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Abstract: 1 ,&Addition reactions of organocuprates to 5-alkynylidene-1,3-dioxan-4-ones l-4 and regio- 

selective protonation with pivalic acid furnished allenic dioxanones 5-12 with diastereoselectivities of up 

to 94:6. Adduct 5alb (ds = 80:20) was converted into chiral non-racemic vinylallene 13 (60% ee). 

In modern Organic Chemistry a large number of methods is available for the stereoselective synthesis of 

molecules bearing centers of chirality. In contrast to this, the number of schemes for the preparation of 

compounds with axial chirality, e.g. allenes, is rather limited. Chiral, non-racemic allenes are usually 

synthesized by [2,3] sigmatropic rearrangements of derivatives of chiral propargylic alcohols[t.*]; 

however, due to the often difficult accessibility of the latter, this method is not generally applicable. In 

connection with our studies on the 1,6-addition of organocuprates to acceptor-substituted enynes and 

trapping reactions of the allenyl enolates thus formedfs], we sought to use this new method to open an 

access to functionalized chiral, non-racemic allenes. 

Since our attempts to employ enantioselective 1,6-addition reactions of cuprates RCu(L’)Li bearing 

chiral ligands L’f41 to 2-en-4-ynoates failedfs], we concentrated our efforts on diastereoselective 1,6- 

additions of achiral homo- or cyanocuprates to chiral acceptor-substituted enynes. In these experiments, 

acyclic enynes with chiral substituents at different positions of the molecule gave only unsatisfactory 

diastereoselectivities of up to 2:l fsl; thus, it seems to be necessary to limit the degrees of freedom by 

using cyclic Michael acceptors. This finding and reports of highly diastereoselective 1 ,Caddition reac- 

tions of cuprates to chiral 5alkylidene-l,3-dioxan-4-one@] prompted us to examine diastereosefective 

1 ,Saddition reactions of cuprates to 5-alkynylidene-6-methyl-2-(1 ,I -dimethylethyl)-I ,3-dioxan-4-ones 

l-4 which were obtained from 6-methylQ-(1 ,l -dimethylethyl)-1,3-dioxan-4-onefsJ]. The 1 ,&addition of 

lithium dimethylcuprate (MenCuLi - Lil) or lithium di-t-butylcyanocuprate (t-Bu&u(CN)Lis) to 1-4 and 

regioselective protonation with pivalic acidfsW1 furnished allenic dioxanones 5-12 (see Table)fsl. 
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t-Bu 

I 
1. Me2CuLi - Lil or 

t-Bu2Cu(CN)Li2, Et20, -2O’C 

2. t-BuC02H, Et20, -8O’C 

t-Bu t-Bu t-Bu t-Bu 

R~o~~o~~o~~o 

a b C d 

5-12 

Enyne R 1 R8 Allene a:b:c:d@ Yield (%) 

1 t-Bu Me 5 87:17:8:8 78 

1 t-Bu t-Bu 8 >98:<2 68 

2 MesSi Me 7 89:17:7:7 47 

2 MesSi t-Bu 8 94:8:0:0 47 

3b) n-Bu Me 9 28:52:15:5 36 

3b) n-Bu FBU 10 46 : 54 : 0 : W) 56 

4 H Me 11 45 : 55 : traces 53 

4 H t-Bu 12 63 : 37 : traces 30 

al Determined by integration of the signals for 2-H in the 1H NMR spectra of the crude products. 

b) Racemate. 

C) Protonation with 2N sulfuric acid. 
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The diastereoselectivities of the 1,6-addition and of the protonation depend on the steric properties of the 

enyne and the cuprate. Thus, reaction of 1 with Me2CuLi - Lil and pivalic acid provided allene 5 as a 

67:17:6:6 mixture of diastereomers; after chromatography, a mixture of the major isomers Sa/blal (ds = 

60:20) was obtained. The coupling constant J5.e = 9.7 Hz shows that both diastereomers possess a trans 

configuration at the dioxanone ring. By determination of the X-ray structure of the analogous adduct 

bearing a methyl group at C-5 (obtained from 1 with MesCuLi - Lil and MeOTf; ds = 7030; 75% yieldfsl) 

and comparison of the NMR data it could be established that the major diastereomer of 5 has a 

(2R,5R,6fWS) configuration (structure 5a), i.e. the attack of the cuprate is controlled by the methyl group 

at C-6 of the dioxanone ring and takes place preferably from the less hindered bottom side. Reaction of 1 

with t-BusCu(CN)Lis and pivalic acid furnished adduct 6a as only product, i.e. in this case the protona- 

tion occurs with complete regio- and stereoselectivity. Similarly, the trimethylsilyl-substituted enyne 2 

reacted with lithium dimethylcuprate to give allene 7 as a 69:17:7:7 mixture of isomers; with lithium 

di-t-butylcyanocuprate, a high degree of diastereoselection (94:6) could be reached. 

In contrast to this, 1,6-addition reactions of cuprates to enynes 3 and 4 bearing an n-butyl group or a 

hydrogen atom at C-3’ proceeded less selectively, furnishing adducts 9-12 (see Table). Interestingly, the 

NMR data seem to indicate that for allenes 9-11 isomer b is the major product, i.e. attack of the cuprate 

from the upper side of the dioxanone ring is prevailing. Another surprising finding was made when the 

protonating agent was changed: it was found that rhe configuration of the allene moiety is not esta- 

blished in the 1,6-addition reaction, but is also dependent on the protonating agent. Thus, reaction of 

enyne 1 with MesCuLi - Lil and 2N sulfuric acid furnished allene 5a/b as a 44:56 mixture of diastereo- 

mers; protonation with water gave a ratio of 31:69fsl! This shift in diastereoselectivity is not caused by an 

isomerization taking place after workup; treatment of an 80:20 mixture of 5a/b with 2N sulfuric acid did 

not induce a change of this ratio (at longer reaction times the acetal moiety is cleaved)fs). A mechanistic 

rationalization for these observations has to await investigations of the structure of allenyl enolates. 

Allenic dioxanones of type 5-12 can serve a8 precursors for chiral, non-racemic vinylallenes which are 

of interest as dienes for Diels-Alder reaction#). For example, acid catalyzed hydrolysis of 5aIb (ds = 

80:20) and esterification provided the corresponding allenic j3-hydroxyester; this was converted into 

acceptor-substituted vinylallene 13 by mesylation and mesylate elimation with DBU (the latter takes 

place stereoselectively as syn-elimination to give the E-isomer exclusively). Vinylallene 13Pl was 

obtained with 45% overall yield and 60% 88, i.e. the stereochemical information of the allene moiety 

gained in the 1,6-addition reaction is preserved in this conversion. Further work concerning the 

mechanism and synthetic applications of diastereoselective 1.6~addition reactions is in progress. 
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5a/b (ds=80:20) 
1. EtOH, H+ 

2. MSCI t-Bu 

3. DBU Z 
r 

13 

60% ee (45% Yield) 
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5&b (80:20): colorless Crystals, m.p. 67-68X. 1 H NMR (*: major isomer): 8 = 0.97 (s, 9H, 2-(CHs)s), 

1.05/l .07* (2s 9H, 3’-C(CH3)3), 1.36/l .37’ (2d, 3H, 2xJ = 6.1 HZ, 6-CH3), 1.71*/l .72 (2d, 3H, 2xJ = 

2.9 Hz, 3’-CH3), 2.91’12.91 (2dd, lH, J = 6.9i9.7 Hz [5a]/6.3/9.7 Hz [5b], 5-H), 3.83*/3.86 (2 dq, IH, 

2xJ = 9.7/6.1 Hz, 6-H), 4.91/4.92’ (2s lH, 2-H), 5.22’/5.34 (2dq, IH, J = 6.9/2.9 Hz [5a] /6.3/2.9 Hz 

[5b], 1 I-H). 

13: colorless oil; [a]o = -33.0 (c = 1.04, EtOH), 60% ee (by IH NMR spectroscpoy with Eu(hfc)s). 

‘H NMR: 6 = 1.05 (s, 9H, C(CH3)3), 1.29 (t, 3H, J = 7.1 Hz, OCHsC&), 1.74 (d, 3H, J = 3.0 Hz, 

5CH3), 1.88 (d, 3H, J = 7.3 Hz, 2-H), 4.20 (q, 2H, J = 7.1 Hz, OCHs), 6.04 (q, IH, J = 3.0 Hz, 3-H). 

6.79 (q, 1 H. J = 7.3 Hz, 1 I-H). 
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