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Abstract: Systematic investigation of the varying size of the alkoxy moiety of
the lithium ester enolates in the chiral ligand mediated reaction with imines led
to the improvement of the enantioselectivity of p-lactam products in up to 93%.
The asymmetric induction step was indicated to be the addition step, not the
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Lithium ester enolate is among the established, powerful carbonucleophiles in the formation of carbon-
carbon bonds.! The promising application of the reagent into asymmetric reactions relies on a chiral external
ligand, which opens a catalytic way to an asymmetric reaction.2 We have been involved in the
stoichiometric and catalytic asymmetric reactions of lithium ester enolates 2 with imines 3 based on a ternary
complex reagent, which comprises three components; a chiral ether ligand 1, an achiral lithium amide, and 2,

giving the corresponding B-lactams 4 in high enantiomeric excess (ee).>»4
The production of f-lactam 4 involves (1) an addition of enolate 2 to the azomethine carbon of 3 and
(2) subsequeni intramolecular nucleophilic attack of nitrogen to the carbony! carbon of the ester § to

eliminate lithium alkoxide. The alkoxy moiety of 2 is placed close to the reaction site in each step and i
elimination from 5 put the equilibrium forcing the cyclization to 4. Consequently, survey of the alkoxy
moiety is expected to shed light on the asymmetric induction and also to improve the enantioselectivity. We
describe herein the systematic examination of the alkoxy moiety of 2 and improvement of enantioselectivity
of the reaction of the ternary complex.
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examined with use of lithium isopropylcyclohexylamide (LICA) and the chirat ligand 1 in toluene at —45 °C
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as summarized in Table 1.6 The reactivity of the ternary complex is nearly independent on the size of the

0040-4039/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4039(98)02053-X



9056

allr e s mimber [ man e Ly A WP S PP -.,‘ Lt i wwebiln bl bt bl o mndiaan (aambemr O) ™. ..
AIRUAY 1HIUICLY (Cliuy 1-/), C)\L,Cyllll IETI"UULOAY ¥1 up WIHLIL ICtaiud e Ivaliivn (Ciuuy o). 1nc
enantioseieciivity of 4a (R = Me, R! = Ph) was determined by chirai stationary phase HPLC.” The

enantioselectivity is apparently dependent on the size of the alkoxy moiety. The three primary alkoxy and
1sopropoxy groups exhibited the same level of enantioselectivity of 83-85% (entry 1-3, 5). Neopentoxy, 3-
pentoxy, and 2,4-dimethyl-3-pentoxy groups exhibited the highest level of ee, 88-91% (entry 4, 6, 7). These
alkoxy moiety effects are exhibited at the addition step, not at the cyclization step as shown below.

Table 1. Alkoxy Moiety Effect on Asymmetric Reaction of Ternary Complex with Imine 3 (R! = Ph)

Ph  Ph
Me._ _Me — LICA Ph
N . i« PP Mo’ Ome 2.4 &g !‘.‘.e—L—i
Rz\r\)j\r\l [=Y 1 An/N 1:26eq J—N
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toluene, —45 °C
2:2.0eq 3 4a
entry R? time/h  ee%  yield% entry R? time/h  ee%  yield%
1 Me 3 83 77 5 iPr 2 85 80
2 Ft 7 R an IS Te MY 2 R RS
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3 Hex 4 84 96 7 i-Pr,CH 2 91 79
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It is important to note that the reaction of a binary complex, lithium ester enolate 2 (R = Me, R2 = 2 4-
dimethvl-3-pentyl) and 1 in the absence of additional LICA at the higher

perature gave 4a in lower ee.
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We then avaminad affectc nf tha allbavu maiatu nn tha reantinne af the tarmmary nnmr\]ﬂv with imineg 2
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bearing R! = phenyl, 4-methoxyphenyl, 2-naphthyl, and phenylethyl substituents as shown in Table 2.

Table 2. Asymmetric Reaction of Ternary Complex with Imine 3

oy Ph v /. Me choHpn\,
MeseMe L R L amice me— [ oo hews \
R Ao oo N aoeeq 24ea  Ln | AN |
L — - O ‘PMP L.
2:20eq 3 toluene 4 \ W 5 /
entry R? R! lithium amide  temp/°C, (time/h)  ee% yield%
1 i-Pr,CH Ph LICA ~78(9),-25(0.5) 92 74
2 Et,CH -60 (5) 88 85
3 i-Pr,CH PMP LICA —45 (24) 91 70
4 Et,CH =50 (20) 79 70
5 i-Pr,CH 2-Naph LICA -60(24),-45(15) 93 82
6 Et,CH =50 (15) 90 85
7 -Pr,CH  Ph(CH,), LDA —78 (1) 86,90%  18,41*
8 Et,CH =78 (1) 90 80
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ester (entry 2, 4, 6, 8).°

It is interesting that the adduct § was not observed by tlc in the reaction of 3-pentyl ester, however, §
was observed in the reaction of 2,4-dimethyl-3-pentyl ester. Therefore, the reaction of 2,4-dimethyl-3-pentyl
ester enolate was conducted at the lower temperature until consumption of 3 by monitoring tic and was then
allowed to warm up to complete cyclization to 4 (entry 1, 5).

It is worthy to note that the addition product § (R! = Ph(CH»),) was isolated at —78 °C for 1 h as the
major product in 90% ee (entry 7), which was then treated with LDA at -25 °C to afford the cyclized B-
lactam 4 (R! = Ph(CH3)3) in 90% ee without loss of optical purity of 5. This indicates that the asymmetric
induction step is the addition of the enolate 2 to the imine 3, not the cyclization step of 5 to 4. This was

confirmed unambiguocusly as follows. Ph  Ph
Treatment of the racemic adduct d/-6” having 3-pentoxy Me pp SN Me
_ ) ] i M e—‘—/ MeO ; OMe /Ph
moiety with LDA in ioluene at —78 °C for 0.5 h in the o NPMP LDA Me——

) : ati ) AN,
presence of 1 afforded racemic 4a qu?fmtatlvcly. In turn, o H toluene g PMP
treatment of the adduct 6 of 99% ee!V in the absence or -78°C,0.5h

. h dr-é d-4a: 99%
presence of 1 gave 4a of 99% ee quantitatively. These results Me pp Me o
strongly indicate that the addition step of 2 to 3, not the M ) LDA M S
cyclization step of 5 to 4, is the asymmetric induction step. °© 1 NPMP - SN
. . O toiuene o) Pmr
Ester enolate 2 bearing R other than methyl group is Py -20°C,05h
applicable as shown in Table 3. In this case, 2,4-dimethyl-3- r 99% ee-6 99% ee-4a: 99%
pentyl ester was also shown to be superior to 3-pentyl ester. Asymmetric synthetic approach toward
spirofused azetidinones, for example 7 endowed with potent cholestero] absorption inhibitory activity, 11 is

Ph  Ph N
N o L 7 ditium Y U\A
/N amide:
II/ MeO OMe
+ N _ 2.4eq N
P.Q\ M PMp/ 1:26 eq ~ \/\\\
O~ "OLi Y U
. toluene - PN
2:20eq 3 b ~ “OMe
entry R? lithium amide temp/°C (time/h) ee% yield%
1 i-Pr,CH LICA 7824}, 45 (1) 86 73
2 Et,CH -50(15) 75 83
Cl\/,\

Further studies directed toward structure tuning of the chiral ligand | oH -
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For the recently renorted catalvtic addition reaction of ester enolate eguivalents with imines, see
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Lithium ester enolate was generated by treatment with 2.2 equiv of the lithium amide.

All new compounds described herein gave satisfactory analytical and spectroscopic data.

Daicel Chiralcel OD-H, i-PrOH/hexane = 1/50.

Typical procedure (Table 2, entry 1): A solution of 2,4-dimethyl-3-pentyl isobutylate (372 mg, 2.0
mmol) and 1 (630 mg, 2.6 mmol) in toluene (4 ml.) was added to a preformed solution of LICA (4.4
mmol) in toluene (8 mL) at —78 °C. The mixture was stirred for 1 h and to this solution was then added
a solution of 3 (211 mg, 1.0 mmol) in tolucne (2 mL). After stirring at —78 °C for 9 h, and then at 20

°C for 0.5 h, aqueous 10% HCI was added at —-78 °C and the mixture was extracted with EtOAc. The

nnnnnnnnnnnnnnnnnnnnnn ad ith wwntar an NaLIfYN . amAd heina and than Ariad Aavar Na-CN .
Ulsdlllb ldycl wad dellcu willl wadicl, dq. NArILwU3 allld vilge, atu vk Ulivu vuyeld Iva)oNvg.
Concentration foilowed by purification through silica gei column chromatography (ether/hexane = 1/5)

gave (5)-4a (R = Me, R! = Ph) (240 mg, 74%) as a pale yellow solid of mp 92-97 °C. [a]25p +122.8

(¢ 1.01, CHCl1). Ee was determined by HPLC analysis to be 92% (Daicel Chiralcel OD-H, hexane-
iPrOH (50:1), 0.5 mL/min, 250 nm, 22 min (R) : 27 min (§)). The chiral ligand 1 was recovered
themiah anbiimn aheramatinoranhe far rarica mrnntitntivyalyy
uuuusu LULULLiL L LU laLUsla lly 1Vl ICUDL qumuuauvczy

Prepared by the reaction of the corresponding trimethylsilyl enol ether with benzaldehyde imine in the
presence of zinc iodide.

Prepared by the reaction of methanolysis of 4a of 99% ee, enantioenriched by recrystallization of 4a of
88% ee, and following HCI catalyzed transesterification with 3-pentanol.
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