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Communication

Asymmetric Diels-Alder Reaction Catalyzed by Novel Chiral
Dibenzo| a, ¢ ] cycloheptadiene Bis(oxazoline) Metal Complexes
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A series of novel chiral C,-symmetric bis (oxazoline) ligands
have been synthesized. The copper and magnesium complexes,
prepared in situ from copper(II)-triflate or magnesium triflate
with the new enantiopure oxazoline ligands, were evaluated as
chiral catalysts in the enantioselective Diels-Alder reaction of
cyclopentadiene with N-crotenoyl-oxazolidin-2-one. Primary re-
sults showed that diastereoselectivity up to 94% and enantiose-
lectivity up to 68% ee for endo products were observed respec-
tively with these ligands.
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The C,-symmetric chiral bis (oxazoline) compounds
are very versatile ligands in the asymmetric catalysis of
many organic reactions.' In general, the chiral complexes
of this kind of ligands give excellent enantioselectivity
when they are used as the catalysts for Diels-Alder reac-
tions.? The Lewis acid cores of these complex catalysts
were mainly Fe(II), Cu(Il), Zn(II), Ni(II) and Mg(II)
jons . The ligands 1 were used by Evans and others’ in a
wide range of transition metal-catalyzed process, but the
most successful ligand, ¢-butyl substituted bis (oxazoline)
(1c), which is synthesized from ¢-leucinol, is very expen-
sive. lkeda® and Hayashi’ developed bis(oxazoline) 2 and
3 which include a biaryl skeleton, however, in their stud-
ies chiral biaryl bis (oxazoline) ligands were prepared by
the separation of the two diastereomers, and only one of
the two diastereomers showed high enantioselectivity.” We
have an ongoing interest on the synthesis and application of
chiral hrterocyclic ligand in asymmetric organic reac-
tions, !® and want to evaluate the effect resulting from the
introduction of a rigid cyclic dibenzo[ a,c]cycloheptadiene
moiety onto the bis(oxazoline) catalysts. In this communi-
cation, the bis(oxazoline) ligands 4a—de (Scheme 1)
which combine the dibenzo[a, c]cycloheptadiene and two
chiral oxazoline rings were designed and synthesized, and
their asymmetric catalytic activity for Diels-Alder reaction
was investigated. The cooperative effect of dibenzo[a, c]
cycloheptadiene moiety and chiral oxazoline unit in this
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type of ligands may result in unique characteristics for
catalytic reaction. Another advantage is that linking the
biphenyl may reduce the difficulty in separating the di-
astereoisomers resulted from the double chirality of
biphenyl and bis(oxazoline) .

1a R=CH,Ph
0O 2
%TO 1b R=i-Pr
NN

Scheme 1

1c R=¢Bu

2a R=i-Pr
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3d R=CH,Ph

(S)-4a R = CH,CH(Me),
(S)-4b R = CH(Me),
(S)4¢ R=CH,Ph
% o R-Ph
(R)-d¢ R="Ph

Firstly, chiral bis(oxazoline) ligands 4a—4de have
been synthesized with the following procedure (Scheme 2).
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The cyclic diethyl carboxylate 5!! was hydrolyzed in an al-
coholic solution of NaOH to give the corresponding diacid,
which was refluxed with thionyl chloride to afford the dia-
cyl chloride. The diacyl chloride was then treated with -
amino alcohols in the presence of triethylamine to afford
the corresponding chiral intermediate dihydroxy diamides
6a—6e as solid in 65%—73% yields. The desired bis
(oxazoline) ligands were synthesized according to the pro-
cedure developed by Denmark.!? The dihydroxy diamides
were treated with MsCl (methanesulfonyl chloride) (2.2 e-
quiv.) and E;3N (4.4 equiv.) in dichloromethane to af-
ford the corresponding bismesylates, which were treated
with an aqueous methanolic solution of NaOH (8 equiv. )
to afford the bis(oxazoline) 4a—de in 70%—82% yields
(Scheme 2) . The structures of the new ligands were char-
acterized by 'H NMR, MS, IR and elemental tmalysis.13
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These ligands were then examined for the Lewis acid
catalyzed Diels-Alder reaction of cyclopentadiene with N-
crotenoyl-oxazolidin-2-one, which is the model reaction
most often investigated with chiral oxazoline ligands .
Mg(OTf); and Cu(OTf), were usually used as effective
Lewis acid. catalysts. The asymmetric Diels-Alder reaction
was carried out in dichloromethane solution in the presence
of 10% mol of copper(II) or Mg(II) catalyst generated by
mixing Cu(OTf), or Mg(OTf);, and the bis(oxazoline) lig-
ands to give cycloadducts as a mixture of endo 9 and exo
10 isomers (Scheme 3). Here, one-to-one ligand-metal
complexes of the ligands 4a—4e and metal salt were pre-
pared at ambient temperature. The solution of the catalyst
was combined with dienophile and cyclopentadiene (1:5,
mol:mol) at the specified temperature, the products were
isolated by silica gel column chromatography after indicat-
ed reaction time (Table 1). The endo/exo ratio was deter-
mined by 'H NMR spectroscopy and confirmed by HPLC.
Enatiomer compositions were determined by HPLC (Daicel
Chiraliel AD column). Absolute configuration assignments
of the cycloadduct products 9a and 9b were made sure by
comparing with Evans’s report. 3
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(S)-6a R=CH,CH(Me),, (S-6b R = CH(Me),, Me o0 + 10a,10b
(5)-6¢ R =CH,Ph, (5)-6d R=Ph, (R)-6¢ R=Ph
. N’( (R,S)-exo
(a) NaOH, CH;0H, (b) SOCl,, (c) aminol alcohol, Et;N, 65%—73% P
(d) MsCl, Et;N, (¢) NaOH, CH;0H, 70%—82%
(S)-endo 9a (R)-endo 9b
Table 1 Diels-Alder reaction of cyclopentadiene 7 with N-crotenoyl-oxazolidin-2-ones 8°

Entry Ligand Salt Temp. (C) Time (h) Yield® (%) endo / exoc ee? (%)
1 4a Cu(01%), 0 8 96 86:14 31 (S)
2 4b Cu(OTf), 0 8 92 90:10 48 (S)
3 4c Cu(OTf), 0 8 93 91:9 15 (S)
4 4d Cu(OTf), 0 8 94 . 95:5 26 (8)
5 de Cu(OTH), 0 8 95 . 946 27 (R)
6 4b Cu(OTf), -40 16 81 90:10 56 (S)
7 4b Cu(OTY), -78 24 84 - 88:12 68 (S)
8 4a Mg(OTf), 0 8 92 87:13 5(8)
9 4b Mg(OTf), 0o - 8 94 90:10 18 (S)
10 4c Mg(OTY), 0 8 90 88:12 8(S)
11 44 Mg(OTf), 0 8 94 92:8 12 (S)
12 de Mg(OTf), 0 8 95 92:8 11 (R)

¢ Reaction procedure: under N;, M(OTf); (0.044 mmol) and ligand (0.048 mmol) in CH,Cl; (2 mL) were stirred for 1—1.5 h, then cy-
clopentadiene 7 (2.2 mmol) and 8 (0.44 mmol) were added. ® Values refer to isolated yields of cycloadduct. ° Endo/exo ratio determined ei-
ther by '"H NMR or HPLC. ?ee value determined by HPLC (Daicel Chiracel AD column, hexane: i-PrOH/95:5, flow rate: 0.5 mL/min, re-
tention time, exo 24.8 min, 27.0 min, endo: 25.8 min, 29.6 min).
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In general, the reaction was basically completed at 0
%C within 8 h and gave very high yield and endo/exo ratio
of products. However, from the data collected in Table 1,
it can be seen that the enantioselectivity is generally low,
the highest value 48% ee was obtained for ligand 4b at 0
°C (Entry 2). When the temperature was lowed to — 40
C and ~ 78 °C, the enantioselectivity was increased to
56% ee and 68% ee, respectively (Entries 6 and 7).
The enantioselectivity catalyzed by Mg(OTf), complex is
lower than that catalyzed by Cu(OTf), complex for this
Diels-Alder reaction. This may be because the stereo-
chemistry of the intermediates from the metal-ligand and
dienophile is different,*!4 one is tetrahedral, while an-
other is square-planar.

In summary, a series of new bis ( oxazoline) ligands
containing dibenzo[a,c]cyclo-heptadiene have been syn-
thesized and preliminary results in asymmetric Diels-Alder
cycloaddition of cyclopentadiene with N-crotenoyl-oxazo-
lidin-2-one have been obtained. The C,-symmetric bi(ox-
azoline) 4a—4de derived from dibenzo| a, c ] cycloheptadi-
ene showed different reactivity in the asymmetric Diels-
Alder cycloaddition. The moderate enantioselectivity has
been obtained with copper (II) triflate complex of iso-
propyl substituted bi(oxazoline) 4b. The potential as new
catalytic system for other asymmetric reactions with these
ligands are currently undergoing in our laboratory.
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