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Chiral relay templates provide amplification of selectivity in conjugate addition reactions. Reversal of stereochemistry of the product
isoxazolidinones has also been demonstrated by a simple change of the Lewis acid.

Chiral Lewis acid catalysis has become one of the most an extension of the chiral relay methodology to enantiose-

attractive and efficient methods for the synthesis of enan-

tiomerically pure compoundsUntil now, much attention

lective conjugate amine additiops.
We have recently shown that conjugate addition of

has been focused on the design of complex ligands or chiralN-benzylhydroxylamine to enoates is a convenient enanti-

auxiliaries that are often necessary for obtaining high

oselective method for the synthesisfamino acid deriva-

selectivities. We have developed a novel protocol termed tives® To investigate whether our newly developed chiral

“chiral relay™3 in which functional groups in the achiral

relay strategy is applicable in other enantioselective trans-

templates play a crucial role in enantioselective transforma- formations, we have examined the additionNsbenzylhy-

tions. An application of this concept was recently illustrated
in enantioselective DietsAlder reactions.We present here
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isoxazolidinone irrespective of different achiral templates
would simplify product analysis. At the onset, we had two
goals in mind: (1) the use of a simple, readily available chiral
ligand which only minimally controls the chiral environment
such that the relay group affects on selectivity and (2)
optimization of the conjugate additions at practical temper-
atures (—25°C and higher). Results from these studies are
presented here.

Two different types of pyrazolidinones were selected as

relay templates for evaluation in conjugate addition reactions.

One series of templates contairgem-dimethyl substitutidn
at C-5 with variation of the relay Z group (R= Me, see

structurel, Figure 1). The second template contained a large
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Figure 1.

diphenylmethyl relay group but lacks C-5 substitution (R
= H; Z = CHPh, structurel, Figure 1). The templates had
the following characteristics: (1) ready availability, (2) easy

attachment and detachment, (3) easy variation of the relay

group Z, (4) carbonyl group as a donor site for Lewis acid
coordination.

The conjugate amine addition to thiebenzyl-substituted
relay templatedc was assessed first (Scheme 1 and Table

Scheme 1
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1). Chiral Lewis acids derived from simple and readily
available bisoxazolines in combination with Mg(G)®@and
Zn(OTf), were evaluated by conducting the reactions at 0
°C and using a catalyst loading of 30 mol %. These results
are tabulated in Table 1. Conjugate additions were not

selective when magnesium perchlorate was used as the Lewis 3

(7) gembDialkyl substitution has been effectively used to control rotamers
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Table 1. Effect of Ligand and Lewis Acid on
Enantioselectivit§®

yield (%), ee (%)

entry ligand Mg(ClOs)2 Zn(OTf),
1 5a 71 10 (S) 80 70 (S)
2 5b 73 4(S) 84 50 (S)
3 5c 71 14 (S) 80 41 (S)
4 5d 69 1(-) 73 17 (S)

a For reaction details see Supporting Information. Ee’s were determined
using chiral HPLCPThe configuration ob was established by converting
it to known 3-aminobutyric acid comparing the sign of rotation of the
product acid with that reported in the literature.

acid irrespective of the nature of the ligand (entries4L

This may suggest that the chiral ligand and W(@&)-benzyl
group are shielding opposite faces of the double bond. In
contrast, higher levels of enantioselectivities were achieved
when zinc triflate was used in conjunction with the same
box-ligands. The chemical efficiency was good in all cases.
Another trend is noteworthy. The C-4 isopropyl substituent
of bisoxazolinebais relatively small and often provides poor
face shielding. We were delighted to see that much higher
selectivity was obtained using the same ligand with the relay
substrate, indicating that there is chiral amplification (entry
1). The absolute stereochemistry for the conjugate addition
product 6 was determined by converting it to a known
compounc’. The large difference in selectivity in reactions
with the two different Lewis acids may indicate that geometry
around the metal affects whether there is consonance or
dissonance between the relay group and the substituent in
the chiral ligand.

In our previous work, the bisoxazoline derived from amino
indanol7 in combination with Mg Lewis acids provided high
selectivity in conjugate amine additiof& In light of this
result, we undertook a more detailed study on the effect of
different relay substituents and chiral Lewis acids on
selectivity in the conjugate additions (Scheme 2). Two
catalysts: magnesium perchlorate with ligah@atalyst A)
and zinc triflate with ligandba (catalyst B) were tested, and
these results are tabulated in Table 2. For the series of
substrates with C(5)emdimethyls, as size of the relay group

Table 2. Effect of Relay Substituents on Enantioselecti¥ity

catalyst A catalyst B
yield® ee¢ yield® ee

entry substrate (%) (%) (%) (%)
1 4aRi=Me, R=H 75 76 (R)* 74 28(S)
2 4b R; = Me, R = ethyl 70 52(R) 74 49(S)
4c Ry = Me, R = benzyl 67 78(R) 71 68(S)
4 4d Ri1 = Me, R =2-CHnaphthyl 75 78 (R) 73 70(S)
5 4eRi=Me, R=1-CHznaphthyl 77 81(R) 75 75(S)
6 4f Ry =H, R=CH(Ph), 71 84(R) 72 57(S)

a All reactions were carried out at®® and using 30 mol % of the chiral
Lewis acid.?Isolated yields°Ee’s were determined using chiral HPLC.
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Scheme 2
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increases (from H to 1-naphthylmethyl), so does the enan- performed with the 1-naphthylmethyl template. We were
tioselectivity in reactions with either of the two catalyst able to obtain both enantiomers of the product with high
systems (entries-15). This is consistent with our proposed selectivities, 96% and 83%, respectively, when using mag-
chiral relay model operating to amplify the stereochemical nesium or zinc Lewis acid and at moderate temperatus (
information from the chiral ligand to the reaction center. The °C). In addition, substratéeis less reactive tha#f but often
use of bulky 1-naphthylmethyl as the relay group gave the more selective.

highest selectivity of 81% edR{) using catalyst A (entry 5). Figure 2 summarizes the results mimethoxybenzylhy-

In contrast, reactions witlde using catalyst B gave the

enantiomeric (S) product in 75% ee. It is important to note _
that ligand5a and 7 have the same configuration at C-4.

Thus a simple change in the Lewis acidveeses the

enantioselectivity, allowing either (R) or (S) enantiomers to &/ /U\/\ & J\/\ ﬁ
\/1 Naph

be formed with similarly high selectivitié8.

: . : “CH(Ph);
The effectiveness of templat# with a bulky diphenyl- {‘eom”prl‘;'taey relay template relay template
methyl substituent at thid(1) position but without C(5yem 8 p de

dimethyl groups was a!so explored. This template was found Catalyst A: 0°C, 55% ee (R)  0°C,84%ee (R) 0 °C. 81% ee (A)
to be the most selective (84, entry 6, Table 2) when  Catalyst A: -60 °C, 86% ee (R) -60 °C, 96% ee (R) -25 °C, 96% ee (R)
catalyst A was used and only moderately selective in the CatalystB: 0°C,29%ee(S)  0°C,57%ee(S)  0°C.75% ee (S)
catalyst B mediated reaction (57%).

The effect of temperature on conjugate addition using the
two best relay templates was examined next. When magne-
sium perchlorate in conjunction with ligarflwas used as  droxylamine conjugate additions to different templates:
the chiral Lewis acid (CLA), the complex formed between pyrrolidinone8 (nonrelay template) and two pyrazolidinone
the CLA and substratéf was relatively stable even at relay templatedef. Significant enantioselectivity enhance-
elevated temperatures. Good selectivity was obtained whenment was observed with the relay templates over pyrrolidi-
reaction was carried out at room temperature (entry 1, Tablenone (nonrelay template) at different reaction temperatures
3). Decreasing the reaction temperature, further increasedand using different catalyst. In addition, a reversal of
the ee to as high as 96% a60 °C (entry 4, Table 3). On  stereochemistry was obtained when magnesium or zinc Lewis
the other hand, enantioselectivities of zinc ait-box (5a) acid was employed. Control experiments with nonrelay
catalyzed reactions were not temperature dependent; modertemplate8 clearly indicate the advantages of using the readily
ate ee’s were observed at all temperatures but with reversalprepared relay templates in enantioselective transformations.
of product configuration. Similar temperature study was also These results exemplify the use of achiral templates to relay

Table 3. Effect of Temperature on Enantioselectigity

Figure 2.

entry substrate temp, °C time, h catalyst A catalyst B

yield (%) ee (%) yield (%) ee (%)
1 0 It 2 71 74 (R) 69 51 (S)
2 &NPL’ 0 3 71 84 (R) 72 57 (5)
3 N 25 7 75 90 (R) 69 52 ()
4 af CHPh -60 14 77 96 (R) 71° 54 (S)
5 rt 3 76 76 (R) 72 45 (S)
6 ﬁ,ﬁ’ 0 5 77 81 (R) 75 75 (5)
7 N -25 24 76 96 (R) 74 83 (S)

\—1-Naph

230 mol % of the chiral Lewis acid was used in all reactions. Ee’s were determined using chiral PIRe&ction at-40 °C for 22 h.
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Scheme 3 Table 4. Conjugate Additions to Cinnamates
O O : : a b
J\/\ BANHOH, 0 °C 0L O entry substrate time (h) yield (%) ee (%)
N Ph U Ph 1 9a 4 79 71 (S)
R, : 30 mol% 2 9b 4 91 80 (5)

3 5 82 88 ()

R Ph 9¢
9 O 10
9aR,=Me, R=Bn N N j\/\
1 - y -
9b R, = Me, R = CH,-1-Naph 4 - 3 90 57 (S)
9¢ Ry = H, R = CH(Ph); Mg(CIO)s 1

a|solated yields. 30 mol % of the Lewis acid was ustk’s determined
by HPLC analysis.

and amplify the chiral information from chiral Lewis acid
to the reaction center.

Taking advantage of the practical aspects (high selectivity  |n conclusion, we have demonstrated the use of a novel
and moderate temperature) of the relay strategy, we thenc|ass of achiral templates, pyrazolidinones, to perform chiral
explored the conjugate addition reactions to cinnamatesrelay in enantioselective conjugate amine additions. Both
(Scheme 3). Once again, ee’s with all relay substrates aregnantiomers of the product may be obtained in high enan-
considerably higher than the low selectivity obtained with tjomeric purity at moderate reaction temperatures. Experi-
the nonrelay substrate pyrrolidinone cinnanetgTable 4).  ments to determine the crystal structure of these templates

Substratedf gave the highest selectivity: 88% ee at®, and a better understanding of the architecture of the ligand
this is comparable with the selectivity obtained with the \atai—substrate complex are underway.

nonrelay substrat&l at much lower temperatufé.

At the present time we do not have definitive stereochem-
ical models for the sense of stereoinduction observed in the
conjugate addition experiments. The formation of enantio-
meric products using catalyst A and B suggests different
geometries around the metaf?
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