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ABSTRACT
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A new N-triflated amino alcohol-titanium catalyst was designed for the asymmetric ethylation of aldehydes. This binaphthyl-based sulfonamido
alcohol ligand shows uniformly high yield and enantioselectivity in the diethylzinc additions of aromatic, aliphatic, and unsaturated aldehydes.

R = aryl, alkyl,
vinyl, acetylenyl

Synthesis of a chiral secondary alcohol by asymmetric poor asymmetric ligands for the Ti-catalyzedZt addition
addition of diorganozinc to an aldehyde is one of the to aldehydes?In our previous report, highly enantioselective
most successful areas in asymmetrie€Cbond formatiori.
Since the report by Ohno and co-workers on the highly
%&OH
NHSOR

enantioselective addition of diethylzinc to aldehydes using
Ti(O'Pr), complexed with chiral bistriflamidé (R = CF),?
extensive studies have been performed on the structural
derivatives of bissulfonamide and sulfonamido alcohol
1-3,%° TADDOLs 4,° and BINOLs5.7° However, few
studies have been performed with binaphthyl-based sulfona-
mides, and bissulfonamidéswere recently reported to be

ONHSOZR \ Ph
"'NHSOZR RO,S-NH OH
Ar Af

NHSO,R
NHSOZR
Ar Ar

Figure 1. Chiral ligands for Ti-catalyzed dialkylzinc addition to
aldehyde.
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binaphthyl N,O-ligands!' which showed much improved
enantioselectivity compared with that of the corresponding
2-dimethylamino-2hydroxy-1,1-binaphthyl*?

In this report, we prepared binaphthyl-based sulfon-
amido alcohols from chiral binaphthol and used them as
ligands for enantioselective Ti(IV)-catalyzed ethylation of
aldehydes.

SulfonamideslOa—c were prepared by conversion @f
to the amide3, which was reduced to the amifevith LAH
followed by the corresponding sulfonations (Schemé&-13.

Scheme 1. Synthesis of
2-Sulfonamidomethyl-2hydroxy-1,1-binaphthyl Derivatives
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10a Y = NHTf d(" Z=NH; R=CHj;
10b Y = NHMs (12 Z=NHTf R=CH;
10c Y=NHTs %13 Z=NHTf R=H

aReagents and conditions: (a) NaCN (0.1 equiv),sN¥HeOH,
70—80 °C, 48 h, 94%,; (b) LiAlH (4 equiv), THF, reflux, 24 h,
48%; (c)n-BuLi (2 equiv), THF,—78 °C; Tf,O (2 equiv),—78
°C, 1 h; LIOH—H,0 (12 equiv), rt, 12 h, 89% (fot04q); (d) Tf,O
(2 equiv), CHCI,, —78°C, 1 h, 92%; (e) BBy (3 equiv), CHCI,,
69%.

Ester7 was highly resistant toward ammonia or amide for
the aminolysis to amid@, but the conversion proceeded
slowly in methanolic ammonia on heating in the presence
of a catalytic amount of NaCI. SelectiveN-sulfonation of
amino alcohoB to 10a—c was not possible, probably because
of the intramolecular hydrogen bonding between the amino
and hydroxy groups. Bis,O-sulfonation of9 followed by

the selective hydrolysis of the resulting sulfonate moiety
provided sulfonamided0a—c. For comparative purpose,
sulfonamidel3, not having the methylene unit dDa was
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prepared from the knowrD-methyl NOBIN 11 with
N-triflation followed by demethylation oi2 with BBrs.
The sulfonamido alcohol ligand$0a—c and 13 were
subjected to the ethylation of benzaldehyde withZE&tin
the presence of Ti(®r), in toluene (Table 1). LigandOa

Table 1. Addition of Diethylzinc to Benzaldehyde Using
Ligands10a—c and13

1.8 eq. EtpZn

j\ 1.2 eq. Ti(O'Pr),, ligand H)<OH
Ph” "H _25°C Ph” TEt  (R)

ligand time yield2 eebe

entry (mol %) solvent (h) (%) (%)
1 10a (5) toluene 2 99 96
2 10b (5) toluene 5 60 34
3 10c (5) toluene 5 61 23
4 13 (5) toluene 5 79 8
5 10a (3) toluene 2 99 96
6 10a (1) toluene 2 99 95
7 10a (1) hexane 2 99 93
8 10a (1) CHCl; 2 99 99

aConversion yield (Chiraldex G-TA columnj Determined by chiral
HPLC (Chiralcel OD column)¢ Absolute configuration assigned by
comparison to the literature.

showed a very high enantioselection with the use of 5 mol
% in toluene (entry 1). With sulfonamidé®b and10c much
decreased conversion yields were observed despite the
extended reaction time under the same condition, and the
enantioselections were very poor (entries 2 and 3). As was
expected from the result of usir@g ligand 13 was a very
poor chiral ligand for the ethylation (entry 4). Decreasing
the amount of ligand Oa used resulted in almost the same
conversion yield and enantioselection (entries 5 and 6). By
changing the solvent from toluene or hexane to dichlo-
romethane, almost quantitative conversion and complete
enantioselection were accomplished with the use of only 1
mol % of 10a (entry 8).

With conditions optimized for benzaldehyde, the use of
ligand 10a was extended to the asymmetric ethylation of
other aromatic, aliphatic, and,f-unsaturated aldehydes
(Table 2). The yields and enantioselectivities for the substi-
tuted benzaldehydes (entries-2) and naphthaldehydes
(entries 8 and 9) were all excellent regardless of the position
of substituents. The additions were completed withih at
—25 °C with the use of 3 mol % of ligand0Oa and the
reduced alcohol products, observed in aboub% in our
previous study using 2-dialkylaminomethyH2ydroxy-1,1-
binaphthyl ligand® were not detected at all.

Excellent reactivity and enantioselection were obtained
with both primary and secondary aliphatic aldehydes (entries
10 and 11) and also wittrans-cinnamaldehyde (entry 12).

A slight decrease of enantioselection was observed with
phenylpropargyl aldehyde (entry 13).
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Table 2. Addition of Diethylzinc to Aldehydes Using Ligand

10a 100 - /o
1.8 equiv EtpZn v
0 1.2 equiv Ti(O/Pr) H OH 80 -
R)J\H 10a (3 mol %) e B el
CH,Clp, -25°C, 2h (R) E -
i a b E
entry R yield (%) ee (%) S 40 ,
1 Ph 99 99¢ - o
2 p-MeO-Ph 96 91° 20 e
3 0-CI-Ph 97 96d o
4 m-Cl-Ph 95 99¢ s
5 p-Cl-Ph 95 98¢ 032 —
6 o-Me-Ph 96 96¢ 0 20 40 60 80 100
% ee of ligand 10a
7 p-Me-Ph 94 99e
8 1-naphthyl 95 98 Figure 2. Correlation between the ee of ligad@aand the ee of
9 2-naphthyl 95 98° ethylation product of benzaldehyde (1 mol 283 1.8 equiv of
10 hexy! 90 98 Et,Zn, 1.2 equiv of Ti(GPr), —25°C, 2 h in CHCL,).
11 cyclohexyl 91 99f
12 trans-Ph-CH=CH 97 96°
139 Ph-C=C 95 89¢

selective addition of diethylzinc to aldehyde. TINgD-lig-
a|solated yields? Absolute configuration assigned by comparison to the i(O i i -
literature.© Determined by chiral HPLC (Chiralcel OD columr)Deter- a.md_Tl(Q Pr)4 C.ataIySt proyldes eXC.eIIem ylelds. and enan
mined by chiral HPLC (Chiralcel OB-H columnjDetermined by chiral tioselectivities in the reactions of diethylzinc with a broad

HPLC (Chiralpak AD-H column)! Determined by chiral GC (Chiraldex  range of aromatic, aliphatic, and unsaturated aldehydes.
G-TA column) of the corresponding acetate derivati¥ddsing 5 mol %

of 10a
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