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Summary: Diastereoselective carbon-carbon bond forming reaction of 2,3-0-isopropylidene-D
(and L)-glyceraldehydes (D and L-2) with ketene silyl acetals (la,b) occurred in acetonitrile
under mild conditions to give the corresponding anti-B-siloxyesters (D and L-3a) as major

products, which could be converted through a few additional steps to 2-deoxy-D (and L)-riboses.

Considerable attention has been focused on the development of methodology for the aldol
and the conjugate addition reactions of ketene silyl acetals under neutral or nearly neutral
conditions] since we pubh‘shed2 the regiospecific silyl enol ether formation by conjugate
addition of ketene silyl acetals to a,B-unsaturated carbonyl compounds accompanied by a silyl

group transfer in CHzCN in the absence of cata]yst.3

We report here the application of the
silyl group transfer-addition reaction of ketene silyl acetals (1) in CHzCN with the optically
active carbonyl compounds, 2,3-0-isopropylidene-D (and L)-glyceraldehydes (g)4 which causes
a highly asymmetric induction for the bond construction process to give the anti-B-siloxy-
esters (D and L-3a) as major products. These reactions were successfully applied to the
stereoselective synthesis of 2-deoxy-D (and L)-riboses.

The starting material, 2,3-0-isopropylidene-D-glyceraldehyde (D-2), readily available
5 was reacted with 0-methy1-0-t-butyldimethylsilyl ketene acetal (1a) in
CH3CN at 70°C for 48h to give an 83:17 diastereomixture of the P-t-butyldimethylsiloxyesters
(D-3a,b) in 73% yield as shown by gas chromatography (FID, butanediol succinate polyester)

from D-mannitol,

(run 1). The stereochemistry of the aldol addition of 1 to D-2 was extensively studied under
various conditions (see Table 1), and the best result was obtained when the reaction was
carried out at 0°C to room temperature (r.t.) for 48h in the presence of catalytic amounts of
zinc iodide in CHZCN (run 2). The diastereomixture was converted to the corresponding 0,0'-
diphenoxyacety1-2-deoxy-D-ribono-1,4-1actones (D-4a,b) by deblocking with CFzCO,H-H,0
followed by phenoxyacetylation with phenoxyacetic anhydride in pyridine. The small J-value
(D-4a, R=PhOCH;, J=2 Hz) of the Lo NMR coupling constant between H, and Hp obtained by its 2D
COSY method and decoupling technique seems to indicate an anti (or erythro) stereostructure
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for the major product (D-3a) compared with the reported J-values of the anti-0,0'-diacy1
analogues {D-4a, R=Ph; J=2 Hz, D-4a, R=Me; J=1.75 Hz).6 The assignment of the structure was
finally established by a direct way: The mixture of diastereomers (D-3a,b, anti/syn=93/7)

was separated by column chromatography on silica gel with n-hexane:ether (10:1) as an eluting
solvent to give the pure D-3a and D-3b {D-3a; [al5?=-3.3° (c 1.21, CH)Cl,), D-3b; [a]?2=+35°
(c 0.736, CH,C1,)}. Desilylation of D- 3a with n-BuyNF in THF at r.t. for 0.5h gave a 92%
yield of the B-hydroxyester (D-5a) {[a]D ==11.5° (c 0.755, CH,C1,), it/ [a]§4=-11.2° (c
0.602, CHyC17)}. Furthermore, the ester (D-3a) was deblocked with CF3CO,H-H,0 at r.t. for 3h
to give a quantitative yield of 2-deoxy-D-ribono-1,4-Tactone (D-6a), which was acetylated with
Ac,0-DMAP (0.46 equ1v) in pyr1dine at r.t. overnight to give the diacetate (D-7a) {[a]%5=-5.2°
(c 0.929, EtOH), 1it.6 [a]D =-5.2° (c 0.93, EtOH)}. A11 these spectral and physical data are
in good accordance with those of the corresponding anti-derivatives. Reduction of D-6a by
disiamylborane [(Sia,BH),] in THF at r.t. for 22h followed by treatment with aniline in EtOH-
H20 at 5°C overnight gave a 66% yield of the known 2-deoxy-D-ribose ani]ide (D-8a) {mp 167-
167.5°; [a]%0=+57° (after 30h, ¢ 0.873, pyridine), 1it. 8 mp 167-169°; [q]D =+56° (after 30h,

¢ 0.99, pyridine)}. Similarly, reaction of 2,3-0-isopropylidene-L-glyceraldehyde (L-2),
obtained from readily available L-arabinose,9 with 1a gave a diastereomixture of the B-t-
butyldimethylsilyloxyesters (L-3a,b) in a similar high diastereoselectivity (runs 7 and 8).
The separated siloxyester {L-3a; [a]§2=+3.4° (c 0.990, CH,C1,)} was readily converted to 2-
deoxy-L-ribose anilide (L-8a) {mp 167-168°, [a]§0=-56° (after 38h, c 0.686, pyridine)} in 64%
overall yield from L-3a by a series of reactions mentioned in D-series. The present synthetic
method for 2-deoxy-D (and L)-riboses is advantageous over the reported methods7’8’10’]1 in
terms of high asymmetric induction, ease of performance and work-up, short reaction step, and
high overall yield of the product.
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We also investigated the reaction of D and L-2 with the O-methy1-0-trimethylsilyl ketene
acetal (1b) under similar conditions, which proceeded erythro-selectively to give a diastereo-
mixture of the corresponding B-trimethylsiloxyesters (D-9a,b and L-9a,b). These results are
listed in Table I.

Table I Aldol Reaction of 2,3-0-Isopropylidene-D (and L)-glyceraldehydes

. . . b Diastereo-
Ketene Silyl Reaction Yield Products i
Run  Aldehydes Acetals Conditions® (%) Sg;igf;v;ty
D- 3
>< la no catalyst, 73 C;>§3 2.0 83:17
Q ? Meo 0SiZH 70°C, 48h \—L{\cone
0.05 nl OsisH
u " -0oeq cnla " :
2 0°Cor.t., 480 99 93:7
" " leq Znl, " .
3 r.t.>50°C, 48h 0 93:7
" " 0.05eq ZnBr; " .
4 0°Cr.t., 48h 39 85:15
" " 0.05eq ZnC1; " .
5 0°C>r.t., 48h 4 88:12
0.05eq ZrCly
6 " " (CH3CN:CH2C12=1:1) 13 “ 95:5
0°C-r.t., 48h
% O><O L-3a,b
7 o0 L2 " no catalyst 69 : 85:15
\{ 70°C, 48h COzMe :
CHO Sig+
8 " " 0.05eq Znl; 67 " 96:4
0°Cr.t., 48h ¢ ’
0" 0 D-9a,b
9 D-2 1b no catalyst 65 == 75:25C
MeO 0SiMes  /0°C 48h COyMe
OSiMe
) ) 0.05eq Znl, e3 .10¢
10 0°Cor.t., 48n  ° 90:10
% L-9a,b
n L2 " no catalyst 62 5 77:23C
2 70°C, 48h \?S:OZMe '
SHWe3
12 " " 0.05eq ZInI, 70 " 9]:9(3

0°C»r.t., 48h

a) The use of catalytic amounts of other Lewis acids such as $SnCls, A1Clz, TiCl4, BF3-Et20,
MgBr,, and FeClz in CH3CN gave no satisfactory result. b) Distilled yields are given. c)
The stereochemiistry is tentatively assigned by the comparison of the chemical shift and the
coupling constant of Hp of 0,0'-diacetyl-2-deoxy-D (and L)-ribono-1,4-Tactones (D and L-10)
with those of the related anti and syn diastereomers.

The possibility of epimerization under the reaction conditions was examined by careful
1y NMR study of the 0,0'-diacetyl-y-lactones (D and L—lgg) readily obtained from the aldol
adducts (D and L-9a), by using Eu(tfc)z as the chiral shift reagent: The methine doublet
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(Ho) at & 5.33 ppm (J=3.8 Hz) of racemic 10a (1:1 mixture of D and L-10a) shifted to two
doublets at & 5.98 and & 6.03 ppm in contrast to the fact that the optically active D-10a
shifted the resonace only to & 5.98 ppm (no detectable peak at & 6.03 ppm) and L-10a only to
8 6.03 ppm (no detectable peak at & 5.98 ppm). These results clearly show that epimerization
was not observed in the present reaction of 1 with 2. Izzn

addition via a Felkin-Anh type transition state.!? The en- (j/ﬂ
hancement of the anti-selectivity in the presence of zinc iodide \Qk\ \jf(
can be explained by a chelate with B-oxygen as in the transition
state (A): The re face of the aldehyde becomes much more crowded c"’gi;

than the si face. si H

1)

2)

The observed diastereoselection may arise from the si face

‘\() Me
0 Rde
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