536 46 5 11
202242 A

s 4
JOURNAL OF MOLECULAR CATALYSIS ( CHINA ) Feb. 2022

Vol.36, No.1

XEHS: 1001-3555(2022)01-0071-10

M SMELMSE R MR RER

FERF

2LAAS " FyoE"

(1. ERERE 2 N Y BRAF 7T T BRIE A A e 43 L B 5 o S = NS e, HR 2241 730000
2. P EPBLEBER , LA 100049 )

BE . ESRECAOIAYE S PRI SO RA 2R . @RI, — ERA UL
R L . Y EAN U B PRI RO L AT B AEAESE R | DIk R T A R AR AR AR
PG RS A R EOR , FEid KRR, ARARAEROTE | B T8 . 1 . MERE S AR R S W SAL RS A LSS B

FATRGEHEES T HRIC A PILE NS AT fE

K ALRCAWY ;AL IS
FEDES: 0643.32 XERARERD: A

1 XTF5a

FRICR ERT I 25 50K, ®IMNZH
THEA Jy 3d%4s”, A7 TFE5 VU R I5S VIIB %, JLEFT
SN Mn. ffCE EsE LR | SR
HHELESE 3 00, AU TRk .

FLTE 17 JTAERTIOA 28I B0 (R 8k
W) BTG VEEURE TR R BE R L ek
T A ST B R AR 0 2 A I B T 4R
. AEREE R KR | AR R )2 T &
K, IFHT ARSI, sk 90%
A AR Tl , HoAt 109% BEH T4 @ik 4
BT RSl AR AR TR R T &
TEA Y &b (B IR R A,
SR HER A A: P T R B AN ORI
JEHIER F R A A UL, TiEA RGN
TEHEFD R — M - A - BESY . 5 LR,
Bt NI HH AT A 2 B

20 ALK APV G AEAEAL STl T i
M E g2 I R ok, FERNHTF =47
I . 55— @ Salen 4581 FH TR AP AL R . FF
AP RA VLA PR EE PR — B2
MHTEEZ ez, FRAERE MM E s, 2
AL 2E S 5T R . R LA A RS
W7 1 T2 SR e B A PR R AR 4, R X

Yim BEA: 2021-10-31; & E B H#A : 2021-12-09.

DOI: 10.16084/j.issn1001-3555.2022.01.008

SCALGE S ONERS R T IZ BRI, SRR
& LA R eRE - W25 e ek | Rk
A B ot PREEIS AR . B iE e . m ke
AR B B BT HRAE ) MR R R
AL S LE T K R AR A A R
b ThEE T A SRRE L 5 TRALAFRR
VRN AR A A A (8 B 28 A S P o A B A0
NRBRK | Salen . FEIMELZR | W R S5 HC A B i Ak 5
Tt R HIT KK, Horh Salen 4 42 J@ Al
PIB  BROA Re ANK B A AL B A B R ) R A A
M Z— BT IERREAE Salen 5 FOHEAL AT HT R AE
MEHAL AR T R AL G ) , WA s 2
Wor & R A N ER TS . L2
A2 Salen 5125 1045 R PR AL SN E S T4 A
e

B BRILARAE C — HIR LU R B Tl
FREOHEALTSRPE . C — H B Z MU T2 A B
B, SRR S B REM M — R T
VR BOWTFTE A . AR, WA SIS P A ) e — o)
293 e A EIRE REMTAL SO RN - He— , Bl
HEHATE R R AL RE | ARMERE AL 5 T, Al —
AU AN P BT 1) 22 Tk U5 | X
AT A R 0 A Btk U . o 4 R A 1) i A
FHIFTARE TSI, T s DL LR . Aok | 2

HELWA: FHF HRPAR4E T H (22022204, 21633013, 22072167) (National Natural Science Foundation of China(22022204, 21633013, 22072167) ).
fEHE B 2K R0988-), BB, i+ F 52 A=, ¥ AHAE AL, HE4H : liyu—dong@foxmail.com (YudongLi(1988-), male, PhD degree candidate, Homogeneous

Catalysis, E-mail: liyu—dong @foxmail.com).

* JHIHIK R A, E-mail : cgxia@licp.cas.cn, yhli@licp.cas.cn.



72 a4 T b

% 36 &

T ) SR 3 4 R A A ) E 2B U RE TR
N SR, HET, FHT C — H IS Ay oo
B2 Ad 58 5d SEEJE |, g B RS (B2
X B 4 I I 5 BEIRAT U8 . I As B Bt XEIREE A
FAFR AL, ISR 515 1) & R AR R
RERER . &Eah THEFE. Ehas. A
AARERARTT G . X EREE AT AL PR AR RR AL
TR LA B b 2 0T Tigfk ¢ — H
SRR T , UGS TR e,

55 =1 2016 4T & HOR B Pincer- 5L &)
FEINE / N R T R AP EAIG 1 |, Bl
J5HE Pincer- 5 A& WIS i AR AL
FIAEE TRk . BATRG LA TS YTE
IR RIS R

2 s RIS & R
oL 4 TR AL AR AT LA & P B R

[Mn] @3 %)
t-BuONa (10 %)

ACAR G IS, EAA BRERT L AR .
/B R JE TR P 40 5 . 1960 4F Wilkinson
PEARTR 9 & B AS R AR AR AR 2 i R A R AR R AR A
M, EFERN . BRI 4R r S A RO
AR 22 R BORE | BT AE B A e O U B OREE
UEAETERE D | As T | 380 & s oA stk HAF
TEH 4 Jm % B il 7 PR L Tk A R T .
MR ARERAE RS 3 i SRt R | ISR IRER
M B BA A S . IEJE R TS,
EEAEAL Y S S N B T AR T #AS,
2.1 pincer BSR R EYIEN IS R AL
2.1.1 pincer B 4 e A 9 Ak B AR A9 0 &R
R 20164F, Beller 4™ Bk IGE T 448
il A A B S AL R N . VR B FH PNPEHE =I5 BC
P& F1 MnBr(CO), JE 1514 4 e e A 1 AR, A
TR OB, R RSB T — RAINE . BRI
L EnEsE L (E D).

ZAHUBRIFSY |, VR WGZ SN T BEL HER ST

R-CN R
X NH,
5.0 MPa H,, 120 °C
24 h, Toluene
up to 96 % yield
B
o [Mn]Q %) OH H \r
- N o
1 +-BuONa (3 %) A, N | \PiPr,
R 2 R R
R 30MPaH,, 120 C Mn
24 h, Toluene Pi l CcO
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Fig.1 Selective catalytic hydrogenations of nitriles, Ketones, and aldehydes by manganese pincer complexes
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Fig.2 Proposed mechanism for Mn-catalyzed hydrogenation of

carbonyl compounds



F1

PR FRECH PRI U R BT 73

S A& AH N Y T . FE I W ] IS A AE C = CORUERE AN
C = O XU, RyEPEPER b & ik C = O XU, T
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Fig.3 Selective catalytic hydrogenations of C=0 by manganese

pincer complexes
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Fig4 Hydrogenation of ketones with a manganese PN’P pincer
pre-catalyst
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Fig.5 Manganese-catalyzed chemoselective hydrogenation of

aldehydes under base-free
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Fig.6 Selective catalytic hydrogenations of esters by manganese

pincer complexes
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Fig.7 Manganese-catalyzed hydrogenation of esters to alcohols
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Fig.8 Catalytic hydrogenation of cyclic carbonates using

manganese complexe
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Fig.9 Catalytic hydrogenation of cyclic carbonates using

manganese complexe
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Fig.10 Catalytic hydrogenation of carbonates using

manganese complexe
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Fig.11 Carbon dioxide hydrogenation catalyzed by Mn(I) PNP

pincer complexes
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Fig.12 Manganese-catalyzed sequential hydrogenation of

CO, to methanol
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Fig.13 Efficient and selective hydrogenation of amides to alcohols

and amines using manganese complex
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Fig.14 Mn-catalyzed hydrogenation of amides
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Fig.15 Manganese catalyzed hydrogenation of carbamates and

R'NH, + R°OH + CH,

urea derivatives
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Fig.16 Mn-catalyzed hydrogenation of N-heterocycles
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R R
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Fig.17 Hydrogenation of carbonyl derivatives catalysed by

manganese complexes
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o BRI B 4628 RO R | SR 5 S R i e S AT
PN BeiRER AL &P EALIA I, RIS HT =) . %
TEALAR RCYIREE ), BRI A 5 A I . IR D |
AN R SEIR A (E 18 ).

H

Q . N DEOHIOT.24hp p

H R R 2[Male% I Npe
t-BuOK (51%)

Rl

P18 R pEACIE AR s ke A

Fig.18 Manganese catalyzed reductive amination of aldehydes
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R-CN R NH,
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RIJJ\RZ _— Rl R2
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18 h, Toluene

P19 A A SRR ) fin
Fig.19 Hydrogenation of nitriles and ketones catalyzed by

Mn(D) complex
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0 [Mn] (0.2 %)
t-BuOK (75 %)
R! %R’ E————
5.0 MPa H,, 100 °C
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R'™S0H * R'—OH

K20 JE pincer B4R AEALER N
Fig.20 Non-pincer-type manganese complexes as efficient

catalysts for the hydrogenation of esters

2017 4F , Khusnutdinova P2 2 T E W
B AL AR IO, AEE ] 6,6- —
FEHE 2,2 BRIEIE AN MnBr (CO ), il % THEECEY)
FEA H T Sk i A in = i, 7E DBU
AR, A NS P L , TON ik
6250, FEMEAFAE T , R Akl & A4 i H ik
Jfiz , TON 3A%1 588 (18] 21).
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RIS 20194F, Gare ©a B4l 4Rl T
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a a TON: 6250
0
o, + B, Mnl,NHEt H)LN,Et
dioxane, 80 °C )
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P21 9 pincer B A — SRR AN AL
Fig.21 Non-pincer-type manganese complexes as efficient
catalysts for the hydrogenation of CO,

PiPr,} (OTE) ] 4 Sy A Tl 1A 5 1 36 P A Ak I &0 4=
BRI R . o, DLKOWBufE A%, 2-BuOH 1 A7) .
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05 RN R 05 T i A4 L i SRS B AR L ) B . %
B A 55 B I RO 2R H G 28, ) kA
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FRAE RS, O RS RERE B R O e, s
PR 53% (&1 22).

oTf
[ Mn ] 3% Vs \P ip
RLCN t-BuOK (10 %) R PR | T
— —_— NH
0.7~3.5 MPa H,, 90 °C 2 oc /DTH\ co
15~30 min, 2-BuOH CcO
[Mn]

22 R pEAL AR A
Fig.22 Hydrogenation of nitriles catalyzed by Mn(I) complex

2020 4F , Wang 8120 B T MnBr (€O )4
o Mn, (CO ) o fHEAL IR AN B 1 A A S0 . 1R
ffEFHTTE Y MnBr (CO )5 3 Mn, (CO ), AHEILH] ,
T BCARRE &AL, O B, SN IR N
130 °C, OWIERIA THF, S E S0 3.0 MPa , JJj
if 8 b, EIVAT S B ORI I Ji 1 AL, A5 SR B0 e
Kb A(E 23).

R'—/ | N e [Mn] (5 %) R': g
x N/) 3.0 MPa H,, 130 °C \ N)

8 h, THF H Mn(CO).Br
L [Mn] G %) Ry Mn,(CO),,
! 3.0 MPa H,, 130 C g [Mn]
1J\ 2 29 1 2
RR 8 h, THF R™"R

P23 i e P I J AR O ) o 50
Fig.23 Simple manganese carbonyl catalyzed hydrogenation of

quinolines and imines
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2.3.1 HBECEYHALTRAXTFRIMA RN 2017
A, BellerifI4 ™ 438 T H 8L 9 T4k PNP 2R U4
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HH A R P AR LT P R 7 X e B L B TN S
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L, _emwoksm _ OH | My ,m] - E("— i
R SoMPam, 0C RR: (;/M|"\CO S~
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Rl
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K24 SRAEALER B AR PR
Fig.24 Manganese(I)-catalyzed enantioselective hydrogenation of

ketones
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Recent Advances in Manganese-Catalyzed Hydrogenation Reactions
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( 1. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics
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of Sciences, Beijing 100049, China )

Abstract: The transition-metal-catalyzed hydrogenation of unsaturated organic compounds is one of the most
important organic transformations for academic researches. The most popular catalysts for hydrogenation reactions
are based on precious metals, such as rhodium, ruthenium, iridium, and palladium. The usage of earth-abundant
manganese metals as catalysts for chemical synthesis in order to install more sustainable reactions is a major
goal in modern synthesis. Within the last few years, Hydrogenation of polarized double bonds such as aldehydes,
ketones, esters, amides, and nitriles efficiently be achieved by well-defined manganese complexes. We describe the
development of the emerging field of manganese catalyzed hydrogenation reactions.

Key words: manganese complexes; catalysis; hydrogenation



