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Asymmetric Michael addition of a glycine synthon to methyl methacrylate, 
mediated by disodium TADDOLate
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The disodium salt of (4R,5R)-(TADDOL), 3, can be used as a mediator in the asymmetric Michael reaction, e.g. 1,4-addition of a
glycine synthon 1 to methyl methacrylate 2, mediated by 3 (10–100 mol%), gives a diastereoisomeric excess of the corresponding
product 4 up to 65% and an enantiomeric purity ca. 28%; (2S,4R)-4-methylglutamic acid (ee ≥ 85%), 6, was obtained starting
from (2S,4R)-4 (ee 28%) through the recrystallization and decomposition of the latter. 

Whereas chiral amides are used extensively, particularly in the
enantioselective Michael reaction,1 there are hardly any
applications of chiral alkali metal alkoxides in asymmetric
synthesis.2 These compounds are, however, simple and readily
available from the corresponding alcohols, and as such are
promising reagents for catalytic asymmetric synthesis, serving
as  chiral  base  catalysts.  Only  recently  it  was  shown  for
the first time that potassium alkoxides of chiral amino alcohols
can be used successfully as catalysts for enantioselective
dehydrohalogenation.3

We present here preliminary results of our research on the
use of a disodium alkoxide of a chiral diol (4R,5R)-
2,2-dimethyl-α,α,α',α'-tetraphenyl-1,3-dioxolane-4,5-dimethanol
(TADDOL)4 in an asymmetric Michael reaction.

An achiral  glycine synthon 1 – a planar nickel(II) Schiff’s
base complex derived from glycine and N-(2-pyridinecarbonyl)-
o-aminobenzophenone (Scheme 1, A; the two carbon atoms of
the glycine moiety are marked as C1 and C2, see the Scheme)
was used as a Michael donor. Compound 1 can be easily
synthesized in high yield by a two-step procedure from readily
available starting materials: α-picolinic acid, o-amino-
benzophenone, glycine and inorganic nickel(II) salt.5,6

Compound 1 can be considered as a glycine derivative with
both amino and carboxylic groups protected. In addition, the
C–H bonds of the glycine moiety in 1 are activated, so that it
exhibits rather high CH-acidity (for such complexes pKa ~ 19,
DMSO).7 Thus, 1 can be readily alkylated and used as a
Michael donor at the C2 centre by using bases like MOH and
MOAlk (M = Na, K, etc.).5 It is also noteworthy that compound
1 and its derivatives are diamagnetic (which allows us to use
NMR spectroscopy) and coloured, which is very convenient for
the chromatographic separation and purification of the reaction
products.

We have found that sodium alkoxides of simple alcohols
which contain only one OH-group (e.g. MeOH, PriOH,
L-menthol), as well as TADDOL monosodium alkoxide, are
very poor catalysts in the Michael addition reaction of
substrate 1 to methyl methacrylate 2 under standard conditions
(CH2Cl2, argon atmosphere, room temperature).

At the same time, disodium alkoxide of TADDOL 3,
generated in situ by treating TADDOL† with 2 equiv. of NaH,
was found to be an efficient catalyst for the reaction. In the
presence of catalyst 3 (10–100 mol%) the addition of CH-acid
1‡ to Michael acceptor 2 (Scheme 1, A) occurs readily, giving
at room temperature a pure mono 1,4-addition product which,
possessing two asymmetric carbon atoms C2 and C4, exists as

† (4R,5R)-2,2-Dimethyl-α,α,α',α'-tetraphenyl-1,3-dioxolane-4,5-dimethanol
(TADDOL) was prepared from (2R,3R)-tartaric acid according to the
described procedure:4 mp 196–198 °C; [a]D

20 –61.5° (c = 1, CHCl3).
1H NMR (CDCl3, d): 1.05 (s, 6H, CH3), 4.01 (s, 2H, CH), 7.3–7.5 (m,
20H,  ArH).  Lit.,6  mp 193–195 °C;  [a]D

RT –66.7°  (c = 1,  CHCl3).
‡ The procedure was elaborated using 0.1–5.0 mmol (0.04–2.08 g) of
the CH-acid 1.

two diastereoisomers 4§ and 5,§ each consisting of a pair of
enantiomers. In the Scheme 1 diastereoisomers 4 and 5 are
represented as only one enantiomer: (2S,4R)-4 and (2S,4S)-5.
Both diastereoisomers can be easily separated by preparative
TLC (SiO2 from Merck; CHCl3–EtOAc, 1:1, v/v). The absolute
configurations of the nickel(II) complexes 4 (and 5 by default)
were established by enantiomeric analysis of the amino acid
recovered from the complex 4.¶ In the course of the reaction
diastereoisomer 4 is formed predominantly, but on increasing
the ratio of catalyst 3 from 10 to 100 mol% the
diastereoisomeric excess of 4 falls from 65% to 40%. Special
experiments with individual scalemic 4 and 5 have proved that
the diastereoselectivity of the reaction is reduced by increasing
the concentration of  the catalyst because of epimerization of
the product at the asymmetric centre C2 which slowly takes
place upon action of the base 3. The enantioselectivity of the
addition of 1 to 2 was established by comparing the values of
the optical rotation of the main diastereoisomer 4 and the
calculated value of [α]D for the enantiomerically pure
(2S,4R)-4.¶ It was found that 1,4-addition of synthon 1 to
methyl methacrylate 2, catalysed by chiral alkoxide 3, occurs in
an enantioselective manner and the enantiomeric excess of
(2S,4R)-4 (the major diastereoisomer of the addition product) is
20% ee in the presence of 10 mol% of the catalyst  and 28% ee
in the case of 100 mol% of the catalyst. No attempts were made
to optimize the chemical and optical yields by changing the
reaction conditions or by using other metals instead of sodium.

The addition product isolated, (2S,4R)-4, with ee 20–28%
was then enantiomerically enriched up to ≥ 85% ee by means of
a simple recrystallization from MeOH–CHCl3 (Scheme 1, B),
adding Et2O as a precipitating agent. Racemic (±)-4 crystallized
from the solution, so that the mother liquor became enriched
§ Analytical and spectral data for compounds 4 and 5:

For (±)-4: mp ≥ 250 °C (decomp.). 1H NMR (CDCl3, d): 0.86 (d, 3H,
CH3), 1.56 (m, 1H, CH2), 2.56 (m, 1H, CH2), 3.25 (m, 1H, MeCH), 3.50
(s, 3H, OCH3), 3.99 (m, 1H, CH), 6.76–8.89 (m, 13H, ArH). UV lmax/nm
(lg e) (CHCl3): 306 (3.98); 459 (3.65). Found: C 60.82; H 4.73; N 8.34;
Ni 11.14%. Calc. for C26H23N3O5Ni: C 60.50; H 4.49; N 8.14;
Ni 11.37%.

For (±)-5: mp ≥ 278 °C (decomp.). 1H NMR (CDCl3, d): 1.12 (d, 3H,
CH3), 2.04 (m, 1H, CH2), 2.38 (m, 1H, CH2), 2.91 (m, 1H, MeCH), 3.33
(s, 3H, OCH3), 4.00 (m, 1H, CH), 6.70–8.83 (m, 13H, ArH). UV lmax/nm
(lg e) (CHCl3): 305 (3.98); 458 (3.65). Found: C 59.70; H 4.53; N 8.28;
Ni 11.99%. Calc. for C26H23N3O5Ni: C 60.50; H 4.49; N 8.14;
Ni 11.37%.
¶ For the enantiomerically pure (2S,4R)-4 [a]D

20 +3074° (c = 0.02,
CHCl3) was calculated after the recovery of (2S,4R)-4-methylglutamic
acid 6 from a sample of (2S,4R)-4, with [a]D

20 +2628° (c = 0.02, CHCl3).
The absolute configuration (2S,4R) of the sample of 6 and its ee (85.5%)
were established by enantiomeric GLC (Chirasil-Val type phase, fused
silica capillary column 40 m×0.23 mmID; column temperature 165 °C;
carrier gas He: 1.75 bar) by means of a comparison with standard
samples of all the stereoisomers of 4-methylglutamic acid (Pri ester, N-
trifluoroacetyl-derivatives), whose absolute configurations were
established earlier.8
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with the enantiomer (2S,4R)-4. After being separated from the
mother liquor (2S,4R)-4 (ee ≥ 85%; yield ≤ 33%) was
decomposed  by  refluxing  in  conc.  HCl  followed  by
separation (according to the literature procedure8) of
N-(2-pyridinecarbonyl)-o-aminobenzophenone (which can be
recycled for the preparation of the initial compound 1) and
(2S,4R)-4-methylglutamic acid 6 (ee ≥ 85%).

Thus, we have shown that chiral sodium alkoxides can be
used as catalysts in the asymmetric Michael reaction. The use
of substrate 1 as a protected and activated glycine synthon
opens up a new and promising approach to the synthesis of
optically active nonproteinogenic α-amino acids (derivatives of
glutamic acid and substituted prolines) via the catalytic
asymmetric Michael addition of 1 to α,β-unsaturated carbonyl
compounds or other substrates containing activated C=C bonds.

This work was supported by the INCO-Copernicus program
(grant no. JCIS-CT96-0722).
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Scheme 1 Reagents and conditions: i, combination of 1 :2 = 1:3, CH2Cl2,
Ar, room temperature, 15–20 min; ii, MeOH–CHCl3, reflux, then Et2O to
precipitate racemic (±)-4, enantiomerically enriched (2S,4R)-4 remains in
the mother liquor; iii, HCl (aq.), reflux, then NH3 (aq.).
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