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ABSTRACT

DBAD (1 equiv),

HN.
L-proline (10 mol %), Cbz NCbz
RWH CH3CN, 0-10°C, 3 h; R P> OEt
o followed by 1o
triethyl phosphonoacetate . o
R = Me, Et, (1.5 equiv), LiCl (1.5 equiv), yield 85-90%
i-Pr, Bn, etc. DBU (1 equiv) 92-99% ee

A novel and highly enantioselective method for the synthesis of

y-amino- o, B-unsaturated esters via tandem  a-amination —Horner -Wadsworth —

Emmons (HWE) olefination of aldehydes is described. The one-pot assembly has been demonstrated for the construction of functionalized

chiral 2-pyrrolidones, subunits present in several alkaloids.

Chiral allylic amines, particularly-amino-a,-unsaturated

they are readily functionalized to aminodi8&mino epoxy

esters3, are the key structural elements present in a variety esters, etc. Few general methods of synthesis are described

of important naturally occurring molecufeand are among

in the literature to obtain enantiomerically pupeamino-

the most versatile synthetic intermediates for peptide deriva- a,3-unsaturated estet3t*and most of them employ Wittig

tives? iminosugars, glutamate receptorsamino acids,
alkaloids® carbohydrate derivativéstc., possessing various
biological activities such as enzyme inhibitdt Moreover,
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olefination ofa-amino aldehydes that are usually prepared
from naturally occurringa-amino acids. However, these
methods are limited by the possibility that racemization may
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occur during the Wittig reactiol. For these reasons, a || GTcNINGNGNGNGNGNGEGEGEEEEEEEEEEEEEEEEE

general synthetic process which employs readily available
starting materials and overcomes the above difficulties is still
desirable for obtaining chiral-amino«.,f-unsaturated esters,
3.

Organocatalysis is a rapidly growing research field in

organic synthesis and has the advantage of being highlyRr=Me,Et,

selective and reducing synthetic manipulatiéhi.is often
associated with mild and simple reaction conditions that are

appealing because of the easy handling, cost, and safety
issues. In recent years, proline has been employed in a variety

of asymmetric reactions including alddlDiels—Alder*®
Michael additiont® and a-functionalizatioA” among many
otherst®*18particularly, proline-catalyzed direatamination

of aldehydes has emerged as a reliable method for the

enantioselective synthesis afamino acid derivative®

In proline-catalyzed direat-amination of aldehydes, the
reactive intermediat@, generated in situ, was transformed
into several functionalized organic derivatives: for instance,
it was reduced to 1,2-aminoalcoR8tcyclized by intramo-
lecular Wittig olefination to 3,6-dihydropyridaziné¥, or
condensed under aldol conditions to form functionalized
B-amino alcohol@ As part of our research program directed
toward asymmetric synthesis of biologically active molecules
using organocatalystwe designed experiments in trapping
the intermediate with triethyl phosphonoacetate to obtain
the corresponding chiral-amino-a,-unsaturated estess
(Scheme 1). In this communication, we describe a one-pot
procedure for obtaining highly enantioselective synthesis of
y-amino-o.,S-unsaturated esteBsusing tandemo-amina-
tion—Horner—Wadsworth—Emmons (HWE) olefination of
aldehydesl (Scheme 1).
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Scheme 1. In Situ Trapping ofa-Amino Aldehydes with
Triethyl Phosphonoacetate
o]
n DBAD, CozHN. i CbzHN.
R L-proline (EtO),P-_CO,Et NCbz
/\lg CHyCN [ R T > R NFN OB
1 0-10 °Cq, 3h LiCl, DBU, 45 min

3 e}

85-90% yield
92-99% ee

i-Pr, Bn, etc.

In the preliminary studyg-amination ofn-butyraldehyde
was conducted following List's protocdéfto obtaino-amino
aldehyde2 in situ. Because these-amino aldehydes are
prone to racemizatiott,we performed several experiments
to identify the most effective and suitable base for HWE
olefination. First, the in situ olefination &was carried out

by the addition of triethyl phosphonoacetate (1.5 equiv) and
CsCG:%? (1 equiv) that producedain 80% yield with low
enantioselectivity (22% ee), probably due to racemization
caused by the base. However, improvements in ee’s (88%)
were achieved by screening of other bases, particularly DBU
(Masamune—Roush protoc8l)(Table 1, entries 2 and 3).

Table 1. Proline-Catalyzed-Amination/HWE Olefination of
n-Butyraldehyde

DBAD (1 equiv),
L-proline (10 mol %), CbzHN.

\/\ffH CH4CN, 3 h NCbz
= OEt
o] followed by
. triethyl phosphonoacetate 3a O
1.2 equiv (1.5 equiv),
base (1 equiv)
entry base? temp (°C) time (min) yield® (%) ee¢ (%)
1 Cs2CO0s3 25 120 80 22
2 Ba(OH), 25 120 78 67
3 DBU 25 120 87 88
4 DBU 5 45 84 99

a LiCl (1.5 equiv) was used in the case of DBRYield of isolated
product after column chromatograplR¥Enantiomeric excess was determined
by chiral HPLC analysis (Chiracel OEH, hexane/2-propanct 96:4).

Because of the epimerizable natureocmino aldehydes,
we believed that a shorter reaction time and lower temper-
ature should prevent racemization without compromising on
the yields. Expectedly, by performing the reaction &t

for 45 min, 3a was indeed obtained in 84% yield with
excellent enantioselectivity (99% ee) (Table 1).

We examined the scope of several aldehydes bearing
different functionalities under the optimized reaction condi-
tions?* In all cases studied, the desiredamino-o.,(-
unsaturated estei@a—f were obtained in excellent yields
(80—88%) and enantioselectivities (999%) (Table 2).
However, use of other solvents such as THF and@H
for the tandem protocol resulted in a sluggish reaction with
poor yields (<50%).
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Table 2. Proline-Catalyzed Asymmetric TandemAmination/
HWE Olefinatior?

entry  substrates products yield®  ee
1(a-f) (3 a) (%) (%)
1 \/\H/H Csz\l;’tbj\f N o
o] O
3a  OFt
/\n/H CbzHN.
2 o] 0O 83 92
3b OEt
H CbzHN,,
NCbz
3 W 0 80 92
3¢ OEt
WH CbzHN.
4 o /\/V\/Yo 85 95
3d  OFt
5 H Ph 0 88 99
MeO. MeO. oy NHOZ
6 ©\/\m“ \Q\J\/Yo 88 99
O 3f OEt

a Reaction conditions: aldehyde (1.2 equiv), DBAD (1 equivproline
(10 mol %), triethyl phosphonoacetate (1.5 equiv), LiCl (1.5 equiv), DBU
(1 equiv), and CHCN were used Yields of isolated product after column
chromatography¢ Enantiomeric excess was determined by chiral HPLC
analysis (Chiracel OD—H).

to produce the corresponding aminodidP2% yield), which
was hydrogenated over Raney nickel, thus affording either
the cyclized dihydroxy pyrrolidons (dr = 1:5, 65% yield)

or its triacetate derivativer, a building block found in
sphingosineg® depending upon the reaction conditions
(Scheme 2).

Scheme 2. Synthesis of 2-Pyrrolidonb and Triacetat&

CbzHN. CbzHN.
NCbz 0304, NMO NCbz OH
Ph = oO— 0
THF, H,0
3e OEt OH OFEt
Raney-Ni, MeCH,
H, (60 psig) ,12 h
Ac,O, Et5N,
EtOH, 50 °C, 5 h 8;@2’
OR
RO, AcHN OAc
- Ph OEt
(¢]
Ph« N OAc O
— i — 4. 7
5 R = H (anti:syn = 1:5) vield 77%

6R=Ac

The stereochemistry iB is assigned unambiguously on
the basis of COSY and NOESY studitsand X-ray
crystallographic analysis (Figure 1) of its triacetétas well
as by the literature preceden@&The single-step transforma-

The absolute configuration of the newly generated amine tion of 3c under hydrogenation conditions (Raney nickel,
center was assigned on the basis of the previously establishediz, 60 psig) to obtain 2-pyrrolidon& (70% yield, 91% ee)

configuration of a-amino aldehydé? which was also
confirmed by matching the sign of the optical rotation of
pyrrolidone8?® as well as by X-ray crystallographic analysis
of triacetate6 (Figure 1).

constitutes another application of this methodology (Scheme
3).

In summary, we have reported, for the first time, a novel,
one-pot procedure of sequentialamination—HWE olefi-

(24) General experimental procedure:To a cooled solution of dibenzyl
azodicarboxylate (DBAD) (328 mg, 1 mmol) aneproline (11.5 mg, 10
mol %) in dry CHCN (10 mL) at 0°C was added-butyraldehyde (87
mg, 1.2 mmol), and the mixture was stirred h at 0°C and further at
10°C for 1 h. This was followed by addition of lithium bromide (130 mg,
1.5 mmol), triethyl phosphonoacetate (336 mg, 1.5 mmol), and DBU (152
mg, 1 mmol) in that sequence, and the whole mixture was stirred®@t 5

for 45 min. It was then quenched by the addition of agueous ammonium
chloride solution and extracted with ethyl acetate X320 mL). The
combined organic layers were washed with brine, dried over anhydrous
Na;S0Oy, and concentrated under reduced pressure to give the crude product
3a, which was then purified by flash column chromatography (packed with
silica gel 60—120 mesh) using petroleum ether and ethyl acetate as eluents
to afford the pure produ@a. Viscous liquid: yield, 84%; HPLC, Chiracel
OD—H column (2-propanol/n-hexare 4:96, flow rate 1.0 mL/mind =

260 nm). Retention time (min): 40.15 (major) and 54.95 (minor). The
racemic standard was prepared in the same waymuiproline as catalyst
[99% ee, {]%5 +10 (c 1.0, CHCh)]. IR (CHCI3) v 3389, 3020, 2926,
2852, 1758, 1715, 1289, 1215, 1041, 757 éntH NMR (200 MHz, CDC})

0 0.94 (m, 3H), 1.25 (1) = 7 Hz, 3H), 1.62 (m, 2H), 4.13 (¢} = 7.3 Hz,

2H), 4.64 (m, 1H), 5.11 (m, 4H), 5.85 (d,= 15.6 Hz, 1H), 6.86 (m, 2H),

7.28 (m, 10H)3C NMR (50 MHz, CDC}) ¢ 10.42, 13.90, 23.88, 60.32,
64.70, 67.45, 68.01, 122.25, 127.48, 127.87, 128.25, 144.77, 155.53, 156.56,
166.09. Anal. calcd @H2sN20s: C, 65.44; H, 6.41; N, 6.36. Found: C,
65.25; H, 6.28; N, 6.59%.
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Figure 1. ORTEP diagram of triaceta

Among the potential applications of this methodology, a
short asymmetric synthesis of substituted 2-pyrrolidone
derivatives5 and 8, common subunits present in a variety
of alkaloids?® seemed attractive to us due to their chemo-
therapeutic utilities such as anti-HIV and anticancer agénts.

For the synthesis d, amino olefinic esteBe underwent
Os-catalyzed dihydroxylation in a diastereoselective ma&nner
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Scheme 3. Synthesis of §)-5-Isopropylpyrrolidin-2-one (8)

ChzHN.
NCbz . E}:o
Raney-Ni, MeOH
o Raney-Ni,Me ”

V S
H, (60 psig), 12 h

OEt
3 yield 70%

been demonstrated by its easy and efficient incorporation in
the synthesis of important optically active 2-pyrrolidinone
derivativess and8 in good yields and by the great substrate
generality. We hope that this method will find tremendous
applications in the synthesis of various biologically active
organic molecules due to its salient features such as (1) easy
availability of starting materials, (2) simple environmentally
friendly procedure, and (3) availability of proline in both
enantiomeric forms.

nation of aldehydes that leads to enantioselective synthesis

of y-amino-o,5-unsaturated esteBswith excellent yields and
high enantioselectivities. The potential of this reaction has

(29) The relative stereochemistry &fwas confirmed by COSY and
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