Chiral aminoborane as a chiral proton source for asymmetric protonation of
lithium enolates derived from 2-arylcycloalkanones
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Reaction of lithium enolates of 2-arylcycloalkanones 2 with
(R,R)-aminoborane 1, prepared from (1R,2R)-1,2-diamino-
cyclohexane 4 and PhBCl,, gives the corresponding optically
active ketones 3 with up to 93% ee; this is the first example
of enantioselective protonation using a metal-containing
chiral proton source.

Asymmetric protonation of prochiral metal enolates has proved
to be an efficient method for the synthesis of chiral carbonyl
compounds.t The success of this process depends on the
structure and acidity of the chiral proton source. Severd chiral
acids have been developed so far, and have been applied to
enantiosel ective protonations.2=# However, as far as we know,
there are no reports on a proton source containing metal atoms.
We describe here a new enantiosel ective protonation of lithium

enolates 2 with chiral aminoborane 1 [egn. (1)].
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Heteroatom-substituted chiral boron compounds such as
oxazaborolidines and acyloxyboranes are well-known as chira
Lewis acid catalysts for various asymmetric reactions.> High
levels of asymmetric induction are obtained in Diels-Alder
reactions or Mukaiyama aldol reactions, and the formation of a
stable complex of aboron catalyst with a carbonyl compound is
regarded as the key to success. We considered that if a chiral
aminoborane could form arigid cyclic transition state structure
with alithium enolate, and if the amide proton is acidic enough,
a highly enantiosel ective protonation might occur.

Chiral aminoborane 1 was synthesized from (1R,2R)-
1,2-diaminocyclohexane 4 (2 equiv.) and PhBCl, (1 equiv.) in
toluene [egn. (2)].6 The resulting anmonium salt was filtered
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off. Treatment of lithium enolate 6, generated from silyl enol
ether 5 and BunLi/hexane (1.1 equiv.) in THF at 0 °C,” with a
solution of (R,R)-aminoborane 1 (1.5 equiv.) in toluene-THF
(1:1) at —78°Cfor 2 hfollowed by quenching with Me;SiCl (to
remove unreacted 6) at —78 °C gave (§-enriched 2-phenyl-
cyclohexanone 7 in 94% yield and 84% ee (Table 1, entry 1).
Using various chiral aminoboranes, we studied the enantiose-
lectivity of thisprotonation; yields and enantiomeric excesses of
the product 7 obtained by reactions with other chiral aminobor-
anes8-15in THF at —78 °C are shown in Table 1. Substitution
of the phenyl group of 1 by a chlorine atom resulted in alower
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9 R = 3,5(CF3);CeHs 12 R = Bu"

10 R =2,4,6-MesCgH, 13 R=Cl 15

enantioselectivity, while the chemical yield increased (entry 7).
As a consequence, (R,R)-aminoborane 1 was the most effective
chiral proton source for the protonation of 6.

This asymmetric protonation was applied to a variety of
lithium enolates of ketones 17, and the results with (RR)-
aminoborane 1 are summarized in Table 2. Thesereactionshave
the following characteristics: (i) all of the reactions proceeded
to give a satisfactory yield at —78 °C for 2 h, except for the
lithium enolate of 2-methylindanone 22, which gave alow yield
dueto concomitant sidereactions (entry 5); (ii) moderateto high
asymmetric induction occurred in the protonation of lithium
enolates 6, 19-21 and 29, which possess an aryl group at the C-2
position (entries 1-4 and 12). The highest enantioselectivity
(93% ee) was obtained with the enolate of 2-(2-naph-
thyl)cyclohexanone 21 (entry 4). The enolates 22, 23, 27 and 28
derived from 2-methylindanone, 2-methyltetralone and their
derivatives aso gave good optica purities (entries 5, 6, 10, and
11). However, the use of simple substrates bearing no aromatic

Table 1 Protonation of the lithium enolate 6 with chiral aminoboranes 1 and

8-152
O
(i) chiral aminoborane % _Ph
THF, =78 °C, 2 h
(i) Me3SiCl

OSiMeg OLi

Ph Ph
Bu"Li
THF, 0 °C

5 6 7
Chira
Entry aminoborane Yield (%)P Ee (%)c Configurationd
1 1 % 84 S
2 8 83 60 S
3 9 65 47 S
4 10 17 5 S
5 11 14 3 R
6 12 74 20 S
7 13 >99 44 S
8 14 20 32 R
9 15 19 6 S

a The lithium enolate 6 was generated from the corresponding silyl enol
ether 5 (1 equiv.) and a solution of BurLi/hexane (1.1 equiv.) in THF at
0 °C for 2 h. The following protonation was carried out using a chiral
aminoborane (1.5 equiv.) in THF at —78 °C for 2 h. The reaction was
quenched by TMSCI at —78 °C to exclude the unreacted enolate 6.
b |solated yield. ¢ Determined by HPLC analysis (Chiracel OD-H, Daicel
Chemical Industries, Ltd.). @ The absolute configuration was determined by
comparison of the [a]p value with reported data [ref. 3(c)].
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Table 2 Enantioselective protonation of various enolates with (RR)-
aminoborane 12

OSiMes oLi () 1, THE o
R B V/‘E/R —78°C,2h WR
(CH2)n THF,0°C | (CHy), (ii) Me3SiCl (CH2)y
16 17 18
Configura
Entry Lithium enolateP Yield (%)c Ee (%)d tione
oLi
1 é/ Ph 70 347 (36)"9 —
19 (95:5)

OLi
2 @/P“ 04 84 s
6 (>99:1)

OLi
Ph
3 69 70" (77)"9 —
20 (91:9)
4 O 84 89 (93)9 —
5 26 60 —
6 80 70 s
7 69 v s

B >®/ >99 16¥ s

8M(10)9™ R

10 O‘ Ph 64 47 —
27

11 O‘ 88 78 —
MeO 28
. OMe
OLi O
12 ‘ 92 81 (86)9 —

a All conditions are the same as in Table 1. b Parentheses indicate the
regioisomeric ratio of the starting silyl enol ethers 16. ¢ |solated yield.
d Determined by HPLC analysis (Chiralcel OD-H, Daicel Chemical
Industries, Ltd.). © The absolute configuration was determined by
comparison of the [o]p value with reported data. f Determined by HPLC
analysis (Chiralpak AS, Daicel Chemical Industries, Ltd.). 9 Corrected
value based on the regioisomeric ratio of the starting silyl enol ether 16.
h Ref. 3(c). I Ref. 8. Determined by GC analysis with chiral column
(ChiraldexTM B-TA, astec). k Determined by GC analysis with chiral
column (ChiraldexTM G-TA, astec). ! Ref. 4(b). m Determined by HPLC
analysis (Chiralcel OJ, Daicel Chemical Industries, Ltd.).

groups gave unsatisfactory results (entries 7 and 8); (iii) a
lithium enolate of 2-phenylcyclohexanone is superior to that of
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2-phenylcyclopentanone or 2-phenylcycloheptanone with re-
spect to enantioselectivity (compare entries 1-3); and (iv)
introduction of an electron-donating group to the aromatic ring
improved the enantiomeric ratios to some extent (entries 11 and
12).
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F Procedure for protonation of lithium enolate 6 with (R,R)-aminoborane 1:
To a solution of (1R,2R)-1,2-diaminocyclohexane (172 mg, 1.5 mmol) in
dry toluene (4 ml) was added PhBCI, (97 pl, 0.75 mmol) at —78 °C. The
mixture was warmed to room temperature and again stirred for 2.5 h at this
temperature. The resulting ammonium salt was filtered off under an argon
atmosphere and washed with dry THF (2 ml). To the filtrate was added at
—78 °C a solution of lithium enolate 6, prepared from trimethylsilyl enol
ether 5 (123 mg, 0.5 mmol) and BunLi (1.67 m hexane solution, 0.33 ml,
0.55 mmol) in dry THF (2.3 ml) at 0 °C, through a stainless steel cannula
under an argon stream. After being stirred for 2hat —78 °C, TMSCI (65 ul,
0.5 mmol) was added, and stirring continued for another 30 min at this
temperature. The reaction mixture was treated with saturated agueous
NH4CI, extracted with Et,O , dried (N&SO,), and finally purified by
column chromatography on silica gel to give (S-enriched 2-phenyl-
cyclohexanone [(S)-7, 94% yield] with 84% ee. The enantiomeric ratio was
determined by HPLC analysis using a chiral column (Chiralcel OD-H,
Daicel Chemical Industries, Ltd.). The absolute configuration was deter-
mined by comparison of its optical rotation with published data; (S)-isomer
(87% ee): [a]p?® —88.9 (c 1.0, CHCIly) [ref. 3(c)]. Observed value of
(S)-isomer (84% ee): []p2® —94.1 (c 1.1, CHCl5).
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