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Enantiopure 2-amino-3,3-diphenyl- 1-propanol has been synthesized by the hidantoin route starting from diphenyl-
acetaldehyde, followed by subsequent functional group transformations and optical resolution by a chiral HPLC. This
amino alcohol can be converted into two new chiral ligands: 4,4'-bis(diphenylmethyl)-2,2’-bioxazoline and 2,2’ -isopropyl-
idenebis(4-diphenylmethyloxazoline), and further to complexes with copper(Il) trifluoromethanesulfonate and nickel(Il)
perchlorate hexahydrate. The nickel(Il) aqua complex derived from the bisoxazoline effectively catalyzes the Diels—Alder
reactions of cyclopentadiene with 3-acryloyl-2-oxazolidinone in high endo-selectivities and moderate enantioselectivities

through a square planar transition structure.

We have reported the high synthetic utility of 2,2-dimethyl-
oxazolidine chiral auxiliary having a diphenylmethy] shield-
ing substituent at 4-position of the oxazoline ring.!? In conju-
gate addition or dipolar cycloaddition reactions its &, -un-
saturated amide derivatives have shown excellent diastereo-
selectivities in the absence of Lewis acid catalyst.”™ Two
methyl substituents at 2-position serve to fix the amide ni-
trogen—carbonyl carbon bond as Z-conformation and the car-
bonyl carbon—vinyl carbon bond as s-cis conformation. One
phenyl plane of the diphenylmethyl substituent shields one
of the diastereofaces of the vinyl moiety as the reaction site."
This chiral shielding is so effective that single diastereomers
of isoxazoline cycloadducts are produced in nitrile oxide 1,3-
dipolar cycloadditions.”

On the other hand, 4-substituted oxazolines have found
various successful applications as chiral ligand units in a wide
variety of enantioselective syntheses: bioxazolines,’ meth-
ylene- or isopropylidene-bridged bisoxazolines,*’ 2,6-pyri-
dinediyl-2,2’-bisoxazolines,”® 2,2'-(4,6-dibenzofurandilyl)-
bis(4-phenyloxazoline),” and others are the chiral ligands
included. The importance of oxazoline ligands is mainly
based on the ready availability of the starting f-amino al-
cohols from naturally occurring, and usually inexpensive,
a-amino acids in enantiomerically pure forms. However, the
shielding substituents are limited to phenyl, isopropyl, and
t-butyl moieties.

We started the synthetic work of new oxazoline ligands
having a diphenylmethyl substituent at 4-position of the ox-
azoline ring to examine the efficiency of chiral shielding

by the diphenylmethy! substituent. This report presents the
synthesis of pure enantiomers of 2-amino-3,3-diphenyl-1-
propanol and new chiral oxazoline ligands such as 4,4’ -bis(di-
phenylmethyl}-2,2’-bioxazoline (1) and 2,2’ -isopropylidene-
bis(4-diphenylmethyloxazoline) (2) (Chart 1). Preparation
of nickel(Il) aqua complexes and synthetic applications to
the asymmetric Diels—~Alder reactions are briefly discussed.

Synthesis of rac-2-Amino-3,3-diphenyl-1-propanol and
Optical Resolution:  In our previous work, 2-amino-3,3-
diphenyl-1-propanol (rac-7) was synthesized by reaction of
the lithium enolate of ethyl N-benzylideneglycinate with di-
phenylmethyl bromide, followed by imine hydrolysis and
reduction of the ester moiety.! However, this preparation
route needed expensive reagents and resulted in a low-yield
formation of the amino alcohol. Our new synthesis of rac-7 in
the present work is based on the usual Biicherer-Berg method
(or hydantoin method)' starting from diphenylacetaldehyde
(3), followed by subsequent hydrolysis, esterification, and
reduction (Scheme 1). The starting aldehyde 3 was obtained
in 74% yield by the pinacol rearrangement of 1,2-diphenyl-
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1,2-ethanediol and oxalic acid without solvent at 140 °C.!!
Most synthetic steps proceeded in more than 90% yields;
the esterification of carboxylic acid § was the only low yield
process, since steps of neutralization of the ester hydrochlo-
ride and extraction were not highly effective.

The direct optical resolution of £-amino alcohol rac-7
by use of a chiral high-performance liquid chromatography
(HPLC) was unsuccessful under various conditions. Not
only was the peak separation of enantiomers ineffective, but
also the solubility of rac-7 was too low in the hexane—iso-
propyl alcohol mixture used as eluent. Therefore, rac-7 was
converted into N-Boc derivative rac-8 which showed an im-
proved solubility. By the HPLC operation on a chiral column
(Daicel Chiral Cel OJ) with hexane—isopropyl alcohol (6: 1
v/v) for rac-8, satisfactory separation was attained after one
recycle of the eluent. When 50 mg of rac-8 was charged, the
initial fraction (20 mg) was obtained as a pure enantiomer
and identified as R-enantiomer R-8 on the basis of the optical
rotation. Although the second fraction (20 mg) had an enan-
tiopurity of only 80% ee, the pure enantiomer of S-8 was
given after crystallization from diethyl ether-hexane. Since
it took only 50 min for one chromatographic operation to
give 15 to 20 mg of both enantiomers of 8, we believe that
this chromatographic resolution is practical.

Removal of the Boc moiety from the pure enantiomers of 8
was easily performed quantitatively by treatment with diluted
HC! in THF at room temperature without racemization to
give enantiopure amino alcohol 7.

Synthesis of Enantiopure (R,R)-4,4'-Bis(diphenylmeth-
yl)-2,2’-bioxazoline and (R,R)-2,2’'-Isopropylidenebis(4-
diphenylmethyloxazoline):  In the course of our work,
the asymmetric synthesis of enantiopure (R)-2-amino-3,3-

diphenyl- 1-propanol (R-7) was reported by Koskinen and
co-workers.'” Therefore, we adopted the reported prepara-
tion method: N-Protection of (§)-serine with di-z-butyl car-
bonate was followed by esterification with diazomethane,
acetalization with 2,2-dimethoxypropane in the presence of
p-toluenesulfonic acid, Grignard reaction with excess phen-
ylmagnesium bromide, reduction on palladium(Il) hydrox-
ide/charcoal in the presence of formic acid, and the final
step of deprotection by alkaline hydrolysis gave R-7. It was
confirmed that enantiomeric purity of R-7 thus prepared was
satisfactory enough to use in the following steps.

This enantiopure -amino alcohol R-7 was then applied to
the synthesis of two chiral oxazoline ligands 1 and 2. Reac-
tion of R-7 with dimethylmalonyl dichloride in the presence
of triethylamine gave the corresponding diamide 9, which
was then chlorinated with thionyl chloride, producing 10
(Scheme 2). The base-mediated cyclization of 10 gave the
2,2'-isopropylidenebisoxazoline ligand 1 in 38% yield based
on R-7. On the other hand, R-7 was treated with dimethyl ox-
alate at 80 °C to give bisamide 11. Similar chlorination with
thionyl chloride followed by cyclization gave the bioxazoline
ligand 2 in 33% yield based on R-7.

The Diels—Alder Reaction Catalyzed by the Copper-
(II) and Nickel(II) Complexes, R,R-1-Cu(OTf), and R,R-
1-Ni(ClOy4),-nH,0.  Metal complexes of bisoxazolines
having a phenyl or ¢-butyl shielding substituent at 4-position
of the oxazoline ring have been utilized in the asymmetric
Diels—Alder reactions of cyclopentadiene with 3-acryloyl-2-
oxazolidinone. The best result has been recorded in the reac-
tion catalyzed by the copper(Il) complex prepared from 2,2’-
isopropylidenebis(4-s-butyloxazoline) and copper(Il) trifluo-
romethanesulfonate to show an enantioselectivity better than
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98% ee.'® Corey and co-workers have found that the mag-
nesium and iron(Il} complexes of 2,2’-isopropylidenebis(4-
phenyloxazoline) are also active catalysts.'*' It is interesting
that the copper complex and the latter two complexes show
the opposite enantioselectivities, indicating that the square
planar substrate complex has been involved in the copper-
(ID-catalyzed reaction,'® while the tetrahedral or octahedral
complexes were involved in the magnesium- or iron(Il)-cat-
alyzed reactions.'*'"*> In the reactions proceeding through a
square planar transition structure of the copper(Il) complex-
catalyzed reaction, the bulky z-butyl shielding substituent
was more favored. We therefore expected that the bulky
diphenylmethyl substituent would show a high enantioselec-
tivity in the Diels—Alder reactions.

Equimolar amounts of R,R-1 and copper(II) trifluorometh-
anesulfonate were stirred in dichloromethane at room tem-
perature for 1 h under dry nitrogen to give a standard solution
of the catalyst R,R-1-Cu(OTf);. Reaction of 3-acryloyl-2-ox-
azolidinone (13) with cyclopentadiene (14, 10 mol amt.) was
performed in the above standard solution (catalytic loading:
10 mol%) at room temperature. A 79:21 mixture of endo-
and exo-cycloadducts was obtained in 98% yield (Scheme 3).
Enantioselectivity of the endo-cycloadduct 15 as major prod-
uct was only 35% ee. Use of the complex catalyst derived
from copper(Il) hexafluoroantimonate having less coordinat-
ing counter anions did not improve the enantioselectivity
(15% ee).

We therefore surveyed a variety of bisoxazoline com-
plexes such as those prepared from the chiral ligand R,R-
1 and metal salts such as Mgl, (I2), FeCl, (1), Mg(ClOy,),,
MH(C104)2'6H20, FC(C104)2'}1H20, CO(C]O4)2'6H20, and
Zn(ClO4),+-6H,0. Although the complexes derived from
FeCl, (I;) and Mg(ClO4), showed high diastereoselectivities
(endo:exo > 95:5) in the reaction at room temperature,
no enantioselectivities were attained. Reactions catalyzed
by the bisoxazoline complexes derived from Mg(ClOy),,
Fe(ClO4),-rH20, Mn(Cl04),-6H,0, and Zn(ClOy4),-6H,0

were poor both in diastereo- and enantioselectivities.

However, the aqua complex prepared from R,R-1 and Ni-
(C104),-6H,0 showed a high catalytic activity. The reaction
between 13 and 14 catalyzed by the nickel(Il) complex (10
mol%) in dichloromethane was completed in 30 min at room
temperature, but both the diastereo- (endo : exo = 76 : 23) and
enantioselectivities (21% ee for the endo-product) were not
satisfactory. To our delight, the same reaction performed at
—40 °C in dichloromethane gave a 93:7 mixture of endo-
and exo-cycloadducts with the enantioselectivity of 78% ee
for the endo-product 15. Use of the anhydrous nickel(Il)
complex catalyst, prepared in situ from R.R-1 (10 mol%),
NiBr; (8 mol%), and AgClO, (16 mol%), at the same tem-
perature did not improve either the catalytic activity or the
enantioselectivity (93% yield, 75% ee for the endo-cyclo-
adduct 15); rather, a lower diastereoselectivity was recorded
(endo :exo = 85:15).

The complex catalysts prepared from bioxazoline R,R-
2 and FeCl, (I,), Mg(ClQy,);, and Ni(ClO4), were not so
effective in the Diels—Alder reactions between 13 and 14.

Although enantioselectivites were not so high in both
cases, the aforementioned Diels—Alder reactions catalyzed
by the copper(Il) trifluoromethanesulfonate complex and the
nickel(II) aqua complex produced endo-cycloadducts 15 with
opposite chiralities. Based on the absolute configuration
of the endo-cycloadducts 15 obtained,!” we concluded that
the copper(ll) complex-catalyzed reaction and the nickel-
(Il) complex-catalyzed reaction have proceeded through a
tetrahedral A and square planar transition structures B, re-
spectively, as shown in Scheme 3. As described above,
the bisoxazoline—copper(Il) complex—catalyzed Diels—Alder
reactions of 3-alkenoyl-2-oxazolidinones often take place
through transition structures involving square planar sub-
strate complexes.'® Therefore, the present example provides
a rare case; presumably the bulky diphenylmethyl shield-
ing substituents of R,R-1 are responsible for the reversal of
enantioselectivity.'®
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It is now clear that the nickel(Il) complex catalyst has
activated the Diels—Alder reaction through the square pla-
nar substrate complex B.'" On the other hand, the copper-
() complex was forced to have a rather unusual tetrahedral
complex A.'® The major reason for the low enantioselectivity
observed in the copper(Il} catalyzed Diels—Alder reactions
would be the competitive participation of the square planar
transition structure such as B. We therefore suspected that
competitive participation of the tetrahedral complex would
have contributed, to some extent, to the nickel(Il) complex-
catalyzed Diels—Alder reaction. If this is the case, intro-
duction of two axial ligands to the square planar complex B
would be effective to improve the enantioselectivity.

Addition of two mol amt. of triethylamine to the cata-
lyst decelerated the reaction between 13 and 14 at —40 °C
in the presence of 10 mol% of the aqua complex prepared
from R,R-1 and Ni(ClO4),-6H,0, racemic cycloadducts be-
ing produced. The reaction rate (79% yield after 24 h at
—40 °C) and enantioselectivity (54% ee for the endo-cy-
cloadduct 15) were not seriously affected in the presence of
pyridine (two mol amt. to the catalyst) when the reaction was
catalyzed by the nickel(Il) aqua complex, while both the cat-
alytic activity and enantioselectivity disappeared in the case
of the anhydrous nickel(Il) complex-catalyzed reaction (22%
yield after 240 h at —40 °C, 0% ee for the endo-cycloadduct
15). Although addition of phenyl isocyanide (two mol amt.
to the catalyst), in the presence of both nickel(Il) aqua and
anhydrous complex catalysts, did not decrease the catalytic
activity, enantioselectivity was much lowered (29 and 35%
ee). Although the chirality control by the additional ligand
coordination failed, the process teaches us that the nickel(Il)
aqua complex of R,R-1 can survive as active catalyst in the
presence of strongly coordinating additives such as pyridine
and isonitrile.

In conclusion, we have synthesized enantiopure 2-ami-

no-3,3-diphenyl-1-propanol by the hidantoin route starting
from diphenylacetaldehyde, followed by subsequent func-
tional group transformations and optical resolution by a chi-
ral HPLC. This amino alcohol has been converted into two
new chiral ligands: 4,4'-bis(diphenylmethyl)-2,2’-bioxazo-
line and 2,2’ -isopropylidenebis(4-diphenylmethyloxazoline).
The bisoxazoline complexes derived from copper(Il) trifluo-
romethanesulfonate and nickel(Il) perchlorate hexahydrate
catalyze the Diels—Alder reactions of cyclopentadiene with
3-acryloyl-2-oxazolidinone. The nickel aqua complex cata-
lyst leads to high endo-selectivities and moderate enantiose-
lectivities through a square planar transition structure.

Experimental

General Procedure: Melting points were recorded on a
Yanagimoto melting point apparatus JANACO MP and are un-
corrected. IR spectra were taken with a JASCO A-702 spectrom-
eter. 'Hand *CNMR spectra were recorded with JEOL LA 600
("HNMR: 600 MHz) and LA 400 (400 MHz for 'HNMR and 100
MHz for *C NMR) instruments. Chemical shifts are reported in
parts per million downfield (&) from internal tetramethylsilane at
27 °C unless otherwise stated. Mass spectra were recorded with a
JEOL JMS-70 spectrometer operating at an ionization energy of 70
eV. Gas chromatography/mass spectra were recorded with Finnigan
MAT GCQ apparatus. Elemental analyses were performed with a
Hitachi 026 CHN analyzer. For preparative column chromatogra-
phy, Wakogel C-200, Wako C-300, and Merck Silica gel 60 were
employed. High-performance liquid chromatography (HPLC) was
measured on Tosoh SC-8010 chromatograp attached by a column
Hibar LiChrosorb® Si 60 (Cica Merck). Chiral HPLC analysis was
performed on the same apparatus with a chiral column mentioned
in each part of experimental procedures. Optical rotations were
recorded with a Horiba SEPA-200 polarimeter. Flash chromatog-
raphy was performed with an Eyera EF-10 apparatus on a 20x 180
mm column packed with 0.04—0.063 mm silica gel 60. Micro vac-
uum distillation was performed with a Sibata GTO-250R Kugelrohr
distilling apparatus.
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2-Amino-3,3-diphenylpropanoic Acid (5) and Ethyl 2-Amino-
3,3-diphenylpropanoate (6): A solution of diphenylacetaldehyde
(3,5.74 g, 29 mmol),!! NaCN (2.13 g, 43.5 mmol), and (NH4),CO3
(9.75 g, 101.5 mmol) in aqueous ethanol (50% v/v, 30 ml) was
heated at 50 °C for 8 h. The solvent was concentrated in vacuo.
The dark colored precipitate of 5-diphenylmethylimidazolidine-
2,4-dione (4, 6.94 g, 90%) was collected on a filter and washed
with diethyl ether. This solid 4 (5.33 g, 20 mmol) was dissolved in
aqueous solution of NaOH (1.6 g, 40 mmol in 16 ml) and heated
under reflux for 18 h. After being cooled to room temperature, the
mixture was neutralized with hydrochloric acid to give colorless
solid of 2-amino-3,3-diphenylpropanoic acid® (5, 4.785 g, 99%).
A solution of 5 (2.14 g, 8.9 mmol) in ethanol (50 ml) was treated
with thionyl chloride (1.5 ml, 20 mmol) at 0 °C. After being stirred
atroom temperature for 30 min, the mixture was heated under reflux
for 24 h. After the completion of reaction, the mixture was cooled
down to room temperature, treated with aqueous NaOH (1 M, 10
ml) (1 M = | moldm ), and then extracted with diethy ether (30
mlx3). Evaporation of the dried ether gave ethyl 2-amino-3,3-
diphenylpropanoate (6, 1.15 g, 54%). Colorless liquid; IR (neat)
3300—3400, 1730, 1600, 1495, 1455, 1375, 1180, 1030, 750, and
700 cm™'; '"THNMR (CDCl;) 6 = 0.97 (3H, t, J = 7.3 Hz, Me
of COOEY), 1.52 (2H, br, NH;), 3.96 (2H, q, J = 7.3 Hz, CH; of
COOE), 4.21 (2H, m, H-2 and H-3), and 7.13—7.33 (10H, m,
Ph); "CNMR (CDCl3) 8 = 13.71 (Me of COOEL), 56.60 (CH; of
COOE), 58.73, 60.62 (each CH), 126.63, 126.88, 128.16, 128.30,
128.62, 140.50, 141.32 (each Ph), and 174.29 (COOE). Calcd for
Ci7H9NO;: C, 75.81; H, 7.11; N, 5.20%. Found: C, 75.88; H,
7.04; N, 5.17%.

2-Amino-3,3-diphenyl-1-propanol (rac-7):  Ester 6 (2.69 g,
10 mmol) was added at 0 °C to the cooled aqueous ethanol solution
(ethanol/water = 3/1 v/v, 50 ml) of NaBH4 (1.5 g, 40 mmol). The
mixture was stirred overnight at room temperature. The ethanol was
evaporated in vacuo and the aqueous layer was extracted with di-
chloromethane (20 mlx 5). The combined extracts were dried over
MgSO; and chromatographed on silica gel with EtOAc-MeOH
(3:1 v/v) to give 2-amino-3,3-diphenyl-1-propanol (rac-7, 2.19 g,
90%): Colorless prisms; mp 120—122 °C; IR (KBr) 2800—3400,
1640, 1500, 1350, 1255, 1240, 1130, 1050, 940, 860, 810, and 715
cm™'; "HNMR (CDCl3) 6 = 2.20 (3H, br, OH and NH,), 3.27
(1H, dd, Jgem = 11.0 and J;-, =6.6 Hz, one of H-1), 3.52 (1H, dd,
Jeem = 11.0 and Ji-, =2.9 Hz, the other of H-1), 3.63 (1H, ddd,
Jr-3=10.3 and J»-y =6.6, 2.9 Hz, H-2), 3.77 (1H, d, J3-, =10.3 Hz,
H-3), and 7.05—7.35 (10H, m, Ph); >*CNMR (CDCl3) 6 = 55.50,
56.40 (C-1 and C-3), 64.52 (C-2), 126.59, 126.75, 127.86, 128.24,
128.68, 128.91, and 142.15 (each Ph); MS (rel intensity, %) m/z
228 M +1; 1), 196 (29), 180 (12), 179 (21), 178 (29), 168 (18),
167 (62), 166 (66), 165 (base peak), 164 (39), 152 (33), 151 (15),
118 (17), 115 (20), 100 (70), 99 (19), 91 (35), 90 (13), and 83 (19).
Anal. Calcd for C;sHi7NO: C, 79.26; H, 7.54; N, 6.16%. Found:
C,79.24; H, 7.50; N, 5.94%.

t-Butyl N-(2-Hydroxy-1-diphenylmethylethyl)carbamate (8):
To a solution of 2-amino-3,3-diphenyl-1-propanol (7, 1.14 g, 5
mmol) and 4-dimethylaminopyridine (100 mg) in diethy! ether (100
ml) were added under nitrogen triethylamine (2.8 ml, 20 mmol) and
di-r-butyl carbonate (1.15 ml, 5 ml). After stirring at room temper-
ature for 3 h, the solvent and excess triethylamine were evaporated
in vacuo and the residue was washed with diethyl ether (30 ml x 3).
The combined ether washings were removed by evaporation in
vacuo to give t-butyl N-[2-hydroxy- 1-diphenylmethylethyl]car-
bamate (8, 1.56 g, 95%): Colorless needles; mp 116—117 °C;
"HNMR (CDCl3) 6 = 1.33 (9H, s, t-Bu), 2.38 (1H, br, OH), 3.45
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(1H, br d, Jgem = 11.0 Hz, one of H-1), 3.37 (1H, br d, Jgem = 11.0
Hz, the other of H-1), 4.15 (1H, d, J3-2 =10.6 Hz, H-3), 4.66 (1H,
m, H-2),4.68 (1H, brd, J = 4.1 Hz, NH), and 7.17—7.33 (10H, m,
Ph); PCNMR (CDCl3) 8 = 28.26 (Me of +-Bu), 52.54 (C-3), 54.93
(C-1), 63.68 (C-2), 79.70 (g-C of ¢-Bu), 126.62, 126.79, 128.07,
128.45, 128.55, 128.84, 141.45, 142.01 (each Ph), and 156.121
(COO); MS (rel intensity, %) m/z 196 (23), 168 (32), 167 (base
peak), 166 (44), 165 (58), 164 (16), 161 (12), 160 (54), 152 (24),
104 (35), 103 (13), and 91 (10). Anal. Caled for C;HsNOs: C,
73.37; H, 7.70; N, 4.28%. Found: C, 73.63; H, 7.53; N, 3.97%.

Optical Resolution of 8 and Subsequent Hydrolysis Giving
7: A solution of the racemic sample of the N-Boc-protected
amino alcohol rac-8 (50 mg in hexane—isopropyl alcohol 6:1 v/v
(1.5 ml)) was charged into the HPL.C apparatus equipped with a
semipreparative chiral column (Chiralcel OJ, 1 cmx25 cm) and
eluted with the same solvent (flow rate: 1.5 mlmin~'). After
one recycle, the first fraction containing the R-enantiomer R-8 was
collected (32 min, 20 mg, almost pure R-8) and then the second
fraction containing S-8 (38 min, 20 mg, 80% ee). The R-enantiomer
R-8 ({a]8 = —22.3 (¢ 1 in MeOH)) was converted by the known
Jones oxidation at O °C into (R)-2-(¢-butyloxycarbonylamino)-3,3-
diphenylpropanoic acid in 92% yield and its optical rotation ([@]5 =
—34.2 (¢ 1 in MeOH)) was compared with the reported data.?' The
R-enantiomer R-8 (0.082 g) was treated with 1 M HCl solution in
THF (30 ml/30 ml) at room temperature for 24 h. The solution was
neutralized with aqueous NaHCO3 and extracted with chloroform
(20 m1x2). The combined extracts were dried over MgSO4 and
evaporated to give R-7 (56 mg, 100%) whose enantiopurity was
determined by HPLC (Chiralcel OD-H, hexane—isopropyl alcohol
97:3 viv). [aly = —26.5 (¢ 0.5 in MeOH).

(R,R)-2,2' -Isopropylidenebis(4-diphenylmethyloxazoline)
(R,R-1): Toasolution of (R)-2-amino-3,3-diphenyl-1-propanol (R-
7, 1.137 g, 5 mmol) and triethylamine (1.7 ml, 12.5 mmol) in chlo-
roform (5 ml) was added slowly at 0 °C dimethylmalonyl dichloride
(0.423 g, 2.5 mmol). The mixture was stirred at room temperature
for 2 h. After the mixture was cooled down to 0 °C, thiony! chlo-
ride (0.6 ml, 7.5 mmol) was added and this mixture was refluxed
for 5 h. Saturated aqueous NaHCOj3 (20 ml) was added, followed
by extraction with chloroform (25 mlx3). The combined extracts
were dried over MgSO, and evaporated in vacuo. The residue
was chromatographed over silica-gel chromatography with ethyl
acetate to give (R,R)-N,N’-bis(2-chloro- 1-diphenylmethylethyl)-
2,2-dimethylmalonamide (R-10, 0.68 g, 46%): '"HNMR (CDCl5)
6 = 0.83 (6H, s, Me), 3.40 (2H, dd, Jgem = 11.1 and J5-; =2.7 Hz,
one of H-2), 3.68 (2H, dd, Jyewn = 11.1 and J»-; =3.3 Hz, the other
of H-2), 4.26 (2H, d, Jcu-1 =11.2 Hz, Ph,CH), 5.02 (2H, m, H-
1), 6.54 (2H, J = 8.8 Hz, CONH), and 7.15—7.34 (20H, m, Ph);
*CNMR (CDCl3) & = 23.04 (Me), 47.01, 49.11, 51.84, 52.84,
127.25, 127.93, 128.10, 128.67, 129.03, 140.64, 140.78 (each Ph),
and 172.71 (CON). A solution of this dichloride R-10 (0.68 g, 1.16
mmol) in a mixture of aqueous NaOH (1 g in 4 m} of water) with
dichloromethane (4 ml) was stirred at 40 °C for 3d. Saturated
aqueous NH4Cl (40 ml) was added and the mixture was extracted
with dichloromethane (30 mlx3). The combined extracts were
dried over MgSQOy, and evaporated in vacuo. The residue was
chromatographed on silica gel with hexane—diethyl ether (7: 1 v/v)
to give R,R-1 (0.51 g, 86%). Colorless needies; mp 121—122 °C;
[l = 107.27 (¢ 1.003 in CHCL); '"HNMR (CDCl3) 8 = 1.28
(6H, s, Me), 4.02 (2H, dd, Joem = 8.7 and Js-4 =7.0 Hz, one of H-5),
4.02 (2H, d, Jcu-4 =7.5 Hz, Ph,CH), 4.26 (2H, dd, Jeem = 8.7 and
Js5-4=9.7 Hz, the other of H-5), 4.88 (2H, m, H-4), and 7.14—7.29
(20H, m, Ph); *CNMR (CDCl3) & = 23.81 (Me), 38.61 (C), 56.09
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(C-5), 69.17 (PhoCH), 71.35 (C-4), 126.36, 126.60, 128.15, 128.41,
129.02, 141.80 (each Ph), and 169.38 (C-2); MS (rel intensity, %)
miz 514 (M*; 2), 348 (16), 347 (33), 207 (30), 193 (32), 181 (29),
178 (10), 168 (20), 167 (base peak), 166 (53), 165 (72), 164 (11),
152 (25), 151 (11), 137 (12), 111 (31), 110 (25), 91 (41), and 82
(12). Anal. Calcd for C3sH34N2O2: C, 81.68; H, 6.66; N, 5.44%.
Found: C, 81.68; H, 6.60; N, 5.42%.

(R,R)-4,4' -Bisdiphenylmethyl-2,2’-bioxazoline (R,R-2): A
solution of (R)-2-amino-3,3-diphenyl-1-propanol (R-7, 2.27 g, 10
mmol) and dimethyl oxalate (2.36 g, 20 mmol) in toluene (30 ml)
containing a few drops of 1,2-dichloroethane was heated at 80 °C
under stirring for 9 h. The solvents were evaporated in vacuo
to give a colorless solid of (R,R)-N,N’-bis(1-diphenylmethyl-2-
hydroxyethyl)oxamide (R,R-11, 2.4 g, 94%, crystallized from eth-
anol): 'HNMR (CDCl3) 6 = 2.17 (4H, br, OH and NH), 3.62
(2H, dd, Jgem = 11.4 and Jo-; =4.4 Hz, one of H-2), 3.62 (2H,
dd, Jeem = 11.4 and J;-; =2.9 Hz, the other of H-2), 4.26 (2H,
d, Jeu-1 = 10.6 Hz, PhoCH), 4.66 (2H, m, H-1), and 7.16—7.30
(20H, m, Ph). Thionyl chloride (3.3 ml, 45 mmol) was added to
this amide R,R-11 (2.3 g, 4.5 mmol in toluene 5 ml) at 0 °C and
the mixture was heated under reflux for 2 h. On cooling down
to room temperature, a colorless solid of N,N’'-bis(2-chloro-1-di-
phenylmethylethyl)oxamide (R,R-12, 2.2 g, 90% crystallized from
ethyl acetate) was obtained: '"HNMR (CDCl3) 6 = 3.49 (2H, dd,
Jeem = 11.4 and Jo-1 =2.9 Hz, one of H-2), 3.62 (2H, dd, Jyem = 11.4
and Jp-1 =3.3 Hz, the other of H-2), 4.26 (2H, d, Jcu-1 = 10.6 Hz,
Ph,CH), 4.66 (2H, m, H-1), and 7.17—7.40 (20H, m, Ph). The
dichloride (2 g, 3.7 mmol) in methanol (60 ml) containing 1 M
NaOH (10 ml) was heated under reflux for 1.5 h. The solvents
were evaporated in vacuo; the residue was extracted with diethyl
ether (30 mlx3); the combined extracts were dried over MgSQO4
and evaporated in vacuo. The residue was crystallized from etha-
nol to give (R,R)-4,4'-bisdiphenylmethyl-2,2’-bioxazoline (R,R-2,
1.49 g, 85%): Colorless solid; mp 198—199 °C; [0(]2,33 = 71.68 (¢
1.003 in CHCl3); 'HNMR (CDCl3) 6 = 4.04 (2H, d, Jcu-4 =6.6
Hz, Ph,CH), 4.07 (2H, dd, Jgem = 9.2 and J5-4=11.7 Hz, one of H-
5), 442 (2H, dd, Jgem = 9.2 and Js-4 = 9.5 Hz, the other of H-5),
5.13 (2H, m, H-4), and 7.16—7.31 (20H, m, Ph); MS (rel intensity,
%) miz 474 (11), 473 (22), 472 (MT; 28), 305 (10), 208 (17), 207
(28), 178 (12), 169 (17), 164 (64), 153 (30), 152 (base peak), 151
(48), 139 (13), 138 (33), 137 (13), and 128 (11). Anal. Calcd for
C32H2sN20;: C, 81.33; H, 5.97; N, 5.93%. Found: C, 81.15; H,
6.16; N, 5.85%. -

Diels—Alder Reactions between Cyclopentadiene and 3-Acry-
loyl-2-oxazolidinone. The Copper(Il) Complex-Catalyzed
Reaction: A mixture of ligand R,R-1 (15.4 mg, 0.03 mmol)
and copper(Il) trifluoromethanesulfonate (9.5 mg, 0.03 mmol) in
dichloromethane (2 ml) was stirred under dry nitrogen at room
temperature for 1 h. To this mixture were added 3-acryloyl-2-
oxazolidinone (0.042 g, 0.3 mmol) in dichloromethane (1 ml) at
room temperature and cyclopentadiene (0.12 ml, 1.5 mmol) at —78
°C. The resulting mixture was allowed to stir under the reaction
conditions specified. After the reaction was completed, saturated
ammonium chloride aqueous solution was added and the mixture
was extracted with dichloromethane (20 mlx2). The combined
extracts were dried over MgSQOy and evaporated. The residue was
chromatographed on silica gel with hexane—ethyl acetate (4 : 1 v/v)
to give a mixture of endo- and exo-cycloadducts. The endo : exo
ratio was determined on the basis of 'HNMR spectrum and the
enantioselectivity was based on the chiral HPLC analysis by using
Chiral Cel OD (hexane : isopropyl alcohol = 50: 1 v/v).

The Nickel(I) Complex-Catalyzed Reaction: A mixture

Diphenylmethyl-Substituted Chiral Ligands

of ligand R,R-1 (10.3 mg, 0.02 mmol) and nickel(Il) perchlorate
hexahydrate (6.4 mg, 0.02 mmol) in dichloromethane (2 ml) was
stirred at room temperature for 2 h during which time the perchlo-
rate dissolves to give a clear greenish blue solution. To this solution
were added 3-acryloyl-2-oxazolidinone (0.028 g, 0.2 mmol) in di-
chloromethane (1 ml) at room temperature and cyclopentadiene
(0.08 ml, 1. mmol) at —78 °C. The resulting mixture was allowed
to stir under the reaction conditions specified. After the reaction
was completed, saturated ammonium chloride aqueous solution
was added and the mixture was extracted with dichloromethane
(15 mix2). The combined extracts were dried over MgSO4 and
evaporated. The residue was chromatographed on silica gel with
hexane—ethyl acetate (4 : 1 v/v) to give a mixture of endo- and exo-
cycloadducts.
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