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Abstract—A new series of chiraB-amino alcohols derived fromS|-leucine has been synthesized. The amino alcohol possessing a
piperidine ring and a phenethyl group on the carbinol carbon atom was found to be an efficient ligand to catalyze the enantioselective
addition of diethylzinc to aromatic (up to 97% ee) and aliphatic (up to 95% ee) aldel®d&89 Elsevier Science Ltd. All rights reserved.

Introduction acetonitrile at reflux in the presence of potassium carbonate
(51-73%). In this case, the dialkylation with alkyl halide

The development of chiral ligands for catalytic asymmetric was unsuccessful and afforded the monoalkylated product in
synthesis has been exceedingly important in modern moderate yield.
synthetic chemistry Among them, chiraB-amino alcohols
have been shown to be efficient chiral ligands for a variety
of asymmetric reactions, in particular, the enantioselective \r N
addition of dialkylzincs to aldehydes since the discovery by
Oguni? Excellent enantioselectivity for the addition to O
aromatic aldehydes has been achieved usingx®-
(dimethylamino)isobornedland ©-prolinol derivatives'
but the addition reaction with aliphatic aldehydes only
proceeds with moderate enantioselectivity. HowedgN-
dialkyl-norephedring and recently, B-amino alcohols
derived from §)-valine® or (9-tyrosine’ have been reported
to enhance the enantioselectivity for the addition to aliphatic
aldehydes. All these ligands possessautyl substituent . O
on the nitrogen and/or the carbinol carbon atom and we Y “ N Y
anticipated that further ligand modifications could lead to
developing a rational design of chiral ligands for the
reaction with aliphatic aldehydes. In this paper, we report
the studies of the synthesis of new amino alcohols derived
from (S-leucine and their use as chiral ligands for the
enantioselective addition of diethylzinc to aldehyfles.

Results and Discussion ) ) ) ) N )
We first examined the enantioselective addition of diethyl-

The ligandsla—d were prepared from commercially avail- ~ Zinc to benzaldehyde as a test substrate with 10 mol% of the
able ©)-leucine ethyl ester hydrochloride as follows: addi- chiral ligandsla—d. These results are summarized in Table
tion of various Grignard reagents to thg§)-{eucine ethyl 1.

ester (34-47%) and alkylation with 1,5-diiodopentane in ) )
It should be noted that the ligarict with an n-butyl group

Keywords chiral ligands; enantioselective additio{eucine. provided higher enantioselectivity than the ligarigsand
* Corresponding author. E-mail: kawanami@ag.kagawa-u.ac.jp 1b with a relatively larger phenyl or #butylphenyl group

0040-4020/00/$ - see front matter1999 Elsevier Science Ltd. All rights reserved.
Pll: S0040-4020(99)00971-0



176 Y. Kawanami et al. / Tetrahedron 56 (2000) 175-178

Table 1. Enantioselective addition of diethylzinc to benzaldehyde using — R —
various ligandsla—d (
Ets --| H
Chiral ligand B H g_z/‘Zn—Et
v EpZn ————— 1 1T

hexane, 0 °C OH (0]

Entry Ligand Yield (%) Ee (%) O

1 la 88 85

2 1b 76 80

3 1c 86 94

4 1d 91 97 |

2 Determined by HPLC analysis using DAICEL Chiralcel OB (hexane/
PrOH 98:2). The absolute configurations of the resulting alcohols were
determined to beR) by comparison of the specific rotations (Ref. 5).

Figure 1. Transition state model.

dinuclear Zn complexes proposed by NoyBrihe trans-
(entries 1-3) as well as the amino alcohol derived from ition state model shown in Fig. 1 is suggested. The addition
(9-valine® Furthermore, the chiral ligantd with a flexible reaction catalyzed by chiral amino alcohol ligatdimight
and more bulky phenethyl grotipras found to be the most  proceed through the transition state model, in which one of
efficient ligand. Thus ligandd catalyzed the addition of  the phenethyl groups should locate in pseudeaxial
diethylzinc to benzaldehyde in hexane dCOto give position and, therefore, the aldehyde might be attacked on
(R)-1-phenyl-1-propanol with 97% ee in 90% yield. These its re-face at the upper side of the dinuclear Zn complex to
results suggest that the substituent at the carbinol carbonproduce the correspondinB)tsecondary alcohol. It is note-
atom plays a critical role in the enantioselection of the worthy that this chiral ligand design is conceptually in
addition reaction. agreement with that of the chiral relay auxilidfythe

N-protected 5-phenylmorpholin-2-one, where config-
Next, the enantioselective additions of diethylzinc to urationally flexible moieties are employed to relay and
various aromatic and aliphatic aldehydes using chiral ligand amplify the stereochemical information of the relatively
1d were examined and these results are summarized inremote stereogenic centers via the chiral relay networks,
Table 2. The catalytic diethylzinc addition to an aldehyde ensuring efficient stereocontrol in the alkylation (1,3-asym-
possessing an electron-withdrawing group in thara metric induction). Furthermore, the introduction of a
position of the aromatic ring proceeded with higher enantio- flexible and larger phenethyl group, compared to the phenyl
selectivity than the addition to an aldehyde with an electron- and n-butyl groups, should cause an efficient steric
donating group (entries 2 and 3), probably due to an hindrance with aliphatic aldehydes and, therefore, enhance
electronic effect® The addition reaction with 2-naphthyl-  the enantioselectivity.
aldehyde showed high enantioselectivity that was com-
parable to that of benzaldehyde (entry 4). Most In conclusion, we have demonstrated that a new chiral
importantly, the addition of diethylzinc to aliphatic amino alcohol derived from3-leucine, which possesses a
straight-chain and branched aldehydes proceeded withpiperidine ring and a phenethyl group, catalyzed the
good to excellent enantioselectivity (85-95% ee). enantioselective addition of diethylzinc to aromatic and

aliphatic aldehydes with high enantioselectivity. Thus, this
Although the actual active species are unclear, assuming thestrategy using chiral relay networks would lead to developing

further efficient chiral ligands.
Table 2. Enantioselective addition of diethylzinc to various aldehydes
using ligandld

R Chiralligand RH Experimental
\ﬂ/ + EgZh —————-

hexane, 0 G O IR spectra were determined using a Shimadzu IR-435

Entry  Aldehyde/R  Yield (%)  Ee (%) Configuratiofi spectrophotometetH NMR and *C NMR spectra were
recorded at 90 MHz and 23 MHz using a JEOL JNM-

! Ph 91 o R EX90 spectrometer, respectively. All NMR spectra were
2 4-ClPh 76 96 R . : ) ;
3 4-MePh 87 89 R taken in CDC} solution with TMS as the internal standard.
4 2-Naphthyl 77 97 R Optical rotations were determined on a Yanagimoto OR-50
5 n-CeHis 81 8g R polarimeter. The HPLC analysis was carried out using a
6 S o gg R DAICEL Chiralcel OB, OD, or AD column (0.4625 cnrf)
8 'C'_C‘LHQM 72 o R with a Shimadzu LC-6A. THF was distilled from sodium

2 Determined by HPLC analysis using DAICEL Chiralcel OB (hexane/

ProH 98:2).

® Determined by comparison of specific rotations (Refs. 3,5).
¢ Determined by HPLC analysis using DAICEL Chiralpak AD (hexane/

PrOH 200:1) after 4-nitrobenzoylation.

9 Determined by HPLC analysis using DAICEL Chiralpak OD (hexane/

PrOH 200:1) after benzoylation.

benzophenone ketyl. TLC was carried out on Merck glass
plates precoated with silica gel 60F-254 (0.25 mm) and
column chromatography was performed using Merck
230-400 mesh silica gel. Diethylzinc was purchased from
the Aldrich Chemical Co. )-Leucine ethyl ester hydro-
chloride and the other reagents were obtained from Tokyo
Kasei Kogyo Co. or Wako Pure Chemical Ind.



Y. Kawanami et al. / Tetrahedron 56 (2000) 175-178

(S)-4-Methyl-1,1-diphenyl-2-piperidino-1-pentanol  1a.

177

748, 700cm* H NMR (CDCl) & 0.95 (d, 3H,

(9-Leucine ethyl ester hydrochloride (391 mg, 2.0 mmol) J=6.2 Hz), 1.01 (d, 3HJ=4.8 Hz), 1.10-2.24 (m, 13H),

was suspended in £ (10 ml) and neutralized with 10%

2.32-3.08 (m, 9H), 4.74 (s, 1H), 6.87—7.46 (m, 10HE

aqueous NaOH solution. The aqueous solution was sepaNMR (CDCly) 6 143.5, 143.0, 128.3, 125.5, 125.4, 77.2,

rated and extracted with £ (2x5 ml) and the ethereal
solution was dried over MgSOThe solution of the result-
ing amino-acid ester in THF (1 ml) was slowly added to
PhMgBr (2M solution in THF, 4 ml, 8.0 mmol) and the

73.5, 67.2, 39.3, 38.1, 35.9, 30.0, 29.8, 27.2, 26.5, 24.6,
24.2. Anal. Calcd for gH3NO: C, 82.39; H, 9.99; N,
3.56%. Found: C, 82.23; H, 9.85; N, 3.44%.

mixture was stirred for 12 h at room temperature. An Typical procedure for enantioselective addition of

agueous saturated NEI solution was added to the reaction

diethylzinc to aldehyde: (R)-1-phenyl-1-propanol. To a

mixture and the THF solution was decanted. The aqueoussolution of 1d (197 mg, 0.5 mmol, 10 mol%) in hexane
solution was twice washed with ethyl acetate. After (10 ml) was added benzaldehyde (0.51 ml, 5 mmol) under
evaporation of the combined organic solution, the residue an argon atmosphere and the resulting solution was stirred at
was flash chromatographed (hexane/ethyl acetate, 1:1) toroom temperature. After 20 min, diethylzinc (1.0M solution

give the amino alcohol (242 mg, 45%) NMR & 0.86
(d, 3H,J=6.4 Hz), 0.88 (d, 3HJ=6.2 Hz), 0.95-1.45 (m,
3H), 1.96 (br s, 1H), 3.96 (dd, 1H=3.0, 9.1 Hz), 6.95—
7.70 (m, 10H). To the amino alcohol in acetonitrile (9 ml),
1,5-diiodopentane (13l, 0.9 mmol) and KCOs; (248 mg,

in hexane, 10 ml, 10 mmol) was added to the mixture’@t 0
and stirred for 12 h. After being quenched with aqueous
saturated NRCI solution, the mixture was extracted with
CH,CI,, dried (MgSQ), and concentrated. The residue was
purified by flash column chromatography (hexane/ethyl

1.8 mmol) were added, and the mixture was refluxed for acetate 4:1) to give R)-1-phenyl-1-propanol (618 mg,

24 h. After filtration of the reaction mixture and evapora-
tion, the residue was dissolved in gEl, and dried over

91%) and the recoveretld (189 mg, 96%). The ee was
determined to be 97% by HPLC analysis using a DAICEL

MgSQ,. The residue was flash chromatographed (hexane/Chiralcel OB column (hexanePrOH 98:2, flow rate:

eth¥l acetate, 20:1) to give a colorlessTdl(221 mg, 73%):
[]8 —28.0 (c 2.93, CHGQ); IR (neat) 3380, 3070, 3030,
2920, 2860, 1720, 1660, 1495, 1450, 750, 705tnH
NMR 6 0.87 (d, 3H,J=6.2 Hz), 1.07 (d, 3HJ=6.4 Hz),
1.17-1.90 (m, 9H), 2.20-2.66 (m, 4H), 3.51 (dd, 1H,
J=4.6, 9.2 Hz), 4.90 (s, 1H), 6.95-7.60 (m, 10HJC

NMR (CDCly) 6 145.8, 144.7, 128.0, 127.9, 127.7, 127.0,

0.5mlmin%). For 1-(4-chlorophenyl)-1-propanol, 1-(4-
methylphenyl)-1-propanol and 1-(2-naphthyl)-1-propanol,
OB column (hexané/fPrOH 98:2, flow rate:
0.5 ml min ). For 3-undecanol, 5-methyl-3-hexanol, and
1-cyclohexyl-1-propanol, after benzoylation, OD column
(hexanetPrOH 200:1, flow rate: 0.3 mlmif). For
3-nonanol, after 4-nitrobenzoylation, AD column (hexane/

126.9, 126.5, 77.4, 69.1, 52.8, 37.9, 27.1, 26.3, 24.6, 24.3,i-PrOH 200:1, flow rate: 1.0 ml mir}).

21.1. Anal. Calcd for ggH3:NO: C, 81.85; H, 9.26; N, 4.15%.
Found: C, 81.72; H, 9.29; N, 4.11%.

(S)-4-Methyl-1,1-bis(41-butylphenyl)-2-piperidino-1-

Acknowledgements

pentanol 1b.Prepared according to a previously described We are grateful to Professor T. Katsuki for helpful

procedure, 34 and 51%a]3 —27.1 (c 1.29, CHG); IR

(neat) 3250, 3080, 2950, 2850, 2800, 1655, 1605, 1508,

1460, 1360, 1265, 1165, 1100, 1015, 820, 750tm
IH-NMR (CDCl) 6 0.86 (d, 3H,J=6.2 Hz), 1.06 (d, 3H,

J=5.9 Hz), 1.14-1.74 (m, 27H), 2.15-2.65 (m, 4H), 3.50

(dd, 1H,J=4.6, 9.2 Hz), 6.20 (br s, 1H), 7.02—7.50 (m, 8H);
3C NMR (CDCL) & 149.6, 149.1, 142.9, 141.6, 127.6,

discussions.
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