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The conjugate addition of nitrogen nucleophiles to -butyl
(E)-2-(p-tolylsulfinyl)cinnamates (1) afforded the corresponding
chiral B-amino esters, which are important building blocks for
synthesis of biologically active polyamine alkaloids. The
diastereoselectivity of the reactions was 49 to 89%, and (S)-B-
amino esters were obtained from (R)-1 while (R)-f-amino esters
were synthesized from (S5)-1, respectively.

B-Amino acids are important compounds in pharmacology
“and synthetic organic chemistry and, recently, a few reports on
asymmetric synthesis were published.! The group of
macrocyclic lactams containing the biogenetic bases, spermine
and spermidine, represents a new class of polyamine alkaloids
which have the framework of 3-amino acids and are of particular
interest because of the broad biological properties such.as
antibiotic and antihypertensive activity.2-3 Recently, the
synthesis of 13-membered lactam alkaloid, (S)-(+)-
dihydroperiphylline, starting from (S)-(-)-B-phenyl-B-alanine
was reported.*> Asymmetric induction in the conjugate addition
of nucleophiles to chiral vinyl sulfoxides has proven to be a
useful methodology for the synthesis of chiral compounds,® and
the asymmetric synthesis of chiral B-amino sulfoxides by
conjugate addition of amines to chiral vinyl sulfoxides’ and the
synthesis of B-amino esters by addition of enolate ions to chiral
sulfinimines® were investigated.

More recently, we reported the conjugate addition reaction
of 6- and 5-membered cyclic hydrazines such as piperidazine and
pyrazolidine to t-butyl 2-(p-tolylsulfinyl)cinnamates (1) and
synthesized the chiral 9- and 8-membered lactams with high
optical purity (up to 95% e.e.).%10 The asymmetric synthesis of
13-membered lactam alkaloid, celacinnine, and 8-membered
lactam alkaloid, homaline, was accomplished by this method.%-
10 In the course of developing this method, we investigated the
conjugate addition of acyclic nitrogen nucleophiles such as
ammonia, benzylamine, 1,3-diaminopropane, and 1,4-
diaminobutane to ¢-butyl 2-(p-tolylsulfinyl)cinnamates (1) and
found that this reaction system is efficient for the synthesis of
chiral amino esters (Scheme 1).
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Table 1. Conjugate addition of nitrogen nucleophiles to #-butyl
2-(p-tolylsulfinyl)cinnamates (1)2 and subsequent reductive
elimination

Entry Config Nitrogen Product
of 1 Nucleophiles Yield/%" e.e./% (R/S)
1 S NH; 3 68 8IS
2 R NHj; 3 68 74°(S)
3§ C¢HsCH,NH, 4 41 494R)
4 R CgHsCHyNH, 4 45  524(8)
5 8 (9-CHsCH(CH:)NH, 5 37 17°(R.S)
6 R (S)-CeHCH(CH)NH, 5 83 62°(S.5)
7 S HyN(CHy);NH, 6 89 67°(R)
8 R H,N(CHp);NH, 6 79 625(5)
9 §  HN(CHp),NH, 7 67 S8R
10 R H,N(CH,),NH, 7 64  89°(S)

2 The optical purity of r-butyl 2-(p-tolylsulfinyl)cinnamates (1) was
determined by HPLC analysis using a chiral column (Daicel CHIRALPAK
AS; hexane/ethanol = 95/ 5). (S)-1: [a]p +241° (c 0.9, CHCI3), 99% e.e.;

(R)-1: [a]p -243° (c 1.0, CHCI3), 99% e.c. b 1s0lated yield. € The optical
purity was determined by HPLC analysis, after converting 3 to N-acetyl
derivative, using a chiral column (Daicel CHIRALPAK AD; hexane/ 2-

propanol= 9/ 1). d The enantiomeric excess was determined by 1H NMR
using a shift reagent [Eu(hfc)3]. © The diastereomeric excess was determined

by 1H NMR. [ The optical purity was determined by comparison with the
[a]p value of authentic compound: see References 14 and 15.

The conjugate addition of ammonia to ¢-butyl 2-(p-
tolylsulfinyl)cinnamate, (S, E)-1 (99% e.e.),!0 proceeded
smoothly in THF at room temperature under nitrogen to give the
ammonia adduct 2, which was converted to (R)-(+)-t-butyl 3-
amino-3-phenylpropanoate (3) [[a]p +18° (¢ 1.3, CHCl3); 81%
e.e.]'2in 68% yield by the reductive elimination of the p-
tolylsulfinyl group of 2 with samarium(ll) iodide (6 equiv)!! and
methanol at 0 °C (Table 1, entry 1). Similarly, the conjugate
addition of ammonia to (R, E)-1 (99% e.e.),!0 followed by
successive reduction of the p-tolylsulfinyl group of 2 with Sml,
in situ proceeded smoothly to give (S)-(-)-3 [[a]p -13.3° (c 1.2,
CHCl3); 74% e.e.] in 68% yield (entry 2). The reaction of
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Scheme 1. Conjugate addition of nitrogen nucleophiles to -butyl (E)-2-[(S)- and (R)-p-tolylsulfinyl]cinnamates (1)

and subsequent reductive elimination.
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Figure 1. Molecular structure of #-butyl 2-(p-tolylsulfinyl)cinnamate, (R,E)-1, and proposed mechanism
in the conjugate addition of nitrogen nucleophiles to (R,F)-1 and subsequent reductive elimination.

benzylamine (10 equiv) with 1 proceeded under similar
conditions to afford ¢-butyl 3-benzylamino-3-phenylpropanoate
(4), and the stereochemistry of 4 was determined by the specific
rotation. Amino ester (R)-(+)-4 [[a]p +13.2° (¢ 1.0, CHCI3);
49% e.e.] was obtained in 41% yield by the reaction of
benzylamine with (S)-1, and the reaction of benzylamine with
(R)-1 gave (S)-(-)-4 [[a]p -14.8° (c 0.6, CHCI3); 52% e.e.] in
45% vyield (entries 3 and 4). The reaction of (R)-1 with (S)-1-
methylbenzylamine (5 equiv) proceeded in THF at room
temperature to give two diastereoisomers of 5 in 83% yield with
62% d.e. The stereoselectivity of the conjugate addition of (R)-1
with (S)-1-methylbenzylamine was about 10% better than that of
the reaction of (R)-1 with benzylamine. On the other hand, the
stereoselectivity of the conjugate addition reaction of another pair,
(8)-1 and (S)-1-methylbenzylamine, decreased to 17% d.e.
(entries 5 and 6).

Yamamoto et al. reported the synthesis of 13-membered
spermidine alkaloid by the boron-templated cyclization of
triamino esters.5-13 If the conjugate addition of polyamine
derivatives to ¢-butyl (p-tolylsulfinyl)cinnamates (1) can proceed
stereo-selectively, the framework of the chiral polyamine
alkaloids can be synthesized by successive cyclization.
Accordingly, we investigated the conjugate addition of 1,3-
diaminopropane and 1,4-diaminobutane, as the model
compounds of polyamines such as spermine and spermidine, to
1. The reaction of 1,3-diaminopropane (5 equiv) with (S)-1
proceeded in THF in the presence of potassium z-butoxide (0.1
equiv) at room temperature and (R)-(+)-z-butyl 7-amino-3-
phenyl-4-azaheptanoate (6) [[a]lp +7.2° (c 1.0, CHCI3); 67%
e.e.] was obtained in 89% yield.!4 The reaction of 1,3-
diaminopropane with (R)-1 gave (5)-(-)-6 [[a]p -6.7° (c 1.0,
CHCIl3); 62% e.e.] in 79% yield (entries 7 and 8). The reaction
of 1,4-diaminobutane (5 equiv) with (R)-1 proceeded in THF in
the presence of potassium ¢-butoxide (0.1 equiv) at room
temperature to afford (S)-(-)-t-butyl 8-amino-3-phenyl-4-
azaoctanoate (7) [[a]p -6.7° (¢ 1.0, CHCI3); 89% e.e.] in 64%
yield.15 The reaction of 1,4-diaminobutane with (S)-1 gave (R)-
(+)-7 [[a]lp +4.4° (c 1.1, CHCI3); 58% e.e.] in 67% yield
(entries 9 and 10).

On the basis of the stereochemistry of the (S)-f-amino ester
obtained from (R,E)-1, the mechanism of the asymmetric
conjugate addition of nitrogen nucleophiles to 1 can be explained
as follows. The structure of (R,E)-1 was determined by X-ray

analysis as shown in Figure 1.16 The oxygen of the sulfinyl
group lies near the plane of the carbon-carbon double bond and
the phenyl group. The p-tolyl group on sulfur is directed below
the plane and the bulky #-butoxy group of the ester is also placed
below the plane. Therefore, the front side of the plane shown in
Figure 1 is less sterically crowded and the nitrogen nucleophiles
can attack easily the B-carbon atom of the double bond of (R E)-
1 from the front side of the plane (re-face). Thus, the reaction of
(R,E)-1 with amine afforded the (S)-B-amino ester, and the
reaction of (S,F)-1 with amine gave the (R)-B-amino ester.
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