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Lithium compounds 7 are configurationally stable intermediates obtained by deprotonation of 1,3-dien-2-yl carbamates 6 with n-butyllithium/
(-)-sparteine with a high degree of enantiotopic differentiation at the y-position. They react with electrophiles regioselectively giving highly

enantioenriched products. Starting with different isomers or changing the double-bond geometries in 6 leads to either of the enantiomers.

The asymmetric homoaldol reaction of 1-metalated 2-alkenyl present inl (Scheme 1). Addition of aldehydes or ketones
carbamates provides a flexible approach to 4-hydroxy-1- to form stereohomogeneous addugts particularly reward-
alken-1-yl carbamat€'§,which can be transformed into a ing after lithium—titanium exchange.

manifold of target moleculesAs we found recently,the

deprotonation of (2)-1-alken-1-yl carbamateby n-butl- |
Ilthlum/(—)-spar_telnéz proceec_is smoothly by removal of the Scheme 1. Transmetalation and Homoaldol Reactionlof
y-pro-R-H leading to essentially stereohomogeneous five-
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stabilizing substituent W (e.g., afyf or trimethylsilyP®) is H He b . oy
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Scheme 2. Lithiation of 6 and Reaction with Electrophiles
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(Scheme 2). Further, it is questionable if configurational
stability is still given due to extended conjugation in the
pentadienyl anion of.

Dienes6 are synthesized in a straightforward manner.
After complete isomerization of allyl carbamaté&® to vinyl
carbamated 1 via lithiation, lithium—titanium exchangg,
and protonation, theZ)-enol carbamateS are obtained after
vinylic lithiation® of 11, transmetalation to zinc, and Negishi
coupling®® (Scheme 3).

Scheme 3. Synthesis of Diene§
Rl
Z:E>98:2 oCh
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Deprotonation of dienyl carbamae with n-butyllithium/
(—)-sparteine (2) in toluene at78 °C proceeds smoothly
within 1 h. Trapping with P¥6nCl provides two separable
regioisomersl3 and 147 in a ratio of 68:32 and an er of
99:1 for13 (Scheme 4). An X-ray crystal structure analysis
with anomalous diffraction revealed theSAE,3Z) config-
uration of13 (Figure 1). Because all stannylations of lithiated
2-alkenyl carbamates are known to take place iatnS'
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Scheme 4. Stannylation of6e with PhsSnCl
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process, the lithium intermediat&@e has the (S)-configura-
tion; this is formed by removal of the encircled prot@ng-R

Figure 1. X-ray structure ofl3?

in 66). The structures of the further substitution products are
based on this result, combined with the known or proven
stereochemical courses of the reactions.

The lithium intermediates derived froBare configura-
tionally stable under the reaction conditions: after the-(
sparteine-mediated deprotonation 6# (toluene,—78 °C)
and reaction with (Ck)sSiCl, the silanel5is obtained with
the same enantiomeric purity (er 98:2) after a standing
time of 1 h (73%) or in situ trapping (Scheme 3% is

Scheme 5. Configurational Stability o6
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ac=0.76, 1.05 in CHG er= 98:2.

assigned the §)-configuration because all silylations of
lithiated 2-alkenyl carbamates are known to take place in
ananti-&' process.
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Similarly, carbamatéa was deprotonated and subjected
to a metal exchange with (B{)sTiCl, and the titanium
intermediatel6awas intercepted bp-bromobenzaldehyde
to give two regioisomeric homoaldol addudtga and 18a

(92%, ratio of 80:20; Scheme 6). Again, the absolute

Scheme 6. Transmetalation and Homoaldol Reaction6af
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configuration of the major regioisomé&7a(6R,7S4Z; Figure

2) could be determined by X-ray analysis. Because the

Figure 2. X-ray structure ofil7a?

lithium—titanium exchange of )-sparteine allyllithium

complexes proceeds (with no known exception) with inver-

sion of configuratio”!® and the addition step occurs in a
suprafacial manné# the lithium intermediat&a must have
the (S)-configuration; this is formed by removal of the

Scheme 7. Homoaldol Reactions o with Acetone
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with acetone (Scheme 7). Both enantiomers can be obtained

by applying eithe7eor 16e. This also substantiates -
S’ addition of acetone tde.

The sense of enantioselectivity can also be directed by
the used starting regioisomer or the configuration of its
“terminal” double bond (Scheme 7). Asymmetric deproto-
nation of6¢c and addition of acetone yiekeht-19(er = 94:

6, yield 86%). When (Z)-6d is subjected to the same
reaction conditions, agaient-19(er = 96:4, yield 93%) is
produced arising from the Li compound33Z,4E)-7d. The
latter result again provides clear evidence faya-$' mode
of ketone addition, which now has to approach from $ire

face of the styryl moiety. In addition, configurational stability

of the C1-C2 bond against torsion at low temperature must
be concluded.

Concerning the regiochemistry, the following rules are
extracted from the above examples and some more entries
in Table 1 and Scheme 8. The lithium intermediafesre
preferentially attacked at the terminus adjacent to the phenyl
residue where the highest electron and charge density are
expected. In the covalently bound titanium compouh@s

Table 1. Substitution of6e with Different Electrophiles viae

encircled proton (pro-$n 6a). This is in agreement with El product(s) yield %¢  er®  [0]2p¢
the result extracted from the stannylation reaction. MesSi 15 73 982 412
Interesting features were uncovered from the homoaldol we,c(OH) 19 88 99:1 —174
reaction of the lithiumTe) and titanium 166 intermediates Me 9eade 93 93:7  +266
tBuC(0) 9eb:8eb? (98:2) 91 97:3  —150
(9) Crystal structure data df3 and17 are available in the Supporting PhsSn 13:14 (68:32) 85 99:1 +7f

Information.
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(11) Zimmerman, H. E.; Traxler, M. DJ. Am. Chem. Sod 957,79,
1920.
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aTotal yield.? Major product determined on chiral HPLEc = 0.65—
1.05, in CHC}. 9 Refers to Scheme 2: 'R= Me, R? = Ph.¢ The absolute
configuration has not been determined y&taken from the major product.
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Scheme 8. Homoaldol Reactions dbe
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aTotal yield.?Major product determined on chiral HPLEBy
IH NMR. % = 0.62—0.84, in CHG (major product).eX-ray
structure available in the Supporting Information.

this effect is still seen to a lower extent, but the steric

position” of the “pentadienyl anion” has ever been found
by us, although this is the preferred center of reactivity in
3-unsubstituted compounés.

The alcohol2la was oxidized to the ketone leading to
ent-9eb (6S,2E,4Z; er= 99:1; [o]% +154). This
substantiates the syn=&ddition of pivaloyl chloride tore
forming ketone9eb.

In conclusion, the facile construction of geometrically
defined dienyl carbamate® combined with highly stereo-
selective asymmetric deprotonation and substitution reactions,
allows for a flexible synthesis of stereohomogeneous sub-
stituted 1,3-dienes.
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situation gains in influence by increasing bulkiness of the o gg1005p

attacking carbonyl compound. Surprisingly, no electrophilic
substitution product arising from attack of the “central
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