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Direct addition of glycine derivatives to enamines proceed-
ed smoothly in the presence of a catalytic amount of a Lewis acid
to afford the corresponding o, -diamino acid derivatives in ex-
cellent yields. In this reaction, enamines would initially act as a
base and subsequently as a C=N electrophile. This is the first ex-
ample of Mannich-type reactions using enamines as imine
equivalents.

Enamines are useful and important intermediates in synthet-
ic organic chemistry.! Because of their strong nucleophilic char-
acter, they have been widely used as enolate equivalents for o-
alkylation and a-acylation of carbonyl compounds.” In these re-
actions, enamines are coupled with electrophiles to provide imi-
nium ions, which are subsequently hydrolyzed to give o-alkylat-
ed or a-acylated carbonyl compounds. Although iminium ion in-
termediates are a reactive C=N double bond species and are ex-
pected to react with various nucleophiles smoothly,>* those
derived from enamines have been seldom used in this manner.’
We thought that hydrogen-active compounds such as imines of
glycine ester derivatives® might react with enamines in the pres-
ence of a Lewis acid to afford glycine enolates and iminium
salts, which could couple together giving Mannich-type adducts
(Scheme 1). Recently, some groups have reported Mannich-type
reactions using glycine units and imines by combination of
Lewis acids and tertiary amines’ or under phase-transfer condi-
tions.® Our new scheme using enamines is expected to realize a
more direct process because external bases would not be needed.
Herein, we report the first Lewis acid-catalyzed addition reaction
of glycine derivatives to enamines leading to o, 8-diamino acid
derivatives.’

First, various Lewis acids (20 mol %) were tested in the re-
action of enamine 1a derived from 3-phenylpropanal and diallyl-
amine with the benzophenone imine of glycine methyl ester (2a).
Typical metal triflates such as Sc(OTf)s;, Cu(OTf),, CuOTf,
AgOT(, Zn(OTf),, and In(OTf); were found to catalyze the re-
action smoothly under mild conditions (toluene, 0 °C) to afford
the corresponding , 8-diamino ester derivative 3aa as a mixture
of two diastereomers in good yields (72-92%). We then investi-
gated the reaction using 10 mol % of these effective Lewis acids,
and the results are summarized in Table 1. In the cases of
In(OTf); and Sc(OTf);, yields were significantly lowered
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Scheme 1. Lewis acid-catalyzed direct addition of glycine
derivatives to enamines.

Table 1. Lewis acid-catalyzed addition of glycine derivative 2a
to enamine la

o Lewis acid .(.10 mol%) Al Q
PN A ¢ Ph\(N\)LOMe podte o o LM
Ph Solvent, 0 °C
la (1.5 equiv.) 2a 18h Ph 3aa
Entry Lewis acid  Solvent  Additive  Yield®"/%
1 In(OTf);3 toluene — 28
2 Sc(OTf); toluene — 36
3 AgOTf toluene — 70
4 Cu(OTf), toluene — 73
5 CuOTf toluene — 73
6 Zn(OTf), toluene — 75
7 Zn(OTf), toluene MS 4A 96
8 Zn(OTf), THF MS 4A 79
9 Zn(OTf), CH,Cl, MS 4A 85
10 Zn(OTf), CH;CN MS 4A 81
11 Zn(OTf), DMF MS 4A 75

4solated yield. PDiastereomer ratio is 43/57-63/37 deter-
mined by '"HNMR. Relative configuration assignment was
not made.

(Entries 1 and 2), while Ag(I), Cu(I), Cu(Il), and Zn(II) triflates
still afforded the desired adducts in good yields (>70%, Entries
3-6). After optimization of the reaction conditions, addition of
molecular sieves 4A (MS 4A) was found to be effective in im-
proving yields. When the reaction was carried out using
10mol % of Zn(OTf), in the presence of MS 4A, the desired
product was obtained in excellent yield (96%, Entry 7). At this
stage, the effect of solvents was investigated. The reaction also
proceeded cleanly to afford good yields of the products when
more polar solvents such as THF, CH,Cl,, CH3CN, and DMF
were used, although each reaction yield was slightly inferior to
that in toluene (Entries 8—11). These results indicated that this
reaction course was considerably tolerant to various types of
solvents used.

Various substrates were next subjected to this reaction
(Table 2). The diastereomeric ratio was moderate even in the
case of using N-(diphenylmethylene)glycine ethyl or tert-butyl
ester, which were expected to have a larger steric effect (Entries
1-3). Enamines derived from various secondary amines were
also tested. It appeared that dialkyl moieties on enamine nitro-
gens had a significant effect on yields. While di-n-propyl enam-
ine 1c¢ also gave a high yield (98%, Entry 5), it was revealed that
yields were significantly decreased when the size of the dialkyl
group was either larger or smaller than that of the di-n-propyl
group; diethyl and diisobutyl enamines resulted in lower yields
(Entries 4 and 6). A drastic effect on the yield was also observed
when cyclic secondary amine-derived enamines were used.
Piperidine-derived enamine le was found to be a very good
substrate affording the corresponding product quantitatively
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Table 2. Zn(OTf),-catalyzed addition of glycine derivatives to
various enamines

RS\ ,RA
g2 R o) Zn(OTf), (10 mol%) N O
MS 4A RX
At NI — OR
R R p toluene, 0 °C RZ N _Ph
1 2a: R =Me 18h 3 ph
(1.5 equiv.) 2b: R=Et
2c:R="Bu
Entry Enamine Glycine deriv.  Yield®?/%
1 2a 96
2 Ph” N\ NAll, la 2b 96
3 2c 94
4 N 1b 2a 31
5 P N NP, 1c 2a 98
6 Ph" A NBu,  1d 2a 26
=z
7 Ph/\/\l\O le 2a quant
AN
8 Ph N/\ 1f 2a nr
O
NS _Bn
9 P =N 19 2a 95
Al
10 AN NNal,  1h 2a 93
NN B
11 Z N 1 2a 98

12 )\/\NAHZ 1 2a 93
=z
13° OANA"Z 1k 2a 92

Isolated yield. nr = no reaction. ®Diastereomer ratio is 51,/49-
69/31 determined by 'HNMR. Relative configuration assign-
ment was not made. ‘Reaction time was 36 h.

(Entry 7), whereas the reaction did not proceed at all when the
enamine 1f derived from morpholine was used (Entry 8). In
the latter reaction, the basicity of morpholine might be insuffi-
cient for the deprotonation step. The reactions using asymmetri-
cal secondary amine-derived enamines or other aldehyde-de-
rived enamines were then performed. Allyl-benzyl enamine
1g, diallyl enamine of hexanal 1h, and benzyl-methyl enamine
1i also reacted with 2a to provide the corresponding o, 8-diami-
no ester derivatives in excellent yields (Entries 9—11). Further-
more, it is noteworthy that the reaction of y-branched enamine
1j and B-branched enamine 1k also proceeded smoothly to give
the desired adducts in high yields (Entries 12 and 13).

A typical experimental procedure is described for the reac-
tion of enamine 1a with N-(diphenylmethylene)glycine methyl
ester 2a. To a suspension of Zn(OTf), (0.04 mmol) and MS
4A (150mg) in toluene (0.4 mL) were successively added 2a
(0.4 mmol) in toluene (0.8 mL) and 1a (0.6 mmol) in toluene
(0.8 mL) at 0°C. The reaction mixture was stirred at the same
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temperature for 18h, and quenched with saturated aqueous
NaHCOj;. The mixture was filtered through a pad of celite and
the aqueous layer was extracted with dichloromethane. The
combined organic extracts were washed with brine and dried
over Na,SQOy. After filtration and concentration under reduced
pressure, the crude product was purified by alumina column
chromatography to give o, -diamino ester derivative 3aa.

In summary, we have developed direct addition of glycine
derivatives to enamines, that is a new type of addition reaction.
A Lewis acid was found to accelerate this reaction. This highly
atom-economical process is based on both the basic and electro-
philic characters of tertiary enamines. Moreover, the reaction
can be performed with a simple operation under mild conditions
to afford various o,f-diamino ester derivatives in excellent
yields. It is noted that, in the overall process of this reaction, en-
amines act as C=N electrophiles, namely, aliphatic imine equiv-
alents, whose reactions are generally known to be difficult to
control. In addition, this is the first example of Mannich-type re-
actions using tertiary enamines as imine surrogates. Further in-
vestigation to improve diastereoselectivity and to develop a cat-
alytic asymmetric process as well as to clarify the reaction mech-
anism is now in progress.
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