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Lanthanoid Triflate Catalyzed Conjugate Addition of Amines to o, B-Unsaturated Esters.
A Facile Route to Optically Active B-Lactam
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Catalytic amount of lanthanoid(IIl) triflates promoted the conjugate addition of
amines to 2-alkenoic acid esters to give B-amino esters. The reaction of benzylamine
with a,B-unsaturated esters containing a stereogenic center at y-position proceeded
diastereoselectivity to yield optically active B-lactam precursors.

The conjugate addition of amines to o,-unsaturated esters!) yielding B-amino esters2) requires drastic
reaction condition3) except a case of acrylate derivatives.®) Although application to the synthesis of
optically active products was recently reported by using lithium silylamide,®) simple addition of amine is still
challenging. Lewis acid such as BF3-OEty or TiCly could not catalyze the conjugate addition of amines to
o,B-unsaturated esters by preferential complex formation with amines. After several trials, we have found that
highly oxophilic lanthanoid salts give satisfactory results.”) We describe here the conjugate addition of
benzylamine to o,B-unsaturated esters yielding B-amino esters under the catalytic action of lanthanoid
triflates.8.9) A treatment of ethyl (E)-2-butenoate in THF with amines in the presence of lanthanoid(I1I) salts
afforded PB-amino esters in high yields (Scheme 1).

Yb(OTf),
10 mol%)
Z + PhCH,NH — Y\COzEt
THF NHCH,Ph g79,
Scheme 1.

Among lanthanoid(III) salts examined, ytterbium triflate gave the best result. A typical procedure of the
reaction; a solution of benzylamine (0.16 g, 1.5 mmol) in THF (1.0 ml) was added to a solution of ethyl (E)-2-
butenoate (0.11 g, 1.0 mmol) and Yb(OTf)3 (0.062 g, 0.1 mmol) in THF (1.0 ml) at room temperature and the
reaction mixture was stirred for 6 h. The resulting mixture was diluted with a mixture of hexane and ethyl
acetate (2/1, 30 ml) and filtered through celite. After the filtrate was concentrated in vacuo, chromatography
on asilica gel column gave ethyl 3-benzylaminobutanoate in 97% yield (0.21 g). The reaction catalyzed by
ytterbium chloride proceeded sluggishly. The combination of catalyst, solvent, and amines are summarized in
Table 1.

In the absence of catalyst, the addition did not occur under this reaction condition (run 1). Lewis acids
such as BF3-OEt; and TiCly did not show efficient activation for the conjugate addition, but amide was
formed (run 3). On the contrary, the use of lanthanoid(III) triflates promoted the conjugate addition of amine



828 Chemistry Letters, 1994

Table 1. Conjugate Addition of Amines to Ethyl (£)-2-Butenoate in the Presence of Various Metal Saltsa)

Catalyst
°
\/\002& + RR'NH _(;%\r/l]e'?:tﬂ’ Y\C%Et + N conmr
1 RT NRR™ 3

Run Amine (1) Catalyst Solvent Time 2 (%) b) 3 (%) b)
I PhCH,NH, - CH,Cly 12 0¢) 0
2 g BF5 - OEty " 12 00 0
3 " TiCly " 45 28 26
4 ” La(OTf)4 " 6 95 0
5 " Sm(OTf);3 " 6 95 0
6 " Yb(OTf)3 " 2.5 92 0
7 " YbCly THF 17 28 26
8 g Yb(OTf)4 g 6 97 0
9 " " Ethanol 6 95 0
10 " " Toluene 6 92 0
Il PhCH(NH,)CHy  ” THF 12 26 (32%de) ) 0
12 Pyrrolidine " N 6 95 0

a) Ester (1.0 mmol), amine (1.5 mmol), catalyst (0.1 mmol), and solvent (2.0 ml) were used. b)
Isolated yields. c) Ethyl (E)-2-butenoate was recovered quantitatively. d) The ratio was
determined by IH-.NMR. :

(run 4-6, 8-10). It should be noted that protic solvent such as ethanol can be used (run 9). 9 The conjugate
addition of 1-phenylethylamine proceeded sluggishly and resulted in low diastereoselectivity (run 11).

The conjugate additions of benzylamine to a,B-unsaturated esters, 4 and 6, were tried under these
reaction conditions.  Although ethyl (E)-4-benzyloxy-2-pentenoate 4 did not proceed diastereoselectively,
(Z)-isomer 6 showed high diastereoselectivity affording syn isomer 7 predominantly (Scheme 2).10-12) IH-
NMR of the reaction mixture in eq 2 did not show the isomerization of 6 into 4. This fact implies that a
reverse reaction from 7 to 4 or 6 did not occur under these reaction conditions. |3)

The ester 8 having the 1,3-oxathiane as a chiral auxiliaryl4) reacted with benzylamine in the presence of

catalytic amount of Yb(OTf)3 to yield the adduct 9 in 78% with good diastereoselectivity (76%de) as shown in
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Yb(OTf); PhCH,0

PhCH,0
10 mol%
= + PhCH,NH, ( ) CHCOEt (o0
w0 nrL8n NHCH,Ph
4 Toluene 2 .
37% (< 5%de)
mol%
N [O:Et + PRCH;NH, /k‘/crlzcozEt €q2)
— RT,45h
Toluene NHCH,Ph
® 7
Scheme 2. 48% (94%de)

Scheme 3. A hydrolysis of B-aminoester 9 followed by cyclization 6.15) gave the B-lactam 10 without
racemization. The oxidative hydrolysis of hemithioacetal part in 10 followed by the reduction with NaBH4

gave the chiral B-lactam 11.16-18)

H Yb(OTf), H
COgEt 10 mol% CH2002Et
Sg\:_/ + PhCHyNH, __(___)_> Sg‘Y
RT, 1.5h NHCH,Ph
8 Toluene
9 78% (76 %de)
;\I;l 1)ANOs,  woch. M
1) KOH / MeOH S0 H NCS 2 &z
2) PyS-SP :L 2) NaBH rL:L
|):/[:>h3 y PhCHz’N (0] ! PhCH,” 0
10 11 75% (70 %ee)
56% (76%de) [a]é?’ -55.8 + 4.7 (EtOH, ¢=0.43)
Scheme 3.
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