¥ F IRk

RIEL

Article

ACTA CHIMICA SINICA

DOI: 10.6023/A12070447

FHRA-Ni(I)FZSWENL =% P EEEL BB A FRIRE ene K
A MWW E/NEE

(PINIRE A= F B BB 610064)

WE AT THERE-BS S WIEAFIAEATTRIRIE ene SN H R FHHEAT TIRAIIST, 1L 0 FE A4 46 # A0 S
SRR, SEILT =0 R BRI AN RIS ene RNV, SEEGR I, SUAEUECAR 0 4 RN I N Ik BEVE A TR OK
W, P RIS IR 2,6-07 KA BEA R BUAREESS T S BT R IE R fs R B X EEMEH. kR 2
PR E T, 5 — 5 o- ISR AR LA B L 80% ~96% KA 97%~>99% ee IXTHLERENME. R, 8%}
SRS I0 DL AT B S R B A BT, 2 T AT RE IR NI JEAS, ARSI F AR 4 T R

KR AXFRAEL; FUHRALESIRSEY; ene KN, FMANREEE; &

Chiral N.N'-Dioxide-Ni(ll) Complex Catalyzed Asymmetric Carbonyl-Ene
Reaction of Ethyl Trifluoropyruvate

Zheng, Ke Lin, Lili Feng, Xiaoming*
(College of Chemistry, Sichuan University, Chengdu 610064)

Abstract The optically active homoallylic alcohols are widespread in natural products and have been frequently used as
convenient building blocks in organic synthesis. As one of the most efficient synthetic methods to obtain chiral homoallylic
alcohols, the asymmetric ene reaction of carbonyl compounds has attracted significant attentions. N,N'-dioxide-amide com-
pounds, which could be easily prepared from chiral amino acids, have been developed into a type of privileged ligand and
organocatalyst in various asymmetric reactions. On the other hand, the fluoroorganic compounds are important building
blocks for the total synthesis of complex natural products, pharmaceuticals, and plant pesticides due to the unique abilities of
the fluorine atom to significantly modify their physicochemical and biological properties. In recent years, the interest of the
pharmaceutical industry in trifluoromethyl-containing compounds has grown significantly. In this manuscript, a series of
Ni(IT)-N,N'-dioxide complexes have been investigated for the asymmetric carbonyl-ene reaction of ethyl trifluoropyruvate. It
was found that the electronic and steric characteristics of substituents on the amide moieties of the ligand greatly affected the
reaction outcomes. The catalyst L4 with bulky and electron-donating groups at the ortho positions of aniline generated per-
fect stereoinductive environment. And a wide range of alkenes, including aromatic and aliphatic alkenes, tolerated the reac-
tion well under mild reaction conditions, giving the corresponding trifluoromethyl-substituted allyl alcohols in excellent en-
antioselectivities (in the range of 97%~>99% ee) with high yields (up to 96%). Furthermore, the X-ray structure of the
ligand L4 and the catalyst L4-Ni(II) complex shed light on the stereocontrol of the reaction. A possible transition state has
been proposed to explain the origin of activation and asymmetric inductivity.

Keywords asymmetric catalysis; chiral N,N'-dioxide-metal complexes; ene reaction; homoallylic alcohols; nickel
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Figure 1 C2-symmetric N,N'-dioxide amide compound
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Figure 2 Chiral N,N'-dioxide-Ni(II) complex catalyzed asymmetric carbonyl-ene reaction and aza-ene reaction
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Figure 3 Chiral C2-symmetric N,N'-dioxide-amide ligands and the precursor amino amide
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Table 1 Optimization of the structure of chiral N,N'-dioxide ligands and
solvents

H L-Ni(BF4),+ 6H,0
j)\ ;\© (10 mol%)
FsC~ “COOEt * 30 °C
1 2a
COOEt
3a
Entry Ligand Solvent Yield"/% e’ /%
1 L1 CH)ClL, 89 90
2 L5  CH)ClL 73 57
3 L7  CH)ClL 78 80
4 L2  CH)ClL 85 97
5 L3  CH)ClL 94 98
6 L4  CH)ClL 90 >99
7 L6  CH)ClL 89 99
8 L8  CH)ClL 88 >99
9 L9  CH)ClL NR —
10 L4  CH,CICH,CI 47 99
11 L4 CHCl; trace —
12 L4 Toluene 49 98
13 L4  THF NR —
14 L4 Et,O trace —
15 L4  EtOH NR —

SIS P AWGE SR B HPLC Y.
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VG, &85 TR 2. GREW, ARG
ZIEYEYE, iR a-05 FRURIE AL a-Re BRI
I e S BE A5 3 A8 47 R (80% ~99%) AT J LT~ B — 4y
I F=H)(97%~ >99% ee) (Table 2, Entries 1~13). &l
WKL, a5 BRI E RIS 1) HL 7 R0, B 2% TR Ay
BEL DT 22068 52 37 f %o e P 28 AT T S i, 5 2R AR
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Table 2 Chiral N,N'-dioxide-Ni(Il) complex catalyzed asymmetric
carbonyl-ene reaction of ethyl trifluoropyruvate

L4-Ni(BF),*6H,0

/Q* (10 mol%)
+
R CH,Cl,, 30 °C

FsC” “COOEt
1
2a~2m
OH
JL/%CFS
R COOEt
3a~3m
Entry 2a~2m Time/h Yield/% ee’l%
1 2a, R=Ph 24 90 >99¢
2 2b, R=4-MeC¢H, 24 92 97
3 2¢, R=2-MeOC¢H4 24 80 98
4 2d, R=3-MeOC¢H,4 12 83 99
5 2e, R=4-MeOC¢H4 12 91 98
6 2f, R=4-CIC¢H,4 24 85 97
7 2g, R=4-BrCq¢H,4 24 82 99
8 2h, R=4-FC¢H,4 24 88 99
9 2i, R=2-naphthyl 24 93 >99
10 2j, R=c-hexyl 24 85 97
11 >UL 24 89 99
2k
12 ® 12 92 98
2|
13 <j/\)L 12 96 99
2m

Y BEIER Dbt RR A ph HPLC JIE © 4tk PR3 ok 0 STk 8 eGP
Bt 181,

JEARIRAT T TS DR A Bk BV (Entries 1~8). o-
HE 2-2% A0 I NP R FE AR T R AF RO, 15 2
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11). HIEIE 20 AR HOXUS 2m WAE AR
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FIAH N 1) 75 ZE 0 o 1R 05 N AT 2E 4 (Entries 12~ 13).
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Figure 4 Control experiment
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Figure 5 Deuteration experiment
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Figure 6 The structure of L4 and L4-Ni(II) complex
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Figure 7 The proposed transition-state
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DL EC 2b S f — 2R ERE(12.9 g, 50 mmol) & T
150 mL [¥REHE, A DUSRIE 7 AR (S0 mL). 2%
BN AL %E(3.1 mL, 50 mmol), JI#E 75 CH 2 h,
TLC Wl B ¥ 505 e AR A =, 13 A
ERENE

B b2 BT E AN 100 mL BCAT AR (1) =30
R, A 30 mL VUSRI AR f5, TERVURY P IE
THAL(1.1 equiv.), MR S h GAHIR =S, AR
RPN 4-H IR L1 equiv.), oGRS
4~6 h, TLC WM. RNAHER=ERSG, A 100
mL K Ji5, FHCGBEAEE, JoKORREE T, 985 Ik4E I8
W, SREIAEZENT 0 B ( L LW/ A e =1 © 300 fEVE
I AR A3 TG EBAR (1% 68%).
42 fEHIE

DL a-HIER 245 2a W 0T ROMAREE I FR
NEEACAE L4 A1 Ni(BF,),*6H,0 (10 mol%, 1 : 1), HIA
%l CHClLy (0.3 mL)¥ S, 130 CHgHEiG 4k 30 min.
VI = 560 FF LT R EE 1 (0.1 mmol). o-F 3K 24
2a (0.11 mmol)A! CH,Cl, (0.2 mL). £ 30 ‘C/Ki+1ER
RN 24 h G, RNSIRG Y HEERERFEE 0 B8 (LR
AE=1 1 50 EVEMGR), 190~ 3a (95%r™
).

3a: ORI, 90%7 73K, >99% ee. [alf) =
—40.6 (¢ 1.01 in CHCIl3); "H NMR (600 MHz, CDCl;) §:
7.42~7.09 (m, 5H), 5.38 (s, 1H), 5.28 (s, 1H), 4.03 (dq,
J=10.8, 7.2 Hz, 1H), 3.76 (s, 1H), 3.63 (dq, J=10.8, 7.2
Hz, 1H), 3.28 (d, J=14.0 Hz, 1H), 3.03 (d, J=14.0 Hz,
1H), 1.11 (t, J=7.2 Hz, 3H). ee 1Hill& 41 HPLC
DAICEL CHIRALCEL AS-H, SN/ 1FEcbi=1/99, i
#=0.8 mL/min, A=254 nm, R KA]: 6.1 min (/N§)
and 6.8 min (CKI).
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