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(E)-3-crotonyl-1,3-oxazolidin-2-ones (2a,b), to give the endo adducts 3a,b has been studied. The use of

magnesium perchlorate (MP) or magnesium mﬂate (MT), and three chiral bis(oxazolines) (5-7) and, eventuaily,
2 equiv of achiral auxiliary ligands X [water or tetramethylurea (TMU)], induces a strong change of the
enantioface selectivity. The intermediates are either tetrahedral or octahedral. The MP-based intermediates can
be either tetrahedral, giving rise to the endo (S) adducts enantioselectively, or, by addition of 2 equiv X,
octahedral giving rise to the endo (R) adducts. The MT-based intermediates always have an octahedral
configuration in the presence of two triflate ligands, and the endo (R) adducts are obtained enantioselectively.
The controlled use of the different reagents to assemble the catalysts gives either (S)-3a in 94% ee from a
tetrahedral complex, or (R)-3a in 93% ee from an octahedral one, whereas (R)-3b can be prepared with ee up to
95%. © 1998 Elsevier Science Ltd. All rights reserved.
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Introduction
The enantincelactive catalveic of the Diele-Alder (DA) reaction hace heen extensivelv etndied
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titanium [1], aluminium [2], boron [3], lanthanium and lantanides [4], ruthenium [5],
manganese [6], iron [ 7], copper [8], magnesium [9], zinc [10], nickel [11], and cobalt [12]. The
sed chiral ligands were: TADDOLs [1], binaphthols [4], derivativ
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diamines, mono and bis(oxazolines).
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reactions between cyclopentadiene (1) and 3-alkenoyl derivatives of 1,3-oxazolidin-2-one (2)
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If the scope of this area of research was only to obtain the best adduct yields, with the best
diastereomeric ratios, and the best ee of the endo adduct, any effort performed after the 1993
Evans study of the Cu(lI)-catalyzed DA reaction [8a], could be considered worthless. To break
the ee records is portant, but it is not the sole scope of research, and opportu nities

devoted to the understandmg of the catalytic processes mvolved and for gaming insight into
the structure of the [ligand-metal-reagent] supramolecular device are still open.

One of the major targets of the chiral Lewis acid controlled synthesis (CLAC synthesis) [12]
is the preparation of both enantiomers from the same starting materials by designing small

cantrallad mndificatinng nf the chiral catalvet (Inlvy a faw rennrte regarding the nrenaratinn nf
COMIroncy mouliiCauivlns Ul ulv Cildal Ldtaiyst, Uilly a 1Cvy 1CpPULw ICEAiULIE UlC picpaldiiUil U1
both enantiomers of DA adducts are available. A small change in the sulfonamide group of

chiral (R)-2-sulfonylaminophenyl-4-phenyl-1,3-oxazoline induces a strong change of the
enantioface selectivity in the Mg-catalyzed DA reaction [9f]. More important are the reports

concerning the catalyzed DA cycloaddition which afford both enantiomers of the same adduct
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been realized either with Yb(OTf)3 and (R)-binaphthol [4d,e] using suitably chosen 3
dicarbonylic achiral ligands, or with magnesium perchlorate (MP)-bis[(4R)-phenyloxazoline]
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further deduce the organization of reagents and ligands around the Mg(Il) cation an
influence on the CLAC-DA synthesis.
With the previous results in hand, and having tested the effect of MP-bis(oxazolines) 5-7

(Chart 1) on the DA reaction between 1 and 2a, eventually in the presence of H,O, ROH (R =
Me, Et, i.Pr, and fer.Bu) or (CH>OH), [9b,c] some further points were inferred.
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Tested were the effect:
a) of further auxiliary ligands differing from hydroxy derivatives;
b) of the different anions of the Mg(II) salt to check their possible behaviour as ligands in the

¢)of a change in the steric hindrance of the dienophile, testing 3-[(£)-2’-butenoyl]-1,3-

oxazolidin-2-one (2b) (the Z isomer is unreactive) in addition to 2a.

Results

DA Reaction of 1 and 2a with MP, bis(oxazolines) 5-7, and 2 equiv auxiliary ligands.

In addition to H>O, shown to be the best hydroxylic-type ligand [9b,c], some amino and

carbonyl compounds were tested.

When the reaction catalyzed by MP-(R)-5 was run in the presence of 2 equiv triethylamine
or pyridine, under the previously described conditions (Table 1 - entries 3,4), the yield of
adducts was 0%. These ligands strongly bind the cation and inhibit the ligand exchange
necessary for the catalytic cycle [13].

The effect of carbonyl compounds was tested by using acetone, dimethylcarbonate (DMC)

and tetramethylurea (TMU) (Table 1 e.ntries 5-7). Whereas the presence of 2 equiv aceton
not significantly char
catalyst [(S)-3a was obtained in 67% ee], DMC reduced the stereoselectivity and the ee of (5)-

3a was 40% only. The effect of TMU was more significant and quite similar to that of HyO

since (R)-3a was obtained in 51% ee These results can be interpreted in terms of a
coordination change from tetrahedral to octahedral around the Mg(II) cation with TMU acting
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enantioface selectivity of the catalyst.
When TMU was tested as auxiliary ligand with bis(oxazolines) (R,S)-6 and (R,R)-7, the
results were those expected if entries 13 and 19 (Table 1) are compared with entries 11, 12 and

17, 18 respectively. The effect of TMU was again to shift the coordination from tetrahedral to
octahedral and (R)-3a became the enantiomer in excess with cis-6 (an effect similar but lower
than that of water), whereas (§)-3a remained the favoured enantiomer with trans-7 (the ee was

intermediate between those reported in entries 17 and 18, without or with water).

Table 1
Cinntiacalantivity Aftha TYA sanntinn hatiuaan 1 and Ya unth tha Antaluate 710 snnl 04) frnmy & 7 AAD Aw MT oA thea srramdrial o Vinem
LAl lllUDch\'ll\'ll] UL WIC LM ICAaViIVLL ULILWORLL & aliud &g WL LI Lalal)‘blb \1\) Hivi /0] ULLL O= 7, IVIDT Ul 1vll . alld Ui Cvein! i du.’&llldly
ligands (2 eguiv), run at -50 °C in CH»Cl5,
& A b | Vil L4
T anbeme MNhienl Hoanmd Cals Anvialim: Lonnd o/ ald nsadn v s 0f 5 5 sds 2ad
Llllly wiiural HE na wALE SAuAlall _y llsﬂllu /0 ylcxu erid AU 70 €.€. €NU0 o4
1b (R)-5 MP quant 92:8 72(S)
2b (R)-5 MP H,0 quant 93:7 70 (R)
3 (R)-5 MP EtzN 0
a4 { R\ R MP Pvridine 0 —== .
4 (R)-S ridis 0
< D\ & AD A nnatnnn Mitant 0OA A £ £
J \l\}‘J iviy DLvCLuile qualll. T v v/ \Q]
6 (R)-5 MP DMC quant. 94:6 40 (S)
7 (R)-8 MP TMU quant. 96:4 S1{(R)
8 (R)-§ MT --- quant. 92:8 88 (R)
9 (R)-5 MT H,0 quant. 92:8 86 (R)
10 (R)-S MT T™U quant. 93:7 88 (R)
11b (R.S)-6 MP quant. 92:8 22-43 ()
12b (R.S)-6 MP H,0 quant. 95:5 82 (R)
13 (R.S)-6 MP T™U quant 94:6 55 (R)
14 {R.5)-6 MT --- quant 94:6 23 (R)
i5 (R.5)-6 MT H,O quant. %4:6 S5 (R)
16 (R.S)-6 MT T™MU quant. 94:6 95 (R)
17b (RR)-7 MP quant. 98:2 94 (S)
18b (RR)-T MP H,0 quant. 95:5 49(8)
19 (RR)-7 MP T™MU quant. 97:3 78 (S)
20 (RR)-7 MT quant. 89:11 60 (R)
21 (RR)-7 MT H50 quant. 89:11 64 (R)
22 (RR)-1 MT T™U quant. 88:12 31 (R)

The ee reported is the average of 2-3 independent experiments; when the variation is larger than 2%, the range is reported. The

major enantiomer is in parenthesis.

b)Data taken from Ref 9c.



DA Reaction of 1 and 2a with MT and bis(oxazolines) 5-7.

Both iodide (or better 137) and [Ph4B]- had been already tested as magnesium counterions in
one of the legendarv nanerc [0al on this tonic. and the result wag 909% ec2 of the enantinmer
ilw \IL \vjl AW BVII\D“LJ ywyv;u l/“‘l WEAR VALl \vuru.v, WA ViAW AWOIMLAY YYD VUV /U e UVl Uilw willfAlIViIVRiiw]

Vad ronn/

he failure of bromide [50% ee of (5)-3aj was

Al 1 o a
1

resuiting from the tetrahedral coordination.
expected, less the result of trifluoroacetate (a nearly racemic mixture was obtained).

The result obtained with magnesium triflate (MT) and (R)-5 was interesting since (R)-3a was

\/

obtained as the preferential enantiomer in 88% ee. The sense of the asymmetric induction did

change running the reaction in the presence of 2 equiv H2O or TMU (Table - entries 8-
10).

When (R,R)-7 was used as ligand, MT gave 60% ee of (R)-3a, lower in absolute, but
opposite in the sense of induction, than MP did (Table 1, entries 20 vs 17). Excellent, on the
contrary, was the result of MT with the cis ligand (R,S)-6. The enantiofacial selectivity gave
(R)-3a in 93 % ee (Table 1, entry 14), that is among the best results reported in the literature
[1d,8e,9¢] for the DA reaction between 1 and 2a. The stereoselectivity did not change running
uiv HO or TMU {Table 1, entries 15, 16, [both gave the

AV, [V BBV Ui

(R) enantiomer in 95% ee] 21 and 22}. The simplest explanation seems that the
supramolecular device around the Mg(Il) core is not influenced by auxiliary ligands in the
MT-based chiral catalvst

Viz TS cnirat slet Y.

DA Reaction of 1 and 2b with MP or MT and bis(oxazolines) 5-7.
1e (E)-crotonyloxazolidinone (2b) was tested as dienophile. The best results of the DA
reaction between this and 1 in terms of enantioselectivity were reported in the literature to be
obtained with Ti-TADDOLates [Ic-f], Yb-binaphthois [4b], and Cu-fer.butyl bis(oxazolines)
[8a] with ee for the endo adduct around or above 90%.
Thus 2b was made to react with MP or MT, chiral ligands 5-7 and, eventually, H>O or TMU,

MP-5-2b] was so sensitive to moisture to result

11 tha wanga V70, (Y _ 2N0L (DY
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[
mdngible rest lts [28% ee (S) - Table 2, entry 1] were obtained by performing the
b
were obtained. lhis result fits with those obtained running the reaction in the presence of 2
equiv auxiliary ligands: the induced octahedral coordination gave rise to (R)-3b with ee of 62%

and 87% for HyO and TMU respectively (Table 2, entries 2, 3).



Table 2.

Enantioselectivity of the DA reaction between 1 and 2b with the catalysts (10 mol %) from 5-7, MP or MT, and the eventual auxiliary
ligands (2 equiv), run at -15 °C in CHCly.

Entry | Chiralligand | Salt | Awdliaryligand | "™ |0 oro | o0 e endo3b? | e exod
(ime, days)
1 (RS MP - quant. (2) 85:15 28 (5)° n.d.
2 (R)-S MP H,0 quant. (4) 83:17 62 (R) 19 : 81
3 (RS MP T™MU 93 (6) 84:16 87 (R) 11:89
4d (R)-S MT 94 (2) 81:19 84 (R) 12:88
5 (R)-5 MT H,0 92 (2) 81:19 84 (R) 11:89
6 (R)-5 MT TMU 88 (2) 81:19 84 (R) 11:89
7 (R,S)-6 MP - quant. (3) 83:17 38(R) € n.d.
8 (R.S)6 MP H,0 84 (2.) 85:15 85 (R) 10:90
9 (R,S)-6 MP ™U quant. (2) 87:13 95 (R) n.d.
10 (RS)-6 MT 97 (2) 84:16 92 (R) 7:93
11 (R.S)-6 MT H,0 quant. (2.5) 83:17 90 (R) 10:90
12 (RS)-6 MT TMU quant. (2.5) 84:16 91 (R) 10: 90
13 (RR)-7 MP quant. (2) 88:12 72 (S)¢ 75:25
14 (RR)-7 MP H,y0 95 (2) 88:12 46 (S) n.d.
15 (R.R)-7 MP ™U quant. (3) 85:15 24 (S) n.d.
16 (RR)-7 MT 35(7) 75:25 60 (R) 10:90
17 (RR)-7 MT H,0 42(7) 74:26 70 (R) 10: 90
8 (RR)-7 MT T™MU 73(7) 75:25 50 (R) 20: 80

a)The ee reported is the average of 2-3 independent experiments. The major enantiomer is in parenthesis.

b)The absolute configuration of the exo-adduct is unknown, the ratio refers to the order of elution (see experimental part).
€)Reaction run in the presence of MS 4A pellets (50 mg).

d)Ref. 10: the reaction run at room temperature gave [endo} : [exo] = 77:24 and the ee of 3b was 73% (R).

The change of the anion of Mg(II) from perchiorate to triflate resuited in the formation of the
(R) enantiomer (in analogy to 2a) either in the absence or in the presence of HyO or TMU and

the ee was always 84% (Table 2, entries 4-6).

=

The (R,S)-6 ligand gave unsatisfactory results with MP [the ee o

presence of MS 4A]. As previously observed for 2a, the addition o

thha ~nt.
e C
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87% ee. A significant improvement of
and the ee [95% (R)] was one of the
DA reaction (Table 2, entries 7-9).

AY
influenced the enantiofacial selectivity of the catalyst and the (R) enantiomer was obtained in
the performance of
st re

best results reported in the
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enantiomer was in the range 90-92%, either with or without auxiliary ligands (Table 2, entries
10-12).

The results with ligand (R R)-7 were comparable to those obtained with 2a. The (S)
y formed with MP (72% e.e. - Table 2, entry 13) and t\',
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enantiomer was preferentiall
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selectivity was reduced in the presence of HyO or TMU (46 and 24% respectively - Table 2,
entries 14 and 15). The enantioselectivity was strongly changed by using MT, since the (R)
enantiomer was obtained in 50-70% ee, with or without auxiliary ligands (Table 2, entries 16-
18).

Discussion and Conclusions

enantiofacial selectivity of the reaction between 1 and 2a,b can be modulated keeping
unchanged the chirality of the ligand and the cationic core of the catalyst. The variations
involve either the counterion of Mg(Il) (perchlorate or triflate) or the addition of two

The reason of the change of the enantiofacial selectivity seems to be the different
coordinations around the metal of chiral ligand, dienophile, and auxiliary ligands.

Three main types of coordination (in Chart 2 are illustrated those involving 2a and 5) can be
assumed: one tetrahedral (A) with [chiral ligand - Mg(Il) - 2] in the ratio [1:1:1], and two
octahedral whose supramolecular devices require [chiral ligand - Mg(ll) - 2 - X] in the ratio
[1:1:1:2]; the only difference is the respective positions of the auxiliary li

gands X: either cis or
trans (Chart 2 - B and C respectively). Three further variables should

be considered, but
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previous 'H-NIVIK Investigations [¥C| Su ggested the s-cis conformation of the dienophile in A-
C and the stereochemistry of the B mplex with both the oxazolidinone ring close to the
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different results reported in Tables 1 and 2
When MP is made to react with chiral ligands 5-7 in the presence of 2a,b, the tetrahedral
complex A is formed (the suitable modifications of the structure in Chart 2 can be easily
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d 6 or 7 are involved). The diastereoface

Re one and (8)-3a,b is expected to be obtained. C
reported in Table 2 - entry 7, whereas the results reported in Table 1 (entries 1, 11 and 17) and
Table 2 (entries 1 and 13), even with different degrees of enantioselection, fit this model.
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Chart 2

£
g

1en 2 equiv of auxiliary ligands are added to the tetrahedral complex, the cis octahedral
complex (B) is expected to be formed [9c]. This requires ligands with suitable nucleophilicity
that is not the case of the experiments described in Table I, entries 3 and 4. When (B) is
involved in the catalytic cycle, the enantiomer (R) is expected if the addition occurs on the Si
face nreferenuallv The results described in Table 1 (entries 2,7, 12, 13, 18 and 19) and Table

Au.u;;.v.;.w. USRS

the main product of the reaction, or the ee of the (S) enantiomer is strongly reduced.

When the catalyst is builded from MT, something different must happen if the (R)
enantiomer is preferentially obtained and its ee does not change in the presence of 2 equiv
auxiliary ligands (Table 1: entries 8-10, 14-16 and 20-22; Table 2: entries 4-6, 10-12 and 16-
18). Since the complex must have an octahedral configuration which is not modified by
addition of the auxiliary ligands, this requires that two electronegative triflate ligands are
involved in the coordination, a model which has been already proposed by Takacs [10]. The
octahedral wmple could be either (B) or (C) but the results obtained 1th the triflate-based

catalysts to involve an identical configuration
entry 15 vs 16). If (B) is the intermediate in th
reasonable to propose (C) as the intermediat

reaction between 1 and 2a to give (R)-3a enantioselectively, a linear relationship is expected to

be obtained by plotting eeproduct VS €€ligand- The results, illustrated in Figure 1, were
determined on mixtures of (R)-5 having enantiomeric purities of 75, 50, and 25% and gave (R)-

iaaaaxd A1 AARIA 1laviil

3a with ee of 62, 38, and 18% respectively.
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Figure 1. Linear relationship between the ee of the endo product (R)-3a and that of the ligand (R)-S.

In conclusion, the above reported results illustrate the excellent flexibility of Mg(Il) as
cationic core of a chiral catalyst for a DA reaction. It can easily change its coordination number
from 4 to 6 assuming either a tetrahedral or an octahedral configuration, and this can be done
either with auxiliary ligands (water or TMU) or with the anions deriving from the Mg(il) sait.

Since the tetrahedral or octahedral configuration, at least in the DA reaction between 1 and
2a,b, have opposite enantiofacial selectivity, it becomes easy to obtain excellent ee of both

From the results reported in Table 1, (5)-3a can be obtained in 94% ee using the tetrahedral
catalyst derived from MP and ligand 7; (R)-3a can be obtained in 93-95% ee using the
octahedral catalyst derived from MT and ligand 6.

n Table 2 it seems difficult to run the DA reaction betwee

[¢]
5]
j#2]
=

2b with a tetrahedrally organized Mg catalyst, wher ctahedral catalyst derived from

MP, (6) and 2 equiv TMU gives (R)-3b with 95% ee. The wa -3b in 87% ee

requires MP, 2 equiv TMU and the 001nmer01ally available chiral ligand (S)-5.
Whereas the frans bis(oxazoline) (R R)-7 proved best for 2a and MP [9¢]
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election for MT and 2a,b was the cis (R S)-6 one. Furthermore, when compatible with the
desired results, MT was found to be superior to the corresponding MP since traces of moisture
did not changed the efficiency of the deriving catalyst.

Experimental Section

Dichloromethane was the hydrocarbon-stabilized Aldrich ACS grade, distilled on calcium
hydride and immediately used. Magnesium perchlorate and magnesium triflate were the

~J
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4(S) isomer were commercially available by Aldrich; whereas 2,2-bis{2-[4(R),5(S)- and

[4(R),5(R)-diphenyl-1,3-oxazolinyl] }propanes (6 and 7 respectively) were prepared as
described in the literature [13]. The endo : exo ratios were measured by HPLC and confirmed
by I NMR; the enantiomer compositions were determined by HPLC
and Chiralpak AD columns).

3-Acryloyl-1,3-oxazolidin-2-one (2a) was prepared following the literature method [14].
3-(E)-2 -butenoyl-1,3-oxazolidin-2-one (2b) was prepared following the literature method [15].
The reaction mixture was column chromatographed (eluant, cyclohexane-ethyl acetate = 85 :
i5) to give as first fraction 3-(Z)-2’-butenoyl-1,3-oxazolidin-2-one (10% yield) as white
crystals, m.p. = 41-42 °C (from diethyl ether). IH NMR, & (CDCI3): 7.01 (11, dq, J = 1.5 and

11.5 Hz, a-vinylic proton), 6.47 (1H, dq, J = 7.5 and 11.5 Hz, B-vinylic proton), 4.42 (2H, t,

~r T -~ /ANYY

Hs), 4.05 (2H, t, Hg), and 2.15 (3H, dd, J = 1.5 and 7.5 Hz, Me). 2b was isolated as second
fraction (75% yields) as white crystals, m.p. = 46-47 °C (from diethyl ether). IH NMR, §: 7.25-
7.07 (2H, m, vinylic protons), 4.41 (2H, t, Hs), 4.07 (2H, t, Hg), and 1.98 (3H, dd, J =1 and
6.5 Hz, Me).

nes) 5-7. General

Anhydrous magnesium perchlorate (11 mg - 0.05 mmol) or magnesium triflate (16 mg - 0.05
mmol), bis(oxazoline) 5-7 (0.05 mmol) and 3-acryloyl-1,3-oxazolidin-2-one (2a) (72 mg - 0.5
nhvdrou (_‘T—TAC]». (0.3 mL \ under stirrin
rubber septum sealed vial. Within one hour the inorganic salt dissoived and a dusty white solid

can precipitate. At this stage, when required, the auxiliary ligand [water or tetramethylurea (0.1

mmol)] was added with a microsyringe and stirring was continued for two additional hours.
. . . 4 i P o N UES-PURP IR R Y L § P, | Ala e an ~ 1Y
The vial was chilled at -50 °C and after 20 minutes cyclopentadicne (0.1 mL - about 1.5 mmol)

was added. Stirring was continued overnight, then the reaction was decomposed in water,
extracted with CHpCl and dried . In at least one experiment for each reaction, a portion of the

Ly, 117 NIND s
a Dy ‘i NI anda

s v R

crude mixture was monitore
standard analysis of the reaction mixture was performed by HPLC analysis using a Diacel OD

~ AA/]/\ - L ¥aY Qo I" TI’\D
e €U ., CAU 1auvu vwad O § lw)

column with 10% 2-propanol in hexane as eluant [1 mL/min; average retention times: 19.9 and

in for exo ennntigm@rs 21.9 min for (Q\ 3 and 24.6 mm for (R)- ’“ The exo . endo

1Xx Py i Aziiii Y LY 11

determined by HPLC, was identical to that determined by !H NMR.
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| A Y 2 S PRY: P 11 7:
by magnesium perchiorate or magnesium triflate and bis(oxazolines) 5-7. General procedure

The reactions were run under the same experimental condtions reported above for 2a, but
[

the temperature was -15 °C and the time required is reported in Table 2. A portion of the crude
mixture was monitored by 'H NMR to determine the amount of unreacted 2b and the endo :
exo ratio. The standard analysis of the reaction mixture was performed by HPLC analysis using
a Chiralpak AD column with 5% 2-propanol in hexane as eluant [0.5 ml/min; average

retention times: 24.8 and 27.0 min for exo enantiomers, 25.8 min for (S)-3b and 29.6 min for

(N\_Thl
(R)-3b].
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