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Abstract: Rare earth-Li-BINOL complexes were used to catalyze nitroaldol reactions of «,a-difluoro
aldehydes with nitromethane in a good enantioselective manner. The optical yields of nitroaldol 2a
depend on the size of rare earth metals, and an Sm-Li-BINOL complex gave the highest
enantioselectivity. The enantiotopic face selection of a,a-difluoro aldehyde 1a was found to be
different from that of nonfluorinated aldehydes employed in the usual catalytic asymmetric nitroaldol
reactions. Copyright © 1996 Elsevier Science Ltd

The synthesis of chiral fluoroorganic compounds is important in biological and medicinal chemistry in
consideration of the influence of fluorine’s unique properties on biological activity.! Fluorine, due to its high
electronegativity, has an important effect on its neighboring groups in a molecule. The introduction of a
difluoromethylene residue into a peptide sequence has led to the discovery of potent, competitive and
reversible protease inhibitors mimicking the transition state for amide bond cleavage.? Renin inhibitors with
difluorostatine and difluorostatone and related analogs have been reported to possess the potentiality to
control high blood pressure.3

In the case of fluorine-containing molecules with generally unusual reactivity, methodologies for
synthesizing nonfluorinated chiral compounds are frequently impractical, giving rise to the term “flustrate” by
Seebach.4 Thus, chiral geminal difluoro-substituted compounds have so far been prepared mainly by
enzymatic resolution and a “chiron approach”,> and very few catalytic asymmetirc reactions have been
reported for such chiral molecules.b In this paper, we describe for the first time the catalytic asymmetric
nitroaldol reaction of o, x-difluoro aldehydes using rare earth-Li-BINOL complexes.

In a series of highly selective heterobimetallic catalysts developed for several catalytic asymmetric
reactions,’-19 lanthanoid-lithium-BINOL (L.nLB) complexes are the most efficient catalysts for asymmetric
nitroaldol reactions. We began by employing various rare earth metals to optimize chemical and optical
yields. Several Ln-Li-(R)-BINOL complexes were prepared from Ln(O-i-Pr)3,11 BuLi (3 molar equiv), H20
(1 molar equiv) and (R)-BINOL (3 molar equiv) according to a literature procedure for the La complex
formation.”? Their utility as asymmetric catalysts was then assessed in nitroaldol reaction of nitromethane
with 2,2-difluoro-5-phenylpentanal (1a).

OH
h CHO  catalyst, CH3NO, (10 equiv) ph/\/Bs('\/Noz
FF THF, -40°C, 96 h FF

1a 2a

In a typical reaction, a THF solution of an Ln-Li-(R)-BINOL complex (30 mM, 6.7 ml, 0.2 mmol) was
diluted with anhydrous THF (7 ml). After the solution was cooled to -40°C, nitromethane (10 mmol) and 1a
(1 mmol) were added at intervals of 30 min. The reaction mixture was stirred at -40°C for 96 h prior to
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quenching with 1N HCl. After the usual workup, nitroaldol product 2a was isolated by flash chromatography
and the optical yield was determined by HPLC using a chiral column. As shown in Table 1 (entries 1-5), all
complexes gave good chemical yields. It was found that the Sm (87% ee), the Eu (86% ee) and the Gd (83%
ee) complexes showed higher enantioselectivity compared to the La complex catalyst (55% ee) which
generally gives the highest optical yield in the usual nitroaldol reactions of nonfluorinated aldehydes.” The
relationship between the ionic radii of rare earth metals and the optical yields in the reactions of o,o-difluoro
aldehyde 1a is similar to that of benzaldehyde, in the case of which the Eu-Li-BINOL complex exceptionally
provides the best enantioselectivity.?d

Hydrogenation of nitroaldol 2a in the presence of 5% Pd-C gave the corresponding amino alcohol
which was determined to have the S configuration by X-ray analysis,!2 showing that nitronate reacts
preferentially on the Si face of 1a in the presence of Ln-Li-(R)-BINOL complexes. As previously
reported,’2,b.d Ln-Li-(R)-BINOL complexes generally cause the attack of nitrate with Re face preference to
aldehydes. It is thus noteworthy that the enantiotopic face selection of the c,a-difluoro aldehyde is the reverse
to that of nonfluorinated aldehydes employed in the usual catalytic asymmetric nitroaldol reactions. This
stereoselection of 1a is identical with that of B-oxa-aldehydes,!3 suggesting that the fluorine atoms at the o-
position exert pronounced influence on the enantiotopic face selection (Figure 1).14

The decrease in amount of the Sm-Li-(R)-BINOL complex caused the decrease in chemical and optical
yields (Table 1, entries 2 and 6). Thus, we next examined Sm-Li-(R)-6,6"-disubstituted BINOL complexes to
optimize the nitroaldol reaction.”? Sm-Li-(R)-6,6'-dibromo-BINOL (20 mol%) and Sm-Li-(R)-6,6"-
bis((triethylsilyl)ethynyl)-BINOL (20 mol%) complexes gave (S)-2a in 89% ee (69% yield) and 94% ee (58%
yield), respectively (entries 7 and 8). Use of 5 mol% of the Sm-Li-(R)-6,6™-bis((triethylsilyl)ethynyl)-BINOL
complex showed similar enantioselectivity and chemical yield compared to 20 mol% of the same catalyst,
though a prolonged reaction time (168 h) was necessary (entry 9).

Table 1. Catalytic Asymmetric Nitroaldol Reaction of o,o-Difluoro Aldehyde 1a in the Presence of Rare
Earth-Li-(R)-BINOL and Rare Earth-Li-6,6'-Disubstituted (R)-BINOL Complexes

Entry Catalyst? (mol%) Yieldb % eeC %
1 La-Li-(R)-BINOL (20) 74 55
2 Sm-Li-(R)-BINOL (20) 77 87
3 Eu-Li-(R)-BINOL (20) 75 86
4 Gd-Li-(R)-BINOL (20) 69 83
5 Yb-Li-(R)-BINOL (20) 82 69
6 Sm-Li-(R)-BINOL (5) 67 74
7 Sm-Li-(R)-6,6"-dibromo-BINOL (20) 69 89
8 Sm-Li-(R)-6,6-bis((triethylsilyDethynyl)-BINOL (20) 58 94
9d Sm-Li-(R)-6,6'-bis((triethylsilyDethyny})-BINOL (5) 55 9

a) Prepared from rare earth metal isopropoxides. See reference 7h; b) Isolated yields based on 1a; ¢) Determined by HPLC using a
Daicel Chiraicel OD-H column; d) The reaction was carried out for 168 h.
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Figure 1. Stereochemical Course of Asymmetric Nitroaldol Reaction
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Results of the catalytic asymmetric nitroaldol reaction of a variety of a,o-difluoro aldehydes with
nitromethane using Sm-Li-(R)-BINOL and Sm-Li-(R)-6,6"-bis((triethylsilyl)ethynyl)-BINOL complexes are
summarized in Table 2. With aldehyde 1b (R = n-heptyl), the (R)-6,6"-bis((triethylsilyl)ethynyl)-BINOL
complex (catalyst B) gave a lower chemical yield but a slightly higher enantiomeric excess compared to the
(R)-BINOL complex (entries 1 and 2). In all cases, five or eight molar percent of catalyst B afforded
nitroaldols 2b-f in good optical yields and the highest enantioselectivity was obtained with aldehyde 1f (R =
cyclohexyl, entry 6).

Table 2. Catalytic Asymmetric Nitroaldol Reaction of a,a-Difluoro Aldehydes 1b-f Promoted by Sm-Li-(R)-
BINOL and Sm-Li-(R)-6,6'-bis((triethylsilyl)ethynyl)-BINOL Complexes

OH
R ><c HO catalyst, CH3NO, (10 equiv) R %\/ NO,
FF THF, -40°C, 168 h FFF
1b-f 2b-f

catalyst: A = Sm-Li-(R)-BINOL; B = Sm-Li-(R)-6,6"bis({triethylsilyl)ethynyl)-BINOL

Entry Aldehyde Catalyst? Product
1 R (mol%) 2 Yield® % ee %
1 b n-heptyl A (5) b 73 70
2 b n-heptyl B (5) b 55 74
3 c PhCHO(CH2 ) B (5) c 52 80
4 d i-PrSCHz B (5) d 55 85
5 e 4-(CH30CzH4)CeH4O B (8) e 52 77
6 f cyclohexyl B (8) f 58 95

a) Prepared from Sm(O-i-Pr)3. See reference 7h; b) Isolated yields based on the starting aldehydes; c) Determined by HPLC using a
Daicel Chiralcel OD-H or AD column.

In conclusion, the nitroaldol reaction of ¢,o-difluoro aldehydes with nitromethane mediated by Ln-Li-
BINOL complexes proceeded with good enantiomeric excess. Further study to improve chemical and optical
yields and application of the present synthesis to that of useful difluorinated bioactive compounds are now
being carried out.
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