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The lithium enolate of a butanediacetal-protected glycerate derivative undergoes efficient and diastereoselective alkylation to afford a new
fully substituted stereogenic center. These compounds may be elaborated to stable 2-substituted glyceraldehyde derivatives.

Chiral building blocks for the asymmetric synthesis of natural Herein is reported a general method for the preparation of
products or other biologically active compounds have been enantiomerically pure 2-substituted glycerate derivatives from
extensively investigatetlOne important class of such build-  readily available butanediacetal (BDA)-protected glycerate
ing blocks is the 2-substituted glycerate derivatives. Previ- derivativesl and 2.

ously, 2-substituted glycerol or 2-substituted glycerate deriv-  The utility of chiral 1,2-diacetals as protection motifs for
atives have been prepared by resolution of racemic precur-yicinal diols ando-hydroxy acids has been exploited in a
sors] chemical desymmetrization of meso didlssymmetric  ange of applicationOur recent efforts in this area involve
epoxidatioft* or hydroxylation degradation of a carbohy-  the ‘|arge-scale preparation of both enantiomers of BDA
drate? or the alkylation of glyceric acid derivativés.  nrgtected glyceraldehyde (as a stable alternative to glycer-
However, these methods often require several steps, Usgehyde acetonide) and BDA-protected methyl glycerates.
expensive starting materials, or can be difficult to scale-up. pe tg the chirality incorporated into the diacetal backbone,
treatment of these BDA-protected glycerates with base

(1) Total Synthesis of Natural Products: The “Chiron” Approach it ;
Hanessian, S.. Ed: Pergamon Press: Oxford, 1983, followed by addition of an electrophile would generate a new

(2) (a) Barner, R.; Schmid, MHelyv. Chim. Actal979, 62, 2384. (b) stereogenic center.
Dung, J.-S.; Armstrong, R. W.; Anderson, O. P.; Williams, R.MOrg. : " : _
Chem.1983.48, 3592. (b) Fors, K. S.. Gage, J. R.: Heier, R. F.. kelly, . Multigram quantities of both enantiomers of BDA
C.; Perrault, W. R.; Wicnienski, NJ. Org. Chem.1998, 63, 7348. (c) protected glyceric methyl estetk and 2 can be readily
g‘(t)%grel'*ﬁ" A.; Hellstrom, H.; Mayer, S. F.; Orru, R. V. A, Faber3gnlett  gptained from cheap and commercially available d-mannitol
(3) Harada, T.; Nakajima, H.; Ohnishi, T.; Takeuchi, M.; Oku, 2. and l-ascorbic acid respectively as previously repotted.
Org. Chem1992,57, 720. p-Mannitol was converted to estérin two steps in 45%

(4) (a) Hosokawa, T.; Makabe, Y.; Shinohara, T.; Murahashi, Shém. : p 0
Lett. 1985, 1529. (b) Tanner, D.; Somfai, Petrahedronl986,42, 5985. overall yield on a 70 g scale (Scheme 1).
(5) (@) Rodriguez, J. B.; Markey, S. P.; Ziffer, Hetrahedron:
Asymmetryl993,4, 101. (b) Avenoza, A.; Cativiela, C.; Peregrina, J. M.;
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(6) Genot, A.; Florent, J.-C.; Monneret, £.0Org. Chem1987,52, 1057. Priepke, W. M.; Reynolds, D. £hem. Re»2001,101, 53. For a recent
(7) (a) Seebach, D.; Aebi, J. D.; Gander-Coquoz, M.; NaefHBl. application, see: Diez E.; Dixon, D. J.; Ley, S. V.; Polara, A.; Rodriguez,

Chim. Actal987,70, 1194. (b) Tse, B.; Blazey, C. M.; Tu, B.; Balkovec, F. Synlett2003, 1186 and references therein.
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aKey: (a) butanedione, HC(OMg) MeOH, BR-Et,0O; (b)
NalO;, MeOH—H,O then NaHCQ, Brs.

The enantiomeric est@was obtained from [-ascorbic acid
in four steps in 37% overall yield on a 60 g scale (Scheme
2).
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aKey: (a) butanedione, HC(OMgMeOH, BR;- THF; (b) HO,,
K,CO; then MeSQy; (c) NaBH, i-PrOH, 60 °C; (d) NalQ,
MeOH—-H,O then NaHCQ, Br..

In all cases, the only purification necessary was distillation
under vacuum of the final product (see the Supporting
Information).

Given the easy access to estérand?2, alkylation of the
corresponding enolate was explored. Treatment @fith
lithium diisopropylamide (LDA) at—78 °C followed by

addition of an alkyl halide generated a new stereogenic cente
(Table 1). The other diastereoisomer could not be detected

by 'H NMR or *C NMR. However, unreacted starting
material or some byproducts resulting frgfrelimination

could sometimes be observed in the crude reaction mixture.

Table 1
o OMe 4 15eq. LDA oMe
o) THF, -78° 2
s ,78°C Rf$
OMe  b.RX Voo N OMe
1 3-10
entry RX HMPA (%) vyield (%) product
1 CH,;=CHCHq,I 0 61 32
2 C(CHg);=CHCH,Br 0 69 42
3 CHasl 0 0 -
4 CHal 10 70 5p
5 CH3CHal 10 60 62
6 CraHzsl 10 55 72
7 HC=CCH,Br 10 56 8¢
8 BnBr 10 68 92
9 N=CCH.,Br 10 57 102

a Stereochemistry predicted by analo§ystereochemistry unambiguously
determined by X-ray crystallography on the corresponding aldehyde.
¢ Stereochemistry unambiguously determined by X-ray crystallography.
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To minimizeS-elimination, it was found that the concen-
tration of enolate should not be allowed to exceed 0.2 M,
and the temperature must be kept-at8 °C. Interestingly,
enolate formation did not occur when lithium hexamethyl-
disilazide (LHMDS) was used as a base. For the less reactive
alkyl halides, 10% HMPA was required as a cosolvent. The
stereochemistry of some of the new compounds was unam-
biguously determined by X-ray diffraction studies of a single
crystal (Table 1, entry 7).

In a typical procedure, 1.5 equiv of lithium diisopropyl-
amide in THF-hexanes was added dropwise to a stirred 0.2
M solution of 1 (1 equiv) in THF at—78 °C under argon.
After 30 min, 3 equiv of alkyl halide (diluted in HMPA if
necessary) were added. The mixture was stirred for a further
30 min, neutralized by addition of saturated aqueous am-
monium chloride solution and then diluted with,&t The
organic phase was washed with saturated agueous ammonium
chloride solution and water, dried (b&0O), filtered, and
concentrated in vacuo. The crude residue was purified by
flash chromatographif. To demonstrate that this methodol-
ogy is amenable to scale-up, the reaction with methyl iodide
was performed on a reasonable scale to afford 18 g of the
ester5 in 70% yield.

2,3-0-Isopropylidene glyceraldehyde is an important start-
ing material that is widely applied in organic synthesis as a
chiral building block!!* Although some examples of methyl
glyceraldehyde derivatives have been reported in the
literature?24ba general method to obtain such derivatives
has not yet been described. The development of such useful
chiral building blocks may have been prevented by the
limited number of starting materials bearing a chiral tertiary
alcohol or byg-elimination problems or stereogenic scram-
bling. Given the previous results obtained for the alkylation
of 1, reduction with LiAlH, in THF followed by oxidation
of the crude alcohol with oxalyl chloride and DMSO gave
the corresponding aldehyde (Scheme 3). The aldeliyde
was obtained as a stable white solid on 10 g scale, and again
its structure was confirmed by X-ray diffraction studies of a
single crystal. The aldehydEl is potentially very useful as
a a-methyl glyceraldehyde equivalent in a wide range of
synthetic programs. Moreover, as has been described for the
BDA-protected glyceraldehyde, better stability and better

(10) Representative Example for the Synthesis of Sa-Butyllithium
(64 mL, 2.5 M in hexanes, 160 mmol) was added slowly to a stirred solution
of diisopropylamine (25.6 mL, 182 mmol) in THF (60 mL) a0 to 0
°C. The solution was stirred for an additional 15 min and then added via
cannula to a stirred solution df (25.1 g, 107.3 mmol) in THF (460 mL)
at—78°C. After 30 min, methyl iodide (16.2 mL, 322 mmol) as a solution
in HMPA (50 mL) was added. The reaction mixture was stirred for 30
min, quenched at-78 °C with saturated N&CI, and diluted with E1O
(500 mL). The organic phase was washed with saturategONE50 mL)
and water (250 mL), dried (N&Oy), filtered, and concentrated in vacuo.
The residue was purified by flash chromatography (hexaB#®Ac 9:1)
to give a white solid (18.43 g, 70%): mp 486 °C; [a]%p —130.1 (c0.9
in CHCLy); ¥max 1731 cnl; *H NMR 6 (400 MHz, CDC#) 3.96 (1H, d,J
= 11.5 Hz), 3.62 (3H, s), 3.41 (1H, d,= 11.5 Hz), 3.11 (3H, s), 3.07
(3H, s), 1.16 (3H, s), 1.12 (3H, s), 1.11 (3H, $C NMR 6 (100 MHz,
CDClg) 173.5, 99.2, 97.2, 70.9, 62.7, 51.6, 49.9, 47.6, 22.9, 17.44, 17.42;
HRMS (+ESI) m/z calcd for GiHz0OsNa (MNa®) 271.1158, found
271.1143. Anal. Calcd for GH200s: C, 53.21; H, 8.12. Found: C, 53.15;
H, 8.05.

(11) Jurczak, J.; Pikul, S.; Bauer, Tetrahedron1986,42, 447.
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aKey: (a) LDA, THF,—78 °C then Rl in HMPA (R= CHjl,
70%; R= CyiH,3, 55%); (b) LiAlH,;, THF; (c) DMSO, (COCH,
Et:N (R = CH;sl, 60% over two steps; R CyiH23, 71% over two
steps).

selectivity in the addition of Grignard reagents can be
expected?

To illustrate that reactions of the lithium enolateslaind
2 are not limited to alkyl halide trapping, the enolatelof

was reacted with a variety of electrophiles such as acid

chlorides, anhydrides, chloroformates, or ketones (Table 2)

The stereochemistry of the quaternary center formed could

Table 2.
o OMe 5 15eq. LDA oMe
0 THF, -78°C E o¢
Meow.# ; f
OMe b. Electrophile Meo™ X0 OMe
1 13-16
entry electrophile yield (%) product
1 CH3COCI 57 132
2 (CH3C0),0 64 132
3 CbzCl 62 14b
4 CH3OCOCI 56 15
5 CH3COCH3 67 160

a Stereochemistry unambiguously determined by X-ray crystallography.
b Stereochemistry predicted by analogy.
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again be confirmed by X-ray diffraction methods for
compoundl3 (Table 2, entries 1 and 2j.

Although the BDA unit as a protecting group has been
extensively used in the total synthesis of natural products,
strongly acidic conditions for their removal are sometimes
required. This problem has been addressed recently by the
introduction of benzyl and allyl-BDA protecting groups that
may be removed under non acidic conditidfs.

However, in this case, the presence of the quaternary center
allowed the removal of the BDA protecting group under more
gentle conditions, probably due to the 1,3-diaxial interaction
in the six-membered chair (Scheme 4). As an illustration of

Scheme 4
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this deprotection, treatment o8 with 2 equiv of p-
toluenesulfonic acid monohydrate (PTSA) in refluxing
MeOH afforded the dioll7 in 94% vyield after 2 h.

In summary, a short and general method for the large-
scale preparation of a variety of enantiomerically pure tertiary
alcohols was developed using the readily available BDA
protected methyl glycerate. The excellent facial selectivity
induced by the chirality stored in the diacetal backbone is
again exemplified in the chemistry that has been reported.
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tion for 1 and 2 and experimental procedures and charac-
terization data for all compounds. This material is available
free of charge via the Internet at http:/pubs.acs.org.

OL035567+

(12) A 2:1 mixture at the secondary alcohol center was obtained when
aldehydes were used as electrophiles. This reaction is still under investigation
to improve the diastereoselectivity.

(13) Ley, S. V.; Michel, PSynlett2001, 1793.

4555



