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Equivalents of a homoenolate synthon belong to the syntheti- 7 <0&t PhCHO <2:>98 93
cally important group of umpoled reageftand recently, much 0 .
effort has been made for the preparation of their chiral form. 7 <o] PhCHO 89 (71/29) : 61 %

However, so far, a chiral homoenolate equivalent which reacts c-Hex PhCHO 90 (75/25) : 10 95

with imines, thus allowing a straightforward access to optically o ’

] ! EtCHO 93 (66/34) : 7 85
activey-amino carbonyl compounds, has not been repcriaie. ﬂOlC-Hex. ( )
have now succeeded in developing a chiral propionaldehyde ®) EIC(=0)Et  >97 (87/13): <3 84

homoenolate equivalent that reacts with imines with excellent
selectivity?

Recently, we have reported an efficient method for preparing
allyltitanium complexes by the reaction of allylic alcohol deriva-
tives with a divalent titanium reagent¥propene)Ti(O-Pr), (1),
derived from Ti(OPr), and 2 equiv of-PrMgX, which proceeds
via an oxidative addition pathw&f. The resulting allyltitaniums
react with aldehydes at theposition exclusively to provide the
corresponding homoallylic alcohols. During these studies we
found that, while the allyltitaniun2 (R = Et) obtained froml
and acrolein diethyl acetal reacts with benzaldehyde to afford a
y-addition productg-ethoxy homoallyl alcohol) exclusively, the
complex2 (R = CH,CH,O") derived from acrolein ethylene
acetal provides a mixture of the- and y-addition products
(Scheme 1). With these results in hand, we searched for a prope
acetal which would afford the-addition product highly pre-

dominantly, thus serving as a propionaldehyde homoenolate
equivalent. We found that the corresponding dicyclohexylethylene
acetal 3 gives a satisfactory result; thus, the corresponding
derived from3 reacts with alkyl and aryl aldehydes and ketones
with good to excellenti-selectivity (see Scheme 1). In all cases,
the a-addition product consists of a mixture of inseparabie
andz-enol ethers; however, tHéC NMR analysis of the mixture
indicated that the chiral induction at the newly generated
asymmetric center was low (see Supporting Information).

As allyltitaniums also react with imines smoothly, we then
turned our attention to the reaction of allyltitaniums derived from
1 and 3 with imines, in anticipation of developing a propion-
aldehyde homoenolate equivalent which can react with imines
for the first time3 Furthermore, we had some expectation of
attaining high chiral induction because the reaction of allyltita-
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Table 1. Asymmetric Addition Reaction of the Allyltitanium
Compound Derived fronl and 3 with Imines

)NLRZ A2
1 then 1 H .
R H ~Cc-Hex.
3 — 4 R‘%\/\(O ; + (25
HO c-Hex.
(B)-5
adductss?
isolated yield, %  ee at C-4,%
imine 4 EZ pure pure
entry R R? E:Z° mixture (E)-5 overall (E)5
1 4a;, Me Bn 928 84 83
2 4b; nPr Bn 946 81 85
3 4c; i-Pr Bn 946 85 70 88 98
4 4d; Ph  Bn 937 82 40 86 96
5 4e¢ Ph n-Pr 955 85 88
6 4f; Ph Ph 955 71 >85°

2No y-addition product was observetiDetermined by*H NMR
analysis. ee (for entries £5) and absolute configuration (for entries
1-4) were determined by converting into the correspongiramino
ester6 (see Scheme 2 and Supporting informatisrge of6 derived
from the mixture of E)- and ©)-5. © For determination, see Supporting
Information.

however, use of the mixture for further synthetic elaboration might

be useful since the enantiomeric purity of the mixture is very
high.

By taking advantage of the versatility of the enol ether
functionality, the producb could be readily transformed into a
variety ofy-aminocarbonyl compounds, includigamino acids,
as represented by Schemé Zhe compound5 can also be
converted tg3-amino estel as is also shown in Scheme 2 and
in Table 1.

The predominant production oE}-5 with the absolute con-

figuration depicted in Table 1 can be explained by assuming that

the allyltitanium complex generated frotnand 3 would exist
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In summary, we have now succeeded in developing, for the
first time, a chiral homoenolate equivalent which reacts with

mostly as an internal titanium derivative, which can be stabilized imines with excellent stereoselectivity, thus allowing an efficient

by chelation, rather than as the primary derivafivend the

preparation of optically active-amino carbonyl compounds.

reaction with imines proceeds preferentially via the most stable Since the reagent is easy to prepare from readily available and

transition state depicted in Scheme 3, which hasasfused
chair—chair conformatiori?

(8) Synthesis of optically active-amino acids attracts current interest: See
(a) Smrcina, M.; Majer, P.; Majeréy&.; Guerassina, T. A.; Eissenstat, M.
A. Tetrahedron1997 53, 12867 and references therein. For biological
importance ofy-amino acids, see: (b) Nanavati, S. M.; Silverman, RJB.
Am. Chem. Sod991], 113 9341. (c) Burke, J. R.; Silverman, R. B. Am.
Chem. Soc1991, 113 9329. See also ref 8a and references therein.

(9) A similar stabilization of allyltitaniums by intramolecular chelation or
coordination has been reported, see: Hanko, R.; Hoppéngew. Chem.
1982 94, 378. Weidmann, B.; Seebach, A[ngew. Cheml983 95, 12. Roder,
H.; Helmchen, G.; Peters, E.-M.; Peters, K.; Schnering, Hx@ew. Chem.,
Int. Ed. Engl.1984 23, 898. Zubaidha, P. K.; Kasatkin, A.; Sato, Ehem.
Commun.1996 197. See also ref 5f.

inexpensive starting materials, the reaction is practical and will
find numerous applications in organic synthesis. The application
of the reaction as well as further study to clarify the scope and
limitations of the reaction is now in progress.

Supporting Information Available: Experimental procedure and
spectral data (PDF). This material is available free of charge via the
Internet at http://pubs.acs.org.
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