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Summary: Depending upon structure and reaction conditions, a,B-unsaturated acetals and ketals 
react with organolithium reagents in pentane by addition, substitution, or proton abstraction. 

Grignard reagents react with a,B-unsaturated acetals and ketals at high temperature 

(SO"-100°C) affording mixtures of vinylic (pathway a) and allylic ethers (pathway b)'. 

Inclusion of copper bromide2 or titanium tetrachloride3 allows the selective formation of 

vinylic (1,4-addition) or allylic (1,2-addition) products, respectively. 
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In contrast to Grignard reagents, reaction of a,B-unsaturated acetals and ketals with 

lithium reagents has not been well studied. Exceptions are a brief report of addition 
4 

to 

acrolein acetal (pathway b) and its deprotonation5 (pathway c). Because of our current 

interest 
6 

in the preparation of synthetically useful enol ethers7, we report herein our 

studies on the reactivity of representative organolithium reagents with a,B-unsaturated 

acetals and ketals in pentane. 

At room temperature, B-unsubstituted ketal or acetals (Table I, entries 1-3) and 

trans-monosubstituted acetals (entry 4) react with a variety of organolithiums via pathway a to 

give exclusively 1,4-addition products in high yield. The smooth addition of the bulky tBu 

group is particularly noteworthy. The high trans stereoselectivity (>VO%) with diethyl acetals 

(entries 2 and 4) complements the cis predominance observed by Normant et al 
2 

using RMgX/CuBr. 

For dioxolanes, the trans selectivity is lower (entry 1). Hydrolysis of the acetal addition 

products furnishes 3-substituted aldehydes which are otherwise difficult to prepare by cuprate 

addition to the corresponding a,B-unsaturated aldehyde because of competitive 1,2-addition. 

f3-Disubstituted acetals (entries 5 and 6) give no evidence of addition and instead undergo 

apparent regiospecific elimination to 1,4-dienes (pathway d), possibly assisted by chelation of 

the organolithium with the acetal oxygens. Entry 7 shows that a B-cis-monosubstituted acetal is - 

much less reactive than the trans isomer (cf. entry 4) and affords a mixture of 1,4-addition and 

elimination products. Cyclic ketals are also unreactive and behave much like their saturated 
8 

analogues , probably as a consequence of diminished interaction between the ethylene n bond 

and the C-O bonds. The dioxolane in entry 8 reacts by fragmentation of the ketal leading to the 

lithium enolate of acetaldehyde and cyclohexenone which then adds alkyllithium (pathway e). 

The delicate balance of these reactions can be seen in the case of B-phenyl substituted 

a,B-unsaturated systems (entries 9 and 10) which favor addition at the a-carbon (pathway f). 

Similar reactions have been described for styrene systems in which the phenyl can satisfy the 

resultant negative charge at the benzylic position. 

In summary, reaction of a,B-ethylenic acetals and ketals can lead to several types of 

products depending upon structure and reaction conditions (Scheme I). The order of reactivity of 

organolithium reagents toward unsaturated acetals and ketals is tBu > nBu > Ph. 
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TABLE 1. Reaction of RLi with u,B-unsaturated Acetals and Ketals in Pentane. 
Time, Temp. Yield E/Z 

Entry Substrate RLi Equiv h ‘C Product % or A/B 

t 

1 

0 3 
Bu 1.1 1 rt n 90 76124 

0 OH 

6 0 nB~ 1.1 1 rt d 90 78/22 

Ph 1.1 3 rt R’ 80 52148 

tBu 1.3 1 rt OEt 80 92/8 
Et0 OEt 

2 Y nBu 1.3 1 rt / 85 92/8 
R 

Ph 1.3 3 rt 87 go/10 

n tBu 1.1 10 rt r-l 0 on 83 

0 0 
3 M nBu 1.5 10 rt 

R 

P 75 

Ph 1.5 10 rt 68 

Et0 OEI tB~ 1.1 10 rt Off 92 9713 

4 nBu 1.3 10 rt R 75 90/10 

Et0 OEt tBu 1.3 3 -5 
OEt 

80 

5 x nBu 1.5 1 35 A / 50 

I - 

Ph 1.3 1 35 30 

tBu 2 3 0 OEt 85 

nBu 1 1 35 4 70 
lIti/\ 

OEt 
OEt 

Et0 

Y 

tBu 2 
OEt 

3 0 4 70 70/30 

7 
A 

4 

./c, ?, 
W-k nBu 2 12 rt RA GH,, 6 10 10/90 

8 
n 
0 0 tBu 2.3 3 0 

nBu 2.3 10 rt 

“6 .ro”” ;: 71;; 

A B 

9 

Et0 

Y 

OEt 

Ph 

tB~ 1.5 2 rt Et0 OEt 85 

“Bu 1.5 2 rt 60 

Ph 1.5 10 rt 45 

10 

Et0 OEt 
Et0 OEt 

tBu 1.5 2 rt 85 

Ph 
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