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The Effect of Protecting Groups on Chelation Control
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Abstract: Relative chelating abilities of alcohols, ethers and silyl ethers are rational-
Tzed in terms of the n accepting character of the group attached to oxygen. This in turn
may be assessed by examination of the bond angle about oxygen.

Chelation is a practical means of controlling the course of asymmetric organic reac-
tions.1 The variety of applications of "chelation controlled" reactions has resulted in a
considerable body of qualitative knowledge concerning the effect of substituents on the
participation of a chelating oxygen. Specifically, alkyl substitution on oxygen is known to
permit chelation with common Lewis acids, e.q., MgBr,, Sncl4 or TiCl4, whereas substitution
with trialkylsilyl aparently attenuates or even eliminates the ability of an oxygen to
chelate.2 while the latter observation contradicts the usual characterization of trimethyl-
silyl as a strong o donor,3 it is consistent with the ability of such groups to function as
n acceptors.4 Delocalization of the oxygen lone-pair electrons leads to a lowering of their
energy, rendering them less available for external interactions.5

It is known6 that metal-oxygen—-carbon bond angles in alkoxy complexes of alkali, alka-
line earth and early transition metals are linear or nearly so. These deviations (from the
near—tetrahedral bond angles found in alcohols and ethers) arise from donation of the lone
pairs on oxygen into empty p- or d-type orbitals on the metal. It is reasonable to suggest,
therefore, that the bond angle about oxygen in ethers and ether analogues will mirror lone
pair energy, i.e., the amount of oxygen n donation, and provide an indicator of chelation
ability. The smaller the bond angle about oxygen, the better its ability to participate in
chelation with external Lewis acids.

It follows from the ordering of calculated X-O-H bond angles (Table), that trialkyl-
silyl, mimicked by SxH3, and trifluoromethyl ethers should be less subject to chelatlon than
ethers or alcohols. Correspondingly, calculated C-0-X bond angles in 3-buten-2-ol, 7 and its
methyl8 and silyl9 ethers suggest that the product stereochemistries in reactions of the
silyl protected alcohol would be less affected by chelation imposed biases than those for
either the free alcohol or the methyl ether.

It should be noted that the variation in chelating ability discussed herein is of elec-
tronic origin. Steric effects alone, while perhaps leading to abnormally large bond angles,

279



280

should be of little consequence in determining the energetic disposition of the oxygen lone-
pair orbitals. This, however, does not discount the possible shielding of the oxygen lone
pairs by bulky substituents, thereby hampering chelation.

*University of California,

Table. Central bond angles of X-O-Y species.®

Molecule 3-21G° 6-316" Expt.
H,0 107.6 105.5 104.5¢
CH,OH 110.4 109.4 108.0%
CF,0H 114.8 110.3 -
SiH,OH 128.8 119.0 -
LiOH 180.0 180.0 180.0°
CH,~CHCH(CH,)OH 110.2 - -
CH,=CHCH(CH,)OCH, 116.2 - -
CH,=CHCH(CH,)OSiH, 131.3 -
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a) From fully optimized Hartree-Fock structures
b) 3-21G™ for molecules incorporating second-row elements.

¢) Cook, R.L.; DeLucia, F.C.; Helminger, P.J. J. Mol. Spectrosc., 1974, 53, 62.
d) Gerry, M.CL,; Lees, RM. J. Mol. Spectrosc., 1976, 61, 231.

e) cf., Kuijpers, P.; Torring, T.; Dymanus, A. Chem. Phys., 1976, 15, 457.

sUniversity of Utah

References and Notes

1)

2)

3)
4)

For recent reviews, see: (a) Reetz, M.T. Angew Chem., Int. Ed. Engl., 1984, 23, 556;

gb)lrélgGawey, G.J.; Kimura, M.; Taeboem, O.; Williams, J.M. J. Carbohydrate Chem., 1984,

R .

T{a) Overman, L.E.; McGready, R.J. Tetrahedron Lett., 1982, 23, 2355; (b) Keck, G.E.;

Boden, E.P. ibid., 1984, 25, 265; (c) Keck, G.E.; Abbott, D.E. . ibid., 1984, 25, 1883

Exner, O. Collect. Czech. “Chem. Comm., 1966, 31, 65.

For example, (t-Bu)Me,SiNMe, is 5 kcal/mol Ess basic than t—Bu)Me (:Nl\de2 in the gas

phase: (a) Shea, K.J.; ngellle, R.; Bramblett, J.; Thompson, E 3 Am, Chem Soc.,

1978, 100, 1611. See also: (b) West, R.; Wilson, L.S.; Powell, D.L. J. Organomet.

Chel;l —'1'979 178, 5; (c) Sternbach, R.; MacDiarmid, A.G. J. Am. Chem. Soc., 1961, 83,

338

An argument has already been advanced by Keck and Boden. b

For tecent examples, see: (a) Chisholm, M.H.; Folting, K.; Heppert, J.A.; Hoffman,
; Buffman, J. C. J. Am. Chem Soc., 1985, 107, 1234, and references therein; (b)

Cha.mberlam, L.R.; Rothwell, I.P.; Huffman, J.C. _'-Bld R 1986 108, 1502, and references

therein.

Kahn, S.D.; Hehre, W.J. Tetrahedron Lett., 1985, 26, 3647.

Kahn, S.D.; Hehre, W.J. J. Am. Chem. Soc., in press.

Kahn, S.D.; Hehre, W.J., unpublished results. 11

All calculations were accomplished using the GAUSSIAN 85 program system  using the

3-216, 3-216*) and 6-316"* split-valence basis sets.l?

Hout, R.F., Jr.; Francl, M.M.; Kahn, S.D.; Dobbs, K.D.; Blurock, E.S.; Pietro, W.J.;
McGrath, M.P.; Steckle, R.; Hehre, W.J. Quantum Chemistry Program Exchange, to be sub-
mitted.

3-21G: Binkley, J.S.; Pople, J.A.; Hehre, W.J. J. Am. Chem. Soc., 1980, 102, 939;

3-216(*): Pietro, W.J.; Francl, M.M.; Hehre, W.J.; DeFrees, D.J.; Pople, J.A.; Binkley,
J.s. ibid., 1982, 102, 5039; 6—316*: Hariharan, P.C.; Pople, J.A. Chem. Phys. Lett.,
1972, 66, 217.

(Received in USA 7 July 1986)



