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Abstract: Enantioenriched carbanionic pairs generated by the asymmetric deprotonation of carbamate
esters with the chiral base s-butyllithium/(-)-sparteine undergo smoothly intramolecular conjugate
addition reactions to dienes and enynes in high yields. © 1999 Elsevier Science Ltd. All rights reserved.

The addition of a carbon-metal bond to a carbon-carbon multiple bond has become an important tool for the
formation of new carbon-carbon bonds particularly when controlling the relative and absolute configuration of
the formed products.] In this context, the enantioselective intermolecular® as well as intramolecular™
carbolithiation of carbon-carbon multiple bonds has attracted considerable attention in recent years. We have
accomplished the first enantioselective intramolecular carbolithiation of alkenes™ by the fusion of the concepts
of the intramolecular carbolithiation'” and the asymmetric deprotonation®. Additionally, the efficiency of this
method was demonstrated with the extension to alkynes of type 2 in which a bulky substituent X in the
propargylic position prevents the abstraction of the remaining propargylic proton by the chiral base s-BuLi/
(~)-sparteine (s-BuLi/1) (Scheme 1).*°

dr =95:5->955, E/Z =>955, .
2, er =95:5->99:1, X = NBn, OTr, OTBDPS 70-99 % 1:(-)-sparteine

a) 1.5 equiv. s-BuLi/1, Et,0, -78 °C, 18-22 h; b) 2.0 equiv. MeOH, -78 °C — rt.
Scheme 1

In this paper we wish to report the stereoselective intramolecular conjugate addition of a chiral a-oxyalkyl-
lithium, generated by the asymmetric deprotonation, to dienes and enynes, respectively; similar systems were
investigated by Normant's and Cooke’s groups in an achiral fashion.”

The dienes (SEZ,7E)-3 and (SE/7E)-3 were chosen as model systems taking advantage of an allylic
substituent which has proven to suppress the abstraction of acidified protons.3b Compounds 3 were prepared
starting form the aldehyde 4 derived from (S)-glutamic acid. The diene moiety was introduced either by a
Wittig® (4>(SEZ/TE)-5) or a Horner-Emmons® reaction (4—>(5E/7E)-5) with the corresponding cinnamyl
derivatives (Scheme 2).
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(SET1E)-S, S(E/Z) =955 (5E/TE)-3, er =>9911,
S(E/Z) =955, 1(E/Z) = >95:5

a) 2.0 equiv. (E)-cinnamyltriphenylphosphonium chloride, 1.85 equiv. KOt-Bu, Et,0, —18 °C — rt, 84 %; b) 2.0 equiv. (E)-

diethyl cinnamylphosphonate, 1.85 equiv. LDA, THF, -78 °C — rt, 98 %; c) 3.0 equiv. TBAF, THF, 1t, S(EZ/7E)-4: 88 %,

5(E/7E)-4: quant.; d) 1.2 equiv. CbyCl, 1.3 equiv. NaH, THF, reflux, S(EZ/7E)-4: 65 %, S(E/TE)-4: 63 %.'®

Scheme 2

When the cyclization precursor (SEZ/7E)-3 was treated with s-BuLi/1 in Et;0 at —78 °C the desired 5-exo-
trig ring closure proceeded via the intermediate n’-lithiumallyl complex 61 yielding after protonation with
MeOH the regioisomeric products 7 and 8 in a ratio of 66:34 (Scheme 3, Table 1, entry 1). In order to check the
influence of the proton source on the product distribution AcOH (IM in Et;0) was used instead of MeOH;
although methoxide is a by far stronger base than acetate there was no significant change observed (Table 1,
entry 2).
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a) 1.5 equiv. s-BuLi/1, Et,0, -78 °C, 21-23 h; b) 1.5 equiv. ROH, -78 °C —» rt.
Scheme 3
The cyclization of (SE/7E)-3 with two stereodefined double bonds afforded the products 7 and 8 in a ratio of
68:32 (Table 1, entry 3). This confirmed our findings that the configuration of a double bond in the 5-position
has no effect on the stereochemistry of the cyclization product.>® The fact that 7 and 8 are formed E-selectively
suggests that 61 exists as an exo,exo-n’-allyl complex.'!
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Table 1: Stereoselective Cyclization of the Precursors (SEZ/7E)-3 and (SE/7E)-3'%

entry diene® reaction proton source  E/Z ratio” of E/Zratio® of ratio of regioisomers®
time ROH 7 8 7:8
1 (5EZ/TE)-3 20 MeOH >95:5 >95:5 64:36
2 (5EZ/TE)-3 21 AcOH® >95:5 >95:5 69:31
3 (5E/TE)-3 23 MeOH >95:5 >95:5 68:32

"The £/Z ratios and the ratio of regioisomers, respectively, were determined by "H NMR spectroscopy; ®1 M in Et,0.

These promising results with the cyclization of the functionalized dienes 3 prompted us to synthesize the
corresponding enyne 9. By applying a Cr(ID)-"? and Pd(II)/Cu(l)-mediated'? reaction sequence to the a-chiral
aldehyde 4°° which is transformed into the vinyl iodide and then cross-coupled with phenylacetylene following
the Sonogashira protocol the enyne 10 could be isolated with excellent E-selectivity and in high yield (4—10)

(Scheme 4).
Ph Ph
BN, A~ & BnoN., S~ &
4, ab ' ed !
er=>99:1 — ™
OTBDMS OCby

10, E/Z=>955 9, er =>99:1, E/IZ =>955

a) 6.0 equiv. CrCl,, 2.0 equiv. CHI;, THF, 0 °C - 1t, 79 %; b) 1.0 equiv. phenylacetylene, 1.0

mol% (PPh;),PdCl,, 0.5 mol% Cul, E;:N, rt, 88 %; c) 3.0 equiv. TBAF, THF, rt, 98 %; d) 1.2

equiv. CbyCl, 1.3 equiv. NaH, THF, reflux, 71 %.100

Scheme 4
Analogously, we examined the cyclization behaviour of the enyne 9 which upon treatment with s-Buli in

the presence of 1 cleanly cyclized to an intermediate allenyllithium 11-1. However, quenching with MeOH(D)
gave a mixture of two diastereomeric allenes 12'% in high yield (Scheme 5); the metallotropic equilibrium of
the propargylic and the allenylic lithium species 11¢1 is strongly in favour of the latter. This corresponds to an
intramolecular 1,4-addition of a chiral carbanionic pair to an enyne functionality.

Ph /Q\
Z BN ocey | BnoN” % “OChy

anN”f/,S x a g H
Ph Ph
OCby )
9, er =>99:1, E/Z = >95:5 Li-1 H(D)
111 12, 80 %

two diastereomeric allenes, 70:30
a) 1.5 equiv. s-BuLi/1, Et,0, =78 °C, 21 h; b) 2.0 equiv.MeOH(D), -78 °C -» rt.
Scheme 5

In summary, as in the case of alkynes the introduction of a sterically demanding substituent in the allylic
position of conjugated systems such as dienes and enynes prevents the abstraction of the remaining allylic
proton. Thus, carbamates containing a diene or enyne in the 5-position can be efficiently cyclized with
stereoselective control of the substitution pattern of the formed carbocycles. This represents a further extension
to the stereoselective intramolecular carbolithiation of alkenes® and alkynes3b which was developed in our
laboratories recently.
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