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ABSTRACT

o} 2 equiv. EtoZn or PhaZn H OH

X

R™ "H RX Et (or Ph)
R = aryl, alkyl O‘ NR2

vinyl, acetylenyl OH 310 mol%
W = (]
OO (NR2 = 1-pyrrolidiny!

or morpholino)

A set of 2-dialkylaminomethyl-2'-hydroxy-1,1'-binaphthyls was prepared and used in the catalytic asymmetric additions of diethylzinc and
diphenylzinc to various types of aldehydes. These binaphthyl-based axially chiral amino alcohols show high enantioselectivity in the addition
of organozincs to aromatic and aliphatic aldehydes.

Asymmetric addition of organozincs to aldehydes is probably devised for the asymmetric organozinc additérDespite
the most successful and still vigorously pursued area inthe enormous success of the axially chiral ligands in
asymmetric C—C bond formationWith the development  asymmetric reactions, a limited number of amino alcohols
of diverse ligand structures and reaction conditions for the with 1,1'-biaryl backbone for the organozinc addition are
highly selective catalytic reactions, chiral amino alcohols still reported, includindl and2 (Figure 1)*

remain an attractive choice of catalyst, as a result of their
easy availability and simple reaction conditions. Since the
use of (S)-leucinol by Oguni, numerous amino alcohols,

mostly derived from natural chiral resources, have been
N(n-Bu),
NMe2
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reaction conditions with easy availability for both enanti-
omers of the ligand, we prepared axially chiral amino alcohol
3 from chiral binaphthol.

Amino alcohols3a—f were conveniently prepared from
binaphthol bistriflatel through a three-step reaction sequence
(Scheme 1). Monomethoxycarbonylationdfjave esteb

Scheme 1. Synthesis of
2-Dialkylaminomethyl-2'-hydroxy-1,1'-binaphthyl Derivatives

I I OTf a b l l X ¢

— - —_—

O \\\OTf O \\\OTf

4 X = COsMe (5)
X = CONR; (6a-f)

OO NRz2 - \R, = NG @3d)
wOH NMe, (3a)
oo O
N(n-Bu)y (3b)
3 NBnp(3c) N O Gh)

a(a) cat. Pd(OAg) dppp, CO (1 atm), MeOH, DMSO, 60%;
(b) MeAINR,, toluene, quantitative yields; (c) LAH, THF, 62
79%.

in 60% yield® and the conversion to amidé followed by
LAH reduction provided amino alcohoBa—f.

The amino alcohoBa was chosen for the initial experi-
ments. Reaction between 2 equiv of diethylzinc and benz-
aldehyde was carried out in toluene for 24 h to giRR)-(
(+)-1-phenyl-2-propanol (Table 1). The best result was

Table 1. Addition of Diethylzinc to Benzaldehyde Using

Ligand 3a
o] EtoZn, 3a H)\\\\OH
Ph)J\H toluene, rt, 24 h Ph Et (R)
mol % EtoZn convn ee
entry (3a) (equiv) (%)ab (%)2c

1 2 2 75 (11) 87
2d 2 2 78 (11) 88
3¢ 3 2 33(9) 88
4 3 2 89 (9) 91
5d 3 2 88 (7) 92
6 3 1.2 71 (9) 93
7 5 2 45 (17) 88

aDetermined by chiral GC (Chiraldex G-TA colum®)Number in the
parentheses refers to the amount of benzyl alcohol prodyddusolute
configuration assigned by comparison to the literatditgsing 5.4 mol %
of n-BulLi. ® Reaction was carried out at°C.

obtained with 3 mol % oBaat room temperature (entry 4).
The ethylation at °C was quite slow, and 58% of the

3). The use oh-BuLi together with3a did not show any
appreciable changes in the results (entry 2 ant? Bespite
repeated experiments, a sharp decrease of the conversion
yield was observed by increasing the amourBafo 5 mol
% (entry 8).

Next, we investigated the substituent effect of the amino
part of 3b—f on the level of asymmetric induction in the
addition of EtZn to benzaldehyde (Table 2). Under the

Table 2. Addition of Diethylzinc to Benzaldehyde Using

Ligands3a—f
o 2 equiv EtyZn H OH
ph)kH toluene, rt, 24 h Ph)\ Et
3a~3f (3 mol %) R
convn ee
entry ligand (%)>° (0)2°
1 3a 89 (9) 91
2 3b 77 (11) 87
3 3c 8 (20) 25
4 3d 93 (5) 94
5d ad 90 (7) 95
6 3e 87 (8) 94
7 3f 89 (5) 93

aDetermined by chiral GC (Chiraldex G-TA colum®)Number in the
parentheses refers to the amount of benzyl alcohol prodddgusolute
configuration assigned by comparison to the literatfitdsing 5.4 mol %
of n-BulLi.

reaction condition optimized f@a, di-n-butylamino deriva-
tive 3b showed decreased conversion (entry 2), and bulkier
dibenzylamino derivativ8cresulted in only 8% conversion
(entry 3). The pyrrolidine analogiBs was the most reactive
(93% conversion) and selective (94% ee) ligand (entry 4).
Under the same condition, ligarddl showed a high level
of nonlinear effect in the reaction between diethylzinc and
benzaldehyde, 60% ee and 92% ee of the alcohol products
with 20% ee and 50% ee &d, respectively. This is in
contrast to the structurally relaté] which was reported to
have a fully linear relationship between the enantiomeric
excess o2 and the alcohol product8.The difference can
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Shibata, T.; Morioka, H.; Choji, KNature 1995, 378, 767—768. (c)
Kitamura, M.; Okada, S.; Suga, S.; Noyori, R.Am. Chem. S0d.989,
111, 4028—-4036. (d) Kitamura, M.; Suga, S.; Oka, H.; Noyori,JRAm.
Chem. So0c1998,120, 9800—9809. (e) Chen, Y. K.; Costa, A. M.; Walsh,

starting benzaldehyde remained unreacted after 24 h (entryP. J.J. Am. Chem. So@001,123, 5378—5379.
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be due to the difficulty of2 in forming the heterochiral

dinuclear catalyst precursgr due to tWO relatively bulky Table 4. Addition of Diphenylzinc top-Anisaldehyde Using
n-butyl groups, compared with the pyrrolidinyl group3d.’ Ligands3a—f

The use of ligandd in the ethylation was extended to 2 equiv PhyZn H_ (OH

other aldehydes (Table 3). High levels of secondary alcohol /@/CHO foluene, 0°C N
MeO 3a~3f
MeO

" o me™ "

Table 3. Addition of Diethylzinc to Aldehydes Using t isolated ee
Ligand 3d entry ligand (h) yield (%) (%)ab
)?\ 2 equiv EtoZn H>§OH 1 3a 1 7 88
R™H toluene, t, 24 h R™ Rt 2 3b 1 93 87
3d (3 mol %) R 3 3c 1 97 95
e A R E-
entry R yield (%) (%) 6 3e 1 97 08
1 Ph 89 94b 7d 3f 24 75 98
2 p-MeO-Ph 97 94¢
3 0-CI-Ph 97 g3d aDetermined by HPLC (Chiralcel OJ columi)Absolute configuration
assigned by comparison to the literaturedsing 5 mol % of catalysBf.
4 m-Cl-Ph 95 96¢ d A mixture of PhZn (1 equiv) and BZn (2 equiv) was used.
5 p-CI-Ph 97 99b
6 1-naphthyl 92 96°¢
; i;‘(‘i‘/’;’hthy' 32 gi: E>.<cellent_ yields and enantiomeric excesses were accom-
9 cyclohexyl 89 o8° plished with aromatic aldehydes (entriesd), but moderate
10 trans-Ph-CH=CH 5 86¢ enantioselectivities were obtained fars-unsaturated and
11 Ph-C=C 97 76¢ aliphatic aldehydes (entries-20). Unlike with the reaction
12 TIPS-C=C 84 g2t between benzaldehyde and diethylzinc catalyze8dyyveak

i ) ) ) . nonlinear effect was observed in the reaction between
a Absolute configuration assigned by comparison to the literatures.

b Determined by chiral GC (Chiraldex G-TA columm)Determined by p-tolualdehyde and diphenylzinc catalyzed 3fy(32% ee

wirlakl (I;PlLC I(Chir]alecgl oD C_O'ucring)‘f Ei]etelrrgige(dc tr)]y leéiral gPTLAC R,IR- ) and 67% ee of the product alcohols with the use of 25% ee
elK- column].¢ Determine Yy chira Iralaex G- column 0, .

of the corresponding acetate derivativeBetermined by*°F NMR of the and 50% ee 08f, respectively). . . .
corresponding (R)-MTPA ester derivative. In summary, we have prepared a series of chiral amino

alcohols from R)-binaphthol and applied them to the
asymmetric additions of organozincs to various aromatic,
formation and excellent enantiomeric excess were obtained

for both aromatic (entries-17) and aliphatic aldehydes ||

(entries 8 and 9). _ Table 5. Addition of Diphenylzinc to Aldehydes Using
The enantioselectivities for substituted benzaldehydes werey jgang 3f

generally high, and a slight decrease of the selectivity was o] 2 equiv PhyZn H oH
observed when the substituent was positioned closer to the PN toluene. 0°C, 1 h RXPh
aldehyde group as shown in the case of chlorobenzaldehydes R 3f (10 mol %)
(entries 3—5). Ligan®d was also applied for the ethylation
of a,f-unsaturated aldehydes, but with lower selectivity isolated % ee
compared with the cases of aromatic and aliphatic aldehydes__ M"Y R yield (%) (config)*
(entries 10 and 11). Enantioselectivity in the case of 1 p-MeO-Ph 97 98° (R)
propargy! aldehyde was improved by introducing bulky TIPS 2 p-Me-Ph 97 97¢ (R)
group (entry 12). 3 0-CI-Ph 95 96¢ (R)
Enantioselective addition of diphenylzinc to aldehydes is 4 m-Cl-Ph 95 92: (R)
more challenging because of the rapid competitive uncata- 2 g’ﬁ;'Phk;h | Z; 350 (i)
lyzed _phenylation. One of the methods to suppress the T-IPSFiCE)(l: 72 851 ER;
undesired background reaction is to use a mixture of g trans-Ph-CH=CH 93 75¢ (S)
diphenylzinc and diethylzin# Ligands3a—f were screened 9 hexyl 94 66° (S)
again for the phenylation gb-anisaldehyde using diphen- 10 cyclohexyl 97 689 (S)
ylzinc only (Table 4). The best result was obtained with the
morpholino derivative3f (entry 6). Use of the mixture of a Absolute configuration assigned by comparison to the literatures.

. . . . . . L. b Determined by HPLC (Chiralcel OJ columrf)Determined by HPLC
diphenylzinc and diethylzinc gave similar enantioselectivity, (chiraicel OD column)d Determined by HPLC [(R,R)-Welk-O 1 column].

but with much decreased isolated yield (entry 7). ¢ Determined by HPLC (Chiralcel OB-H columr)Determined byH NMR

. . . . . of the correspondingR)-MTPA ester derivatives. Determined by HPLC
Various aromatic and aliphatic aldehydes were studied for chjraicel ADp_ H c0|ﬁn). y

the phenylation with 10 mol % o8f at 0 °C (Table 5).
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