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Introduction

Titaniun tetraisopropoxide is a mild Lewis acid that has
been extensively used as a catalyst in organic synthesis,
specidly in those reactions involving asymmetric induc-
tions,! such as Sharpless epoxidation, additions to carbo-
nyl compounds, and oxidations; its catalytic activity in
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asymmetric synthesis is based on the formation of com-
plexes with chiral auxiliaries.? Its mild nature enables the
use of this catalyst in the presence of some acid-sensitive
functional groups, such as acetonides, OTBDMS, and lac-
tams.

Titanium tetraisopropoxide is a non-expensive catalyst,
commercially available as alow-melting point solid.

(A) Ti(i-PrO), isamild catalyst for transesterification reactions;
it is used in macrolide synthesis to facilitate ring size equilibra-
tion.® For instance, macrolide 1 was transformed” into 2 by treat-
ment with Ti(i-PrO), and this macrolide was used in the
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(B) Ti(i-PrO), has been used in the sel ective oxidation of sulfides
to sulfoxides. An asymmetric oxidation of sulfides with high O‘ o
enantioselectivity has been reported® using (R)-(+)-BINOL as y OH
the chiral auxiliary and Ti(i-PrO), as catalyst. Recently, some Ti(i-Pro)s OO < p
Ti(i-PrO), derivatives supported on slica have been  we” “Sar N

investigated® as catalysts for these oxidation reactions.
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(C) Sharpless asymmetric epoxidation of alylic alcohols using
tert-butyl hydroperoxide, diethyl tartrate, and Ti(i-PrO), is the
key step in the preparation of many products of synthetic and bi-
ological interest.” The reaction usualy takes place with good
yield and high stereoselectivity. Sharpless epoxidation condi-
tions have been used to prepare the phenylalkylamine motif of
severa calcium channel blockers, such as verapamil and emo-
pamil .8
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DET: Diethyl tartrate; MS: Molecular sieves 84%, >99% ee
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(D) A dimethylsulfide-Ti(i-PrO), mixture has been used to re-
duce hydroperoxides,® obtained by photooxygenation of olefins.
The reaction takes place at room temperature in 10 minutes with
ahighyield (93%).

@o PP, v OO o MesS TiG-Pro), " o
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TPP: Tetraphenylporphyrin

(E) Ti(i-PrO), enables the opening of 2,3-epoxy alcoholsin the
presence of nucleophiles. Thisoccurs usualy in high regiosel ec-
tivity, as the ring-opening normally takes place at C-3. By this
type of reaction, chiral benzosultams!® and amino acid
derivatives! have been obtained. This reaction can also be ex-
tended to 2,3-epoxycarboxylic acids and amides.
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(F) Titanium-derived complexes can be used to catalyze aldol-
Tishchenko reaction to afford stereoselectively 1,3-anti-diol mo-
noesters. Mahrwald et a.!? reported the one-pot synthesis of
these compounds using a titanium ate complex, obtained in situ
by mixing equimolecular amounts of Ti(i-PrO), and BuLi. The
reaction took place at room temperature with high anti-stereose-
lectivity.
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(G) Ti(i-PrO),, has been used, together with achiral ligand, inthe F O 1) TMSCN, catalyst (20% mol) F OH
preparation of optically active cyanohydrins via asymmetric tri- ~ BnO iy CHaCla, =70°C, 72h BnO NH,
methylsilylcyanation of aldehydes'® or ketones.* In particular, BhO 2) LiAlH, Et,0, A BnO

the chiral Ti(IV) salen complex 17 has been used®® in the prepa-
ration of fluoroepinephrine derivatives with high enantioselec-
tivity.

15 Q 16
Catalyst =N NF
Bu! OH HO Bu - Ti(i-PrO),

Bu Bu! 1 1
17

(H) Thetitle compound can be used' to catalyze the addition of
alkyl groupsto adehydes and ketones, an areawhere much effort
has been devoted. Thisreaction wasstudied by Walsh et a. using
bis(sulfonamido) or BINOL/ Ti(i-PrO), complexes, applied to
aldehydes,'” ketones'® and a,B-unsaturated ketones.'® In the case
of 18, the reaction istotally chemoselective, as no conjugate ad-
dition compound was detected.

Chan et a. have reported® the preparation of chiral propargylic
alcohols via enantioselective alkynylation of aldehydes using
BINOL/ Ti(i-PrO), catalysts.
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References

(1) Soderberg, B. C. G. Coord. Chem. Rev. 2003, 241, 147.

(2) North, M. Tetrahedron: Asymmetry 2003, 14, 147.

(3) Kigoshi, H.; Suenaga, K.; Mutou, T.; Ishigaki, T.; Atsumi,
T.; Ishiwata, H.; Sakakura, A.; Ogawa, T.; Ojika, M.;
Yamada, K. J. Org. Chem. 1996, 61, 5326.

(4) Paterson, I.; Watson, C.; Yeung, K.-S,; Ward, R. A.;
Wallace, P. A. Tetrahedron 1998, 54, 11955.

(5) Komatsu, N.; Hashizume, M.; Sugita, T.; Uemura, S. J. Org.
Chem. 1993, 58, 4529.

(6) Fraile, J. M.; Garcia, J. |.; Lazaro, B.; Mayoral, J. A. Chem.
Commun. 1998, 1807.

(7) (@ Liu,D.-G.; Wang, B.; Lin, G.-Q. J. Org. Chem. 2000, 65,
9114. (b) Yadav, J. S.; Geetha, V. .; Raju, A. K.; Gnaneshwar,
D.; Chandrasekhar, S. Tetrahedron Lett. 2003, 44, 2983.

(8) Kimura, T.; Yamamoto, N.; Suzuki, Y.; Kawano, K.;
Norimine, Y .; Ito, K.; Nagato, S; limura, Y.; Yonaga, M. J.
Org. Chem. 2002, 67, 6228.

(9) Giltekin, M. S.; Salamci, E.; Balci, M. Carbohydr. Res.
2003, 338, 1615.

(10) Ahn, K. H.; Baek, H.-H.; Lee, S. J.; Cho, C.-W. J. Org.
Chem. 2000, 65, 7690.

(12) (a) Martin, R.; Alcdn, M.; Pericas, M. A.; Riera, A. J. Org.
Chem. 2002, 67, 6896. (b) Medina, E.; Vidal-Ferran, A.;

Synlett 2003, No. 14, 2261-2262 © Thieme Stuttgart - New York

Moyano, A.; Pericas, M. A.; Riera, A. Tetrahedron:
Asymmetry 1997, 8, 1581.

(12) Mahrwald, R.; Costisella, B. Synthesis 1996, 1087.

(13) Gama, A.; Flores-Lépez, L. Z.; Aguirre, G.; Parra-Hake, M.;
Somanathan, R.; Walsh, P. J. Tetrahedron: Asymmetry
2002, 13, 149.

(14) Shen,Y.;Feng, X.;Li, Y.; Zhang, G.; Jiang, Y. Tetrahedron
2003, 59, 5667.

(15) Lu, S--F.; Herbert, B.; Haufe, G.; Laue, K. W.; Padgett, W.
L.; Oshunleti, O.; Daly, J. W.; Kirk, K. L. J. Med. Chem.
2000, 43, 1611.

(16) (@) Yus, M.; Ramon, D. J; Prieto, O. Tetrahedron:
Asymmetry 2003, 14, 1103. (b) You, J-S.; Hsieh, S-H.;
Gau, H.-M. Chem. Commun. 2001, 1546.

(17) (&) Walsh, P. J. Acc. Chem. Res. 2003, in press.

(b) Balsdls, J.; Walsh, P. J. J. Am. Chem. Soc. 2000, 122,
1802.

(18) Garcia, C.; LaRochelle, L.K.; Walsh, P.J.J. Am. Chem. Soc.
2002, 124, 10970.

(19) Jeon, S-J.; Walsh, P. J. J. Am. Chem. Soc. 2003, 125, 9544.

(20) (& Lu, G,; Li, X.; Chen, G.; Chan, W. L.; Chan,A.S.C.
Tetrahedron: Asymmetry 2003, 14, 449. (b) Lu, G.; Li, X.;
Chan, W. L.; Chan, A. S. C. Chem. Commun. 2002, 172.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



