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Manganese is thesecond most abundant mitb late transition metal in the S I NIi K €
continental crust
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How do we get the manganesatalyst?
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Carbonylation

http:// baike.asianmetal.cn/metal/mn/mn.shtml



Limitations of catalytic reactions using onigtal

U Thecatalytic activity ofmetalsislow
U Poor solubility in organic solvents
U Limited to Reactiosubstrate
U Uncontrollable of products
U The type of reaction isimple

U Not selectivity

Why do we choose ligand?

Increases metal solubility Change its catalytic activity

Improvethe reactionsubstrate scop?:) . : :
rovide a chiral environment
Stable intermediate transition state

Regulatory SeIeCtiVity The reaction conditions are more mild

Look for the appropriatéigand!!!



Omae The earliest study ligand effect Mn complexes
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Types of lowvalentmanganese catalyzed reactions involving ligands

Hydriding Hydrosilation Cross coupling for Hydrogenations or
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|. Unsaturated Bond Additions

1-octene + H,

cis-HMn(CO),PPh,

» octane + cis- and frans-2-octene

Proposed Mechanism:

cis-HMn(CO),PPh, + alkene 2 (alkyl)Mn(CO),PPh,

(alkyl)Mn(CO),PPh, +H, — cis-HMn(CO),PPh, + alkane

JimD. Atwood. Journabf Organometallic Chemistr69(1984C51-C54.




|. Unsaturated Bond Additions
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Table I. Hydrosilation of FpCOR Using (CO);Mn Complexes as Precatalysts

silane
FpCOR (mmol/g (mmol/mmol reaction  bis-F
benzene) FpCOR) Mn precatalyst (% Mn) i?;ea mom-%{,b product(s) yield, %
1 FpCOCH; (1.52) Et,SiH (1.10) (CO)sMnCOPh (2.8) 2 FpCHCH,(OSiEt,) (3)  90°
2 (1.49) (1.23) (CO);MnCOCH;, (4.2) 11 3 957
3 (1.52) PhMe,SiH (1.10) (CO)sMnCOPh (2.6) 1 Fp(ii‘[CHg(OSiMegPh) 66°
4 FpCOPh (1.42) Ph,SiH, (1.30) (CO)sMnCOCH; (20.2) 2 Fp(CH{Ph)(OSiHth) 15%
7)
5 (0.665) (1.10) (CO)sMnCOPh (2.8) 20 7 30¢
6 (0.665) (1.10) PPh,(CO) MnCOCH, (2.4) 0.5 7 99298
7 FpCOCH; (1.52) Ph,SiH, (1.20) (CO)sMnCOCH, (4.6) 4 0.77 [FpCH(CH,3)0],SiPh,/  quant®
FpCHCH,(OSiHPh,)
(6a/5a)
8 (0.81) (1.10) (CO)sMnCOCD, (20.2) 2.5 101  6a/5a quant®
9 (1.14) (1.10) PPh;(CO),MnCOCH;,4 (0.47) 5 5a 87¢
10 (1.14) (1.17) PEt4(C0),MnCOCH, (4.5) 3 5a quant®
11 (1.49) (1.20) (CO}sMnCOPh (3.3) 0.33 136  6a/5a 854
12 (1.52) (1.25) (CO)sMnCH(Ph)OSiHPh, (3.3) 6.0 0.92 6a/5a 974
13 (1.52) (1.19) (CO)sMnCH, (4.2) 0.50 0.23  6a/5a 914
14 (1.52) (1.20) (CO)sMnSiMe, (4.1) 144 022  6a/5a 94¢
15 (1.52) (1.25) (CO), Mn, (3.9) 168 0.22
16 (1.52) Et,SiH, (1.24) (CO);MnCOCH; (3.8) 18 0.82  FpCH(CH;)0),SiEt,y 914

Alan R. Cutler. Organometallit39], 10, 31-33.



|. Unsaturated Bond Additions
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|. Unsaturated Bond Additions

Chart 1

[
[ _SiHPh
i O 5mol% 1 0 2
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Mn Mn Mn 1 Proposed Mechanism:
(CO}, (CO);P(OMe), (CO),P(OMe), |
I HH H, H
1 2 3 i ‘. 2 o
H U0 ot
H, - : Shich 1t —
. H(} : "o CH.CI, , rt. P{‘:MI‘I(CO):;
selceI I
: o~ SHPh,
o &) Mo’ BFy |
(CO)P(OMe).], ¢ (CO),P(OMe), | 1+
4 5 6 I
entry cat. substrate silane time (h) yield (%)
1 1 Z2-pentanone Ph2SiH2 3 =99
2 1 cyclopentanone Ph,SiH; 3 =99
3 1 acetophenone Ph,SiH; 3 =99
4 1 4-methyl acetophenone Ph,SiH; 3 =99
5 1 4-methoxy acetophenone Ph,SiH; 7 28
6 1 4-bromo acetophenone Ph,SiH» 7 =99
7 1 4-cyano acetophenone Ph,SiH; 18 N.R.c
8 1 4-nitro acetophenone PhzSiHz 18 N.R.
9 1 2-acetonaphthone Ph,SiH; 3 >09
10 1 l-acetonaphthone Ph,SiH; 3 N.R.
11 (y°-cyclohexadienyl)Mn(CO)3 acetophenone Ph2SiH> 18 N.R.
12 (n°-indenyl)Mn(CO)3 acetophenone Ph,;SiH; 18 N.R.

Heung N. Lee. Organometallit899 18, 41144118.



|. Unsaturated Bond Additions

, : Entry  Catalyst Silane Yield (%)°
_ _SiMe,Ph :
fl\ 5mol% 1, PhMe,SiH _ 0 ( : 1 [(Benzothiophene) PhMe,SiH 84
CH,CI,, r.t. /)\ 1) . Mn(CO), |BF,
R1" R2 RTy Re 12 [(Dibenzofuran) PhMe,SiH 13
: Mn(CO); |BE,
b3 [(Benzene) PhMe,SiH NR.©
H, H : Mn(CO), |BF,
“ Ph,C'BF ] 4 [(Hexamethylbenzene)-  PhMe,SiH  N.R.©
m : Mll(CO)3 ]BF4
i A 1 5 [(Naphthalene) Ph, SiH, NR.C
Mn Mn BF, : FeCp]BF,
(CO),P(OMe), (CO),P(OMe), [ 6 (Naphthalene) Ph,SiH, 66
3 6 : Cr(CO),
Entry Substrate Silane Sol. Time (h) Yield (%)°
1 Acetophenone PhMe, SiH CH,Cl, 2 > 99
2 Acetophenone Et;SiH CH,Cl, 5 95
3 Acetophenone Ph,SiH, CH,Cl, 0.5 > 99
4 Acetophenone PhMe, SiH THF 18 41
5 Acetophenone PhMe, SiH Et,O 18 37
6" Acetophenone PhMe, SiH CH, (I, 2 > 99
7 2-Acetonaphthone PhMe, SiH CH,Cl, 2 > 99
8 1-Acetonaphthone PhMe, SiH CH,CI, 18 35
9 Benzophenone PhMe, SiH CH,CI, 18 15
10 4-Methoxvacetaophenone PhMe, SiH CH.CL, 0.8 > 99
11 4-Nitroacetophenone PhMe, SiH CH,Cl, 2 18
12 2-Pentanone PhMe, SiH CH,CI, 2 > 99
13 Cyclopentanone PhMe, SiH CH, (I, 2 > 99
14 Cyclohexanone PhMe, SiH CH,Cl, 2 > 99
15 Cyclopropyl methyl ketone PhMe, SiH CH,CI, 2 > 99

Journal of Molecular Catalysis A: Chemiédl (2000 87¢90.



|. Unsaturated Bond Additions
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1 2a 2b
complex catalyst (mol %) time (h) yield (%)”
1 1.0 2 >08
0.5 2 98
0.1 24 96
2a 1.0 2 56
0.5 24 92°
0.1 24 33|
2b 1.0 2 66
0.5 24 98
0.1 24 29
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|. Unsaturated Bond Additions

1
1
o BPin :
m . HE [Mn] BPin : Substrate Product t Yield Ratio
b solvent, 25°C * ©/\/ : (4 or 5] [h] [%][b] (41’5)[CI
4 5 1 BPin
1 =
. ©/\ (‘/‘j/K 1 90 (4a) 95:5
Entry Catalyst Solvent Yield (%)® Ratio |
(4+5) (4!5][Cl : « BPin
I /©/\ /@* 2 89 (4b)  93:7
1 none Et,O 0 - :
2 1 Et,O >99 95:5 : ~ BPin
3 2 Et,O 31 946 | F@/\ /©)\ 16 86 (4c) 946
4 3 Et,0 12 95:5 | F _
5 1 THF 76 94:6 | T
6 1 toluene 54 89:11 : @ 24 <3 -
7 1 pentane 60 98:2 : BRI
gl 1 pentane 72 9535 I @ 24 nr. _
9 1 neat 35 48:52 |
106 1 Et,O 65 90:10 | STV S BRI 16 59 (5a) 33:67
116 la Et,O 0 - :
1
! i OH
i ?J\ . HB’O 1 (1 mol%) ©BPin si0, Py
: R!" "R? Ie) Et,0,25°C Ry Rs air R; R»
LiCH,Si(CH3)3 1 6
(2 equiv) :
' Et,0,RT, 1 h : OH OH OH OH OH
ol %o R=H1a - J No.Z R=H,1(92%) :
R = Ph, 2a Pt SI™R=Ph, 2 (81%) i
R = 4-CIPh, 3a | \ R=4CPh389%) | F cl Br ol
: 6a, 96% 6b, 98% 6c, 84% 6d, 95% 6e, 95%
1
1
[
n

James (-ettinger Angew.Chem. Int.EQ016 55,14369¢14372.



|. Unsaturated Bond Additions

.
0 1)1 mol % (S)-(IPOIMNC; OH ﬁ/@\ro
2 mol % MNaBEt;H
;@AR' + PhSiH, LA @J\Ri Ph- Phy N LJ

i N—pfn—N
1 equiv 2)OH R C:“nCI ;}Bu
25 examples -+ up to 95.5:3:5 er.
+ up to 89% yield Ph {Sj—llF’D};Iulnﬂl;f
|
entry cat. silane yield (%) eur. : OH OH OH oH
1 (S)-3a PhSiH3 94 76.5:23.5 : /@/\ @/\ /di\ ©/\
2 (S)-3a Ph,SiH, 91 71.5:28.5 ; "Pr 5 & e
3 (S)-3a (EtO);SiH 82 $9.5:405 | 96% yield 85% yield 96% yield 97% yield
4 (S)—Sa MD'M N/A N/A : 9010 er. 94:6er. 95: Ser 93:7 er.
|
s” (S)-3a PhSiH, 89 75:25 : on
6" (S)-3b PhSiH, 89 77.5225 | (:(\ /©/\ @A @(\
7" (S)-3c PhSiH, 92 80.5:19.5 | H3CO Sty o (Ot
3
8P (S)-3d PhSiH, 98 88:12 ! 37% y,em 99% ylel g 86% yield 92% yield
b,c } ; . I g2:8er® 90.59.5er. 96.5:3.5er. 91.5:85er?
9 (S)-3d PhSiH, 98 95.5:45 |
1074 (S)-3d PhSiH, 86 90:10 : OH
|
|
| A \((j\ro : B < 5p
ph PP T N J ' 93% yleld 97% yleld 99% y|eld 68% yield
. |
1 NJ N—ppn—N | 92575er  90595er, 937 er. 94:6 e.r.
o onCl l R '
o T R ? !
iPr Ph I
(S)-3a, Ry =Bn, 96% (S)-3¢c, R, =iPr, 90% :
(S)-3b, R, = iPr, 96% (S)-3d, Ry =tBu, 90% I

ZhengHuang ACS Omeg2017,2> n 4692/ b
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|. Unsaturated Bond Additions

:Il_..[l"." 'TJ/J_I H B H — fl_’-_.m &
R'—R? 4+ HzN—BH5 Me(;H R1 R2 I\ m\/"'_ﬁ_ﬂ
- A new base metal catalyst .j.'}f-..__f-%l 2‘_,..--"'\-‘ ['—'J:? \.,4
- (Z)-selectivity up to >99:1 g .
- very high functional group tolerance &0
- Base and superhydride free reaction & S
[Mn]
_ solvent
Ph + NHyBH; = =l >—< }—(
2a 3a
[Mn] (mol %) solvent conversion (%) 2a:3a
Mn-1 (2) MeOH 27 84:16 Ph
Mn-2 (2) MeOH 69 88:12 H N)%N
Mn-3 (2) MeOH 62 79:21 ﬁ/\ e
Mn-4 (2) MeOH >99 97:03 /P"zp_f}f‘l”—P'sz iPrzlg—PEf;n—Fl’iPrz /
MnCl, (2) MeOH 29 78:22 o= ¥ o Y o Y
Mn-4 (2) EtOH 99 85:15 Mn-1 Mn-2 Mn-3
Mn-4 (2) i-PrOH 41 95:05 "
Mn-4 (2) HEIP 06 ND N \/ "\_ﬁ\
Mn-4 (2) TFE 08 ND | 7 A~ p= \
Mn-4 (2) THF 87 TEB b gl e = \ \//_/
Mn-4 (2) dioxane 63 79:21 S\ 9 J—"\"" = \
Mn-4 (2) DMF 14 80:20 e = —7 \ l ’
Mn-4 (2) NMP 21 83:17 e \
Mn-4 (2) toluene 14 83:17 h
Mn-4 (2) hexane <5 ND
Mn-4 (2) MeOH <5 ND
Mn-4 (2) MeOH <5 ND
Mn-4 (1) MeOH >99 99:01
Mn-4 (0.5) MeOH 76 95:05



|. Unsaturated Bond Additions
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