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Aldol reaction of the Ti-enolate derived from cis-1-tosylamido-2-indanyl chloroacetate with representative aldehydes proceeded in excellent
yield and high diastereoselectivities. Removal of chlorine provided alternative access to highly diastereoselective acetate aldol equivalents or
the corresponding glycidic ester condensation products.

Enantioselective synthesis afiti- or syn-o-halo-3-hydroxy  tant subunits of taxol and taxostéria continuing our studies
carbonyl units is of considerable interest since this structural aimed at developing practical methodologies utilizing ester-
feature can provide access to a variety of useful intermedi- derived Ti-enolate aldol reactions, we have investigated
ates. Asymmetric aldol reaction of chloroacetate derivatives asymmetricsyn- andanti-aldol reactions of chloroacetate
appeared to be the most direct route to these intermediatesgerivatives. Herein we report that reactions of chiral sul-
however, reports ofi-halo acetate aldol reactions are rather fonamido chloroacetate-derived titanium enolates with a
limited.! Furthermore, most reported methodologies are basedvariety of monodentate and bidentate aldehydes provided
upon syn-aldol reactions of haloacetate derivati¥é3he highly diastereoselectivanti- andsyn-o-chloro-$-hydroxy
correspondin@nti-selectiven-halo acetate aldol reaction has carbonyl derivatives, respectively. Additive effects amti

thus far been very rare. Numerous halo-aldolates have alreadydiastereoselectivity with monodentate aldehydes are note-
been utilized in syntheses, including their transformation into worthy. Various aldolates were obtained in excellent dia-
o-amino-3-hydroxy derivative3as well as in the synthesis  stereoselectivities (up to 99% dr) and isolated yields.
of acetate aldol equivalentsn addition,a-chloro3-hydroxy Aldolates so formed were converted to optically active
aldolates are precursors to Darzens condensation productsicetate aldol derivatives arwl-epoxy esters, the corre-
leading toa,3-epoxycarbonyl derivatives, which are impor- sponding Darzens condensation product under mild reaction

D@ conditions.
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Scheme 1. Ti-Enolate Aldol Reactions with Aldehydes
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Figure 1. Ester-derived Ti-enolate aldol reaction.
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anti- and synaldol products, respectively (Figure %). R R
Subsequently, we speculated that the corresponudicigoro S 1o, 8b,j ©!
acetate-derived enolate would provide a similar degree of = Me,C(OMe), Me,C(OMe),
diastereoselectivity under similar reaction conditions. Thus, PPTS PPTS
(1R,2S)-1-tosylamido-2-indandt was treated with chloro- c Ha ' e
acetyl chloride and pyridine in Gi&l, at 0 °C for 2 h to Bo Hp %\
furnish a-chloro acetatés in 96% yield (Scheme 1). In a Re O-—/-Me Cl@o e
preliminary experimeng-derived Ti-enolate (generated from Hp Ha Ve be R

1.1 equiv of TiC}k and 2.5 equiv of Hunig’'s base at°C) LER OB ob R - B
was reacted with isobutyraldehyde precomplexed with TiCl TR =Ly oo

(2.2 equiv) at—78 °C for 2 h. This provided a mixture of iR =(R)-CH(Me)OBn %1 R=(E-CHMe)OBn
aldol products in 82% yield with the anti isomer as the major
product (anti:syn ratio 75:25). Out of four possible diaster-
eomers, only formation of anti diastereon@a (R = iPr)

and syn diastereom&g (R = iPr) was observed b4 NMR

and 3C NMR analysis. The anti diastereoselectivity is
significantly lower than the corresponding propionate
derivative®2 To further improve anti diastereoselectivity, we
investigated the effects of additives on anti diastereoselec-
tivity with a range of additives, and the results are shown in

shown Table 1. As can be seen, acetonitrile dhchethyl Aldol reactions with other additives in Table 1 were carried

pyrrolidinone (NM,P) ShOW_Ed signifigant effects on .anti out using an analogous procedure. While additive effects of
diastereoselectivities and yields (entries 2 and 3). Optimum PhP, HMPA, and THF (entries 5, 8, and 9) resulted in
results were observed with 2.2 equiv of additive. Reaction ’ ' Y

of Isoputyraldehyde In the presenice of 1 el O C - |
provided significantly lower anti diastereoselectivity (entry - _ =

4) compared to 2.2 equiv of GBN (entry 2). We have Table 1. Additive Effect on Aldol Reaction withPrCHO
recently observed similar additive effects leading to improved  entry additives equiv yielda anti:synP
anti-aldol reaction of the Ti-enolate derived froais-2-

at 0°C for 5 min followed by further treatment witN,N-
diisopropylethylamine (2.5 equiv) at @C for 1 h. The
resulting titanium enolate was added to a precomplexed
mixture of isobutyraldehyde (2 equiv), TigPR.2 equiv), and
CH3CN (2.2 equiv) at—78 °C. The resulting mixture was
stirred at that temperature for 2 h prior to quenching with
aqueous NELCI. This reaction protocol was equally effective
when the reaction was carried out on a multigram scale.

. . o 1 none 0 82 75:25
arylsuprnam|do-1-acenaphtheqyl proplon%mdqnlve ef- 2 CHACN 22 66 08:2
fects with PP NMP, and THF in titanium-mediated aldol 3 NMP 22 71 94:6
reactions have been investigated by others as iwall. 4 CH3CN 1.0 60 88:12
representative reaction (entry 2) in Table 1 with{CN as 5 PhsP 22 22 99:1
an additive was carried out as follows: Ti-enolateweghloro 6 NC(CH2).CN 11 64 93:7
acetate was formed by reaction ®fvith TiCl4 (1.1 equiv) ! (CH5)sCCN 22 44 9L:9

8 HMPA 2.2 17 99:1
9 THF 2.2 15 99:1
(5) (@) Ghosh, A. K.; Onishi, MJ. Am. Chem. S0d 996,118, 2527.
(b) Ghosh, A. K.; Fidanze, S.; Onishi, M.; Hussain, K. Betrahedron a|solated yield of diastereomeric mixturésRatio determinded byH
Lett. 1997,38, 7171. NMR before chromatography.

(6) Ghosh, A. K.; Kim, J.-HOrg. Lett.2003,5, 1063.
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Table 2. Aldol Reactions with Representative Aldehydes Scheme 2. Acetate Aldol and Epoxide Synthesis
major TS\NH
entry aldehyde product yield® anti (6):syn (7)° H.. Q (;)H O o}
- K,CO;, /
1 iBuCHO 6b e 99:1 Oe O)W ~eon > Hok/ﬁ/
2 iBuCHO 6b 90d 99:1 X 15a
3 BuCHO 6¢c 68° 96:4 Pd-C, EtOH 6a X=Cl
4  BuCHO 6C 70d 96:4 HCO,NH, 12a X=H
5 PrCHO 6d 79 96:4 ‘ K,CO;,
6 PrCHO 6d  60° 97:3 LiBH,, ag. DMF
7 PhCHO 6e 62c 96:4 MeOH-THF Ts.
8 PhCHO 6e 479 96:4 OH v o o
9 PhCHO 7e 64 10:90 - =
10 BnOCH,CHO 7f 86 1:99 HOW O)W
11 BnO(CH2),CHO 79 79 4:96 13a 14a
12 BNnO(CH2)3CHO 7h 82¢ 26:74
13 (R)-BnOCH—(Me)CHO  7i 94 1:99

[
i

(S)-BnOCH—(Me)CHO  6j 82 99:1

Ts.
H.. NH O OH
15  (+)-BnOCH—(Me)CHO  7i 95¢ 5:95 J\('\MOB”
[¢] n
alsolated yield of pure diastereomémRatio determined byH NMR X

before chromatography.CHsCN (2.2 equiv) was used as an additive.

: £ , : : 7f X=Cl(n=1 =
dNMP (2.2 equiv) was used as an additif¢solated yield of diastereomeric Pd-C, EtOH (@=) 78 (n=2)
mixtures. HCO,NH, 16f X=H (n=1)
K,COs,
LiBH,, aq. DMF
o o ) _ MeOH-THF
excellent anti diastereoselectivities, reaction yields are far oH “NH 5
from satisfactory. Also, systematic attempts to improve : oB H- MO f
reaction yields have been unsuccessful thus far. Ho™ 080 Oe o7
The scope and utility of chloroacetate aldol reactions in 17¢ 18g

the presence of CH&&N or NMP as additive were then
investigated with a range of representative monodentate and

bidentate aldehydes. The results are shown in Table 2. As itl4)_ On the basis of these results, we performed kinetic
turned out, the chloroacetate aldol reactions with monodenate,qgq|ution experiments with racemic 2-benzyloxypropion-

aliphatic aldehydes proce_eded with gxcellent anti selec_tivities aldehyde. The aldol reaction was carried out with 2 equiv
and good _to excellent y|elds_ (entries 1—6). Inte_restlngly, of racemic aldehyde for 30 min to provide a 95:5 syn
reaction with benzaldehyde, in the presence of eithes-CH  giastereomeric ratio in 95% yield (entry 15). Formation of
CN or NMP as an additive showed good anti diastereo- mgaior syn diastereomdi resulted from preferential reaction

selectivity (entries 7 and 8). However, the corresponding \ith matched 2R)-benzyloxypropionaldehyde. Recovered

reaction in the absence of additive displayed syn diaStere°'2(3-benzyloxypropionaIdehyde showed 98.7% enantiomeric
facial selectivity (entry 9). Consistent with our previous aycess and 40% recovered yiéld.

observation with propionate aldol reactions, bidentate oxy- The relative stereochemistry of aldol products was assigned
aldehydes such as b_e_nzyloxy acetaldehyde and benzyl_o_xy-on the basis of comparison of observed vicinal coupling
propionaldehyde exhibited excellent syn d|astereoseIecﬂwhesconstams of the major aldol productl { = 6—10 Hz for

and yields (entries 10 and 11) without any additive. Reaction anti-aldols andJ,s = 3—4 Hz for syh—aldols) with the

of benzyloxyacgt_aldehydg in the presence Pf 2 equiv oF-CH corresponding propionate aldol produtt&urther confirma-

CN as an additive provided no change in syn diastereo-

lectivity. but the aldol brod biained i v 37% tion of the relative stereochemistry afti-aldols6b—j and
;;eeﬁjctlvny, ut the aldol product was obtained in only ? syn-aldols7e—iwas established by their conversion to the

. . ._corresponding isopropylidene derivative gnd 11) and
Furthermore, we have investigated double asymmetric P g 1sopropy 4 )

induction employing 2(R)- and 2(S)-benzyloxypropionalde comparison of coupling constants with the literature values
) ) ) d ibed b iousiy: thesis of i li-
hyde. In the matched case, aldol reaction withR)2( as described by us previousiy:or synthesis of isopropyli

benvl ionaldehvd ided onl il di dene derivatives, aldolates were treated with LiBH a
enyloxXypropionalidehyde provided only a single syn dia- iy re of THE and methanol at 2 to provide chloro-
stereomef7i in excellent yield (entry 13). However, for the

hydrins 8 and 10. Exposure of chlorohydrin8 and 10 to
mismatched case, aldol reaction witlsRbenzyloxypropion- yen xposu yer
aldehyde exclusively afforded amti-aldol adduc®j (entry

(8) Enantiomeric excess was calculated from comparison of the observed
optical rotation value with the reported value§?® —51.5 € 0.89, CHCY);

(7) For previous investigations with PRINMP, and THF as additives, lit.? [0]p2® —52.2 (c6.5, CHCE)).
see: (a) Gennari, C.; Colombo, L.; Bertolini, G.; Schimpernal rg. (9) Takai, K.; Heathcock, C. HJ. Org. Chem1985,50, 3247.
Chem. 1987, 52, 2754. (b) Palazzi, C.; Colombo, L.; Gennari, C. (10) (a) Yan, T.-H.; Tan, C.-W.; Lee, H.-C.; Lo, H.-C.; Huang, T.J.

Tetrahedron Lett1986 27, 1735. (¢) Crimmins, M. T.; King, B. W.; Tabet, Am. Chem. Soc1993, 115, 2613. (b) Heathcock, C. H.; Buse, C. T.;
E. A.; Chaudhary, KJ. Org. Chem2001,66, 894. (d) Shirokar, S.; Nerz- Kleschick, W. A.; Pirrung, M. C.; John, J. E.; Lampe,JJ.Org. Chem.
Stormes, M.; Thorntorn, E. Rletrahedron Lett1990,31, 4699. 1980,45, 1066.
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dimethoxypropane in CiLl, in the presence of a catalytic
amount of PPTS furnished isopropylidene derivati9esmd
11, respectively.

7f,i afforded the corresponding acetate aldol equivalents in
excellent yields. The stereochemical outcome of chloroacetate
aldol reactions to provide anti diastereoselectivities with

The absolute configuration of the aldolates was establishedmonodentate aldehydes and syn selectivities with bidentate

after their conversion to the correspondings-epoxy acid
and 1,3-diols and comparison of optical rotation with the
literature. Treatment of aldolaa with K,COs; in methanol
at 23 °C effected removal of the chiral auxiliary and
concominant formation af,3-epoxy acidl5ain 70% yield.
Catalytic hydrogenation ofa over Pd—C in the presence
of ammonium formate afforded dechlorination prodi2a.
Reduction ofl2awith LiBH 4 furnished alcohol 3a. Optical
rotations and spectroscopic data of alcohbds, 17f, and
acid 15awere compared with literature valuEswhen the
aldolates were treated with,RO; in aqueous DMF at 23
°C, the correspondingy,5-epoxy esters were forméel.
Furthermore, catalytic dechlorination of aldolagssb and

(11)15a: [0]%p 11.4 (c0.71, 95% EtOH); lit2 ent-15a[0] %, —15.2
(c 0.52, 95% EtOH)13a:[0]%% —18 (c0.5, CHCh); lit.*3 [a]p —11.3 (c
2, CHCEB). 17f: [0]%%5 8.98 (€ 0.88, MeOH); lit** [a]p 7.66 € 1.75, MeOH).
(12) Caldwell, C. G.; Bondy, S. SSynthesis990, 34.
(13) Harada, T.; Kurokawa, H.; Kagamihara, Y.; Tanaka, S.; Inoue, A.;
Oku, A.J. Org. Chem1992,57, 1412.
(14) Takano, S.; Kasahara, C.; OgasawaraCKem. Lett1983, 175.
(15) Yields for14a,14b, and18gwere 58, 65, and 49%, respectively.
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aldehydes is consistent with our previous stereochemical
models® Presumably, the additive provides more steric bias
on the titanium metal center, inducing improved anti
selectivity with monodentate aldehydes.

In summary, we have developed highly diastereoselective
titanium enolate-basednti- and syn-aldol reactions with
chiral a-chloro acetate derivatives. Pronounced additive
effects resulted in improved anti selectivity with monodentate
aldehydes. The ready availability of the chiral auxiliary and
the use of Ti-reagent renders this methodology very useful.
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