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Metallated 2-alkenyl carbamates: chiral 
homoenolate reagents for asymmetric synthesis 
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Abstract - Nonracemic chiral 1-lithio-2-alkenyl carbamates are generated by stereospecific 
deprotonation of optically active 2-alkenyl carbamates, by kinetic resolution with 
sec-butyllithium/(-)-sparteine, or by preferential crystallisation of one of the diastereo- 
meric complexes. After stereospecific lithium titanium exchange, the addition reaction to 
aldehydes proceeds with a high degree of chirality transfer to yield diastereomerically 
pure, enantiomerically enriched 4-hydroxy-1-alkenyl carbamates. Some simple trans- 
formations giving rapid access to methyl furanosides of methyl-branched 3,6-dideoxy 
aldohexoses, 4-butanolides and 3-acyl-tetrahydrofuranes are discussed. New reagents for 
asymmetric nucleophilic alkenoylation (substrate-controlled) or a-(hydroxy)alkylation 
(reagent-controlled) are introduced. 

INTRODUCTION 

a-Metallated 2-alkenyl NJ-diisopropylcarbamates, introduced by us in 1980 (refs. 1-3), were recognized to be 
valuable homoenolate equivalents. In particular, after exchange of the lithium ion for titanium [TL3 = 
Ti(OiPr), or Ti(NEt&] (ref. 4), the carbonyl addition proceeds with high regio- and diastereoselectivity (ref.5). 
Mercuric acetate catalyzed methanolysis affords y-lactol ethers, which are oxidized to yield racemic 
3,4-trans-butanolides (ref. 5) .  The sequence is outlined in Scheme I for a typical "homoaldol reaction", starting 
with the (Q-Zbutenyl carbamate. 
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The racemic titanium (6-2-butenyl reagent (L = NEt, or OiPr) adds to (S)-2-benzyloxypropanal to give both 
(2)-anti-diastereomers with essentially equal amounts (refs. 6-7), but the ratio is changed by double stereo- 
differentiation (ref. 8-9 ) when using the racemic pair of reagents (Scheme 2). From this, it is deduced that the 
enantiomerization of the titanium compound is a slow reaction (ref. 8). 

1999 



2000 D. HOPPE et a/. 

Scheme 2 
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The addition of the carbonyl compound proceeds via a highly ordered chair-like transition state (ref. lo), in 
which the configuration of the metallo-substituted stereogenic a-carbon atom determines the absolute 
configuration of the newly created stereocenters (Scheme 3). Even, when R represents a chiral residue and, 
thus, the transition states are diastereomorphous, this fact holds, meaning that a-titanated 2-alkenyl carbamates 
exhibit a high degree of reagent-controlled stereoselectivity (ref. 11). 
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CONFIGURATIONALLY STABLE CHIRAL 1 -METALLO-2-ALKENYL 
CARBAMATES 

To our great surprise, the (S)-3-penten-2-yl carbamate could be deprotonated without loss of the chxal infor- 
mation (Scheme 4) (ref. 12). Addition of the lithium compound to 2-methylpropanal furnishes the enantio- 
merically enriched dextrorotatory 4-hydroxy-1-alkenyl carbamate with low simple diastereoselectivity. It is 
solely obtained after metal exchange with tetra(isopropoxy)titanium (ref. 13). In contrary, after addition of 
chloro-tris(diethylarnino)titanium, the opposite enantiomer is formed, indicating that the delithiotitanation with 
both reagents takes different stereochemical courses (Scheme 4) (ref. 13). To our best knowledge, the lithium 
derivatives of secondary carbamates are the first, and up to now, the sole known type of chiral alkali-metal 
allylic compounds which exhibit preparatively useful configurational stability. The stereochemical divergence 
of the metal exchange and the high degree of reagent-controlled stereoselectivity was also demonstrated by the 
reaction with protected (8- and (R)-2-oxypropanals (ref. 13). 
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Scheme 4 
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Enantiomerically enriched secondary (S)-l-lithio-2-alkenyl carbamates are also formed by enantio- 
mer-differentiating deprotonation by the sec-butyllithiuml(-)-sparteine complex as shown in Scheme 5 for the 
kinetic resolution of the 3-penten-2-yl derivative (ref. 14-15). The (S)carbamate is lithiated rapidly and was 
trapped by methoxycarbonylation; the (R)-enantiomer was recovered unchanged. 

Scheme 5 
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Stannylation of the sparteine complex (ref. 14) (or of the lithium derivatives shown in Scheme 4 )  (refs. 16-17) 
proceeds y-selectively and stereospecifically in two competing syn-SE2'-substitution reactions giving rise to a 
mixture of the (Sa- and the (R,E)-diastereomer (Scheme 6). The stannanes are useful stable chiral 
homoenolate reagents, which develop their reactivity under the influence of Lewis acid (ref. 16). In their 
reaction with chiral or prochiral aldehydes, the same addition products otherwise obtained after 
tetra(isopropoxy)titanium exchange from the lithium compound, are formed with high enantiomeric excess. 
Obviously, the stereo-convergence arises from the stereospecific formation of a stereo-homogeneous 
a-trichloro-titanium intermediate in a second syn-SE2' process (ref. 18). 
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When the deprotonation of the prochiral (E)-butenyl carbamate is carried out with sec-butyl- 
lithium/(-)-sparteine, after lithium titanium exchange, the reaction with aldehydes affords the homoaldol 
products with 80 - 90% ee (Scheme 7) (ref. 19). It has been shown that not an enantiotopos-differentiating 
deprotonation is the origin of enantioselectivity, but a second-order asymmetric transformation. It is caused by 
preferential crystallization of one of the diastereomeric sparteine complexes which interconvert in solution. 

Scheme 7 
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SYNTHETIC APPLICATIONS 

The hydroxyl-directed epoxidation (ref. 20) of the enol carbamates proceeds highly stereoselectively 
(Scheme 8 )  (refs. 21-22). Acid-catalyzed methanolysis of the epoxides under kinetic control affords the thermo- 
dynamically less stable anomem of the methyl furanosides (ref. 13). Inversion of the free 2-hydroxy group 
leads with few steps to key intermediates (ref. 23) of the Kinoshitu (ref. 24) Rfamycin S synthesis. 
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Homochiral trans-y-lactones, obtained by the homoaldol route, are further substituted highly diastereoselecti- 
vely by means of enolate methodology, as shown in Scheme 9 (ref. 25). 

Scheme 9 

Altogether, a very versatile “brick-box system” is offered for the construction of 2,3,4-truns,rruns-trisubstituted 
butanolides only in four steps (Scheme 10). 

The 1-alkenyl carbamates bear an enol moity of low reactivity. It can be utilized in intramolecular addition 
reactions via carbenium ion intermediates. The reaction with aldehydes, ketones, or their acetals under boron 
trifluoride catalysis proceeds smoothly, yielding diastereomerically pure cis,trans,truns-3-acyl-tetr~y~~ 
furans (Scheme 11) (ref. 26). The stereochemical outcome is best explained by the cyclization of an (E)-oxo- 
nium ion via the least sterically crowded transition state. 
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Scheme 12 shows some poly-substituted tetrahydrofurans which were obtained by only two reaction steps 
(refs. 26-27). Here, in the coupled sequence of homoaldol reaction and Mukaiyumu-type aldol addition, the 
1-iithio-2-alkenyl carbamate serves for an equivalent of a chiral a,penediolate. 
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91% 02 Yo 71 % 

61 YO 

NUCLEOPHILIC ALKENOYLATION 

1-Metallated 2-alkenyl carbamates, since these are chiral compounds, exhibit a high degree of 
reagent-controlled stereoselectivity (refs. 9, 11). Sometimes, the reverse, an asymmetric induction by the c h i d  
substrate onto a prochiral carbanion is desired. We found that the introduction of an electron-withdrawing 
p-toluenesulfonyl group to the 1-lithio-2-alkenyl carbamate causes the necessary configurational lability 
(Scheme 13) (ref. 28). The close contact of the lithium cation to the a-carbon atom is lost and, as a 
consequence, a-selective carbonyl addition takes place. Migration of the carbamoyl group and elimination of 
lithium p-toluenesulfinate fumishs 2-alkenones. After an irreversible lithium titanium exchange, again, the 
usual y-selectivity is observed. 
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The nucleophilic alkenoylation of enantiomerically pure aldehydes proceeds with >98% ds (ref. 28b). Some 
examples are collected in Scheme 14. 
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CONCLUSIONS AND OUTLOOK 

Final Scheme 15 gives a glimpse of very recent exciting developments in a-metallo-carbamate chemistry. 
When applying a carbamoyl residue, derived from a cyclohexane-spiro-l,3-oxazolidine (ref. 29), which in 
addition, is later more facile split off than the Nfl-diisopropylcarbamoyl group, "non-activated" ally1 
carbamates are readily deprotonated. The application of the sec-butyllithium/(-)-sparteine complex achieves an 
efficient enantiotopos-differentiation to form the configurationally stable lithium (S)-a-oxyalkanides (ref. 30). 
Methylation and, as well, carboxylation, or stannylation proceeds with >95% ee (ref. 30). It seems that these 
are general reactions, because the high enantioselectivity holds for all alkyl carbamates (investigated so far 
heptyl - as shown in the scheme -, ethyl, butyl, isobutyl ester) (ref. 30). Meanwhile, configurational stability 
was also detected for certain lithiated 2-alkynyl (ref. 31), benzyl (ref. 32), allenyl (ref. 33), and cyclopropyl 
(ref. 34) carbamates (ref. 35). Altogether, these novel chiral carbanionic synthons permit the development of 
new strategies in asymmetric synthesis. 
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