of a series of
chiral ferrocenyl aziridino alcohols 117 and pyrrolidino al-
cohols 2*® and their application in the catalytic asymmet-
ric addition of Et,Zn to aldehydes. Moreover, it was
discovered that the replacement of the phenyl group on
the nitrogen atom of heterocycle-based skeleton with a
ferrocenyl unit led to adramatic improvement in the enan-
tioselectivity when used as the catalyst in the addition of
diethylzinc to benzaldehyde in the presence of five mol%
of chira ligands (Figurel). In order to examine the
generdlity of this finding, in this article, we present our
preliminary results on the synthesis of enantiopure N-
ferrocenylmethyl  azetidin-2-yl(diphenyl)methanol (6)
and its application in catalytic asymmetric ethylation and
arylation of arylaldehydes.
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Figurel

The preparation of azetidino alcohol 6 is shown in
Scheme 1. The starting material 4 for the synthesis of
enantiopure compound 5 was prepared readily from
commercially available L-2-amino-4-bromobutanoic
acid. Treatment of L-2-amino-4-bromobutanoic acid with
methanol saturated with anhydrous hydrogen chloride
afforded methyl L-2-amino-4-bromobutanoate (4) in 89%
yields.
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Construction of the four-membered ring heterocycle from
acyclic compound is a key step in this synthesis. Ferro-
cenecarboxaldehyde was first condensed with the
compound 4 in methanol in the presence of triethylamine,
and then reduced by sodium borohydride. Incidentally,
the cyclization reaction also took place during the conden-
sation reaction to give the desired methyl (S)-N-ferro-
cenylmethyl azetidine-2-carboxylate (5). The reaction of
5 with excess phenylmagnesium bromide furnished the
corresponding B-amino alcohol ligand 6 (97%).%°

Asdescribed above, the reaction of diethylzinc with benz-
aldehyde has become a typical reaction to examine

o OH

)j\ Et,Zn, 6 (3 mol%) )\/
Ph

Ph H toluene, 0-5 °C, r.t., 48 h

yield: 97%
ee: 98.4%

Scheme2 Asymmetric ethylation of benzaldehyde

Tablel Asymmetric Arylation of Arylaldehydes Catalyzed by 62

whether or not the designed chiral ligands induce high
enantiosel ectivities. With the new chiral ligand 6 in hand,
we first examined the enantioselective addition of di-
ethylzinc to benzaldehyde in the presence of 3 mol% of
the chiral ligands 6 in toluene at 0 °C to room temperature
(Equation 1).%° The reactions using 6 as catalyst afforded
1-phenylpropanol (S configuration) in excellent yield
(97%) with outstanding enantiomeric excess (98.4% ee€).

Recently, Zwanenburg et al. reported a similar type of
chiral ligand 3 (R = Ph) for the addition of diethylzinc to
benzal dehyde with good enantiosel ectivities (88% eg) in
the presence of 20% mol of 3.2* A comparison of our re-
sults (98.4% ee, 3% mol 6) with those (88% ee, 20% mol
3) of Zwanenburg et al. demonstrated that the replacement
of the phenyl group on the nitrogen atom of azetidine-
based skeleton with a ferrocenyl unit led to a remarkable
improvement in the enantiosel ectivity when used as the
catalyst in the addition of diethylzinc to benzaldehyde.
These results also suggested that the steric hindrance pro-

o ArB(OH),, EtpZn, 6 OH

Ar)J\H toluene Ar)*\Ar'

Entry Ar Ar’ 6 (mol%) Temp (°C) Yield (%)° ee (%)° Config
1 p-MeCeH, Ph 10 0 9% 89.0 s
2 p-MeCgH, Ph 10 20 95 92.0 S
3 p-MeCgH, Ph 10 40 71 88.5 s
4 p-MeCeH, Ph 5 20 88 84.0 s
5 p-MeCgH, Ph 15 20 96 92.1 S
6 0-MeOCH, Ph 10 20 86 83.9 s
7 m-MeOCgH, Ph 10 -20 99 87.1 S
8 p-MeOC¢H, Ph 10 20 95 83.3 S
9 m-PhOCH, Ph 10 20 94 93.9 s
10 0-CICsH, Ph 10 20 94 834 S
11 m-CIC;H, Ph 10 20 98 90.0 S
12 p-CICH, Ph 10 20 80 83.1 S
13 m-BrCgH, Ph 10 20 97 85.7 S
14 0-CF,CeH, Ph 10 -20 92 91.1 s
15 3,4-OCH,OC¢H; Ph 10 -20 99 88.2 S
16 Ferrocenyl Ph 10 -20 84 95.5 S
17 Ph 0-MeCgH, 10 20 88 95.7 R
18 Ph Naph 10 -20 79 70.0 R

aThemolar ratio of Ar'B(OH),—Et,Zn—aldehyde wasl:3:1.
b |solated yields.

¢ Determined by HPL C using a chiral column: Chiralcel OD, Chiralcel OB or Chiralpak AD.
4 Absol ute configuration was assigned by comparison with the known elution order from a Chiralcel OD, OB and AD columns according to the
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vided by the ferrocenyl group, compared to a phenyl
group, played animportant rolein the enantiosel ectivities.
The outstanding enantioselectivity of the new chiral
ligand 6, as compared with 3 (R = Ph), gave further sup-
port to the generality of the advantage of the replacement
of the phenyl group on the nitrogen atom of heterocycle-
based skeleton with aferrocenyl unit.

This exciting result encouraged us to examine the effi-
ciency of the asymmetric arylation of arylaldehyde in the
presence of the chiral ligand 6 using aryl boronic acids as
aryl resources.?? The results are summarized in Table 1.

The asymmetric phenylation of 4-tolual dehyde was tested
(Table 1, entries 1-5). The phenylzinc reagent was pre-
pared in situ by heating a mixture of diethylzinc and
phenylboronic acid in hexanes to 60 °C for 12 hours. We
first investigated the effect of reaction temperature on the
enantioselectivity in the presence of ten mol% of the
chiral ligand 6. Decreasing the reaction temperature from
0 °Cto—20 °C led to an increase in the enantiosel ectivity
from 89.0% to 92.0% (Table 1, entries 1 and 2). We at-
tempted to further decrease the reaction temperaturein or-
der to have a better enantioselectivity, but a substantial
decrease in both the yield and the enantioselectivity was
observed when the reaction was performed at —40 °C
(Table 1, entry 3). We then examined the effects of the
chiral ligand loading on the enantioselectivity. Lowering
the ligand amount from 10% to 5% led to a decrease in
both the yield and the enantioselectivity at —20 °C
(Table 1, entries 4 vs. 1). Increasing the ligand loading
from 10% to 15% did not result in the improvement of
yield and enantioselectivity (Table 1, entries 2 and 5).

These reaction conditions were tested on other arylalde-
hydes in the presence of the ligand 6 (Table 1, entries 6—
16). Ascan be seen from Table 1, good to excellent enan-
tioselectivities could be achieved for various aromatic al-
dehydes containing ortho-, para- and meta-substituents
on the benzene ring. The presence of electron-donating or
electron-withdrawing substituents on the aromatic ring
also furnished the corresponding products in good to out-
standing levels of enantioselectivity. The best asymmetric
induction (with as high as 95.5% ee) was found by using
aferrocenyl aldehyde as the substrate (Table 1, entry 16).

In order to examineif different aryl groups could be trans-
ferred to aldehydes with the same levels of enantioselec-
tivity, the aryl transfer reaction of some substituted
phenylboronic acids with benzaldehyde was investigated
(Table 1, entries 17 and 18). Excellent enantioselectivity
of up to 95.7% ee was obtained when ortho-methyl
phenylboronic acid was used as the aryl transfer reagent.

In conclusion, we have devel oped anovel, facile and prac-
tical approach to asymmetric preparation of new enan-
tiopure N-ferrocenylmethyl azetidin-2-ylmethanol. In the
key cyclization step, athree-step, one-pot protocol for the
construction of the chiral azetidine ring was devel oped.
The enantioselective ethylation and arylation of arylalde-
hyde gave the enantioselectivity of up to 98.4% ee and

95.7% ee, respectively, in the presence of a catalytic
amount of the new chiral ligand 6. Further applications of
chiral compound 6 for asymmetric synthesis are under in-
vestigation in our laboratory.
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Enantioselective Addition of Diethylzinc to
Benzaldehyde: A solution of diethylzinc (1 M in n-hexane,
1.1 mL) was added to asolution of achiral catalyst 6 (0.015
mmol, 3 mol%) in anhyd toluene under a nitrogen
atmosphere. The mixture was cooled to 0 °C, and stirred for
30 min. Freshly distilled benzal dehyde (0.05 mL, 0.5 mmal)
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was added to the mixture. The resulting mixture was stirred
for 10 h at 0-5 °C and was allowed to warm to ther.t., and
stirring was continued for another 38 h at the same
temperature. The reaction was quenched by the addition of
sat. aq NH,Cl (4 mL). The mixture was extracted with Et,O
(3x 8 mL). The combined organic layers were washed with
brine, dried over anhyd Na,SO, and evaporated under
reduced pressure. Purification of the residue by the
preparative silicagel TLC plate (hexane-EtOAc = 4:1)
afforded the (S)-1-phenyl-1-propanol. The eewas
determined by HPL C analyses using a chiral column (a
Chiralcel OD); hexane—i-PrOH = 100:2, flow rate: 0.6 mL/
min, tz(R) = 19.6 min, tx(S) = 23.8 min.

Hermsen, P. J.; Cremers, J. G. O.; Thijs, L.; Zwanenburg, B.
Tetrahedron Lett. 2001, 42, 4243.

Asymmetric Arylation of Arylaldehydes Catalyzed by 6;
General Procedure: A dried Schlenk tube containing
toluene (2 mL), aryl boronic acid (122 mg, 1 mmal), and
diethylzinc (3 mmol, 1.0 M solution in hexanes) was heated
at 60 °C for 12 h. After the mixture was cooled tor.t., the
chiral amino acohol ligand 6 (43.7 mg, 0.1 mmol) was
added. The mixture was stirred for another 15 min. It was
cooled to —20 °C, and the adehyde (1 mmol) was
subsequently added under nitrogen atmosphere. After 48 h at
—20 °C, the reaction was quenched by the addition of sat. aq
NH,CI (8 mL). The mixture was extracted with CH,Cl, (3 x
10 mL). The combined organic layers were washed with
brine, dried over anhyd Na,SO, and evaporated under
reduced pressure. Purification of the residue by the
preparative silicagel TLC plate (hexane-EtOAC) afforded
the pure diarylmethanol. The ee was determined by HPLC
analyses using achiral column: Chiralcel OB, Chiralcel OD
or Chiralpak AD.
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