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Highly Enantioselective Organocatalytic Asymmetric Mukaiyama—aldol
Reaction of Difluoroenoxysilanes with #,y—Unsaturated a—Ketoesters

Liu, Yunlin® Zhou, Jian**?
(“ Department of Chemistry, East China Normal University, Shanghai Key Laboratory of Green Chemistry and Chemical
Processes, Shanghai 200062)
(* State Key Laboratory of Elemento-organic Chemistry, Nankai University, Tianjin 300071)

Abstract We report the first example of catalytic asymmetric reaction of difluoroenoxysilanes 1 and f,y-unsaturated
a-ketoesters 2. In the presence of tertiary amine or tertiary amine-H-bonding donor bifunctional catalysts, it was found that
the reaction selectively took place at the ketone moiety of ketoesters 2, and no conjugate reaction happened. Hydronquinine
derived urea catalyst 11 was identified as a powerful catalyst for this Mukaiyama-aldol reaction to furnish a-difluoroalkyl
substituted tertiary alcohols in good to high yield (44%—81%), with moderate to excellent enantioselectivity (72%—96%).
The optimum reaction condition was determined to run the reaction at —40 ‘C using THF as the solvent, in the presence of
10 mol% of chiral catalyst 11. The reaction possibly proceeded via the dual activation of both reaction partners: the tertiary
amine moiety of catalyst 11 working as a Lewis base to activate difluoroenoxysilanes 1, while the urea part of the catalyst as
a Bronsted acid to activate carbonyl group of ketoesters 2. Different aryl substituted difluoroenoxysilanes 1 and y-aryl substi-
tuted f,y-unsaturated a-ketoesters 2 all worked well under the established reaction condition, with 15 examples provided. The
thus obtained chiral a-difluoroalkyl substituted tertiary alcohols were not only valuable in the medicinal research, but also
versatile building blocks for the synthesis of a variety of difluoroalkyl-substituted chiral compounds. For example, the selec-
tive reduction of the ketone or ester group of product 3g has been realized by using NaBH, or Et;SiH as the reducing agents,
giving the triol 14 or diol 15 in moderate yield without the loss of ee.

Keywords organocatalytic; f,y-unsaturated a-ketoester; difluoroenoxysilanes; Mukaiyama-aldol reaction; a-difluoroalkyl
substituted tertiary alcohols
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Figure 1 Some represented difuoroalkyl-containing drugs
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Table 1 Effect of different chiral catalysts on Mukaiyama-aldol reaction

OTMS o .
OH
_Cat. (10 mol%) OO N SCO,Et

THF, -40 °C 3d

(2.0 equiv.) (1.0 equiv.)

AT FR Mukaiyama-aldol [z WA GRUBEAL A4 3, AR
B IX— I 25 R

2 FZHRE5WE
2.1 fEFIEIRT R A X BRI IR MR M B 5
BATESEZERAT DMAPE-— F L me A0 —
SIATEAERE 1a F By- ANHURIEH R EE 2a MRV, KRINR
NAE—40 C R 3 d, BT LL 43%[1) 7 2% —Hi Az Bl
AL EY) 3a, {H I ARLS RGO B0 7= 4) (Entry 1,
F 1), EAREEAE b, FRATIRI A % B AR A REAR R N, LA
VUSRI 5, 45 —40 C N5 T ANFTF AL
FEAZ SN ) S AR L, TEAN 25 SR AR 1 .
FYEGRIRMEALA 5 tr] Ak % s MY, HE J W 3k
T, £—40 C RN 3 d, HAELL 5% F M 5%

3a

S, N N—
Y N\ /
N H
Ar/ N
H s
Entry Catalyst
1 DMAP 43 —
2 5 5 5
3 6 9 63
4 7 10 21
5 8 24 51
6" 9 31 60
7 10 35 89
8 11 42 91
9 12 15 19
10 13 5 11

RN K 0.10 mmol; * 43 B85 & © Tk HPLC MIE; < 406k TUAH ..
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F &S AN AT A4 6 A1 7 V0TI Lewis Bk X) 1% ) )W
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Table 2 Effect of solvents and temperature on Mukaiyama-aldol reac-
tion

OTMS %

N
For
\H\Ph + OO CO2EL 14 (10 mol%)
F —_—

1a (2.0 equiv.) 2a (1.0 equiv.) Solvent, X °C
i F
Ph F
i"D\\*gkt
3a
Entry” Solvent Time/d Temp./'C Yield®/% ee/%
1 DCM 3 —40 8 83
2 Toluene 3 —40 9 83
3 EtOAc 3 —40 5 80
4 CH;CN 3 —40 18 82
5 EtOH 3 —40 25 74
6 THF 3 —40 42 91
74 THF 7 —40 68 91
8 THF 3 —30 50 88
9 THF 3 —20 48 87
10 THF 3 —10 57 86
11 THF 3 0 54 83
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0.10 mmol HUAE; * 4B 24 © T4k HPLC J5; 9 0.25 mmol HUAE

23 EYMEELER

it DL EA AR SE S, BATHALESEH 10 mol%
PIFPEAEAL R 10, DYSIRRGE N [ NS 7RI —40 “C (1)
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o A5 51| [T (1 77 2.(61% ~ 81%) Fl L IF B F5 16 ee {H
(88%~96%) 13 FIAH M. [F) H b5 =4 3f~3k (Entries 6~
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Table 3 The evaluation of substrate scope

OTMS o
F\%\R + RV\)\cozEt 11 (10 mol%)
F THF, -40 °C
1(2.0equiv.) 2 (1.0 equiv.) 6~7d
2 F
Jg:
RIS 832&
3
Entry* 1 2 3 Yield/% ee/%
1 la: R=Ph 2a: R'=2-naphthyl 3a 68 91
2 1b: R=m-MeC¢H,4 2a: R =2-naphthyl 3b 62 88
3 lc: R=m-MeOC¢H, 2a: R =2-naphthyl 3¢ 51 90
4 1d: R=m-CIC¢H,  2a: R'=2-naphthyl 3d 52 93
5 le: R=p-CIC¢H4 2a: R'=2-naphthyl 3e 44 91
6 1a: R=Ph 2b: R'=Ph 3t 74 90
7 1a: R=Ph 2¢:R'=p-CICH, 3g 80 90
8 1a: R=Ph 2d: R'=m-CIC¢H, 3h 81 88
9 1a: R=Ph 2e:R'=p-BrCH, 3i 61 89
10 la: R=Ph 2f:R'=0-BrCH, 3j 69 96
11 1a: R=Ph 2g: R'=p-NO,CcH, 3k 47 73
12 1a: R=Ph 2h:R'=p-CNC¢H, 31 58 84
13 1a: R=Ph 2i: R'=p-CF;CH, 3m 75 72
14 1a: R=Ph 2j:R'=p-MeCH, 3n 71 93
15 1a: R=Ph 2k: R'=2-thienyl 30 53 84

@ S RHUBE 0.25 mmol; ? 4385 K © Ttk HPLC I,

ity B — FOE AN R AR, 2SR
WadvE e, JATERATWE DL 4,
FITAT Jse A8 e — i L I 1 i ) Bl B3 i 5 71 Mukaiyama-
aldol S 7B AU 3. 3X — IR WG AR AE DTS
PhSO,CF,H JE B — 90t H SRR 47 255X o, - AN AT 2K
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F r.t
Ph F -
OH 14: yield 48%, 90% ee,
*SCOLEt — 10:1 dr
Cl
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R —
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15: yield 71%, 90% ee,
1.4:1 dr
3 it
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