RERE: (L

2023 £ % 53% F 3 #: 558 ~ 563

ChERE ) Atk

SCIENTIA SINICA Chimica

it X

FRALARE] 33 P T804 Z F1)

chemcn.scichina.com SCIENCE CHINA PRESS

CrossMark

& click for updates

TR R ECAAE2- T B AN XS RR S AL By B

i H AT g magrt, kas!

1. AR RS R, IR 518055
2. M RHE R SR 538 X R B, R 518055
SIEEDNN

*HiNE#, E-mail: chengq@sustech.edu.cn; zhangxm@sustech.edu.cn

Wk 1 393: 2022-11-08; 4252 H #: 2023-01-30; W28 ik 2% H i 2023-02-27

[ 5 B S LRI 90 R LR (45 2021YFA 150020 1)1 [ 5% [ SRl 73

WE REWMHTAHRANCERAREGEL RS, B

(%5 21991113, 21901107, 22171129)% B3 H

R RE 4% B A TR B R 1t AR AL B B AR R B A T 4L

FEERATHRESENES. ACF, RIOVFRT —RIET KRG T RN FEPNNAPNPAR B = 7 FL
K, AFETREFUREORESWE2-THANHRANFEAFEM BB RN, LR FEPNPE KA,

5 7 LABR AT 99% Y 4 AL 3 Fu79% Y R B 3 1
X5

1 5%

FHERNEY R A REA EDEEN TS
Vi Zior T R TSR R Ak, RS
JEMEALPIAR R A R E TR S B =l
Bk —. R RI405E 0], ZAIRES T KIER
R, T g P s R & R B
AT AR 4E I A H R, I SR AT 5 56 1 ) AS XS AR
A AT DA A 5 1D S T e A T i B
o T4 B 4T (M Noyori —AEAL T PRI T 45 B 4K
(1) = U AR A TR e v A P AR R (15—
PRARL, A AR T A i 1r-SpiroPAPHEAL I 7E
] FA R ) S A AT L3R 154550000 Ak B, o HLXE
WOE BB R TR REE, A1 T 5 F 9
HAGBIHE LD, H20164FE LISk, BkEE R 4

FHZHREE, THHRAM, =K%, 2-TH

TR T — RIVET 2R E R =Nk, Wif-am-
phoxm‘ f—amphol[gl\ f-ampha[g]fﬂlf-amphamide[l0]/:;‘?,
FE 77 FE T B AR R AL T ARG K T-99% S ki
PEAERIR T B 5 . 20224 sk iR R
SOFRT H T 0Bk 2R 0 45 D9 1A Bid /4 f-phamidol,
TR TR SR T = A BC AR T AR Sl 7T
RN Ugifle R ARTT () & AT 2, ARH AR T
I URREN D peias A VA

S 5 FE R B AR AR EACIUAG TV 2 B R,
B e A A AR R A A AN ROE (B 1), R
PRIE T X 7 R R AT PR A e S A APkl vk, R A g
fHEALTT LA 3B e 3 v 5 ), 2- TR A R
PREM MR AR IR TR M. 19984, Tk
R A VT A T S5 R R R T XU I 1A
PennPhos, H7EFEME AL 1)2- CBH A FRE AL H T DL

Sin Chim, 2023, 53: 558-563, doi: 10.1360/SSC-2022-0221

Sl AER: Fang W, Xiao R, Song J, Chen GQ, Zhang X. Development of ferrocene-based tridentate ligands for the asymmetric hydrogenation of 2-butanone. Sci

©2023 (HEMFE) FiEH

www.scichina.com


https://doi.org/10.1360/SSC-2022-0221
www.scichina.com
chemcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSC-2022-0221&amp;domain=pdf&amp;date_stamp=2023-02-23

REFR: b 2023 0 53 % B3 M

I IR AR FRE AL BEIC AR TE

Ha, B
Ty TATE [:j/\

TREERR AR R BT R

O H, OH

A wemmen o~
B 1 B FREA

Figure 1 Asymmetric hydrogenation of ketones.
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(c) Our proposed enantio induction model for the the asymmetric hydrogenation of 2-butanone

z H
X \/\ N (\\/N\ ]
. \ /\ | P—Ir——P
NN—Ir=—P" Fe Re /\  Arg
/\ }_‘ Ar, | H
SN
\:,0 /)
/_'Q Steric hindrance: R > Ar

Bl 2 AR A AR A

Figure 2 Asymmetric hydrogenation of dialkyl ketone.
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Table 1 Asymmetric hydrogenation of 2-butanone with known
ligands

0 [Ir(cod)Cl],, L1, S/C = 1000 OH

H, (40 atm), base /\/
1 iPrOH (0.2 M), t, 6 h 2

: o\

Bu, _NH “ppp’ fy
|

Fe
£/ Ph < (BTD)P™ S
OH Fe
L1, f-Phamidol L2, Ph-f-amphox L3, f-ampha @
% H N = Y
g Ar. H ‘
5 (BTPRPTS AN phP Y NCR P
HO Fe OH™™2"  Fo A\ 7\
L4, f-amphol L5, Ar = 3.5-CF3-Ph L7, HengPNP

L6, Ar = 1-naphthyl

Entry ¥ Ligand Base Conv. (%) ”  ee (%) "
1 L1 Cs,CO; >99 12
2 L2 Cs,CO; >99 5
3 L3 Cs,CO; >99 20
4 L4 Cs,CO, >99 21
5 Ls Cs,CO; 99 12
6 L6 Cs,CO; >99 12
7 L7 Cs,CO; >99 10

a) V2% 1 (0.30 mmol), [Ir(cod)Cl], (0.05 mol%), Cs,CO5 (5.0
mol%), Ligand (0.1 mol%); H, (40 bar), iPrOH (1 mL), rt, 6 h. b) il
FHEAA AR E.
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Figure 3 Synthesis of ligand LS.
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Table 2 Evaluation of the effect of chiral ligands L8 and L9 on the enantioselectivity

(0] [Ir(cod)Cl],, ligand, S/C = 1000 OH
H, (40 atm), base e
1 solvent (0.2 M), rt, 6 h 2
Entry ¥ Ligand Base Solvent Conv. (%) ee (%) ”

1 L8 Cs,CO4 iPrOH >99 47
2 L9 Cs,CO;, iPrOH >99 20
3 L8 Li,CO; iPrOH 4 46
4 LS Na,CO, iPrOH 30 36
5 L8 K,CO; iPrOH >99 41
6 L8 tBuOLi iPrOH >99 40
7 L8 BuONa iPrOH >99 45
8 L8 BuOK iPrOH >99 46
9 L8 KOH iPrOH >99 47
10 L8 Cs,CO4 Toluene 93 36
11 L8 Cs,CO;, c-hexane 97 31
12 L8 Cs,CO; THF 58 33
13 L8 Cs,CO;5 DCM 69 34
14 L8 Cs,CO; dioxane <1 -

a) M 2142 1(0.30 mmol), [Ir(cod)Cl], (0.05 mol%), Cs,CO; (5.0 mol%), Ligand (0.1 mol%); H, (40 bar), solvent (1 mL), rt, 6 h. b) JEiT T,

FA AT E .
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Figure 4 Synthesis of ligand f-amphim.
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Figure 5 Synthesis of ferrocene-based PNP type ligands.

L10~L18 7] LU i o AR 17807 ) — 2548 5 i A 45 3],
o)A 17 R DU I o [ 42 15 00 e 1 AR 4 T i A 47 A
3. FARL19AIL207] DLk A 19 B A A ik
PRI B A A 2, 1R B AL A P19 7] L@ A (8]
PRTFIAR RN B I 1811038 SR b = R AR 2. hah,
BATE A A Y T A TeKIE JE etk — &k T A
B0 T IR AR L22.

TE MR 22 311X B 3L T — 58k B 42 (1) FPEPNP R /4
CUJE,  FRATTUA S PR A 771) FP T 8 S i A i fe
R BAT T VR 552, AHCLE A ETE T 6.
BCARL101Y BE IR 22% 0T e $eE,  F LR AU
22%. AR IR E R A7 B, i
ARG B A A TR KSR, BofRL1 AT L3RS
42%MeeFIS 1% AL R, 3 — D38 g b i B 3E
N2,4,6-= I RIRFER(L12), SN AL R 3 T
99%, (H&XFIREFEMEEN R AL T B (—25% ee). K

o) [Ir(cod)Cl],, ligand, S/C = 1000 QH

H, (40 atm), KOMe
iPrOH (0.2 M), rt, 48 h

@r% @fé@ @fé@

th th Fe Xy,

L10, 22% conv., 22% ee | 11, 51% conv, 42% ee  L12, 99% conv., -25% ee

S

Ar2 th (DTB), Phy
Ar = 3,5-CF3-Ph @ @ Ar=DTBM

L13, 40% conv., 11% ee L14,>99% conv., 79% ee L15, 98% conv., 73% ee

s AP

Ar2 th Ph, Ar, Ar, Ar, Fe
Ar = 3,5-TMS- PRy Ar=DTB Ar=DTB
L16, 97% conv., 66% ee L17,99% conv., 38% ee L18, 55% conv., 10% ee

CYz th Fe zBu2 th Fe Ad2 th Fe

L19, 16% conv., 26% ee L20, 99% conv., -25% ee L21, 99% conv., -25% ee
DTB

L22, 99% conv., -57% ee

Bl 6 JET I RBE JEPNPRAYECAR AL BOR
Figure 6 Evaluation of the efficacy of the ferrocene-based PNP
ligands.

561



TR SRR IR = AR AR 2- T B AN AR S AR B

b BOAR S Dy B H T 13,5 - T R R R O
(LA3)F, 2 F 2 A 5 RISt e e 43 42 4 31 AR 31 1
40%F111%. SEATE R, 2RI BE 1 AR
£ BHE— D38 N 303,5- 80T BEORIER(L14), R
X R BEPE I N B T 79%. fEiZ4 RIS, BA
BB T B EEURIEIAI R, M EURIE ADTBM
(L15)A13,5- = = H L RESE IR (L16) I, Js o7 Ry el ik 4%
PERTA T —EM FEE, 2 3873%F66%. 44 —
PRk LB EOAL LR, B g B SRR . R
I E %2 T 83 F B R  BUAE &3 22 (L19). &
NI FE(L20) IR T 28 (L2 ) SR BRI 0, &
INE R IR SGE R 1 0 1) M 26%  —25%R1—=25%. &5 I
F ML B BC AR L22 7] PASRAF99% I 4k 2 F1 - 57%

fl % e P
3 45k

gi BT, BT R AR I T 2 AR, 3RAT
XP2- T E3DAR IR A AT T VEA BB 7T, A5
HAFF & I f-amphox. f-ampha. f-amphol&5 At 44 f X ik
PRV AE R 2. RO R T — RINEET %8k
B EH T EPNNEC A FIPNPRECAAR.  I1X SEFC AR A a2k
faf o, AT DASRAS R i TP ], A PNINC AR ) %f
Wi B T LK $147%,  PNPREC S ) 6T i 8 4 7] LA
L 5079%. H T, FATIEAETT R T 2 14 Bl LAY
REfg 1E— 0 B mZ N RO Bl Bk

#hITAERE

AL AN FEAA R LI 28 filichemen.scichina.com. #hFEREF 1R SR ALK SR AR KR, 1538 0 JL A ot B AT Py 5 4 5.

S5 30k

1

562

(a) Liu D, Gao W, Wang C, Zhang X. Angew Chem Int Ed, 2005, 44: 1687-1689; (b) Liu D, Zhang X. Eur J Org Chem, 2005, 2005(4): 646—649;
(c) Hu Q, Zhang Z, Liu Y, Imamoto T, Zhang W. Angew Chem Int Ed, 2015, 54: 2260-2264; (d) Yang H, Huo N, Yang P, Pei H, Lv H, Zhang X.
Org Lett, 2015, 17: 4144-4147; (e) Nagel U, Roller C. Z fiir Naturforsch B, 1998, 53: 267-270

(a) Ohkuma T. Proc Jpn Acad Ser B, 2010, 86: 202-219; (b) Ohkuma T, Kurono N, Arai N. Bull Chem Soc Jpn, 2019, 92: 475-504; (c) Genet J-P,
Phansavath P, Ratovelomanana-Vidal V. Isr J Chem, 2021, 61: 409-426

(a) Bartoszewicz A, Ahlsten N, Martin-Matute B. Chem Eur J, 2013, 19: 7274-7302; (b) Yang XH, Xie JH, Zhou QL. Org Chem Front, 2014, 1:
190-193; (c) Xie JH, Bao DH, Zhou QL. Synthesis, 2015, 47: 460—471; (d) Hou CJ, Hu XP. Org Lett, 2016, 18: 5592-5595; (e) Qin C, Hou CJ,
Liu H, Liu YJ, Huang DZ, Hu XP. Tetrahedron Lett, 2018, 59: 719-722; (f) Wei DQ, Chen XS, Hou CJ, Hu XP. Synth Commun, 2019, 49: 237—
243; (g) Wan YB, Hu XP. Org Lett, 2022, 24: 5797-5801; (h) Zheng Z, Cao Y, Chong Q, Han Z, Ding J, Luo C, Wang Z, Zhu D, Zhou QL, Ding
K. J Am Chem Soc, 2018, 140: 10374-10381; (i) Chen GQ, Lin BJ, Huang JM, Zhao LY, Chen QS, Jia SP, Yin Q, Zhang X. J Am Chem Soc,
2018, 140: 8064-8068

(a) Elangovan S, Garbe M, Jiao H, Spannenberg A, Junge K, Beller M. Angew Chem Int Ed, 2016, 55: 15364—-15368; (b) Garbe M, Junge K,
Walker S, Wei Z, Jiao H, Spannenberg A, Bachmann S, Scalone M, Beller M. Angew Chem Int Ed, 2017, 56: 11237-11241; (c) Garbe M, Wei Z,
Tannert B, Spannenberg A, Jiao H, Bachmann S, Scalone M, Junge K, Beller M. Adv Synth Catal, 2019, 361: 1913-1920; (d) Kallmeier F,
Irrgang T, Dietel T, Kempe R. Angew Chem Int Ed, 2016, 55: 11806—-11809; (¢) Zeng L, Yang H, Zhao M, Wen J, Tucker JHR, Zhang X. ACS
Catal, 2020, 10: 13794-13799; (f) Zhang L, Tang Y, Han Z, Ding K. Angew Chem Int Ed, 2019, 58: 4973-4977; (g) Zhang L, Wang Z, Han Z,
Ding K. Angew Chem Int Ed, 2020, 59: 15565-15569; (h) Ling F, Hou H, Chen J, Nian S, Yi X, Wang Z, Song D, Zhong W. Org Lett, 2019, 21:
3937-3941; (i) Widegren MB, Harkness GJ, Slawin AMZ, Cordes DB, Clarke ML. Angew Chem Int Ed, 2017, 56: 5825-5828; (j) Widegren MB,
Clarke ML. Catal Sci Technol, 2019, 9: 6047-6058

(a) Noyori R, Ohkuma T. Angew Chem Int Ed, 2001, 40: 40-73; (b) Ohkuma T, Ooka H, Hashiguchi S, Ikariya T, Noyori R. J Am Chem Soc,
1995, 117: 2675-2676; (c) Ohkuma T, Ooka H, Ikariya T, Noyori R. J Am Chem Soc, 1995, 117: 10417-10418

Xie JH, Liu XY, Xie JB, Wang LX, Zhou QL. Angew Chem Int Ed, 2011, 50: 7329-7332

Wu W, Liu S, Duan M, Tan X, Chen C, Xie Y, Lan Y, Dong XQ, Zhang X. Org Lett, 2016, 18: 2938-2941

Yu J, Duan M, Wu W, Qi X, Xue P, Lan Y, Dong XQ, Zhang X. Chem Eur J, 2017, 23: 970-975


http://chemcn.scichina.com/
https://doi.org/10.1002/anie.200462178
https://doi.org/10.1002/ejoc.200400690
https://doi.org/10.1002/anie.201411384
https://doi.org/10.1021/acs.orglett.5b01878
https://doi.org/10.1515/znb-1998-0301
https://doi.org/10.2183/pjab.86.202
https://doi.org/10.1246/bcsj.20180328
https://doi.org/10.1002/chem.201202836
https://doi.org/10.1039/c3qo00056g
https://doi.org/10.1055/s-0034-1378939
https://doi.org/10.1021/acs.orglett.6b02828
https://doi.org/10.1016/j.tetlet.2018.01.020
https://doi.org/10.1080/00397911.2018.1550203
https://doi.org/10.1021/acs.orglett.2c02316
https://doi.org/10.1021/jacs.8b07125
https://doi.org/10.1021/jacs.8b03642
https://doi.org/10.1002/anie.201607233
https://doi.org/10.1002/anie.201705471
https://doi.org/10.1002/adsc.201801511
https://doi.org/10.1002/anie.201606218
https://doi.org/10.1021/acscatal.0c04206
https://doi.org/10.1021/acscatal.0c04206
https://doi.org/10.1002/anie.201814751
https://doi.org/10.1002/anie.202006383
https://doi.org/10.1021/acs.orglett.9b01056
https://doi.org/10.1002/anie.201702406
https://doi.org/10.1039/C9CY01601E
https://doi.org/10.1002/1521-3773(20010105)40:1%3c40::AID-ANIE40%3e3.0.CO;2-5
https://doi.org/10.1021/ja00114a043
https://doi.org/10.1021/ja00146a041
https://doi.org/10.1002/anie.201102710
https://doi.org/10.1021/acs.orglett.6b01290
https://doi.org/10.1002/chem.201604855

REFR: b 2023 0 53 % B3 M

9 Yul, Long J, Yang Y, Wu W, Xue P, Chung LW, Dong XQ, Zhang X. Org Lett, 2017, 19: 690—693

10 Liang Z, Yang T, Gu G, Dang L, Zhang X. Chin J Chem, 2018, 36: 851-856

11 (a) GuG, Yang T, Lu J, Wen J, Dang L, Zhang X. Org Chem Front, 2018, 5: 1209-1212; (b) Gu G, Lu J, Yu O, Wen J, Yin Q, Zhang X. Org Lett,
2018, 20: 1888-1892; (c) Gong Q, Wen J, Zhang X. Chem Sci, 2019, 10: 6350-6353; (d) Tan X, Zeng W, Wen J, Zhang X. Org Lett, 2020, 22:
7230-7233; (e) Yin C, Pan Y, Zheng L, Lin B, Wen J, Zhang X. Org Chem Front, 2021, 8: 1223-1226; (f) Gu G, Yang T, Yu O, Qian H, Wang J,
Wen J, Dang L, Zhang X. Org Lett, 2017, 19: 5920-5923; (g) Hu Y, Wu W, Dong XQ, Zhang X. Org Chem Front, 2017, 4: 1499-1502; (h) Wu
W, Xie Y, Li P, Li X, Liu Y, Dong XQ, Zhang X. Org Chem Front, 2017, 4: 555-559; (i) Wu W, You C, Yin C, Liu Y, Dong XQ, Zhang X. Org
Lett, 2017, 19: 2548-2551; (j) Tian D, Li C, Gu G, Peng H, Zhang X, Tang W. Angew Chem Int Ed, 2018, 57: 7176-7180; (k) Wang S, Yu Y,
Wen J, Zhang X. Synlett, 2018, 29: 2203-2207; (1) Yin C, Wu W, Hu Y, Tan X, You C, Liu Y, Chen Z, Dong XQ, Zhang X. Adv Synth Catal,
2018, 360: 2119-2124; (m) Wang J, Shao PL, Lin X, Ma B, Wen J, Zhang X. Angew Chem Int Ed, 2020, 59: 1816618171

12 Yu J, Huang F, Fang W, Yin C, Shi C, Lang Q, Chen GQ, Zhang X. Green Synthesis Catal, 2022, 3: 175-178

13 Keinan E, Hafeli EK, Seth KK, Lamed R. J Am Chem Soc, 2002, 108: 162—-169

14 Schlatter A, Kundu MK, Woggon WD. Angew Chem Int Ed, 2004, 43: 6731-6734

15 LiJ, Tang Y, Wang Q, Li X, Cun L, Zhang X, Zhu J, Li L, Deng J. J Am Chem Soc, 2012, 134: 1852218525

16 Zhang X, Huang K, Hou G, Cao B, Zhang X. Angew Chem Int Ed, 2010, 49: 6421-6424

17 Wang H, Zhang Y, Yang T, Guo X, Gong Q, Wen J, Zhang X. Org Lett, 2020, 22: 8796-8801

Development of ferrocene-based tridentate ligands for the asymmetric
hydrogenation of 2-butanone
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Abstract: Despite various catalytic systems developed for the asymmetric hydrogenation of ketones, few of them
works well for the asymmetric hydrogenation of aliphatic ketones. Herein a series of PNN and PNP type tridentate
ligands based on ferrocene were developed and the iridium complex of these ligands were tested in the asymmetric
hydrogenation of 2-butanone and up to 79% ee was achieved.
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