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ABSTRACT: The asymmetric deprotonation of 4-tert-butylcyclohexanone using chiral lithium amide bases 

gives derived silyl enol ether products in up to 88% ee. 

We recently described the first examples of asymmetric deprotonation reactions in which a prochiral ketone 
(cis-2,6-dimethylcyclohexanone) is converted directly to chiral products, including silyl enol ethers and C- 
alkylated ketones.1 Since that report other significant developments have appeared in this new area of 
asymmetric synthesis;2 perhaps the most successful and important of these being the report from Koga’s group 
concerning the asymmetic deprotonation of 4-terr-butylcyclohexanone, using chiral bases having additional 
ligation sites. The best result was obtained using the base (1) in the presence of Me$iCl, at -lOS’C, to give the 
silyl enol ether (2) in 51% yield and 97% ee, Scheme 1.3 
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Scheme 1 

The ee and absolute configuration of the product were established by subsequent conversion through to the 
ketone (4). 
We describe here our independent results concerning the deprotonation of 4-terr-butylcyclohexanone, which 
show that simple chiral bases (i.e. m having additional chelating heteroatom groups) are also highly effective 
for this asymmetric transformation. We have also converted optically active (2) into a variety of chiral products 
in order to illustrate the versatility of the method for the preparation of chiral building blocks, and also to 
unambiguously establish the ee in the initial deprotonation. 
Thus when 4-rert-butylcyclohexanone was converted to the silyl enol ether (2) under our standard conditions 
using chit-al bases (5) - (9) the results in the table were obtained.4 
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0 
chid base, MqSiCl 

temp OC 

-18 

-78 

-90 

(s) -(-)-(21 (O(+)-(2) 

yield % [aIn” [U13SS0 IX% 

82 -44.9 - (57) 

80 -36.2 -116 45a 

81 -51.0 - (65) 

-78 71 -42.9 -133.9 51” 

-78 73 -54.4 -171.5 (69) 

-90 66 -69.2 -218.6 88b 

-78 80 -16.1 - (20) 

-78 75 -23.5 -67.9 (27) 

a - by conversion IO (4). see ref. 5. 

b - by conversion to (ll), see text. 
( )- by comparison with rotation data. All 

rotations in CHCI, (c, 1.5 - 1.7) at 20 - 21°C 

Table 

Several important features of the results are worth noting. Firstly, all of the bases nied gave predominantly (S)- 
(-)-(2) in good yield. Results with some bases, e.g. (5), were more variable than in our previous experiments 
with cis-2,6dimethylcyclohexanone, and sensitive to minor variation in the reaction temperature. The camphor 
derived bases which had proved quite successful in our previous work gave rather disappointing results,” whilst 
the base (7) gave material of high optical purity. On carrying out the conversion of two of our samples of (2) to 
(4) we obtained estimates of their ee as shown in the table.5 By extrapolation using this correlation our best 
result represented about 85% ee. Note that our results are somewhat in conflict with the previous report,3 in that 
the measured optical rotation of our product ([u]a~s~~ -218X+‘, c, 1.5, CHCl3) is higher thnn any obtained 
earlier, but the ee is apparently lower.7 In view of this problem we decided to prepare other products which 
would allow confirmation of our initial results. 
Firstly (2) was oxidised using mCPBA to the a-hydroxyketone (10) (as a 1O:l mixture of isomers), the ee of 
which was determined by conversion to the corresponding MTPA ester (ll), (>97% yield). Comparison of the 
rH nmr spectrum of this compound with that of a sample prepared using racemic (10) clearly indicated a de of 
88% for this sample of (ll), and therefore an ee of 88% for (2), Scheme 2. 
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Scheme 2 

We next carried out ozonolytic cleavage of the same silyl enol ether, and used an oxidative work-up to obtain the 
known diacid (12), lit. [a]~ +17.2* (c 1, acetone).8 Our optical rotation of this product also indicated 88% 
optical purity, and therefore further reinforces the two previous estimates, Scheme 3. 
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a by mmptison with material yield % [a]~“, c, ‘C eea% yield % [a]~“, c, “C eeb% yield % [alno, c, “C eec% 
of [c&~* -69.2’ (c, 1.5, CHCl$, 84 -12.7. 1.63, 24 16 62 +2.80, 1.03, 22 16 - - 
shown to be 88% ce by Masher 

derivative. rotations in CHC13. 44 -48.8, 1.60, 21 63 60 +11.4, 1.03, 22 66 66 -106.7, 1.06, 21 66 

b by comparison with the liter- 
89 58 

ature rotation of the diacid (12) 
-56.9, 1.55, 24 73 +13.2. 1.00, 24 76 63 -121.5. 1.03, 25 75 

in acctono. 70 -67.2. 1.53, 24 86 60 +15.2. 1.00, 24 88 62 -140.4, 0.93. 2s 87 

E by comparison with the liter- Scheme 3 
atwe rotation of (13) in MeOH. 

As can be seen, other batches of (2) of lower optical purity were also converted to the diacid (12) with entirely 
consistent results. Finally, we were pleased to find that the optically active diacid (12) could be directly 
converted to (S)-3-rert-butylcyclopentanone (13), lit. [a]~ -161.9” (c 0.86, MeOH), by simply heating with 
Ba(OH)z and distilling off the product as it is formed. Again, the optical rotation of the obtained (13) is totally 
consistent with our earlier results. 
The best result from the previous work3 gave (R)-(+)-(2) having [a]36525 +210°, measured in benzene. 
Enantiomeric product (S)-(-)-(2) of lower optical purity ([a]365 -1200) was actually converted to (4), 
establishing an ee of 56%. The ee of other samples of higher optical purity was then presumably determined by 
extrapolation of this result, giving the optimum value of 97% ee. 
By contrast, in our work, we have checked the ee of (2) obtained of highest uprical purity. Estimates of the ee 
of (2) obtained by correlation with (4), (12) and (13), or by formation of the Mosher derivative (ll), match 
within +2-3%. As can be seen from the figures in Scheme 3 correlations at different ee levels also give 
consistent results. 
We believe we have thereby firmly established that the simple lithium amide base (7) gives a higher level of 
asymmetric induction in deprotonations of 4-rert-butylcyclohexanone than the base (l), and that the level of 
induction in the previous work is probably lower than at fist thought. 
The availability of diverse products such as the six-membered ring keto-alcohol (lo), enone (3), five-membered 
ring ketone (13), and the acyclic diacid (12) from a chiral silyl enol ether further indicates the potential 
applications of chiral base chemistry for the preparation of optically active building blocks. The flexibility arises 
from the multitude of reactions available to silyl enol ethers, which are here generated directly in chiral form 
using very cheap and easily prepared secondary amines. 
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