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The butane-2,3-diacetal (BDA) desymmetrized glycolic acid building block 1 undergoes efficient and highly diastereoselective lithium enolate
aldol reactions with both aromatic and aliphatic aldehydes to afford, after an acidic methanolysis deprotection step, the enantiopure anti-
2,3-dihydroxy esters in good yield.

The aldol reaction continues to be a powerful and widely studies on the diastereoselective lithium enolate alkylation
used process in the construction of natural produdtse reactions of the rigidx-hydoxy acid building blockL 34

very nature of this reaction, where up to two stereogenic  Multigram quantities of the chiral butane-2,3-diacetal of
centers are created in a single carbon—carbon bond formingglyclolic acid 1 can be readily obtained, in either enantio-
process, is clearly of great strategic importance in synthesis.meric form, in just three steps from commercially available
This is particularly true when the reactions proceed in both (S)- or R)-3-chloropropan-1,2-did.> The synthesis relies
enantioselective and diastereoselective fashion and when

additional functionality may be incorporated. _

Here we describe further applications of a new cyclic, scheme 1. Overview: Synthesis anti-2,3-Dihydroxy Esters

chiral glycolate equivalertt in aldol coupling reactiorfaand from Glycolatel
in subsequent deprotections to afford enantioure-2,3- ~o ~o
dihydroxyesters (Scheme 1). This work compliments our
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on a chiral memory protocol; protection of the diol with the
butane-2,3-diacetal protecting gréugets up two new
stereogenic centers in the diacetal backBoofe3. This

of 1 at —78 °C. Stirring was maintained for 10 min before
1.1 equiv of aldehyde was added via syringe. The mixture
was stirred for a further 5 min before 2.0 equiv of acetic

chirality is maintained throughout the subsequent HCI acid was added in one portion to quench the reaction. On
elimination step and the oxidative cleavage of the enol etherwarming to room temperature, diethyl ether was added, and

4 to afford the highly crystalline glycolate produtt

the precipitous mixture was filtered through a short-21

These reactions could be performed on multigram scale cm) plug of silica, eluting with diethyl ether. Evaporation

(>20 g) without the need to purify intermediate stages and,

following recrystallization of the final product, gave material
in greater than 99% ee (Scheme®2).

Scheme 2. Synthesis of Building Block?
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a Reagents and conditions: (i) GEOCOCH; (1.1 equiv), CSA
(0.1 equiv), CH(OCH)s (2.1 equiv), CHOH, reflux, 2 h; (i) BuOK
(2.0 equiv), THF, reflux, 2 h; (iii) @ CH)Cl,/MeOH (1:1, v/v),
—78 °C then DMS (2.0 equiv);-78 °C to room temperature.

Given the ready availability of we now wish to report

the aldol reactions of the corresponding lithium enolate.

These reactions required little optimization.
In a typical example, 1.05 equiv of lithium hexamethyl-
disilazide (LHMDS) was added dropwise to a THF solution

(3) Diez, E.; Dixon, D. J.; Ley, S. VAngew. Chem., Int. EQ001,40,
2906

(4) For related examples in the literature, see: (a) Yu, H.; Ballard, C.
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(5) Available from Aldrich in both enantiomeric forms.

gave the crude product, which was purified by silica gel
chromatography or recrystallizati§riTable 1 summarizes

Table 1. Lithium Enolate Aldol Reactions af
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i) LHMDS (1.05 eq), R
O(k THF, -78°C OCR<OH
o) iy RCHO (1.1 eq) o)
O, iii) AcOH (2 eq) O,
1 5-11
entry aldehyde yield / % de /% product
O b
1 86 92 5
Au
2 2 86 >95 6
~ Ay
o]
3 89 95 7°
+/(H >4

4 2 92 95 g2
A~y
o]

5 @A\)LH 90 >95 9°
o]

6 O)LH 96 95 10°

~0

o]

7 )@AH 70 94 11

NO;

a Relative stereochemistry unambiguously determined by single-crystal
X-ray diffraction.? Relative stereochemistry predicted by analogy.

the results obtained for some readily available aldehydes.
In all cases the diastereoselectivities in the reactions were
exceptional, with the worst case being for acetaldehyde (entry
1, 92% de). Reaction yields were invariably good to
excellent. Of the seven entries in Table 1, the relative

(9) Representative Procedure for the Synthesis of 10To a stirred
solution of1 (155 mg, 0.82 mmol) in tetrahydrofuran (2.5 mL)-a78 °C
was added a solution of lithium bis(trimethylsilyl)amide in tetrahydrofuran
(1 M, 0.86 mL, 1.05 equiv). After 10 mip-anisaldehyde (0.10 mL, 1.1
equiv) was added, and the reaction mixture was stirred for a further 5 min.
The reaction was then quenched by addition of acetic acid (0.10 mL, 2
equiv) at—78°C and warmed to room temperature. Diethyl ether was added
(2 mL), and the heterogeneous mixture was filtered through a short (2 cm)
plug of silica eluting with diethyl ether (15 mL). The filtrate was evaporated
in vacuo to leave a yellow oil. The reaction de was found tc>195% by

(6) For a recent and comprehensive review on 1,2-diacetals in synthesis,inspection of the 600 MHz proton NMR spectrum of the crude product.

see: Ley, S. V.; Baeschlin, D. K.; Dixon, D. J.; Foster, A. C.; Ince, S. J,;
Priepke, H. W. M.; Reynolds, D. £Lhem. Re»2001,101, 53.

(7) For other examples of the BDA group acting as a chiral memory,
see: (a) Dixon, D. J.; Foster, A. C.; Ley, S. V.; Reynolds, DJ.Xhem.
Soc., Perkin Trans. 1999, 1631. (b) Dixon, D. J.; Foster, A. C.; Ley, S.
V.; Reynolds, D. JJ. Chem. Soc., Perkin Trans.1999, 1635. (c) Dixon,

D. J.; Foster A. C.; Ley, S. VOrg. Lett.2000, 2, 123. (d) Dixon, D. J,;
Ley, S. V.; Reynolds, D. JAngew. Chem., Int. EQ®000, 39, 3622.

(8) See the following: (a) Dixon, D. J.; Ley, S. V.; Rodriguez,(¢g.

Lett. 2001,3, 3753. (b) Reference 3.
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Purification by flash column chromatography, eluting with 50% diethyl
ether/petroleum ether (bp 480 °C) gavel10 (250 mg, 96%) as white
crystals: mp 67—69C (from E£O); [o]3%p +107.1 (c1.37, CHCY); Vmax
(CHCl3) cm™1 3488 (OH), 1754 (€-0), 1150 (CO)iH NMR ¢ (400 MHz,
CDCls) 7.32 (2H, d,J 9, Ar), 6.87 (2H, dJ 9, Ar), 5.08 (1H, ddJ 2 and

4, CHOH), 4.31 (1H, dJ 4, COCH), 3.80 (3H, s, ArOC#}, 3.74 (1H, d,
J2, OH), 3.32 (3H, s, OC}J, 3.28 (3H, s, OCH), 1.47 (3H, s, Ch), 1.39
(3H, s, CHy); °C NMR (CDCk) 6 167.0, 159.3, 130.5, 128.1, 113.4, 105.0,
98.3, 75.4, 74.0, 55.2, 50.1, 49.3, 17.9, 160& (+ESI) 349 (MN4d) (found
MNa*, 349.1274; GgH2:07Na requires M, 349.1258).
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stereochemistries of five of the major diastereoisomeric || GGG
products were unambiguously proven by single crystal X-ray Table 2. Deprotection Reactions of Aldol Produdis-11
diffraction, showing the highly crystalline nature of these ygjng Methanolic HCI or CSA

aldol products. ~0 OH
We believe that the major diastereoisomeric product arises ég R . R
through attack of the aldehyde to thesface of the glycolate CKEOH Meo#» Meogc/\o(H
enolate, avoiding the steric clash with the 1,3-related axial N
methoxy group. Assuming chelation of the lithium cation 511 1218
of the enolate to the aldehyde oxygen and a six-ring chairlike  gniry = product yield / %
transition state, placement of the R group of the aldehyde in
the equatorial position (away from the dioxane ring) rational- 1 Me 124 75
izes the stereochemistry of the major product (Figuré 1). o & 132 a6
| ’ o " ”
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@ e 6 R O £ 17204 85
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Steric™ R away from ; e 187 %

shield dioxane ring NO;

F_igure 1 Proposed transition state model leading to major  apyciin MeOH was the source of H b CSA (1.1 equiv) was the source
diastereoisomer. of H*. ¢ Relative stereochemistry proven by single-crystal X-ray diffraction.

d Absolute stereochemistry confirmed by comparison of specific rotation
with literature values.

Deprotection of the major diastereoisomeric products was
possible by repeated dissolution of the compounds in
methanolic hydrochloric acid and evaporating in vacuo or
by overnight treatment with camphorsulfonic acid (1.1 equiv)
in anhydrous methanol (Table 2). Thati-1,2-diol methyl
estersl2—18were produced in good yield. Comparison of
the specific rotation and spectroscopic datal@fand 17
with the literature values allowed confirmation of the absolute
and relative stereochemistriégentries 1 and 6). Single-
crystal X-ray diffraction provided unambiguous determina-  Scheme 3. Lithium Enolate Aldol Reactions ofg,S)- and

To illustrate the power of these reactions and to confirm
the relative and absolute stereochemistries in each case, the
aldol adducts from both the “mismatche®0(and21) and
“matched” (22) cases were subjected to an acidic metha-
nolysis reaction. Using 1.1 equiv of camphorsulfonic acid

tion of the relative stereochemistry af. (R,R)-1with Chiral Aldehyde §)-19

The lithium enolate aldol addition of to aldehydes ~o T1BSQ Ho.
bearing a stereogenic center at theposition was also éﬁ’ /g\\ .
examined (Scheme 3j Treatment of (S,S)-with LHMDS - 0= goH o
(1.05 equiv) followed by aldehydeS-19(1.1 equiv) gave ? i o\ 20 ) 23, 450
the aldol product20 and21, as an inseparable mixture, in 05~\ o0 + > £ ’
82% vyield and in a 52:48 ratio. When this reaction was o, © 2021 o 1BSQ 0
repeated usingR,R)-1, the major product was isolated in S5 8 — HO, o
87% yield and the reaction de wa®©5%. Assuming Felkir @O SOH ) HO
Anh control, these selectivities agree with the stereochemical OTBS NP
model described above; with the lithium enolate of glycolate 24, 34%
(R,R)-1and (S)-19providing the “matched” combination. O‘(S)-19

Clearly, these aldol reactions provide an easy and stereo-
selective route to contiguous triol motifs bearing toeti- OT8S o~

0" Q o, 1
1,2-diol component. 0 i 0 i ™%
AG 87%,  HOZ 40O 75% \
0 o ’ 0 o HO'
s s
25

>95% de
(10) Boons, G.-J.; Downham, R.; Kim, K. S.; Ley, S. V.; Woods, M.
Tetrahedron1994,50, 7157. (R.A1 22
(11) Specific rotations:12 [o]3!p —17.3 (c0.585, CHCY) ([a]*%p —16

(c 1.1, MeOH) Achmad, S.; Hoeyer, A.; Kjaer, A.; Makmur, L.; Norrestam, aReagents and conditions: (i) LHMDS (1.1 equiv), THF8

R. Acta Chem. Scand. Ser. 887,41, 599).17: 31, —41.8 (c0.54, ° ? . Lo

CHCR (el 2578 (o1 05, CHO) Matthews, 5. R Jackeon W, R, °C; 101min, then®-19, 5 min, then ACOH (2.0 equiv); (i) MeOH,

Jacobs, H. A.; Watson, K. Ghust. J. Chem1990,43, 1195). (#)-CSA (0.1 equiv), reflux, 30 min, then toluene added, reflux,
(12) Masamune, S.; Choy, W.; Petersen, J. S.; Sita, lArigew. Chem., 30 min.

Int. Ed. Engl.1985,24, 1.
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in anhydrous boiling methanol, the inseparable mixture of
mismatched product20 and 21 was converted into the Scheme 4. Previous Total Synthesis afBiopterin 26 from

known, and separableg;lactone23and24in 45% and 34% Lactone23

yield, respectively. Similarly, acidic methanolysis ag o o OH
affordedy-lactone25 in 75% yield. Lactone23—25have HO, 7 steps " N

been reported previously, and the spectroscopic data as well S —— s . o
as the specific rotations of the lactones synthesized in our Ho 14%yield  HN" "N" N

work were in good agreement with the literature déta. 23 L-Biopterin 26
Additionally, our two-step synthesis of lacto@8 consti-
tutes a formal total synthesis aofbiopterin 264 a pterin

natural product that through its 5,6,7,8-tetrahydro form is 5-omatic and aliphatic aldehydes to afford, after an acidic

an essential enzyme cofactor in the conversion of phenyl- methanolysis deprotection step, the enantiopnte1,2-diols
alanine to tyrosiné? tyrosine to DOPAY and in melanine ;| good yield

synthesi¥ (Scheme 4).
In summary, the butane-2,3-diacetal desymmetrized gly-

colic acid building blockl undergoes efficient and highly

diastereoselective lithium enolate aldol reactions with bot
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