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Abstract: ?be non-racmnic metanated complex derived from ~~~yl(rl6-,isole)chrornium 1, formed ushrg the 

homochiral lithium amide base 2, undergoes rapid racemisation by intermolecular proton transfer if the neutral 

chromium amplex is pment, this mblem being zuinimi& if the dcpmmmh is conduaed in the preseme of LXX 

We recently reported a novel method for the asymmetric synthesis of ~c~bonyl(~~-~ene)~hromium 

complexes, which involves asymmetric deprotonation of a monosubstltuted complex by a homochiral lithium 

amide base, Scheme 1.1 
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Best results were obtained by treatment of the anisole compiex I with the base 2 in the presence of Me$iCl 

(in situ quench conditions - Me@iCl-IX& which resulted in the formation of the desired ottko-silylated 

complex 3 in 83% yield and 84 % ee. Two aspects of thii study wem initially puzzling. Firstly, the Me@iCl- 

ISQ procedure gave optimal asymmetric induction, whereas external quenching (EQ) with Me$XV!l gave 

product 3 with an ee which decreased on increasing the metallation time allowed (see below). Secondly, 

although the Me3SiC.l~EQ protocol gave non-racemic product in good chemical yield (albeit of reduced ee), 

the use of other electiphiles under identical conditions gave very low yields of racemic products. 
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In this paper we clarify the origins of these effects, and in particular it is shown that: (i) the non-racemic 

lithium derivative of 1 is conflgurationally stable in the absence of proton donors; (ii) asymmetric metallation 

of 1 under the previously described EQ conditions is undermined by a rapid racemisation process involving 

proton transfer between 1 and Li-1; (iii) modified EQ conditions allow the use of electrophiles other than 

Me3SiCl in this chemistry with good levels of asymmetric induction; (iv) the more rapid rates of reactions 

involving Me$GiCl, compared to other electrophiles, is due to an acceleration caused by the liberation of LiCl 

as the electrophilic quench proceeds. 

Since chirai base reactions involving MesSiCl under either EQ or ISQ conditions gave good yields of 

product 3 after a reaction period of 5 minutes at -78oC. we wem perplexed by the very low yields of adducts 

(ca. 10%) with electrophiles such as PhCHO under the same conditions. A deuteration study (Fig. 1) showed 

that the metallation of 1 by base 2 is rather slow, requiring about three hours to reach completion, this 

making the high yields obtained after 5 minutes using Me$iCl seemingly anomalous. 

A possible cause of this effect was thought to be 

the LiCl which is liberated on reaction of the 

metallated complex with Me$iCl, and which 

could then affect the rate of deprotonation. To 

test this idea we carried out deuteration 

experiments in the presence of added LiCl(0.5 

equiv.), and found that merallation is contplete 

within only one minute.2 The high yields 

obtained only with Me$GCl as electrophile can 

therefore be rationalised, since the LiCl 
o*. , ., 

0 100 2611 t, ttm ZEX, generated on reaction with Li-1 allows 
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subsequent rapid completion of the metallation 

(effectively under ISQ conditions), possibly due to the formation of a more reactive mixed lithium 

amide-lithium chloride aggregate. 

Figure 2 shows the variation in the ee of (+)-3 obtained under traditional EQ-type conditions, with 

increasing metallation time (i.e. time before addition of MegSiCl). With knowledge of the metallation rates 

from Fig. 1 an explanation for the trend shown in Fig. 2 presented itself - namely, that in the absence of an 

in situ quench an equilibration process was eroding the enantiomeric excess of Li-1.3 A typical result in Fig. 

2, say the ca. 45 96 ee result achieved using Me$iCl-EQ after 100 minutes, therefore represents an initial 

100 minute period of slow rnet~~tion (no salt present) in which racemisation occurs, due to the absence of 

an electrophile, followed by a second period of rapid metallation and in situ quench after addition of 

Me@iCl. Clearly, the shorter the initial period allowed befon: addition of MerjSiCl the more the overall 
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reaction approximates an in situ quench. The low yields of racemic product obtained using PhCHO as 

electrophile could now be fully understood. 

We next decided to probe the nature of the equilibration process involving Li-1, which in our asymmetric 

reactions results in racemisation under EQ conditions. Reaction of a sample of (+)-3 of 82% ee as shown in 

Scheme 2 allowed the preparation of the stannyl derivative (-)-4 without loss of stereochemical integrity.4 
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Addition of a sample of (-)-4 to a solution of nBuLi in THF at -78°C resulted in rapid transmetallation 

(monitored by TLC) to give the intermediate lithiated complex. After one hour at -78°C the mixture was 

quenched by addition of Me3SiCl to give (-)3 with an optical rotation equal and opposite to that of the 

sample of (+)-3 used to make the tin derivative (-)-4. This shows that under these conditions the intermediate 

Li-1 is configurationally stable. However, in similar reactions we added the neutral complex I (0.5 equiv.) to 

the intermediate Li-1, generated from (-)-4 as described above, and found that subsequent quenching with 

Me3SiCl after only five minutes gave racemic product 3. These experiments clearly reveal the source of the 

racemisation process seen in the chiial base reactions under EQ conditions, which can be seen to involve 

non-stereoselective proton transfer between 1 and Li-1.5 

Finally, we have used the above Endings to &vise modified deprotonation conditions which allow direct 

asymmetric transformation of complex 1 by use of electrophiles other than Me@iCl under EQ-type 

conditions, Scheme 3.6 
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We reasoned that the racemisation process would be less likely if rapid metallation could be achieved on 

mixing 1 and base 2, so that no (or little) free neutral 1 was available for proton transfer. This was achieved 

by gradual addition (syringe pump 15 tin) of the complex 1 to an excess of 2 (3.3 equiv.) in the presence of 

LiCl (1.5 equiv.). Under these conditions we found that quenching the reaction mixture with PhCHO or 
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cyclohexanecarboxaldehyde gave the expected products 5 and 6. as mixtures of diasteteomers, with levels of 

ce approaching those available under ISQ conditions, Scheme 3. 

The findings described here shed new light on the equilibration processes available to metallated 

tricarbonyl(qe-arene)chromium complexes, and broaden the utility of our chiral base approach to these 

intermediites in non-racemic form.’ 
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