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Abstract: The asymmetric alkylation oftart-butyl benzophenone g, conchcopsu oo KOH solution ,
Schiff base derivative in water has been successfully carried out Chiral PTC W "//Bn
a ‘reversed-phase reaction’. The effects of chiral phase-transfer c 1 2a

alysts (PTCs), electrophiles, and reaction conditions (temperature,
concentration, and the ratio of reagents, etc.) were investigatg(ﬂ
Under the optimized conditions high chemical yield (99%) and

uation 1 Asymmetric benzylation in water

good ee (up to 87%) were obtained. remove organic solvents). The result showed that the ee
Key words: alkylations, phase-transfer, asymmetric catalysisvas modest but the chemical yield was very low. The poor
cinchona alkoloids, amino acids solubility of thetert-butyl benzophenone Schiff base de-

rivative in a mixture of an aqueous solution of KOH and

excess benzyl bromide may be responsible for the low
Mild reaction conditions and chiral products are an attragield. To confirm our hypothesis, experiments were de-
tive and interesting objective for all synthetic chemistsigned to enhance the solubility of the starting materials.
Asymmetric phase-transfer catalysis (PTC) is one of tli@ble 1 shows that excess benzyl bromide or an aqueous
most effective tools for achieving such goals; exampleslution of KOH improved the chemical yield. At the
include, epoxidatiod, Michael additior?, cyclopropana- same time, a low concentration of base (1 M aqueous so-
tion,® Darzen reactiofi,alkylation, etc. Among these ex-lution of KOH) is also beneficial to this reaction, even if
amples, the asymmetric alkylation of tert-butyl it slows down the reaction. Itis an interesting and valuable
benzophenone Schiff base derivative has been achieyggtnomenon since the ammonium salts, especially cin-
by using N-alkylated or N,O-dialkylated cinchona alkachonidium salt$3414 were reported to decompose in
loid derivatives with high enantiomeric exces3&his re- strong aqueous solutions of alkali (50%), which led to the
action is also an important method for the preparation oée of an excess amount of expensive catalysts in the re-
chiral amino acids, especially several unnatural amino agetion. Stringent basic conditions not only hampered the
ids and peptide%in addition, other catalysts such@s industrial application but also limited the diversity of cat-
symmetric ammonium salts derived from chiral BINOL, alytic derivatives, which could be applied since many
phosphonium salts, TADDOL,® tartaric derivative®® functional groups are unstable in a strong B&s€°The
guanidinium saltd! and other metal-ligand cataly'Sts other factors affecting the alkylation such as the reaction
have also been reported. temperature, the amounts of the benzyl bromide, water,

Recently, polymer-supported chiral PTEgurther pro- and chiral PTC used were also examined. Finally, the best

moted the development of this field. Moreover, the ah.:'ynr](_esult was obtained when the reaction was carried out at 5
' °Cin a1l M aqueous solution of KOH (13.0 equiv, 9 mL)

metric alkylation in non-conventional PTC reaction™ ) .
conditiond* was also reported. These advances open Yith benzyl bromide (5.0 equiv), and PTC (1 mol%). The
emical yield obtained was 99% and the ee was up to

potential industrial applications. Meanwhile, since th& 16

concept of ‘green chemistry’ has been widely accepte%7%'

researchers have begun to carry out reactions in Watekfter optimization of the conditions using chiral P2&,
without additional organic solvents and auxiliaries. Weve studied the effects of other chiral PTCs (Figure 1) in-
report here the asymmetric alkylation aeg-butyl ben- cluding catalysb prepared by Corey’s methétla new
zophenone Schiff base derivative carried out in water. dimeric chiral catalys3,'” and a polymer-supported chiral

" . . . 18 i i i
Initially (Equation 1), the reaction conditions reported batalyst.” We were especially interested in the last one,
Lygo et al® were used (obviously there was no need t®"C€ thgre have been few examples of asymmetric alkyl-

ation using polymer-supported catalysts in water, and

such a catalyst is more apgable in industry. It was re-

SYNLETT 2005, No. 12, pp 1873-1876 ported that this type of catalysts could not be recycled and
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Tablel Asymmetric Benzylation of in the Presence of Catalyzs
Entry? BnBr (equiv) KOH (aq, M) Water (mL) 2a (equiv) Yield® (%) eé (%)
1 1.2 9 34 0.1 38 78
2 5.0 3.4 0.1 95 76.5
3 5.0 9 9.0 0.1 93 775
4 5.0 1 3.4 0.1 48 83
5 5.0 1 9.0 0.1 94 82
6 5.0 15.0 0.1 95 81
7 5.0 1 21.0 0.1 93 80
8 5.0 1 25.0 0.1 99 78.5
9 2.5 1 9.0 0.1 95 73
10 1.2 1 9.0 0.1 82 70.5
11 5.0 1 9.0 0.01 99 87
12 5.0 0.5 9.0 0.01 96 85.5
13¢ 5.0 1 90 0.01 53 84
14 10.0 1 9.0 0.01 87 85
15° 5.0 1 9.0 0.01 98 86

2The reactions were performed at 5 °C for 24 h except for entry 12 (48 h).
b The yield was determined By NMR spectroscopic analysis.
¢ Enantiomeric excess was determined by HPLC analysis of the alkylated imine using a chiral column (DAIGIEEI CD-H) withhexare-
isopropanol as solvent.
4 The reaction was performed in an ultrasonic bath at room temperature.
€ The reaction was performed at room temperature.

In Table 2, the reaction with cataly2 afforded the best Table2 Asymmetric Benzylation of with Different Catalysts

results. Although the catalytic ability of catalyisivas not
good, both the ee and the chemical yield in water wefrat"y

higher than in the classic PTC system.
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Figurel Several chiral phase-transfer catalysts
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Reaction Catalyst  Yield ee Configuw
Conditions (%) (%) ration

1 Water phase 2a 99 87 S

2 Water phase 2b 85 88 S

3 Classical PTE¢ 3 90 84 S

4 Water phase 3 95 74 S

5 Classical PTE 4 27 3 R

6 Water phase 4 30 18 R

2The yield was determined B NMR spectroscopic analysis.
b Enantiomeric excess was determined by HPLC analysis of the
akylated imine using a chiral column (DAICEL Chiralcel OD-H)

with hexane—isopropanol as solvent.

¢ The reactions were performed at 5 °C with a 1 M aqueous golutio
of KOH (13.0 equiv, 9 mL) , benzyl bromide (5.0 equiv), and PTC (

mol%).

4 The reactions were performed at 0 °C in organic solvents (PhMe—
CHCI;, 7:3, 3 mL, entry 3; CKCl,, entry 5), 9 M aqueous solutioh o
KOH (13.0 equiv, 1 mL), benzyl bromide (5.0 equiv), and PTC (10

mol%).
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suspension precipitated by the addition gfCE{The solids
were filtered, washed with 3. The crude solid was
recrystallized from MeOH to afford the desired product
3.566 g (85% vyields) as an orange solid. The structure of
sample was confirmed by a range of analytical methods.

Fringuelli, F.; Matteucci, M.; Piermatti, O.; Pizzo, F.; Burla, (18) Synthesisof catalyst 4: A styrene—divinylbenzene

M. C.J. Org. Chem. 2001, 66, 4661.

Typical procedurefor asymmetric alkylation: A mixture

of 1 (0.678 mmol, 200 mg), benzyl bromide (5.0 equiv, 0.4
mL) and the catalyst (0.01 equiv, 4 mg) was cooled to 5 °C
and a 1 M KOH aqueous solution (13 equiv, 9.0 mL) was
added. The mixture was vigorously stirred. When the
reaction was finished, the mixture was extracted with ethyl
acetate (4« 20 mL). The organic extracts were combined
and dried (Ns50Q,) then evaporated in vacuo.

Synthesis of catalyst 3: Cinchonidine (11.0 mmol, 3.234 g)
and 4,4-chloromethyl biphenyl (5.0 mmol, 1.255 g) were
added to the solution of EEOH-DMF-CHER.5: 3:1, 26
mL), followed by stirring at 100 °C for 8 h. After cooling the
reaction mixture to room temperature, the resulting

Synlett 2005, No. 12, 1873-1876 © Thieme Stuttgart - New York

(19)

(20)

copolymer (4.5 g, 7%) was swollen in DMF (100 mL) for 2
h, 9-O-(4-nitrobenzoyl)cinchonine (11.6 g) was added. The
flask was heated at 80 °C for 60 h. During the course of the
reaction the color of the copolymer beads turned dark red.
After cooling, the polymer beads were separated by
filtration, washed with EtOH (3 20 mL), DCE (3x 20

mL), EtO (3x 20 mL), and dried in vacuo. The structure of
the sample was certified by several analytical methods.
O’Donnell, M. J.; Wu, S.; Huffman, J. Tetrahedron 1994,

50, 4507.

After all experiments were performed, we noticed that a
recent paper reported a similar result: Mase, N.; Ohno, T.;
Morimoto, H.; Nitta, F.; Yoda, H.; Takabe, Ketrahedron
Lett. 2005, 46, 3213.
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