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ABSTRACT

L-Proline-catalyzed direct asymmetric Mannich reactions of N-PMP protected a-imino ethyl glyoxylate with various o, a-disubstituted aldehydes
affords quaternary f-formyl o-amino acid derivatives with excellent yields and enantioselectivities. The Mannich products are further converted

to the corresponding quaternary o- and f-amino acids and f-lactams.

Optically active a- and f-amino acids are fundamental

and challenging taskSome of these unusual amino acids

building blocks for the preparation of molecules important are components of enzyme inhibitors, and their incorporation
for the pharmaceutical and agrochemical industries such asinto peptides is used to modulate secondary and tertiary

peptides, proteins, and other natural prodd&srthermore,

structural conformationsin particular, aspartic acid deriva-

amino acids are extensively used as chiral auxiliaries andtives are structural components of virus inhibitbrs.

catalysts in modern organic synthesis. The asymmetric

Recently, proline- and proline derivative-catalyzed asym-

synthesis of quaternary amino acid derivatives is a difficult metric aldol® Mannich® Michael? Diels—Alder 8 amination?
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a continuation of our interest in organocatalysis, we report ||| |GGG

a two-step synthesis of aspartic acid derivatives that bear a gcheme 1. Synthesis and X-ray Structure pfLactone10

quaternary carbon using arproline-catalyzed direct asym-
metric Mannich reaction dil-PMP-protected.-imino ethyl
glyoxylate (PMP= p-methoxyphenyl). For the first time,
o,a-disubstituted aldehydes have been used as donors in the
Mannich reaction to generate all-carbon quaternary stereo-
genic centers. The synthesis of all-carbon quaternary stereo-
genic centers is a challenging topic in asymmetric syntigsis,
and one we have recently addressed using our organocatalytic

NaBH,

. —_— .,
H 7 CO.Et rt, 20 min Me Ph
Me Ph 1 99% 10

aldol strategy

We initially studied the Mannich reaction df-PMP-
protecteda-imino ethyl glyoxylate with hydrotropaldehyde
using a catalytic amount afproline (30 mol %) in DMSO

at room temperature. The reaction was complete within 6 h

and provided the Mannich product in 66% yield with very

good enantioselectivity (86% ee) and diastereoselectivity

(syn/anti= 85:15) (Table 1). We investigated a variety of

Table 1. Solvent Effect on the-Proline-Catalyzed Quaternary
Mannich Reaction

0 PMP-. _ o nyPMP
Ph N L-Proline (30 mol%) :
H + M H™ 57 CO,Et
H CO,Et  solvent (0.5 M) "Ph
rt,6h
entry solvent yield (%) syn/anti ee (%) (syn)

1 DMSO 66 85:15 86
2 DMSO—H,0 (99:1) 21 87:13 83
3 DMSO—H;0 (95:5) 15 53:47 43
4 DMSO—H,0 (90:10) 15 43:57 41
5 DMF 24 88:12 81
6 NMP 25 61:39 57
7 CH3CN 25 76:24 8
8 THF 6 78:22 18
9 dioxane 5 86:14 15
10 ether 10 86:14 8
11 EtOAc 14 78:22 18
12 CHCI; 36 80:20 2
13 MeOH 36 38:62 0
14 toluene 24 82:18 4
15 [bmim]BF4 39 72:28 27

solvents for this Mannich reaction using an arbitrary reaction
time of 6 h. As shown in Table 1, the yields and selectivities
were very dependent on the solvent. The addition of 1%
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water decreased the product yield while the ee was main-
tained. The addition of 5% and 10% water gave diminishing
yield as well as selectivities. Of the solvents screened, DMSO
was the best. DMF also provided good diastereoselectivity
and enantioselectivity, but the yield was low. The use of
etherial solvents such as THF, dioxane, and ether gave poor
yields and ee’s. MeOH afforded the Mannich product in
racemic form. lonic liquid, [bmim]BE; also gave lower yield
and poorer ee, in stark contrast to our previous results using
ketones and unbranched aldehyde doffbPFsesumably, the
coordination of solvent in the transition state influences the
product formation in this Mannich reaction; solvent had little
effect on Mannich reactions with linear aldehydg¥/e also
evaluated the effects of catalyst loading (5, 15 mol %) and
of different reactant concentrations (0.2, 0.1 M), but there
was no improvement in stereoselectivities.

We next performed a catalyst screen for this quaternary
Mannich reaction. Among the catalysts screened, proline,
hydroxyproline, andert-butyloxyproline provided the Man-
nich product in reasonable yield and with good stereoselec-
tivities. Amine catalysts with other substitution patterns of
the ring system, catalysts containing additional heteroatoms
in the ring system, and catalysts lacking the carboxylate
functionality all compromised the chemical yield or stereo-
selectivity of the reaction, in many cases both. In contrast
to the excellent results afforded bg){(+)-1-(2-pyrroli-
dinylmethyl)pyrrolidine/CECO.H, a bifunctional catalyst
system, in the related aldol and Michael reactionsaf-
disubstituted aldehydes; this catalyst system was ineffective
here®"7e15 Significantly, L-proline was shown to be a poor
catalyst of this class of aldol reactions, exemplifying the
distinct reaction specialization found among organocatalysts,
a feature often associated with their enzymatic counterparts.

(13) () Chowdari. N. S.; Ramachary, D. B.; Cordova, A.; Barbas, C.
F., lll. Tetrahedron Lett2002,43, 9591. (b) Chowdari, N. S.; Ramachary,
D. B.; Barbas, C. F., lliOrg. Lett.2003,5, 1685.

(14) (a) Overman, L. E.; Douglas, C. Broc. Natl. Acad. Sci. U.S.A.
2004,101, 5363. (b) Kumagai, N.; Matsunaga, S.; Kinoshita, T.; Harada,
S.; Okada, S.; Sakamoto, S. Yamaguchi, K.; ShibasakiJ.M\m. Chem.
So0c.2003,125, 2169.

(15) Full details of the catalyst screen are provided in the Supporting
Information.

Org. Lett., Vol. 6, No. 15, 2004



Table 2. a,o-Disubstituted Aldehydes as Donors in the Synthesis of Quatefix&igrmyl-Substitutedr-Amino Acid Derivatives

0 . o HN-PMP
R2 . PMP~N L-Proline (30 mol%) :
H HJ\CO £ DMSO. it H)Ycoza
1 oEt ’ "
R R‘] R2
entry product  time (h) vield (%) syrmrant/ ( syﬁ/ean[/) entry product time (h) yield (%) syrranti ( sy/efam‘/)
O HN-PMP 0 HN-PMP

: 6 66 8515 86/25 6 : 46 80  60:40  >99/10
H)Y\COZEt H)Ycoza

Me1 Ph Me =
0 H,;JIPMP 6\©\§

0.25 99 96:4 93/5 O HN-PMP

91 70:30  88/52
)S/\COZE’(
35 80 8317  92/40 /\\( 0

O_I
o HN’PMP

H CO,Et

10 82 75:25 88/-

w
v ;
[¢2]
[<e]
S
|
©
3]

0 HN’PMP

g H COLEt 48 85 - 55

45 80 61:39 96/64

LOf

aee’s were determined by chiral HPLC analysis of Mannich products or the corresponding oximes or lactones.

Encouraged by these results, we next studied the Mannichin >99.9% ee after crystallization from methanol (Scheme
reaction using various,a-disubstituted aldehydes as nu- 1).
cleophiles or donors in this reaction (Table 2). The quaternary The aldehyde functionality present in theamino acids
p-formyl o-amino acid derivatives were obtained with derived from aldehyde donors can be further oxidized
excellent yields and ee’s. In the case of indane aldehyde,providing a straightforward route to functionalized aspartic
the reaction was complete within 15 min and furnished the acids (Table 3). As demonstrated, the aldehyde group was
Mannich product in quantitative yield with 93% ee and a readily oxidized (NaCl@) to afford the aspartic acid deriva-
diastereomeric ratio of 96:4 (Table 2, entry 2). We also used tives. For example, the cyclopentyaspartic acidll, an
alkyl, aryl, benzyl, and heteroaromatic substituted aldehydesintermediate for a viral inhibitor, was made in two steps from
to make highly functionalized amino acids. The reactions inexpensive starting materials and catalyst in contrast to the
with aryl-substituted aldehydes are faster (629 h) than reported multistep synthesidNe also developed a highly
those of benzyl-substituted ones (45 h). The Mannich productefficient synthesis of spiro lactad¥ from Mannich product
8 was also synthesized in DMF and NMP with good yield 8in excellent yield for the first time using oxidation followed
(77%, 72%) and good ee (94%, 84%, respectively). The by simple base and acid treatment (Scheme 2). No racem-
Mannich products were formed with syn diastereoselectivity. ization occurred under these conditions. TMé&MP group
In the case oft,a-disubstituted aldehydes, the corresponding
cis- andtrans-enamines are energetically less distinct relative _
to the enamine intgrmediates in the r(_eactions of Iipgar Scheme 2. Synthesis of a Spiro Lactar
aldehydes$¢¢ accounting for the reduced diastereoselectivity

observed in this class of Mannich-type reacti#hd.he Q H’;"PMP ! Nac'gi' NaFzPOs Oy -PMP
relative stereochemistry (syn/anti) of Mannich products was Hjé\COzEt 2 Naon (Tequ) di‘""coza
determined by X-ray analysis of lactof6, and the absolute 3. HCI (1.1 equiv) 1
stereochemistry was based on our previous Mannich regétions 8 5 min 80% yield

and X-ray analysis. Note that lactot® could be obtained
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Table 3. Synthesis of Quaternary- and5-Amino Acids

Ie) HN-PMP 1) HN-PMP
)J)/f\ NaCIO, )S/\
H™ 77 “COEt Tampo,” HO™ 7 TCOE
R' R2 rt R! R?
product time (h) yield (%)
O HN-PMP
H 2 90
HO CO,Et
11
O HN-PMP
Ho)YcozEt 4 &
Mé Ph 12
_PMP
O HN
HO CO,Et 2 82

13

employed as versatile and useful intermediates for the
synthesis of antibacterial quinolinecarboxylic acids as medi-
cal bactericided’ Unnatural amino acids that contain car-
bonyl groups have been shown to be useful as reactive
handles that provide for the facile modification of proteins
and peptide$? As such, they are key synthons in their own
right and provide for facile diversification. For example, we
found that the carbonyl group of these aldehyde donor-
derived amino acids was readily converted to the corre-
sponding oximed4d.6 under mild conditions without epimer-
ization (Scheme 3). Oximes of this type were recently
integrated into glycopeptide analogues containing unnatural
sugar—peptide linkagés.

In conclusion, we have demonstrated for the first time that
direct asymmetric Mannich reactions BPMP-protected
o-imino ethyl glyoxylate with variouso,a-disubstituted
aldehydes afford quaternafyformyl a-amino acid deriva-
tives with excellent yields and enantioselectivities. These
results provide an additional organocatalytic route to synthons
containing chiral all-carbon quaternary centers. Highly
efficient and two-step asymmetric syntheses of quaternary

could be removed by oxidation with ceric ammonium nitrate. @~ and/3-amino acids an@-lactams were developed. These
Thus, our methodology of proline-catalysis provides a mild, réactions can be performed under operationally simple and
facile, and stereoselective route to functionalized quaternarysafe conditions without the requirement for an inert atmo-

o- andS-amino acids ang-lactams.

sphere or for dry solvents.
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gel, mixtures of hexanes/ethyl acetate) to afford the desired Mannich product.
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