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The enantioselective Lewis acid-catalyzed Diels—Alder reaction of 3-(2-propenoyl)-1,3-oxazolidin-2-one 8
with cyclopentadiene was examined using a series of chiral mox ligands 2—6, deferring in the side chain at 2-po-
sition of the chiral oxazoline and in the nature of the substituent at the chiral center (4-position) of the oxazoline
ring, and a combination of N-[(1R)-2-chloro-1-phenylethyl]-2-[(4R)-4-phenyl-4,5-dihydrooxazol-2-yl]butyramide

2-Mgl,—I, was the most efficient catalyst.
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The design and synthesis of novel chiral catalysts for
asymmetric reactions continues to be an important and active
area of research.'? C,-symmetric bis(oxazolines) (boxes)
have proven to be excellent ligands in wide range of asym-
metric carbon—carbon bond formation reactions® including
Diels—Alder reaction.*~” Recently, a non-C,-symmetric box
bearing a meso backbone'” and a non-C,-symmetric mono-
(oxazoline) (mox) such as pyridyloxazoline'” or pyosphi-
noaryloxazoline'> "> have also been shown to be effective
ligands in the enantioselective catalytic Diels—Alder reaction.
In previous paper we have reported'®!” that the magnesium-
catalyzed Diels—Alder reaction of ethyl 2-benzoylacrylate
and 1-phenyl-2-methylenebutane-1,3-dione gave the adduct
enantioselectively with N-[(1R)-2-chloro-1-phenylethyl]-2-
ethyl-2-[(4R)-4-phenyl-4,5-dihydrooxazol-2-yl]butyramide
2, a non-C,-symmetric mox, as a chiral ligand. We have also
proposed a plausible transition state like 1 in which hydrogen
bonding between the chloride and the amide hydrogen of 2
plays an important role (Fig. 1). In order to test the influence
of the side chain at 2-position of chiral oxazolines, we exam-
ined the Lewis acid-catalyzed Diels—Alder reactions of
well-used 3-(2-propenoyl)-1,3-oxazolidin-2-one 8 2% as a
dienophile with cyclopentadiene using moxes 2—6 as chiral
ligands.

Moxes 3—6 were synthesized in almost the same manner
as 2.!” The Lewis acid—chiral ligand complex was prepared
by refluxing a mixture of Lewis acid, chiral ligand and I, at a
ratio shown in Table 1 in CH;CN. The solvent was removed
and the resulting complex was dissolved in CH,Cl, and
cooled at temperature shown in Table 1. To this solution
dienophile 8 in CH,Cl, was added and stirred for 30 min,
then cyclopentadiene in CH,Cl, was added slowly for a pe-
riod of 3 h. The reaction mixture was stirred for a period of
time shown in Table 1. Usual work up gave the adduct. The
endolexo ratios were determined by 'H-NMR spectroscopy
and the enantioselectivities were determined by analytical
HPLC. The absolute configuration of the major endo-adduct
in each reaction was determined by the comparison of reten-
tion time on HPLC and specific rotation with that reported
for authentic sample.?

Table 1 shows the results of the reaction using Mgl, (0.1
eq) as Lewis acid. The enantiomeric excesses are dependent
on the reaction temperature when the reactions were carried
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out with the complex prepared from 2 : Mgl,:1, (1:1:1) (en-
tries 1, 2). On the contrary, no significant temperature depen-
dencies were found in the reaction with the complex pre-
pared from 2:Mgl,:1, (2:1:2) (entries 3—5). At the same
reaction temperature the enantiomeric excesses increased
more than 20% by changing the complex composition
(2:Mgl,:1,) from (1:1:1) to (2:1:2) (entries 1, 3). The
high asymmetric induction in the reaction can be rationalized
by assuming that the reaction proceeds via the intermediacy
of a tetrahedral complex 10 shown in Fig. 2, which is similar
to that of the reaction of 8 with Mgl,—7a proposed by
Corey.” As reported in the previous paper it is considerably
difficult to achieve chelation between magnesium and 2, two
equivalents of chiral ligand and iodine to Lewis acid would
facilitate to form the complex. When oxazoline nitrogen and
amide carbonyl oxygen coordinate to magnesium and hydro-
gen bonding between the chloride and the amide hydrogen,
the phenyl group of amide side-chain situate at nearly oppo-
site side to the phenyl group at 4-position of oxazoline ring
across magnesium. Thus cyclopentadiene should approaches
from re face to the complex 10. Next, we examined the con-
tribution of the side chain at 2 position of the oxazoline to
the reaction. The remarkable depletion of ee was observed
converting Cl to H (compare entries 3 and 6). This means
that a group having hydrogen-bonding ability is necessary
for high enantioselectivity. Furthermore the reaction did not
proceed with 4 having non-chiral long chain substituent at 2
position under the same reaction condition (entry 7). This
might be due to inhibition of flexible long chain for attack of
cyclopentadiene to Mg—4—8 complex. Finally, the reactions
with mox having different substituents such as isopropyl and
tert-butyl group at the chiral center of the oxazoline ring and
the same side chain at 2-position as 2 were examined. As can
be seen from entries 9 and 10 the enantioselectivities were
very poor, which might be attributed to the steric hindrance
of bulky group adjacent the amide group resulting in preven-
tion of hydrogen bond formation in the reactive species.

As Evans reported the very high enantioselectivity in the
reaction of 8 with 7e~Cu(OTf), complex,® we next examined
the reaction with Cu(OTf), (0.1 eq) as a Lewis acid (Table 2).
However both endo- and enantio-selectivities were lower than
those with Mgl, and the opposite enantiomer was formed
with 6b (entry 3). The opposite enantiomer should be formed
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Table 1. Enantioselective Diels—Alder Reaction of 8 with Cyclopentadiene Using Mgl, in CH,Cl,
o 0 Myl (0.1 eq) H ;&«O o
s A, onetligand. b SN s
- CHCly S0 L
-] 8n ax
Ent Ligand I, Temp. Time Yield Ratio endo-Isomer (9n)
niry (eq) (eq) (°C) (h) (%) 9n:9x % ee Config.
1 2 (0.1 0.1 —50 23 83 95: 5 61.4 S
2 2 (0.1) 0.1 -70 24 82 95: 5 71.5 S
3 2 (0.2) 0.2 =50 6 84 94: 6 85.5 S
4 2 (0.2) 0.2 -70 29 71 94: 6 90.7 S
5 2 (0.2) 0.2 —80 38 88 96: 4 88.4 S
6 3 (0.2) 0.2 -50 94 73 88:12 36.9 S
7 4 (0.2) 0.2 =50 48 — — — —
8 5 (0.2) 0.2 =70 17 80 95: 5 32 R
9 6a (0.2) 0.2 =70 23 76 88:12 29.6 R
10 6b (0.2) 0.2 =70 24 78 93: 7 18.5 R

Table 2. Enantioselective Diels—Alder Reaction of 8 with Cyclopentadiene Using Cu(OTf), in CH,Cl,

L

0] O CufdTh: {01 cq)
\)LN’J\O chwral ligand O%NS . b !\/
e CHCly O)‘o
8 9n 9x
Ent Ligand Temp. Time Yield Ratio endo-Isomer (9n)
nry (eq) (°C) (h) (%) 9n:9x % ee Config.
1 2 (0.1) —80 20 79 88:12 64.6 S
6a (0.1) —80 46 65 81:19 6.2 R
3 6b (0.1) —80 24 58 72:28 18.3 S
Et. .E! Et. Et
ot | “ © i
NH N\X Me._NH N
Prn o, PN Bn 5 PN
Et. Et Me.  Me
o, Q
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i i
krNH N R>S"N N‘-,%H'
A R R R
€ 7
a,B=Pr a.A=Ph.R'=H
b-R=6Bu 8,8 -Ph R =Me

Fig. 2

via a square—planar complex analogous to box 6¢c—copper—7
complex proposed by Evans.®** or an octahedral complex*?
like 1.

¢;R=Bu A'=H

Chart 1

In conclusion N-[(1R)-2-chloro-1-phenylethyl]-2-ethyl-2-
[(4R)-4-phenyl-4,5-dihydrooxazol-2-yl]butyramide 2 is also
efficient ligand in the Diels—Alder reaction using 3-(2-
propenoyl)-1,3-oxazolidin-2-one 8 as a dienophile.

Experimental
Melting points are uncorrected. MgSO, was used to dry organic layers
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after extraction. Column chromatography was performed with Silica Gel 60
(Spherical, Kanto Chemical Co.). HPLC was carried out with a Daicel Chi-
ralcel OD column (0.46X25 cm; eluate 0.1% propan-2-ol in hexane). NMR
spectra were measured on a JEOL GX-270 spectrometer for samples in
CDCl, solution at 270 MHz for 'H and 67.89 MHz for "*C, and chemical
shifts are expressed in d-units using tetramethylsilane or chloroform as an
internal standard. IR spectra were recorded on a JASXCO FT/IR-410 spec-
trometer. High-resolution mass spectra were obtained with a JEOL JMS-700
spectrometer.

Synthesis of Chiral Ligands. 2-Ethyl-2-[(4R)-4-phenyl-4,5-dihydroox-
azol-2-yl]-NV-[(1R)-1-phenylethyl]butyramide 3 To a solution of 2,2-di-
ethyl-N-[(1R)-2-hydroxy- 1-phenylethyl]-N'-[(1R)-1-phenylethylJmalonamide
(1.61g, 42mmol), and Et;N (1.3ml, 9.24 mmol) in CH,Cl, (50ml) was
added methanesulfonyl chloride (0.36 ml, 4.62 mmol) in an ice-bath. The re-
action mixture was allowed to warm to room temperature and stirring was
continued for 20 min. The reaction mixture was then poured into saturated
aqueous NH,CI solution (50 ml). The organic layer was separated and the
aqueous layer was extracted with CH,Cl, (20 ml1X2). The combined organic
layers were washed with brine, dried and evaporated. The resulting crude
mesylate was treated with 0.5 M NaOH/MeOH-H,O (1:1) solution (16 ml)
at reflux for 1h. The reaction mixture was concentrated to half the original
volume, and extracted with CH,Cl, (15ml). The organic layer was washed
with brine (10ml), dried and evaporated. The resulting crystalline product
was recrystallized from AcOEt-hexane to give 3 as colorless prisms; mp
106—108°C; IR (KBr): 3210, 1660cm™'; 'H-NMR & 0.72 (3H, t,
J=17.3Hz), 0.88 (3H, t, J/=7.3Hz), 1.47 (3H, d, /=7.0 Hz), 1.73—1.88 (2H,
m), 2.03—2.18 (2H, m), 4.05 (I1H, t, J=8.6Hz), 4.66 (1H, dd, J=10.0,
8.6Hz), 5.20 (1H, quintet, J=7.0Hz), 5.36 (1H, brdd, J=10.0, 8.8 Hz),
7.19—7.38 (10H, m), 10.41 (1H, brd, J=7.5Hz). [o]} —8.8° (c=1.02,
CHCI,). 4nal. Calcd for C,;H,¢N,O,: C, 75.79; H, 7.74; N, 7.69. Found: C,
75.83; H, 7.73; N, 7.69.

N-Butyl-2-ethyl-2-[(4R)-4-phenyl-4,5-dihydrooxazol-2-yl|butyramide
4 Compound 4 was synthesized from N-butyl-2,2-diethyl-N’'-[(1R)-2-hy-
droxy-1-phenylethylJmalonamide (8.0g, 24 mmol) in a similar way as 3.
Column chromatography (0.5% acetone in CH,CL,) of the crude product
gave 4 (5.0 g, 66%) as a colorless viscous oil. IR (neat): 3250, 1665cm™;
'H-NMR § 0.82 (3H, t, J=7.5Hz), 0.86 (3H, t, J=7.0Hz), 0.88 (3H, t,
J=7.0Hz), 1.33—1.40 (2H, m), 1.44—1.55 (2H, m), 1.72—1.90 (2H, m),
2.04—2.19 (2H, m), 3.20—3.35 (2H, m), 4.05 (1H, t, J=8.6 Hz), 4.63 (1H,
dd, /=10.3, 8.4Hz), 5.31 (1H, dd, /=9.9, 8.8 Hz), 7.24—7.41 (5H, m), 9.76
(1H, brs). [e]¥ +14.2° (c=1.06, CHCL,). High resolution electrom impact
(HR-EI)-MS m/z: 316.2148 (Calcd for C yH,4N,0,: 316.2151).

(4R)-2-tert-Butyl-4-phenyl-4,5-dihydrooxazol 5 To a solution of N-
[(1R)-2-hydroxy-1-phenylethyl]-2,2-diethylpropionamide (1.01 g, 4.6 mmol),
and Et;N (1.4 ml, 10.1 mmol) in CH,Cl, (45 ml) was added methanesulfonyl
chloride (0.36 ml, 4.62 mmol) in an ice-bath. The reaction mixture was al-
lowed to warm to room temperature and stirring was continued for 30 min.
The reaction mixture was then poured into saturated aqueous NH,CI solu-
tion (50ml). The organic layer was separated and the aqueous layer was ex-
tracted with CH,Cl, (20mlX2). The combined organic layers were washed
with brine, dried and evaporated. The resulting crude mesylate was treated
with 0.5 M NaOH/MeOH-H,O (1: 1) solution (18 ml) at reflux for 1.5h. The
reaction mixture was concentrated to half the original volume, and extracted
with CH,Cl, (20 mIX3). The organic layer was washed with brine, dried and
evaporated. The residue was subjected to column chromatography (CHCI,)
to give 5 as a colorless viscous oil. IR (neat): 1660 cm™'; 'H-NMR § 1.31
(9H, s), 4.05 (1H, t, J/=8.0 Hz), 4.56 (1H, dd, /=10.5, 8.3 Hz), 5.13 (1H, dd,
J=10.5, 7.8 Hz), 7.19—7.35 (5H, m). [&]¥ +87.9° (c=4.12, CHCI,). HR-
EI-MS m/z: 203.1299 (Calcd for C,3H,,NO: 203.1310).

N-[(1S5)-1-Chloromethyl-2-methylpropyl]-2-ethyl-2-[(45)-4-isopropyl-
4,5-dihydrooxazol-2-yl|butyramide 6a To a solution of N,N'-bis[(LS)-1-
chloromethyl-2-methylpropyl]-2,2-diethylmalonamide (2.2g, 6 mmol) in
MeOH (130ml) was added a solution of NaOH (240 mg, 6 mmol) in H,0
(34 ml) at 60 °C. The stirring was continued for 1 h, and the reaction mixture
was concentrated to 1/5 the original volume. The organic layer was extracted
with CH,Cl, (50mlX3), dried and evaporated. The resulting residue was
subjected to column chromatography (0.5% acetone in CH,Cl,) to give 6a
(1.2 g, 61%) as a colorless viscous oil. IR (neat): 3210, 1670 cm™'; 'TH-NMR
6 0.76 (3H, t, J=7.3Hz), 0.77 (3H, t, J=7.3Hz), 0.95 (3H, t, J=7.0Hz),
0.98 (3H, t, J=7.0Hz), 0.99 (3H, t, J=7.0Hz), 1.00 (3H, t, J=7.0Hz),
1.69—1.80 (3H, m), 1.94—2.12 (3H, m), 3.59—3.73 (2H, m), 3.99—4.18
(3H, m), 4.27 (1H, dd, J=8.8, 7.3 Hz), 10.30 (1H, brd, J=7.3 Hz); *C-NMR
6 9.7, 10.1, 18.2, 18.7, 18.9, 19.5, 28.4, 30.7, 31.6, 32.8, 45.9, 54.4, 55.5,
69.5, 72.2, 168.3, 171.5. [@]3' —48.6° (c=1.46, CHCl;). HR-EI-MS m/z:
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330.2066 (Calced for C;;H;N,0,Cl: 330.2074).

2-[(45)-4-tert-Butyl-4,5-dihydrooxazol-2-yl]-V-[ (1.5)-1-chloromethyl-
2,2-dimethylpropyl]-2-ethylbutyramide 6b The same treatment of N,N'-
bis[(1S5)-1-chloromethyl-2,2-dimethylpropyl]-2,2-diethylmalonamide
(1.34mg, 3.4mmol) gave crude product which was subjected to column
chromatography (0.5% acetone in CH,Cl,) to give 6b (640 mg, 46%) as a
colorless viscous oil. IR (neat): 3210, 1670cm™'; '"H-NMR 6 0.79 (3H, t,
J=7.1Hz), 0.83 (3H, t, J=7.1Hz), 0.93 (9H, s), 1.02 (6H, s), 1.67—1.81
(2H, m), 1.97—2.17 (2H, m), 3.51 (1H, dd, J=11.4, 8.0 Hz), 3.81 (1H, dd,
J=11.4, 3.3 Hz), 3.94—4.06 (2H, m), 4.13—4.25 (2H, m), 10.26 (1H, brd,
J=8.5Hz); BC-NMR § 9.8, 10.2, 26.1, 26.5, 27.2, 31.0, 32.1, 33.2, 34.8,
45.3, 54.8, 58.6, 67.6, 75.9, 168.7, 171.7. [&]¥ —7.7° (c=1.30, CHCL,).
HR-chemical ionization (CI)-MS m/z: 359.2442 (Calcd for C  H;N,O,Cl:
349.2465 (M* +1)).

General Procedure for the Reaction of Enedione with Ph-mox—Mag-
nesium Complex A mixture of the ligands, Mgl, and I, in the solvent was
treated under the conditions shown in Table 2. The solvent was removed and
the resulting complex was dissolved in CH,Cl, (1.0 ml) and cooled to speci-
fied reaction temperature. To this solution 8 (141 mg, 1 mmol) in CH,CI,
(1.5ml) was added and stirred for 30 min, then cyclopentadiene (1.5 mmol)
in CH,Cl, (2.5ml) was added slowly. After the reaction was completed the
reaction mixture was quenched with water (10ml) and washed with 5%
aqueous Na,S,0; (10ml). The organic layer was dried and evaporated. The
resulting residue was subjected to column chromatography to yield the
adducts.

General Procedure for the Reaction of Enedione with Ph—-mox—Cop-
per Complex A mixture of Cu(OTf), (36mg, 0.1 mmol) and mox
(0.1 mmol) in CH,Cl, (1.5 ml) was stirred for 1 h. To this solution 8 (141 mg,
1 mmol) in CH,Cl, (1.5 ml) was added and stirred for 30 min, then cyclopen-
tadiene (1.5 mmol) in CH,Cl, (2.5 ml) was added slowly. After the reaction
was completed the reaction mixture was quenched with water (10ml) and
washed with 5% aqueous Na,S,0; (10 ml). The organic layer was dried and
evaporated. The resulting residue was subjected to column chromatography
to yield the adducts.
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