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The aldol reaction leading to enantioselective construction
of carbon-carbon bonds has emerged as an extremely powerful
method in organic synthesis. In this context, a humber of
excellent synthetic methods have been developed over the
yearst The control of both relative and absolute acyclic
stereochemistry in aldol reactions can now be achieved in a
highly stereoselective manner with a high degree of predict-
ability. Such control has become particularly sophisticated in
the synthesis of various syn-aldol products and is used widely.
We have recently reported that commercially available optically
activecis-1-amino-2-indanol-derived oxazolidinones are highly
effective chiral auxiliaries for syn-aldol reactiohsThe corre-
sponding enantioselective anti-aldol methodologies are currently
an active area of resear¢hHerein, we report the development
of a convenientis-1-arylsulfonamido-2-indanol-derived tita-
nium ester enolate based aldol reaction to provide anti-aldol
products with excellent diastereoselectivity and isolated yields.
Optically activecis-1-arylsulfonamido-2-indanols are readily
accessible by sulfonylation of commercially available, enan-
tiomerically purecis-1-amino-2-indanols. The optically pure
anti-o-methyl{3-hydroxy acids are conveniently obtained after
removal of the chiral auxiliary under mild saponification
conditions, and the chiral auxiliary is recovered without loss of
optical purity.

The 1R 2S-chiral sulfonamidel was prepared (Scheme 1)
by reaction with commercially availaBleptically active 1R),2-
(9-cis-aminoindan-2-ol p-toluenesulfonyl chloride (1 equiv),
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aKey: (a) CHCH,COCI, E&N, CH,Cly, 23°C; (b) TiCl, iPRLNEE,
23°C then RCHO and TiG) CH,Cl,, —78°C; (c) LiAlH4, THF, 0-23
°C; (d) M&C(OMe), PPTS, CHCl,, 23°C; (e) LiOH, THF-H,0, 23
°C: (f) CHaNy, E&O, 23°C.

and triethylamine (3 equiv) in Ci€l, in the presence of a
catalytic amount of DMAP at 23C for 12 h (85-92% yield).

The acylation of hydroxy sulfonamidiewith propionyl chloride

(1.2 equiv) and triethylamine (3 equiv) in GEl, at 23°C for

12 h afforded the propionate es&(mp 106°C; a2% +86°, ¢
0.98, CHC}) after silica gel chromatography (91% yield). The
titanium enolate of was generated by reaction with 1.2 equiv
of TiCl4 in CH,ClI, at 0—23°C for 15 min followed by addition

of 4 equiv ofN-ethyldiisopropylamine at 23C and stirring of

the resulting brown solution for 14 The!H-NMR (400 MHz)
studies of the titanium enolate generated in a mixture of GDCI
and CHCl,, as described above, established that the enolization
is complete under these conditions, providing a single enolate
presumably withZ-geometry® The titanium enolate thus
generated was reacted with 2 equiv of butyraldehyde or
isobutyraldehyde at-78 to 23°C for several hours; interest-
ingly, however, no aldol product was obtained, and the starting
propionate esteR was recovered unchanged. However, the
reaction of the above titanium enolate with various aldehydes
precomplexed with TiGl proceeded with good to excellent
diastereoselectivities and isolated yields. The reactions are
typically carried out by addition of the above titanium enolate
to a solution of 2 equiv of aldehyde precomplexed with 2.4
equiv of TiCly in CH,Cl, at —78 °C followed by stirring the
resulting mixture fo 1 h and workup with aqueous NAI
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Table 1. Aldol Reaction of Propionate Est@rwith Representative o p-Tol
Aldehydes js(
4
entry aldehyde % yiekd anti:syn @/4)® H? NH o oH
1 MeCHO 50 85:15 O» o ®
2 EtCHO 50 85:15 Me
3 nPrCHO 74 95:5
4 iPrCHO 91 85:15 3
5 iBUCHO 97 >99:1 Figure 1.
6 MeCH=CHCHO 41 95:5 . . .
7 PhCHO 85 4555 derived anti-aldol product was converted to the optically pure
8 PhCHCH,CHO 44 96:4 methyl ester7 (a2, —4°, ¢ 2.0, CHC}; lit.42 a2, —2.5°, ¢
9 PhCH=CHCHO 63 99:1 1.03, CHC}). The relative and absolute stereochemistries of

- - - the isobutyraldehyde-derived syn-aldol proddi¢entry 4) were
a|solated yield of both isomers after silica gel chromatography. . . o) :
Time = 1 h. ® Diastereomeric ratios were determined‘blyNMR and EStab“ShEd b.y comparison -NMR (400 MHz) and optical
HPLC. ¢ Isolated anti-isomer only. by rotation of4 with an authentic sample prepared utilizing Evan’s

boron enolate based syn-aldol reactidnThe assignment of

solution. The results are summarized in Table 1. The ester Stereochemistry for other syn-aldol products was made on the
enolate aldol reaction with a variety of conjugated and non- Pasis of comparisons dH-NMR spectra. L
conjugated aldehydes proceeded with excellent anti-diastereo- TNe high degree of stereoselection associated with this current
selectivity except in the case of benzaldehyde, which did not @ymmetric anti-aldol process could be rationalized lzby a
exhibit any selectivity. The diastereomeric mixture ratio was Zimmerman-Traxler type transition state model(Figure 1)-
determined byH-NMR (400 MHz) as well as by HPLC analysis The model is derlveq ba}sed on the foIIowmg.ass.umptlons: (2)
of the aldol products prior to chromatography. Aldol reaction the geometry of the titanium enolateAs(2) the titanium enolate
with butyraldehyde (entry 3) afforded an anti-diastereoselectivity IS @ Seven-membered metallocycle with a chairlike conformation;
of 95:5.” Both anti- and syn-isomers could be separated by silica(3) @ sécond titanium metal is involved in the transition state
gel chromatography (74% combined yield). The reaction with Where it is chelated to indanyloxy oxygen as well as to the
isovaleraldehyde proceeded with almost complete anti-diaste-2ldehyde carbonyl in a six-membered chairlike transition state.
reoselectivity & 99% de by HPLC; 400 MH?H-NMR revealed The mvolvement.of two titanium me§al atoms is supported by
only one diastereomer) with 97% isolated yield after silica gel the fact that the titanium enolate derived fr@ndoes not react
chromatography. Similarly, the reaction with conjugated alde- With aldehydes without precomplexation with TiCIThe above
hydes also provided excellent anti-diastereoselectiity. transition state model accounts for the obse_rved stereoselection

In order to establish the relative stereochemistry, the anti- €XCept in the case of benzaldehyde, which has shown no
isomer3 derived from crotonaldehyde (entry 6) was converted Selectivity. While this model explains much of the present
to the isopropylidene derivative by reduction with LAH in stereoselection, the evidence of such a model requires further
THF at 0°C followed by exposure of the resulting diol to €XPerimentation which is currently in progress.
dimethoxypropane in CiCl, in the presence of a catalytic In summary, thg present chiral ester derived titanium en.olate
amount of pyridiniump-toluenesulfonate. Th&H-NMR (400 aldol reaction V\_nth various aldehy_des represents a highly
MHz) analysis of5 firmly established the identity of the anti-  ©fféctive synthetic protocol for providing anti-aldol products
isomer in this chiral ester enolate based aldol reaction. Of With high levels of diastereo- and enantioselectivity. The
particular interest, a coupling constadtf) of 10.1 Hz was generality of the current anti-selective aldol process has been
measured betwee’n the-tdnd Hb protons of5.11 The absolute demonstrated with nine different aldehydes. Since both enan-
configurations of the new asymmetric center8ofere assigned ~ i0mers ofcis-1-arylsulfonamido-2-indanol are readily prepared
after removal of the chiral sulfonamides, conversion of the from the commercially available optically actiwés-1-amino-
resulting antie-methyl-hydroxy acids to the corresponding 2-indanols, the present anti-aldol methodology provides a
methyl ester, and comparison of the optical rotations of the convenient access to either anti-aldol enantiomer with high
resulting7 with literature valueda For example, treatment of ~ OPtical purity. Mechanistic investigations as well as synthetic
the isobutyraldehyde-derived anti-aldol product (entry 4) with apphcaqons of the current anti-aldol methodology are the subject
aqueous lithium hydroxide in THF at 2T for 2 h afforded ~ Of ongoing research in our laboratory.
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