ELSEVIER

Available online at www.sciencedirect.com

SCIENCE(dDIRECT°

Journal of Molecular Catalysis A: Chemical 214 (2004) 167-174

JOURNAL OF
MOLECULAR
CATALYSIS

A: CHEMICAL

HVINO3 10N

www.elsevier.com/locate/molcata

Catalytic asymmetric 1,4-conjugate addition of unmodified
aldehyde in ionic liquid

Hisahiro Hagiwar&*, Tomoyuki Okabé, Takashi HosHi, Toshio Suzuk?

2 Graduate School of Science and Technology, Niigata University, 2-Nocho, lkarashi, Niigata 950-2181, Japan
b Faculty of Engineering, Niigata University, 2-Nocho, Ikarashi, Niigata 950-2181, Japan

Received 31 July 2003; accepted 25 November 2003

Abstract

In the presence of a catalytic amount of optically active pyrrolidine derivatives derived.froaline, conjugate addition of an unmodified
aldehyde to 3-buten-2-one in [bomim]pP#as achieved to afford &-5-keto-aldehyde in up to 59% ee.
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1. Introduction

An organocatalyst is an organic compound of low molec-
ular weight that exhibits catalytic activifp]. The catalyst

In spite of its higher versatility as an electrophile, alde- does not contain heavy metal, which is an advantage from
hydel has rarely been used intact as a nucleophile becausesnvironmental as well as resource standpoint. The easy re-
of the difficulty incurred generating its enol or enolate producibility and flexible design of the catalyst are addi-
guantitatively. In order to control a nucleophilic reaction tional advantages. The mild reactivity of an organocatalyst

of aldehydel, it was transformed once into silylenol ether

or enamine which reacts with an electrophild, though

is suitable for transformation of fragile compounds such as
an aldehyde and a highly functionalized substrate for natural

the syntheses of such aldehyde equivalents are not usuallyproduct syntheses.

facile due to their instability to heat as well as moisture. In

The pioneering work by Yamada and Otd6] exem-

addition, examples of asymmetric nucleophilic reaction of plified an asymmetric 1,4-conjugate addition of enamine
an unmodified aldehydg are rare. However, recent efforts of methyl L-prolinate5 to 3-buten-2-one (MVK)6. With-
in this area enabled enantioselective 1,2- and 1,4-additionsout isolation of the intermediary conjugate addition product,

of unmodified aldehyde& by employing organocatalysts.

they directly transformed the product into a cyclohexenone

In the 1,2-addition reaction, successful results have beenderivative7 in 49% optical yield Eq. (2). However, there

obtained in the aldo[2] or Mannich reactior{3]. In the
1,4-conjugate addition reaction, Betancort and Batdas
reported addition to a nitroalker#z employing a diamine
39 (Fig. 1) as an organocatalysEq. (1).

NO2 NO2
OHC> 2 diamine 3g
+ > R
R R' 20 mol% R
OHC
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has been no reported work since then on an asymmetric
1,4-conjugate addition of unmodified aldehyde to M8K

N (@]
S/ 2) AcOH 4
Ph
Ph
5 7 )

We previously corroborated a highly efficient 1,4-conjug-
ate addition of an unmodified aldehyti#o vinylketones cat-
alyzed by a diethylaminotrimethylsilar{&], diethylamine
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Fig. 1. Chiral amine catalysts investigated.

[8] or methylaminopropyl unit grafted on silic®]. The 2.2. 2-Benzyl-5-oxohexandd)

reactions are environmentally friendly and the procedures

are very simple. Wastes are hexamethylsiloxane, water, di-2.2.1. Method |

ethylamine or solvent, which are easy to trap. No aqueous A mixture of hydrocinnamaldehydda (660ul, 5.0
work-up is required. By using an ionic liquid and a solid mmol), MVK 6 (625ul, 7.51 mmol), and the diamin&g
catalyst, the reaction system itself could be recycled several(172 mg, 1.0 mmol) was stirred at°C for 96 h under ni-
times[10]. These reactions were revealed to proceed via atrogen atmosphere. After being passed through silicagel
catalytic enamine pathwdya]. Based on these results, we column with the aid of ethyl acetatehexane, the solvent
delineate herein an asymmetric 1,4-conjugate addition of anwas evaporated to dryness and the residue was separated
unmodified aldehydéto MVK 6 employing optically active by MPLC (eluent: ethyl acetate-hexane= 1:2) to give
pyrrolidine amines3a, 3c—h as organocatalysts in an ionic keto-aldehyde8a [448 mg, 44%, 57% ee,oz|%° 3.89 €
liquid (Eq. (3) Fig. 1). The product, 5-keto-aldehyd® is 1.01, CHC4)] and self-aldol condensation prod&i{R =
highly versatile as a starting material for various synthetic CHzPh) (98 mg, 16%) as an oil.

targets[11].
2.2.2. Method I
To a stirred solution of hydrocinnamaldehytie (66 p.l,
on OES Chiral amine 3 < OH%=> ) 0.50 mmol) in [bmim]PE (1 ml) was added MVKb (65,
C> + / - * K 0.78 mmol) and the diamingg (18 mg, 0.10 mmol) under
R =R nitrogen atmosphere. After being stirred at room tempera-
OHC ture for 48 h, the product was extracted with 5ml of ether
1,‘;‘222%@13 6 8 ° 10 times. The solvent was evaporated in vacuo at room
c:R=CyHg temperature and the residue was passed through silicagel
SR 1558;36”6 3)  short column with the aid of ethyl acetatenexane. Evap-
oration of the solvent followed by MPLC purification (elu-
ent: ethyl acetatar-hexane= 1:2) afforded keto-aldehyde
8a [7a] (68 mg, 67%, 28% ee) and aldol prod&i{R =
2. Experimental CHzPh) (2.5 mg, 4%) as an oil.
2.1. General

2.3. 2-Benzyl-5-oxohexyl benzoal®d)

IR spectra were recorded on a Shimadzu FT/IR-4200
spectrophotometer in chlorofordH NMR spectra were To a stirred solution of sodium borohydride (25mg,
obtained for solutions in deuteriochloroform with Varian 0.65mmol) in ethanol (1.5ml) and GEl> (3.5ml) was
Gemini 200H (200 MHz) and Unity 500plus (500 MHz) added a solution of keto-aldehy@a (33 mg, 0.16 mmol)
instruments with tetramethylsilane as internal standard. in ethanol (0.6 ml) and C§Cly (1.4 ml) at—78°C. After
values are in Hz13C NMR spectra were obtained for so- being stirred for 1 h, the reaction was quenched by addition
lutions in deuteriochloroform with a Varian Gemini 200H of acetic acid (15@.1, 2.62 mmol). The solution was diluted
(50 MHz) instrument. HPLC analyses were carried out on with CH,Cl, and washed with dil. sodium hydrogencar-
a Hitachi L-7100 pump using Daicel chiral column with bonate and brine and dried over anhydrous sodium sulfate.
n-hexanetPrOH = 9:1 as an eluent at flow rate 0.5ml/min  Evaporation of the solvent gave a residue which was used
unless otherwise indicated. HPLC peaks were monitored without purification.
with a Hitachi L-7400 UV detector at 254 nm. Mass spectral ~ To a stirred solution of the residue in pyridine (1.0 ml) was
data were obtained with a JEOL GC-Mate spectrometer. added benzoyl chloride (38, 0.33 mmol) and a catalytic
Specific rotation was measured with a Horiba SEPA-200 amount of N,N-dimethylaminopyridine (DMAP) and the
spectrophotometer for solution in chloroform. resulting solution was stirred at room temperature for 18 h.
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The organic layer was diluted with ethyl acetate and washed(dd, J 11.1, 4.9, 1H), 8.19 (dtJ 9.1, 2.0, 2H) and 8.30
with water and brine and evaporated to dryness. The residue(dd, J 9.1, 2.0, 2H):13C NMR (50 MHz) 14.1 (q), 22.6 (t),
was purified by MPLC (eluent: ethyl acetatehexane 25.0 (t), 26.7 (1), 29.3 (1), 29.5 (1), 29.8 (1), 30.0 (q), 31.2
= 2:3) to give benzoat&0a (44 mg, 88%); IRvmax (cm™1) (), 31.8 (1), 36.9 (d), 40.8 (t), 68.0 (t), 123.5 (d), 130.6
2942, 1713, 1603, 1495, 1453, 1277 and 11%3;NMR (d), 135.6 (s), 150.4 (s), 164.6 (s) and 208.3 (s); HRMS
(200MHz) 1.74 (gJ 7.3, 2H), 2.11 (m, 1H), 2.11 (s, 3H), M*—p-NO,CsH5COOH, 210.1985 (calcd for GH260
2.52 (dt,J 14.6, 7.3, 1H), 2.54 (dt) 14.6, 7.3, 1H), 2.70  210.1984); HPLC condition (Daicel Chiralpak AS-H}x
(dd, J 13.6, 6.2, 1H), 2.78 (dd] 13.6, 7.9, 1H), 4.16 (dd, = 33.95 (major peak) and 36.60 min.

J11.2, 5.0, 1H), 4.23 (dd] 11.2, 5.1, 1H), 7.16-7.36 (m,

5H), 7.44 (t,J 7.2, 2H), 7.56 (tJ 7.2, 1H) and 8.01 (dJ 2.6. 2-n-Butyl-5-oxohexana8¢)

7.2, 2H); 13C NMR (50 MHz) 25.0 (t), 29.9 (q), 38.1 (1),

39.1 (d), 41.0 (1), 66.1 (1), 126.1 (d), 128.3 (d), 128.4 (d), Reaction ofn-hexanallc (60ul, 0.50 mmol) and MVK6
129.0 (d), 129.4 (d), 130.0 (s), 132.9 (d), 139.4 (s), 166.4 (s) (65!, 0.78 mmol) with the diamin8g (18 mg, 0.10 mmol)
and 208.2 (s); HRMSVT—CgHsCOOH 188.1208 (calcd  in [bmim]PFs (1 ml) was carried out in the same manner
for C13H160 188.1201); HPLC condition (Daicel Chiralpak according to Method Il to provide keto-aldehy@&e [7a]

AS-H), tr = 20.65 and 24.83 (major peak) min. (39 mg, 46%, 42% ee).
2.4. 2-(3-Oxobutyl)decanaB) 2.7. 2-n-Butyl-5-oxohexyl benzoatk¢)
In the presence of the diamirggy (17 mg, 0.10 mmol), The benzoatelOc was obtained in 54% vyield (35mg)

the reaction oh-decanallb (95ul, 0.50 mmol) and MVK according to the same procedure as the preparation of the
6 (65!, 0.78 mmol) in [bmim]PE (1 ml) was carried out  benzoatelOa starting from keto-aldehyd8c (39 mg); IR
in the same manner as Method Il to give keto-aldeh§ldle  vmax (cm™1) 2961, 1713, 1603, 1453, 1315, 1277 and 1117;

[7a] (33 mg, 29%, 42% ee). 'H NMR (200MHz) 0.90 (t,J 5.7, 3H), 1.20-1.60 (m,
6H), 1.60-1.90 (m, 3H), 2.15 (s, 3H), 2.53 (db3.5, 6.7,
2.5. 2-(3-Oxobutyl)decyl p-nitrobenzoatilh) 2H), 4.19 (dd,J 11.0, 5.3, 1H), 4.27 (dd] 11.0, 4.9, 1H),

7.35-7.70 (m, 3H) and 8.01 (m, 2H}C NMR (50 MHz)

2-(3-Oxobutyl)decyl benzoate was obtained in 87% yield 14.0 (q), 22.9 (t), 25.2 (t), 28.9 (t), 30.0 (q), 31.0 (t), 37.0 (d),
(37 mg) according to the same procedure as the preparatior40.9 (t), 67.0 (t), 128.3 (d), 129.4 (d), 130.2 (s), 132.9 (d),
of the benzoatd0a; 'H NMR (200 MHz) 0.87 (br t, 3H), 166.6 (s) and 208.3 (s); HRM&+—CgHsCOOH 154.1358
1.15-1.56 (m, 14H), 1.64-1.90 (m, 3H), 2.15 (s, 3H), 2.53 (calcd for GgH130 154.1358); HPLC condition (Daicel
(dd, J 8.0, 6.9, 2H), 4.19 (dd) 11.0, 5.3, 1H), 4.27 (dd] Chiralpak AS-H),tr = 31.61 and 33.17 (major peak) min.
11.0, 4.9, 1H), 7.35-7.70 (m, 3H) and 8.01 (m, 2H). Enan-
tiomers of this benzoate could not be separated by chiral 2.8. 2-(3-tert-Butyldimethylsilyloxypropyl)-5-oxohexanal
HPLC column. (8d)

A solution of the benzoate (35 mg, 0.11 mmol) and potas-
sium carbonate (29mg, 0.21mmol) in methanol (1ml)  To a stirred solution of aldehydid (108 mg, 0.50 mmol)
was stirred at room temperature for 2h. The reaction was in [bmim]PFs (1 ml) was added MVKb (651, 0.78 mmol)
guenched by addition of aq. ammonium chloride and the and the diamin8g (17.5 mg, 0.10 mmol). After being stirred
organic layer was extracted with ethyl acetate twice. The for 48h at room temperature, the product was extracted
combined organic layer was washed with water and brine with diethyl ether 20 times. Evaporation of the solvent of
and dried over anhydrous sodium sulfate. Evaporation of combined organic layers and subsequent MPLC purifica-
the solvent left a residue which was used for further reaction tion of the residue (eluent: ethyl acetatehexane= 1:3)
without purification. afforded keto-aldhydé&d [7a] (25 mg, 17%, 51% ee) along

A solution of the residue ang-nitrobenzoyl chloride with self-aldol condensation produét(R = C3HgOTBS)
(41 mg, 0.22 mmol) with a catalytic amount of DMAP in (29 mg, 28%).
pyridine (1.2 ml) was stirred at room temperature for 16 h.
The solution was diluted with ethyl acetate and the organic 2.9. 2-(3-Hydroxypropyl)-5-oxohexyl benzoat@d)
layer was washed with water and brine and dried over
anhydrous sodium sulfate. Evaporation of the solvent and 2-(3-ert-Butyldimethylsilyloxypropyl)-5-oxohexyl ben-
subsequent MPLC purification of the residue (eluent: ethyl zoate was obtained in 70% yield (24 mg) according to the
acetaten-hexane = 2:3) afforded benzoatdOb (40 mg, same procedure as the preparation of the benZ@atstart-
99%); IR vmax (cm™1) 2930, 1721, 1609, 1532, 1469, 1350, ing from keto-aldehyded (25mg); 'H NMR (200 MHz)
1279 and 1118H NMR (200 MHz) 0.88 (t,J 6.2, 3H), 0.04 (s, 6H), 0.88 (s, 9H), 1.35-1.68 (m, 4H), 1.68-1.90
1.10-1.57 (m, 14H), 1.73 (m, 2H), 1.77 (m, 1H), 2.16 (s, (m, 3H), 2.15 (s, 3H), 2.54 (t likel 7.4, 2H), 3.61 (t,J] 6.0,
3H), 2.53 (t,J 7.5, 2H), 4.24 (ddJ 11.1, 5.5, 1H), 4.31  2H), 4.23 (dd,J 5.1, 1.2, 1H), 4.24 (ddJ 5.1, 1.2, 1H),
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7.35-7.70 (m, 3H) and 8.01 (m, 2H). Enantiomers of the
benzoate could not be separated by chiral HPLC column.
To a stirred solution of the keto-benzoate (23mg,
0.06 mmol) in THF (50Qwl) was added TBAF (78l, 1.0 M
solution in THF, 0.078 mmol) and the resulting solution was
stirred at room temperature for 1 h. After addition of sat. ag.
NH4Cl, the product was extracted with ethyl acetate twice
and the organic layer was washed with water, brine and
dried over anhydrous sodium sulfate. Evaporation of the
solvent followed by column chromatography of the residue
(eluent: ethyl acetate+-hexane= 2:1) provided alcoholOd
(16 mg, 100%); IRvmax (cm~1) 3632, 2944, 1713, 1603,
1453, 1315, 1277 and 11181 NMR (200 MHz) 1.30-2.00
(m, 8H), 2.16 (s, 3H), 2.55 (11 7.5, 2H), 3.67 (t] 6.2, 2H),
4.26 (t,J5.1, 2H), 7.44 () 7.2, 2H), 7.58 (t) 7.2, 1H) and
8.02 (d,J 7.2, 2H); 3C NMR (50 MHz) 25.1 (t), 27.5 (t),
29.8 (t), 30.0 (q), 36.8 (d), 40.8 (), 62.8 (t), 66.8 (t), 128.4
(d), 129.5 (d), 130.1 (s), 133.0 (d), 166.6 (s) and 208.6 (s);
HRMS M+ —-CgHsCOOH 156.1144 (calcd for §H1602
156.1150); HPLC condition (Daicel Chiralpak OB-H,
flow rate 1.0ml/min),trg = 30.14 and 35.57 (major peak)
min.

2.10. 2-(3-Acetoxypropyl)-5-oxohexan8e)

To a stirred solution of aldehydie (72 mg, 0.50 mmol)
in [omim]PFs (1 ml) was added MVKS (651, 0.78 mmol)
and diamine3g (17.5mg, 0.10 mmol). After being stirred
for 48h at room temperature, the product was extracted
with 5 ml of diethyl ether 20 times. Evaporation of the sol-
vent of combined organic layer at room temperature and
subsequent MPLC purification of the residue (eluent: ethyl
acetaten-hexane = 3:2) afforded keto-aldhydeBe [7a]
(22mg, 22%, 44% ee) along with self-aldol condensation
product9 (R = AcOCsHg) (22 mg, 33%).

2.11. 2-(3-Benzoyloxypropyl)-5-oxohexyl benzoa6e)(

2-(3-Acetoxypropyl)-5-oxohexylbenzoate was obtained
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To a stirred solution of the residue in pyridine (1.0 ml)
was added benzoyl chloride (385 0.30 mmol) and a cat-
alytic amount of DMAP. After being stirred at room temper-
ature for 3 h, ethyl acetate (200 ml) was added. The organic
layer was washed with water and brine. Evaporation of
the solvent followed by MPLC purification (eluent: ethyl
acetaten-hexane= 1:1) provided bis-benzoatde (27 mg,
91%); IR vmax (cm™1) 2955, 1713, 1603, 1453, 1316, 1280
and 1115;'H NMR (200 MHz) 1.20-2.00 (m, 7H), 2.15
(s, 3H), 2.55 (t,J 7.6, 2H), 4.28 (tJ 5.1, 2H), 4.34 (tJ
6.4, 2H), 7.41 (ttJ 6.4, 1.4, 4H), 7.55 (m, 2H) and 8.03
(dt, J 6.6, 1.4, 4H); HRMSM*™—CgHsCOOH 260.1415
(calcd for GgH2003 260.1412); HPLC condition (Daicel
Chiralpak AS-H),tr = 38.22 and 40.86 (major) min.

2.12. 2-Benzyl-5-oxohexanoic acitilj

To a stirred solution of the keto-aldehy®a (57% ee,
326 mg, 1.59mmol) in acetone (5ml) was added Jones
reagent drop wise at @ until yellow color remained.
The reaction was quenched by addition of 2-propanol. The
solution was diluted with ethyl acetate. The organic layer
was washed with water and brine and dried over anhy-
drous sodium sulfate, Evaporation of the solvent followed
by MPLC purification of the residue (eluent: ethyl acetate)
provided ketocarboxylic acidl (344 mg, 98%); IRvmax
(cm~1) 3520, 3042, 2957, 1713, 1605, 1497, 1455, 1372,
1285 and 1167*H NMR (500 MHz) 1.86 (q,J 7.3, 2H),
2.11 (s, 3H), 2.46 (dt) 17.8, 7.3, 1H), 2.54 (d] 17.8, 7.3,
1H), 2.69 (quintJ 7.3, 1H), 2.76 (ddJ 13.6, 7.3, 1H), 3.02
(dd,J 13.6, 7.3, 1H), 7.19 () 7.0, 2H), 7.22 (d,) 7.0, 1H)
and 7.28 (tJ 7.0, 2H); 23C NMR (50 MHz) 25.2 (t), 29.9
(q), 38.1 (t), 40.9 (t), 46.2 (d), 126.4 (d), 128.4 (d), 128.8
(d), 138.4 (s), 181.0 (s) and 208.0 (s); HRWS —COOH
175.1124 (calcd for ©H150 175.1123).

2.13. Methyl (2S)-[(%5)-8-0x0-2-benzylhexanoylamino]-
2-phenylacetate (S,S)4) and methyl (2S)-[(R)-5-oxo-

in 79% vyield (26 mg) according to the same procedure as the2'-benzylhexanoylamino]-2-phenylacetate (SB)-(

preparation of the benzoatéa starting from keto-aldehyde
8e (22mg); 'H NMR (200MHz) 1.30-1.55 (m, 3H),
1.60-1.95 (m, 4H), 2.03 (s, 3H), 2.16 (s, 3H), 2.54 {(t like,
J 7.4, 2H), 4.05 (dJ 5.1, 1H), 4.07 (tJ 6.5, 2H), 4.25 (d,
J5.1, 1H), 7.44 (ttJ 7.0, 1.5, 2H), 7.57 (tt) 7.0, 1.5, 1H)
and 8.02 (dtJ 7.0, 1.5, 2H). Enantiomers of this benzoate
could not be separated by chiral HPLC column.

To a solution of the benzoate (25mg, 0.079 mmol) in
methanol (80@.l) was added potassium carbonate (35 mg,
0.30 mmol) under nitrogen atmosphere at room temperature
After being stirred for 4 h, the reaction was quenched by ad-
dition of sat. aq. NHCI. Product was extracted with ethyl

PGME hydrochloric salt was prepared according to the
procedure by Nagai and Kusurfii8a]. To a solution of
the carboxylic acidll (47 mg, 0.21 mmol) andS-PGME
hydrochloric salt12 (54 mg, 0.26 mmol) in DMF (1 ml)
was added PyBO® (129 mg, 0.25 mmol), HOBT (36 mg,
0.27 mmol) N-methylmorpholine (8%, 0.77 mmol) at 0C
under nitrogen atmosphere. After being stirred at room tem-
perature for 3h, benzene (20 ml) and ethyl acetate (40 ml)

.was added. The resulting solution was washed with 5% hy-

drochloric acid, sat. ag. NaHGGnd brine and dried over
anhydrous sodium sulfate. Evaporation of the solvent and

acetate twice and the combined organic layer was washedsubsequent MPLC purification of the residue (eluent: ethyl

with water and brine and dried over anhydrous sodium sul-

acetatenr-hexane= 2:1) afforded §)-PGME amidel3 (less

fate. Evaporation of the solvent gave residue which was usedpolar diastereomer, 55mg, 70% and more polar diastere-

for next reaction without purification.

omer, 14 mg, 18%) as solids.
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The less polar diastereomer had WRax (cm™1) 3418,
1744,1711, 1677, 1499 and 1236t NMR (500 MHz) 1.81
(m, 2H), 1.98 (s, 3H), 2.24 (d§,17.6, 7.6, 1H), 2.36 (ddd,
17.6, 7.6, 5.8, 1H), 2.53 (ddi,8.5, 6.2, 5.3, 1H), 2.73 (dd,

J 13.5, 6.2, 1H), 2.94 (ddj 13.5, 8.5, 1H), 3.66 (s, 3H),
5.47 (d,J 7.1, 1H), 6.38 (dJ 7.1, 1H), 7.15-7.22 (m, 2H)
and 7.25-7.35 (m, 8H:3C NMR (50 MHz) 26.3 (t), 29.8
(a), 38.9 (t), 40.6 (t), 47.8 (d), 52.7 (q), 56.1 (d), 126.3 (d),
127.0 (d), 128.4 (d), 128.8 (d), 136.6 (s), 139.0 (s), 170.7
(s), 173.6 (s) and 208.3 (s); HRM@" 367.1792 (calcd for
CaoH25NO4 367.1783).

The more polar diastereomer had 1Ray (cm™1) 3440,
1744,1711, 1677, 1499 and 1238 NMR (500 MHz) 1.88
(m, 2H), 2.15 (s, 3H), 2.51 (m, 1H), 2.55 {t7.1, 2H), 2.70
(dd, J 13.4, 5.5, 1H), 2.88 (ddj 13.4, 9.5, 1H), 3.71 (s,
3H), 5.45 (d,J 7.0, 1H), 6.20 (d) 7.0, 1H), 7.02-7.097 (m,
4H), 7.13-7.19 (m, 3H) and 7.24-7.32 (m, 3fC NMR
(50 MHz) 26.7 (t), 30.0 (q), 39.1 (t), 40.6 (1), 48.1 (d), 52.6
(a), 56.2 (d), 126.1 (d), 127.1 (d), 128.3 (d), 128.7 (d), 128.8
(d), 135.6 (s), 139.1 (s), 171.1 (s), 173.7 (s) and 208.8 (s).

2.14. Methyl (2R)-[(25)-8-ox0-2-benzylhexanoylamino]-
2-phenylacetate (R,S)g) and methyl (2R)-[(R)-5-o0xo-
2'-benzylhexanoylamino]-2-phenylacetate (R,E)}(

To a solution of keto-carboxylic acidll (48 mg,
0.22mmol) and R)-PGME hydrochloric saltl2 (55 mg,
0.27mmol) in DMF (1ml) was added at°C PyBOF®
(130mg, 0.25mmol), HOBT (35mg, 0.26 mmol)\-
methylmorpholine (8, 0.77 mmol) under nitrogen at-
mosphere. After being stirred at room temperature for

171
3. Results and discussion

3.1. Investigation on enantioselective 1,4-conjugate
addition of unmodified aldehydes

One major issue involved in realizing an enantioselective
1,4-conjugate addition of an unmodified aldehyde is to find
a more active amine catalyst which is effective at below
room temperature, since at elevated temperature racemiza-
tion of the keto-aldehyd@8 is anticipated. Another issue is
to suppress competitive self-aldol condensation leading to
ana,B-unsaturated aldehy®d12]. Different from the reac-
tion with nitro-olefine2, both substrate$ and6 lack points
of interaction in the present reaction system, which gave
rise to difficulty in designing appropriate amine catalysts. To
this end, screening of chiral secondary amirfég.(1) was
carried out initially. A reaction of hydrocinnamaldehytiz
with MVK 6 in an ionic liquid [bmim]PFk (vide infra) was
employed as a probe to examine appropriate amine catalysts,
and the results are listed rable 1

Self-aldol condensation of the aldehytkepredominated
to give an enafa (Eqg. (3)), when 10 mol% of_-proline 3a
was used (entry ITable 9. With an amine3c, considerable
amount of self-aldol produ@ was accompanied (entry 3).
Catalytic activity of an amineb or d [13] derived from
phenylethylamine was unsatisfactory (entry 2 or 4) even by
using a stoichiometric amount of amines. Then, attention
was focused on diamin&g—h [14] derived fromc-proline.

The catalytic activities of diamine3e-h were higher than
those of previous amines. By employing 20 mol% of the
diamine, self-aldol condensatidi5] was suppressed and
1,4-conjugate addition produ@ was obtained in better

3h, benzene (20 ml) and ethyl acetate (40 ml) was added.yields (entries 5-8). Among the diamines investigated, di-

Work-up in the same manner as above afford@dRGME
amidel3 (less polar diastereomer, 16 mg, 20%; more polar,
56 mg, 70%) as solids.

The less polar diastereomer had #Rax (cm™1) 3440,
1744,1711, 1677, 1499 and 1288t NMR (500 MHz) 1.81
(m, 2H), 1.98 (s, 3H), 2.24 (d§,17.6, 7.6, 1H), 2.36 (ddd,
17.6, 7.6, 5.8, 1H), 2.53 (ddi,8.5, 6.2, 5.3, 1H), 2.73 (dd,

J 13.5, 6.2, 1H), 2.94 (ddJ] 13.5, 8.5, 1H), 3.66 (s, 3H),
5.47 (d,J 7.1, 1H), 6.38 (d,) 7.1, 1H), 7.15-7.22 (m, 2H)
and 7.25-7.35 (m, 7H):3C NMR (50 MHz) 26.3 (t), 29.8
(a), 38.9 (1), 40.6 (t), 47.8 (d), 52.7 (q), 56.1 (d), 126.3 (d),
127.0 (d), 128.4 (d), 128.8 (d), 136.6 (s), 139.0 (s), 170.7
(s), 173.6 (s) and 208.3 (s).

The more polar diastereomer had 1Rax (cm™1) 3440,
1744,1711, 1677, 1499 and 1268t NMR (500 MHz) 1.88
(m, 2H), 2.15 (s, 3H), 2.51 (m, 1H), 2.55 {t7.1, 2H), 2.70
(dd, J 13.4, 5.5, 1H), 2.88 (ddj 13.4, 9.5, 1H), 3.71 (s,
3H), 5.45 (d,J 7.0, 1H), 6.20 (dJ 7.0, 1H), 7.02—7.097 (m,
4H), 7.13-7.19 (m, 3H) and 7.24-7.32 (m, 3HIC NMR
(50 MHz) 26.7 (t), 30.0 (q), 39.1 (t), 40.6 (1), 48.1 (d), 52.6
(9), 56.2 (d), 126.1 (d), 127.1 (d), 128.3 (d), 128.7 (d), 128.8

(d), 135.6 (s), 139.1 (s), 171.1 (s), 173.7 (s) and 208.8 (s);

HRMS M+ 367.1782 (calcd for &H2sNO4 367.1783).

amine 3g exhibited the highest 72% chemical yield with
24% ee (entry 7). Moreover, enantiomeric excess was im-
proved to 48% ee when diamir8h was employed (entry
8). Considering the results from entries 5-8, increased bulk-
iness of the substituent of the pyrrolidine ring of the amines
played a role to improve enantiomeric excess of conjugate

Table 1

Enantioselective 1,4-conjugate addition of hydrocinnamaldelyde

Entry Amine Reaction Yield (%) ee (%)
time (h)

12 3a (10 mol%) 24 8 (39 -

20 3b (10 mol%) 24 8 -

3 3c (10 mol%) 34 31 (29 11

42 3d (10 mol%) 97 34 16

52 3e (20 mol%) 48 48 (109 18

62 3f (20 mol%) 48 67 (5 18

72 3g (20 mol%) 48 72 24

82 3h (20 mol%) 48 44 (&) 48

a Reaction was carried out at rt in 1 ml of [omim]RF

b Reaction was carried out at rt without organic solvent.

¢ Reaction was carried out at rt in 0.5ml of @EN.

d Yield in parentheses indicates the yield of self-aldol condensation
product.
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Table 2 Table 5
Investigation of suitable solvent in 1,4-conjugate addition of hydrocin- Enantioselective 1,4-conjugate addition of various aldetyiethe pres-
namaldehydda ence of diamine3g in [bmim]PFs.
Entry? Solvent Yield (%) ee (%) Entry? Aldehyde R Yield (%) ee (%) Product
1 DMI 26 43 1 PhChH la 72 24 8a
2 CHsCN 29 34 2 PhCH la 31 11 8a
3 DMSO 39 34 3¢ PhCH la 29 59 8a
4 [bmim]PFg 72 24 4 CgH17 1b 29 42 8b
5 [bmim]PFRs/DMI 61 29 5 CsHg 1c 46 42 8c
- - - . 6 TBSOGHEs 1d 17 51 8d
a
% All reactions were carried out at rt for 48 h with 20 mol% of diamine 7 AcOGsHg 1e 29 a4 8e
@ All reactions were carried out at rt for 48 h with 20 mol% of diamine
Table 3 3g in [bmim]PFs.
?f e ¢ ield and in th . . ¢ b Reaction was carried out with 10 mol% 8§ in acetonitrile.
Effect of temperature on yield and ee in the 1,4-conjugate reaction o ¢ Reaction was carried out without solvent &tC2
hydrocinnamaldehydéa
Entry Chiral amine Condition 1C) Yield (%) ee (%)
12 3g (20 mol%) 26 72 24 racemization of the keto-aldehyd@a (57% ee) at room
22 10 32 48 temperature in 48h, while the same keto-aldehgden
3zc 2 29 59 [bmim]PRs was recovered intact in the absence of diamine
4 0 44 57 3h. Difficulty to suppress racemization arises that rigorous
5 3h (20 mol%) 0 11 53 . . X ) .
dehydration of the reaction system is undesirable in order
? Reaction was carried out in [bmim]PF6 for 48 h. to promote reaction, since a small amount of water plays

b Reaction was carried out without solvent.

n important role to driv Iyti le of the enamin
¢ Reaction was carried out for 96 h. a portant role to drive catalytic cycle of the ena €

reaction[7a).

Under our optimized reaction conditions employing
. . 20 mol% of diamine3g in [bmim]PF;, conjugate addition
hand (able J, the effect of the solvent was investigated of various unmodified aldehyddswas investigated and the

and the results are shown Table 2 . . ; .
Since the reaction was proposed to proceed via an enam—reSUItS are listed irfable 5(Eq. (4). Chemical yield as

ine pathway{7a], aprotic solvents were employed. Among \1velll as te_nangomzrlg excf:e_sls vlvere dependten'; f[)r? al?er;ydes
solvents tested, 1,3-dimethyl-2-imidazolidinone (DMI) gave | n entries < and 3, a fairly large amount of the starting

the highest enantiomeric excess (entrifdble 3, while the a'dedhyde? was rgcoéered' 'trr‘] entries ;‘ and d5' tsi'f'a'do'
ionic liquid, [bmim]PFs [16], provided the best chemical ~COndensation procuctswere the major byproduct. Lower

yield (entry 4, Table 3. Racemic produdd was obtained in convgrsion of aldehydeks prqvideq higher ee alsp in these
toluene, DMF or HMPA. Without solvent at room temper- reactlon_s. Prolonged reaction time perhaps improve the
ature, a complex mixture was obtained probably due to the conversion, but probably decreased the ee.

higher reactivity of aminé&g.

addition product8. With appropriate amine cataly8g in

Lower reaction temperature recorded higher eqantiomeric CHO. o diamine 3g (20 mole) O
excess at the expense of the substrate conversion (entry 2; > + : >
Table 3. At 0°C the reactions were carried out without sol- R / [bmim]PFg
vent, since mp of [bmim]P&is 6°C, which further improved */— R
enantioselectivity (entries 3-%able 3. 1 6 OHC 8 (4)

Prolonged reaction time improved chemical yields,
though enantiomeric induction was reduced when the di-
amine 3h was used as catalysTdble 4. This result was
understood from the results that diamidd catalyzed

3.2. Determination of enantiomeric excess

The enantiomeric excess of the prod8etas determined
by HPLC analysis of the corresponding benzakevhich
Table 4 was prepared as iBq. (5) since direct HPLC analysis was
Effect of time on ee in the 1,4-conjugate reaction of hydrocinnamaldehyde ynsuccessful. GLC analysis was not employed to avoid de-

la terioration of chiral center d8. According to the procedure
Entry Time (h) Yield (%) ee (%) by Ward and Rhegl7], the formyl group of keto-aldehyde

1 48 44 48 8 was selectively reduced with sodium borohydride in 30%
2 96 63 28 ethanol in dichloromethane at78°C to give an equilib-

3 285 67 16 rium mixture of keto-alcohol and its hemi-acetal. With-

All reactions were carried out at rt with 20mol% of diamine 3h in Out purification, treatment with benzoyl chloride afforded
[omim]PFs. keto-benzoatdO.
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NaBH4
30% EtOH-CHxCl2
>=R then steps DR
OHC o=<
Ar

8a: R =Bn 10a: R=Bn, Ar=Ph
8b:R = CgH17 10b: R = CgHy7, Ar=p-NO2Ph
8c: R =C4Hog 10c:R =C4Hg, Ar=Ph
8d:R = C3HgOTBS 10d: R = C3HgOH, Ar=Ph
8e: R = C3HgOAC 10e: R = C3HgOCOPh, Ar=Ph (5)

HPLC analyses of benzoatd9a and c exhibited per-
fect base line separations (separation factog 1.18) of
the two enantiomers (se&ection 2. Since base line sepa-
ration was not observed in the benzoate derived fBim
the benzoate was further transformed iptaitrobenzoate
10b which showed complete peak separation (separation fac-
tor: « = 1.08). Enantiomeric excesses 8fl and e were
determined by HPLC analyses of hydroxybenzdkie or
bis-benzoatdOe, respectively.

3.3. Determination of absolute stereochemistry

The absolute stereostructure was determined by Kusumi’'s
PGME method[18]. Jones oxidation of keto-aldehyd@a
(57% ee) gave acidl in 98% vyield Eg. (6). Conden-
sation with R)- or (§-phenylglycine methyl estet2 pro-
vided amidesl3 [19] in satisfactory yieldsEq. (7). Both
diastereomers were easily separated by MPLC. The ratio of.
diastereomers reflected the enantiomeric ratio of the start-
ing keto-aldehydda, which indicates that no racemization
and no kinetic resolution occurred during the synthetic op-
erations leading to PGME est#8.

O
Jones oxidation
—_—
*, *
OHC Ph HO2C Ph
8a 11 (6)
o
OMe
(S) 12 + (R,9)-13
(S,5)-13
11—
Ph
> OMe
P /\n/
. + (SR)-13
(R)-12
o (R,R)13
Ph Ph
OMe > OMe
CI™HaN* CImHN™ Y
(e} (e}
(8)-12 (R)-12 (7)
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AdValues

+0.05
+0.02

-009 Y\ PhO

R
N

S PGME
H

-0.17
13

Fig. 2. Determination of absolute stereochemistry.

Attack from
Si face

=o

Fig. 3. Possible stereochemical course.

Differences of chemical shift data of the adjacent protons
in NMR spectra of two major diastereomers of PGME esters
13 established unambiguously the absolute stereochemistry
of the keto-aldehyd®&a to be S as shown inFig. 2 While
recent report by Melchiorre and Jorgeng@0] assigned
S absolute configuration o8ia which has negative sign of
optical rotation (see also o@ection 2. This inconsistency
is uncertain. Deducing from similar HPLC behaviors of the
benzoated0c—e, the asymmetric centers of keto-aldehydes
8c—e might have theR configurations.

Provided that the present reaction proceeds via an enam-
ine pathway, the enantioselective 1,4-conjugate addition
is initiated from the Si-face oft-enamine 14 to give
(29-keto-aldehyde3 (Fig. 3). Bulkiness of the substituent
on the pyrrolidine ring played some role to increase enan-
tioselectivity as shown in entries 5-8able 1 Melchiorre
and Jorgensef20] also attained the same conclusion using
chiral diamine derived from-proline.

In summary, we have shown that enantioselective con-
jugate addition of unmodified aldehyddsto MVK 6 in
[bmim]PFs afforded (Z&)-5-keto-aldehydes$ in up to 59%
ee in the presence of a catalytic amount of optically ac-
tive pyrrolidine derivative8g andh derived fromr-proline.
Though there are limitations to realize higher ee values,
the ionic liquid played an important role to accelerate the
reaction.
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