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The butane-2,3-diacetal (BDA) desymmetrized glycolic acid building block undergoes efficient and highly diastereoselective lithium enolate

Michael additions to a,f-unsaturated ketones, lactones, and nitro olefins.

Subsequent deprotection of these Michael adducts gives a-hydroxy

acids in very high yield. Hydrogenation of the nitro group in some of the adducts leads to y-lactams, which can be easily converted into

o-hydroxy-y-amino acid derivatives.

The biological importance ofi-hydroxy acids has been
clearly demonstrated over the past few yéaisqually,
y-lactams ang-amino acids have found wide pharmaceuti-
cal applicationg. Moreover, recent studies concerning the
secondary structure of oligomersahydroxy+-amino acids
have shown very interesting resuts.

An attractive approach to chirathydroxy ando-hydroxy-
y-amino acid derivatives involves the Michael addition of a
chiral glycolic acid derived enolate to the correspondirygy
unsaturated carbonyl compound or nitro oléfihike the
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related aldol reaction, this process leads to the generation of
up to three new stereogenic centers in the product, and
clearly, when high levels of control are observed, these
reactions are of considerable importance.

Recently, we have described butane-2,3-diatei@dym-
metrized glycolic acidl as a new cyclic chiral glycolate
equivalent and have shown that it can be used for enantio-
selective preparation af-hydroxy acid derivative® and3
through alkylation or aldol reactions of its corresponding
lithium enolate (Figure 19.Here we report the use of this
building block in Michael addition reactions.
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Figure 1. Butane-2,3-diacetal desymmetrized glycolic atiand
alkylated derivative® and 3.
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BDA desymmetrized glycolic acitl was then treated with 2 0\5 @o e 35° 1041
1.05 equiv of lithium hexamethyldisilazide (LHMDS) in THF O OH
at—78°C. After 10 min at this temperature, a THF solution - 5b°
of the corresponding Michael acceptor was added dropwise Q 0 H
via syringe. Stirring was maintained for 20 min before 2.0 3 oiﬁ @o P 63 22:1
equiv of acetic acid was added in one portion to quench the o. ©
reaction. On warming to room temperature, diethyl ether was 5c”
added, and the mixture was filtered through a shortq1 ~o 9y P
cm) plug of silica, eluting with diethyl ether. Evaporation 4 m #Oo /o % 65:1
of solvents gave the corresponding crude prodiathich 0”0 o 0/
was purified by silica gel column chromatography (Table = 5d
1)8 ™~ NO
It is important to note that the yields of the reaction were 2
: : 5 pp X NO2 0 » 9% 3411
from good to excellent in all experiments except for the case Ph O Ph :
of 2(5H)-furanone (Table 1, entry 2), where only a 35% yield O s ©
was obtained together with a 33% vyield of the starting o € NO
material. This low yield may be due to a competitive reaction NO o ? gt
between the desired Michael addition and the enolate ° Ph/\( 2 #0 \'Ph 8 o
. . . o o H
guenching reaction with the acidic protons of @fHuranone. O. -~
~0 O.N
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(8) Representative procedurefor the preparation of Michael adduct
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mmol) of lithium hexamethyldisilazide (1 M in THF) was added dropwise 1N @ll Of the cases attempted, the selectivity of the reaction
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0.60 mmol) at—78 °C. The resulting pale yellow solution was stirred for .

10 min at the same temperature, a solutiotrans-S-nitrostyrene (0.09 g, furanone (Table 1, entry _2’ 10:1 dr)' The structures of
0.60 mmol) in THF (1 mL) was added dropwise-a78 °C, and stirring compounds5 were unequivocally determined by X-ray
was continued for 20 min. The mixture was then quenched7 °C by structure analysis in the cases&d, 5e, anng.

the addition of acetic acid (0.07 mL, 1.20 mmol). Diethyl ether was added . . . . .
(10 mL), and the mixture was allowed to warm to room temperature. After 1 h€ product stereochemistry is consistent with the Michael

30 min the resulting suspension was filtered through a short plu@ (1 acceptor approaching the lithium enolate from the face

cm) of silica gel, and the solvent was removed on a rotary evaporator to . . -
give the crude product. Purification by column chromatography (1:1 petrol opposite the axial 1,3-related methoxy group (&ee Figure

59

aDetermined by!H NMR of the crude reaction productRacemic
starting material was used® Thirty-three percent of starting BDA-protected
glycolic acid is recovered! Mixture at thea-position to the nitro group.
The dr of each diastereoisomer was found to>29:1.

ether/diethyl ether) gave pufse (0.20 g; 96% vyield): §]25% = +145 (c 2).° Moreover, the configurational assignment of the products
1.0, CHCE); 'H NMR (400 MHz, CDC}) 6 7.387.30 (m, 5H; PhH), 5.06 ; ; ; P :

(dd. J = 12.8, 9.6 Hz, 1H: BFNOy). 4.73 (dd.J — 12.8, 6.4 Hz. 1H: Is compafuble with a f:omblnano_n of the two trigonal centers
CHHNO,), 4.53 (d,J = 3.5 Hz, 1H; CHO), 4.25 (ddd) = 9.6, 6.4, 3.5 involved in the reaction according to the model showBin
Hz, 1H; CHPh), 3.34 (s, 3H; OGHi 2.74 (s, 3H; OCH), 1.44 (s, 3H; (Figure 2)!° It is important to note that the enolate ap-

CHs), 1.36 (s, 3H; CH); 13C NMR (100 MHz, CDC}) ¢ 167.3, 134.2,
129.9, 128.4, 128.2, 128.0, 105.1, 98.5, 75.8, 70.4, 49.2, 49.0, 44.9, 17.6,
16.8; MS(EI): m/z(%): 362(100), 330(30), 248(32); HRMS(EI) calcd for (9) Boons, G.-J.; Downham, R.; Kim, K. S.; Ley, S. V.; Woods, M.
Ci6H2107NNa [M + Na]* 362.1216, found 362.1210. Tetrahedron1994,50, 7157.
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Figure 2. Approaching models of the two trigonal centers in the

reaction of lithium enolates derived from BDA desymmetrized
glycolic acid1 and Michael acceptors.

y-lactam7 anda-hydroxy--amino acid derivativ® (Scheme
2). Compounds with these key structural features exhibit

Scheme 2
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proaches always the same face of the Michael acceptor

independently of its geometry (@ E).

aReagents and conditions: (i):HRaney Ni, ethyl acetate, rt;

Removal of the BDA protecting group was achieved by (i) silica gel; (iii) (Boc),O, EgN, DMAP (cat.), DCM, rt; (iv)

repeated dissolution of compounfisn methanolic hydro-
chloric acid, followed by evaporation in vacuo. This gave
the corresponding-hydroxy ester$ in good yields (Table
2). Interestingly, when compourstl was treated under the

Table 2. o-Hydroxy Acid Derivatives6 from Glycolatess

~
0 TI\SS-CI OH
MeOH, RT B
0
Ol 5 O 6
entry 5 product yield (%)
OH 0
1 5a MGOM 94
oGaH
Ho Os_OMe
MeO_ A~
2 5d : 74
o _A__OH
6b ©/
OH
3 s5e  MeO._ -~ NG 95
o
6¢c
Ho MO
4 59 MeOM 91
o H=
6d

MeONa, MeOH; (v) PPhHBr (cat.), MeOH, rt.

interesting biological properti€s. Thus, catalytic hydrogena-
tion of nitro compoundSe, using Raney nickel in ethyl
acetate at room temperature led, after partial deprotection
of the BDA moiety, to they-lactam?7.

Treatment of this lactam with d#&rt-butyl)dicarbonate
followed by reaction with sodium methoxide in methanol
gave, after complete removal of the BDA protecting group
using a catalytic amount of triphenylphosphine hydrobromide
in methanol, thex-hydroxy-y-amino este8 in high yield.

In summary, the butane-2,3-diacetal (BDA) desymmetrized
glycolic acid building block undergoes efficient and highly
diastereoselective lithium enolate Michael additions.{6-
unsaturated ketones, lactones, and nitro olefins. Subsequent
deprotection of these Michael adducts gieebydroxy acids
derivatives in very high yield. Hydrogenation of the nitro
group in some of the adducts leadsttactams, which can
be easily converted inta@-hydroxy--amino acid derivatives.
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standard deprotection conditions described above, the lactone

ring was opened to give diestéb in good yield (Table 2,
entry 2).

To illustrate the synthetic utility of the Michael adducts,
we decided to transform compouBdinto the functionalized
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