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Enantioselective Deprotonation of 4-Substituted Cyclohexanones by
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Abstract: Chiral chelated lithium amides (2e~h) having a fluorine-containing alkyl group on
amide nitrogen were found to induce high enantioselectivity in kinetic deprotonation of 4-
substituted cyclohexanones (1a~d).

Conversion of a carbonyl compound into the corresponding enolate anion is the most fundamental and
widely used process in synthetic organic chemistry. We have previously reported enantioselective
deprotonation of prochiral 4-substituted cyclohexanones (1a~d) by chiral lithium amides (2, R = alkyl) in the
presence of excess trimethylsilyl chloride (TMSCI) (Corey's internal quench method?2) to isolate the
corresponding chiral enolate anions (3a~d) as their trimethylsilyl enol ethers (4a~d).34 The stereochemical
course of the reaction was found to be as shown below. It is previously shown that 2d exists as a chelated
monomeric form by coordination of the piperidino nitrogen to the lithium in THF in the presence and in the
absence of hexamethylphosphoric triamide (HMPA).3b
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In search of superior chiral lithium amides inducing higher enantioselectivity in the present kinetic
deprotonation reaction, we examined chiral lithium amides (2e~h) having a fluorine-containing alkyl group on
amide nitrogen. The reaction was carried out in THF in the presence of excess TMSCI and in the absence or in
the presence of HMPA.3 Some results are summarized in Table 1.5.6
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Table 1. Deprotonation of 1 by (R)-2 in THF in the Presence of Me; SiCl to give (R)-4

Ketone Lithium amide HMPA Temp. Product
Run 1 R (R)-2 R ¢q) (°C) (R)-4 Chem.y.(%) Opticaly. (%)
1 1la B 2a  CH,CH4 0 78 4a 86 52
2 1a B¢ 2a  CH,CH;, 12 78  4a 93 78
3 1a By 2» CHCH,CH, 0 718 4a 9% 62
4 1a B 2b CH)CH,CH; 12 -78 4a 97 81
5 1la B 2¢  CH(CHy), 0 -78 4a 87 65
6 la B 2 CHCH;), 12 -8 4a 73 75
7 1la B 2d CH,Bu' 0 78 da 93 86
8 1la B¢ 2d  CH,Bu' 12 78 4a 94 84
9 1 Bd 2¢ CH,CH,F 0 -78 4a 85 69
10 1a B 2¢ CH,CH,F 12 -78 4a 67 85
11 1a B 2t CH,CHF, 0 78 da 93 77
12 1la B 2  CH,CHF, 12 78  4a 92 89
13 1la B¢ 2g  CH,CF, 0 -78 d4a 88 84
4 1a B 2g CHLCF, 12 -718 4a 74 87
15 1a B 2h  CH,CF,CF; 0 -718 4a 79 85
16 1a Bu 2h CH,CFCF, 12 18 4a 77 87
17 1la B¢ 2d CH,Bu 12 -100 da 78 89
18 1a Bu 2g CHLCF, 12 -100 d4a 88 93
19 1la Bd 2h  CH,CE,CF, 0 -100 da 77 90
20 1a Bd 2h  CHCFCF; 12 -100 da 84 9
20 b Ph 2g CHLCF, 12 -100 4b 95 93
2 1c Pf 2g CH,CF, 12 -100 4c 92 95
23 1d  Me 2 CH)CF; 12 -100 4d 76 94
2See ref. 5 and 6.

By using chiral lithium amides (2a~d) having no fluorine on the alkyl group, enantioselectivity of the
reaction generally increases as the size of the alkyl group increases in the absence (runs 1,3,5,7) and in the
presence (runs 2,4,6,8) of HMPA, and is higher in the presence of HMPA. It is interesting to note, by using
those chiral lithium amides (2e~h) that have fluorine(s) on the alkyl group, that enantioselectivity of the
reaction increases as the number of the fluorine on the alkyl group increases in the absence of HMPA (runs
9,11,13,15), while it is reasonably higher and almost independent on the number of the fluorine in the presence
of HMPA (runs 10,12,14,16).7 By using (R)-2g at -100°C in THF in the presence of HMPA, 4-substituted
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cyclohexanones (la~d) were converted to the corresponding silyl enol ethers ((R)-4a~d) in good
enantioselectivity irrespective of the bulkiness of the substituent at 4-position in 1 (runs 18,21,22,23). Itis
thus shown that chiral lithium amides (2e~h) having a fluorine-containing ethyl or propyl group on amide
nitrogen are distinctly superior to 2a or 2b having an ethyl or propyl group there.

It is reported® that effective van der Waals radius of fluorine (1.47 A) is larger than that of hydrogen
(1.20 A) but smaller than that of methyl (1.80 A), while that of trifluoromethyl (2.2 A) is larger than that of
methyl but reasonably smaller than that of fert-butyl (3.6 A). In Table 1, it is shown that 2e having a
monofluoroethy! group on amide nitrogen induces higher enantioselectivity than 2b having a propyl group
there (runs 3,4,9,10). It is also shown that 2g having a trifluoroethyl group induces almost the same
enantioselectivity as 2d having a neopentyl group (runs 7,8,13,14). It is thus clear that the superiority of
fluorine-containing lithium amides (2e~h) over the comresponding fluorine-lacking lithium amides (2a~d) is not
ascribable to the difference in bulkiness of the alkyl group on amide nitrogen.

Another possible reason for this interesting stereoselectivity would be that the fluorine might be
working as an internal ligation site for the lithium to form an additional chelated ring. We therefore prepared
[6Li, 15N;]-(S)-2g in optically pure form to examine !5N-, 6Li-, and !9F-NMR in THF-dg. As shown in
Figure 1, 15N signals appear as a triplet (Jnq).Li = 7.0 Hz) and a triplet (Jn(2).Li = 2.4 Hz), SLi signal appears
as a double doublet (Jng1).Li = 7.0, In2)-Li = 2.4 Hz), and 19F signal appears as a triplet (Jp.y = 11 Hz),
indicating that (S)-2g exists as a chelated monomeric form in THF and suggesting that the fluorine is not
working as an internal ligand.?
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Figure 1. NMR spectra of (S)-2g in THF-dg at 20°C. (a) 15N-spectrum (reference: 15N-aniline (52.0
ppm)); (b) SLi-spectrum (reference: SLiCl (0 ppm)); (c) !9F-spectrum (reference: CFCl3(0 ppm)).
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It is conceivable that electrostatic interaction between the partial negative charge of the fluorine and the
partial positive charge of the lithium fixes the conformation of the chelated monomeric form of 2e~h. Studies
along this line are in progress.
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