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Scheme 2

Regioselective reactions of enolates of unsymmetrical ketones , o o OH O

are of fundamental importance in organic synthesis, the most cat. TiCl4
o ! . - i ' Ph-CHO ——>

familiar reactions beinge-alkylations? aldol additions? and the )k/ N toluene, r1, )H/k h " Ph
Michael additior? An unsymmetrical ketone can form the two < p
regioisomeric enolateksand2 upon deprotonation (Scheme?ty. )

The deprotonation of unsymmetrical ketones results in the less yield: 83 %
substituted enolatk by irreversible kinetic control, whereas those regioselectivity 5/6:  97/3

reactions under thermodynamical control usually yield the more
substituted produc@. The latter product is produced during an

equilibrium with moderate regioselectivityln the more favorable  Table 1. Regioselective Aldol Addition of Unsymmetrical Ketones
cases, one regioisomer can greatly predominate in the equilibrium
OH O

mixture, but often the equilibrium constant is not sufficiently high Q cat. T1C14
enough to achieve an acceptable regioselectivity. Furthermore, HH* + R-CHO HH/L %
even if one prepares a regiodefined enolate, problems may occur ot toluene

with proton-transfef. There do exist a few methods for generating
the more-substituted enolates with high selectiVibyt examples

syn [ anti ratio of 5. 95/5

. : L. : . ; ield [%)] ratio of 7:8b / anti ratio of 7
of high regioselectivity obtained with these reactions are rare. <o aldehyde _yield[%] ratoo R
. . - 7
Recently, Yamamoto et al. have described a case of high ' o Ph- CHO 8 orr3 9313
regioselectivity obtained withi-alkylation. The reaction occurs 2 Mo iPr- CHO 72 o1/ o8 76/24
at the more hindered-side of unsymmetrical ketones, through 3 nPr - CHO 68 89/ 1114 83/17
the use of bulky aluminum alkoxides in the presence of lithium 0
diisopropylamidé. 4 )k*/‘B“ Ph - CHO 87 89/1112 72128
We describe here a very simple and efficient method for the o}
direct aldol addition of aldehydes at the encumbeneside of 5 é*/ Ph - CHO 88 90/ 176 >98/ 2
unsymmetrical ketones. In the presence of substoichiometric iPr - CHO 81 95/ 57 84/16
quantities of TiCJ, reactions of ketones with aldehydes at room o Ph - CHO 67 89/11767d 75725
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1%/2. > 9 PP temperature resulted in high syn selectivity and good yields of
(5) (@) Negishi, E.; Matsushita, H.; Chatterjee, S.; John, R. @rg. Chem. 3-hydroxy ketones (Scheme 2).
}18856‘%795_331‘5%86 3190. (b) Krafft, M. E.; Holton, R. AJ. Org. Chem1984 These reactions were carried out in the absence of base, in
'(6) Patterson, J. W.; Fried, J. H. Org. Chem1974 47, 2506-2509. contrast to the previously reported method by Evans (fTa@t
(7) (@) Yamago, S.; Machii, D.; Nakamura, E. Org. Chem.1991, 56, base)l® Ketones are used directly in this reaction: no formation

2098-2106 and references cited therdin) Ando, A.; Miura, T.; Tatematsu, i i i i i
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I.'Sakata, JJ. Am. Chem. Sod983 105, 15981608 and references cited &N €xample, the TiGImediated reaction of methyl ethyl ketone

therein. (d) Duhamel, P.; Cahard, D.; Quesnel, Y.; Poirier, J:Nbrg. Chem. with aldehydes gave a highly syn selective and high regioselective
1996 61,2232-2235. (e) Toru, T.; Wakayama, T.; Watanabe, Y.; Ueno, Y.
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aldol addition at the more encumberedside of the ketone unsually high regioselectivity can be interpreted from observations
(Scheme 2). To widen the applicability of our results, reactions made by aldol additions of aldehydes to functionalized unsym-
utilizing various unsymmetrical ketones were conducted with the metrical ketones in the presence of substoichiometric amounts
obtained results summarized in Table 1. Excellent discrimination of TiCl,. For example, no aldol addition occurs at all by reacting
between the more hinderedside and the less-substitutaeside 2.4-pentanedione or fluoracetone with benzaldehyde. These
of the ketone was also observed. ketones are too acidic for this reaction, due to their electron-
The mechanism involved in this reaction still remains unknown, withdrawing substituents. Furthermore, aldol addition at the
but investigations are currently in progress. Nonetheless, the unsubstituted:-side, through the reaction of 1-chloro-3-pentanone
with benzaldehyde, resulted in only poor yields under our
G|§91)9(’§% ’XSQ{;"_"""&_ ?é?giwiaﬁgéﬁsgg é?gn%i?lgzn%%’lg gﬁn%hg‘f"ﬁé%t;one conditions. These results indicate the predominance of electronic
(1.4 mL, 10 mm0|) were dissolved in 20 mL of anhydrous toluene. Under effects in the reg|03e|eCt|Ve outcome of this reaction. The aldol
itnetr; icsoggibi?igz 1alt@tr|(-) (grlnmt;nmol) grggbigiu?ég/)sgrdggge Vx\;ass sttiir?gg %?plvgsrf at addition of aldehydes appears to occur at the less electronegative
rgom temperature. After that%me, 50 mL of diethyl ether was added and the O“s'de of unsymmetrlca_ll ketones or, from t.he st(—;freochemlcal point
organic phase was rapidly extracted with water until the water phase was Of view, at the more hindered and substitutedide.
neutral. The organic layer was separated and driedS®a and the filtrate In conclusion, high regioselective addition of aldehydes at the

concentrated in vacuo. The syn/anti ratio and the ratio of regioselectivity of _ai ; ;
the crude aldol product was determined by and °C NMR Spectroscopy. more encumbered-side of unsymmetrical ketones was achieved
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