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1.1. Borane ligands
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Braunschweig, H. et al Chem. Rev. 2010, 110, 3924.
For boryl metal complexes: Irvine, G.J. et al Chem. Rev. 1998, 98, 2685.



1.1. Borane ligands
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1.1. Borane ligands

« Summary of known boron-metal complexes
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Braunschweig, H. et al Chem. Rev. 2010, 110, 3924.
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1.2. Z-type ligands

* Three type of metal-ligand interactions

L = phosphines, amines, CO,

MO=—:L 2@ donor N-helarocyclic carbenas. .
» =H._ hal n,
M K 1e donor aryl a“,:ﬁ
Z = Lewis acids
Mi—=01 7 2@ accaplor

(50, baranes, )

For review: Amgoune, A.; Bourissou, D. Chem. Commun. 2011, 47, 859.



1.2. Z-type ligands

* Unsupported M =» Z interactions
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For review: Amgoune, A.; Bourissou, D. Chem. Commun. 2011, 47, 859.



1.2. Z-type ligands

* Supported M =» Z interactions: borane ligands

L = & or Chxyl

For review: Amgoune, A.; Bourissou, D. Chem. Commun. 2011, 47, 859.



1.2. Z-type ligands

* Supported M =>» Z interactions: other ligands
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frans isomer oS isomer

For review: Amgoune, A.; Bourissou, D. Chem. Commun. 2011, 47, 859.



1.3. Electronegativities

* Gold: Give me your electrons!
* Boron: Sorry I don’t have any left...




1.4. Electron count for Z-type ligands

» d" configuration,L=0, X=-1,Z=-2.
 Electron counting L=+2, X=+1,Z=0.

L ligand X ligand Z ligand

M M z
X
L M
M=—1L M—X M—=Z
one electron each provided both electrons
Doth electrons by ligand and by metal provided by metal

b Y 19 (normal covalent bond) (dative covalent bond)

(dative covalent bond)

Parkin, G. Organometallics 2006, 25, 4744.



2. Metal complexes

e 2.1. Historical view

In 1963 Shriver reported a metal-boron dative complex [Cp,WH,(BF;)].

Shriver, D.F. J. Am. Chem. Soc. 1963, 85, 3509
Shriver, D.F. Acc. Chem. Res. 1970, 3, 231



2. Metal complexes

e 2.1. Historical view

In 1979, Hughes reported the complex that contains a metal boron dative
bond.

L=>>
Et,0 [
[NEL]JICpFe(CO),] + BPh; ——— [NEL] _‘___~Fe\\ A
DCGCI BPh,
- _J
¢thf
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/ \ / \ B
||
| 0

Burlit_ch, J.M. et al Inorg. Chem. 1979, 18, 1702.



2. Metal complexes

e 2.1. Historical view

Until 1999, Hill’s group reported the first metal-borane complex.
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Hill, A.F. et aI Angew. Chem. Int. Ed. 1999, 38, 2759.



2. Metal complexes

[(3-Tm™BY)Fe(CH,SiMe3)]

[MCI(R')(CA)(PPh3)7] L » 21a
M A R iy 21b
Ru O CH=CH, ] 2.1¢c
Ru O CH=CHCPh,OH 2.1d
Ru O CH=CHCgH Me-4 2.1e
Ru O Ph - 2.1f
Ru S CH=CH, . 21g
Os O Ph V. 2.1h

(i) excess CO; (ii) K[TmMe], CH,CI,; (iii) Na[TmMe]; (iv) Na[TmMe]; (v) PPh,; (vi) excess

CO; (vii) CNtBu; (viii) CNXyl;(ix) CNMes.

Braunschweig, H. et al Chem. Rev. 2010, 110, 3924.
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Braunschweig, H. et al Chem. Rev. 2010, 110, 3924.



2. Metal complexes

[RhCI,Ph(PPhg),] or _ n+
[RhCI(PPh3)3] RN N N N-R
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(i) Na[TmMe]; (ii) room temperature; (iii) Na[TmMe]; (iv) refluxing CH,Cl,/ethanol (20:1);

(v) CNtBu; (vi) CNXyl; (vii) CNMes; (viii) PMeg; (ix) excess PMe;, refluxing

CH,CL/THF (10:1); (x) Na[S,CNEt,]; (xi) M ) Rh, K[Tm®Y]; (xii) M) Ir, K[Tmt®!]
Braunschweig, H. et al Chem. Rev. 2010, 110, 3924.
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PMe;,; (iv) TI[OACc]; (v) K[SCN]; (vi)
Na[N,]; (vii) DBU; (viii) HCI; (ix)
Na[TmMe]; (x) Na[TmMe]; (xi) room
temperature; (xii) Cl,; (xiii) Br,; (xiv)
l,; (xv) Mel.

Chemical Reviews 2010, 110, 3924.
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. Metal complexes

R BR,

RoP BR' g RaP /BRIQ 2.13a /Pr BCy,
i Au 213b /Pr BFlu
[AUCI(SMe5)] C| N
BFlu =
1B NMR Au-B bond
Ligand Complex distance
2.13a 75.6 ppm 80.1 ppm 2.90
2.13b 64.5 ppm 55.2 ppm 2.663(8)

Bontemps, S. et al J. Am. Chem. Soc. 2006, 128, 12056.



2. Metal complexes
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Braunschweig, H. et al Chem. Rev. 2010, 110, 3924.



2. Metal complexes
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Braunschweig, H. et al Chem. Rev. 2010, 110, 3924.



2. Metal complexes

[l r(cod){K3—NNH-HB(azaindole)3}]
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Braunschweig, H. et al Chem. Rev. 2010, 110, 3924.



2. Metal complexe
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(vi) I,. Braunschweig, H. et al Chem. Rev. 2010, 110, 3924.



2. Metal complexes

Metal-boron distances in boratrane (borane) complexes
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Braunschweig, H.; Dewhurst, R.D. Dalton Trans. 2011, 40, 549.
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2. Metal complexes
Metal-boron distance vs. ''B NMR chemical shift

in transition metal-borane complexes
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L Metal-boron distance (A)

Braunschweig, H.; Dewhurst, R.D. Dalton Trans. 2011, 40, 549.
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2. Metal complexes
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3. Reaction

1. Transfer hydrogenation of ketones
2. Hydrogenation of alkenes
« 3. Reduction of nitrogen to ammonia
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3. Reactions

=
N--N\ N==N = - !
,.ﬂa-H N
) THF H /
T ka N NEM M=Rh, 72 %, 5
\, Ir, 73 %,
N
Catalyst
Run Complex amount/mol %* Substrate’ Conversion (%) TOF?
lh  3h 12h

| - 0.5 A 17 45 97 34
2 6 0.5 A 25 76 98 50

3 5 0.5 A — — 2 —

4 & 0.5 A — — 2 —
5 5 0.5 B 16 59 =99 32
6 6 0.5 B 12 47 =99 24
7 5§ 0.5 C 87 99 =99 174
I 0.5 C 87 95 =99 174
9 5 0.1 C 85 90 95 850
10 6 0.1 C 87 94 =99 870
11 5 0.01 C 56 87 =99 5600
12 6 0.01 C 73 89 =99 7300

“6 mL of 0.2 M KOH in i-PrOH, 1.2 mmol of substrate, 83 °C. * A
acetophenone, B-benzophenone, C—cyclohexanone. © Measured by NMR

integration. ? Calculated between 01 h. * No KOH added.

Owen, G. et al Dalton Trans. 2008, 6039.



3. Reactions

QK

SNy
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\ PhaP—_ | Ph
Ph,P.t __PPh, M—PPh; Ph,P;. ~.—PPh, \ PPh
~ Rh—PPh Ir 2
p— ~H PhsP (I: p— ? gh/' H M~ W
Ph Ph 2 P
2 8 o) 2 8 PPh, Ph, PPh;
1-M 2-M 3-Rh 4-Ir
M = Rh, Ir

Table 2. Transfer Hydrogenation of Ethyl Phenyl Ketone®

o OH
OH 0.5mol% cat. Q
oA e oA
70°C
entry cat. T (°C)/t (h) yield (%)"

1 2-Rh 70,20 29

2 2-Ir 70/20 20

3 3-Rh 70/20 90

4 3-Rh 70/40 99

5 4-Ir 70,20 25

6 1-Rh 70,20 30

7 1-Ir 70,20 0

8 2-Rh* 70,20 11

9 6 70,20 0

10 3-Rh* 70,20 trace

“Reaction was carried out with S/C = 200. "Determined by GC
analysis. °3 equiv of BPh; was added. 10 equiv of PPh; was added.

Kameo, H.; Nakazawa, H. Organometallics 2012, 31, 7476.



3. Reactions
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Owen, G. et al Organometallics 2009, 28, 5222.



3. Reactions

N=>pn7 2 H

Table 1 Hydrogenation of olefins using complexes 2 and 4“

Cat. loading Conversion?

Complex (mol%) Substrate (%)

2 1.0” Styrene =99
2 0.1¢ Styrene 85
4 0.1¢ Styrene 50
2 1.0 Cvclooctene =99
2 0.1¢ Cyclooctene 43
4 0.1¢ Cyclooctene 7

425 bar Hs. 85 °C. 7 2 mmol of olefin, 0.02 mmol of 2 or 4, C¢Dg
(2 mL). © 7 mmol of olefin, 0.007 mmol of 2 or 4, C¢Dg (I mL).
4 Conversion measured by NMR integration relative to internal
standard after I8 h.

Owen, G. et al Chem. Commun. 2011, 47, 484,



3. Reactions

Mles PPh, ]
B 0.5 NiBr, Mg
0.5 Ni(cod), Na/Hg < \1
THE THF 2PN
2 v
[MesDPBPh] PhZ
4 5 6

PPh,
H=Ni—H
B”

_HE_; I/
— k PPh,
_H2
] W ,
Ve Va R R=Ph, tBu

1 mol% catalyst, 1 atm H,,
room temperature, 99% yield
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3. Reactions

(A) Proposed Mechanism 'jz ~ H Ph
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(FLTE:?P‘" Fe R Resting State
K aad® F"h—l
‘ Ph—-"r_ /
Table 1. Catalytic Hydrogenations by 1 with H," p.

— Pr""

Fe-hp
precatalyst substrate product TOF {h_l)d
1 eth}'[eneb ethane 15
b
1 st thylbens 027 . C
) L’;TE"E[E_ lene® Em}[;"_&“e 016 (B) Possible Elimination
phenylacetylene ethylbenzene ) Pathways ] Ph_/_@ " Hy
“Conditions: Room temperature, 001 M 1, 1 atm H,, and D.Dl M 2 o ] Ha Fle
ferrocene as an internal mtegratmn 5t;1nd;1rd in dg-benzene. b03 M A P TE_P - F"'" *‘"P
substrate. “0.29 M substrate. “As determined by 'H NMR spectros- -] e B E!/
copy at >95% product. 3
©
P 8 @
B |-||?
=T F o
\ Hydrogenolysis pe e‘"F‘
Y ’ B
2H; ph—" 3

Peters, J. et al Organometallics 2013, 32, 3053.



) 3. Reactions
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A0
Moret, M.E.; Peters, J.C.

Angew. Chem. Int. Ed. 2011, 50, 2063.




3. Reactions
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Moret, M.E.: Peters, J.C. J. Am. Chem. Soc. 2011, 133, 18118.



3. Reactions

Table 1 | Ammonia generation from N2 mediated by Fe precursors

) Fe
Excess HBAr, - 2EL.0 catalyst
+ Nz - NH3
Excess KC, E1,0
78 °C

Using standard catalytic conditions as described in the text

Entry Fe precursor MHs equiv./Fet
1 [(TPB)Fe(N2)][Na(12-crown-4)s] 7.0+ 1%
2  [(TPB)Fe][BArF,] 6.2
3 [(SiP*PT5)Fe(N,)][Na(12-crown-4),] 0.7
4 (TPB)(u-H)Fe(N2)(H) 0.5
5 FeCl,*1.5THF <0.1
6 FeCl, <0.1
7 CpzFe =<0.2
8 Fe(CO)s <0.1
9 None =0.1
Phenol
NH; + OCI NH,CI — O _N\
Cl
‘Phenol
o:C>:N - pH=10.8-11 O:C>:N
Q Indophenol
Blue O@ yellow OH

Peters, J. et al Nature 2013, 501, 84.



3. Reactions

[BAF,T _ [MNal12-C-4).J*
(1) Excaess MaHg, Ny M, B ‘
+ N -
(2] 2 equiv. 12-C-4
: - ™ lprp— l ........ w Pi-Pr,
—Na][BAr] s |  ~ Bi-er,
e
rlllrl j

[TPE|FaM.]
[Naf12-C-4),]*

[Bﬁr:q].-

HBArF, » 2EL,0

- Fa Lo Pi-Pr,
Prp =} \"*F}; 2

F'r‘,

[TPBJFa(NH,J1*

[BArTI
1 aquiv. KC,
) MNa'Hg N,
[TPB)Fe(N)] -———— (TPB)FaiN,)
-MH,
(1) 8 equiv. HBAI, » 2E£,0 [TPE)Fa{NH,JI*
[[TPE)Fa(h, ]I -T8°C - [BAIF J-
+
[Na{12-C-4). ] ; :
: {2) 8 equiv. proton spongs I_rpug"éirggf;as

Peters, J. et al Nature 2013, 501, 84.



(S
N2

|Pr P, P Pr2

{

(TPP'B)FeN,”
N, ©

(CSPPh3)FeN,”

3. Reactions

N2@

@S‘fﬁ

N, (1 atm)
+
KC catalyst NH
XS >
(SiP™P"5)FeNy L -78°C, Et,0 3
N © xs HBArF 4-2(Et,0)
2
ipr PrFe_P Pra (TPP'B)FeN,’, 7.0 equiv
R (CPPFeN,", 4.4 equiv
(SiPiP.r3)FeN2', 0.8 equiv
(CS'PPMFeN,, trace
(CP™P"5)FeNy

Creutz, S.E.: Peters, J.C. J. Am. Chem. Soc. 2014, 136, 1105.



4. Brief summary

e 1. This field is re-established in 1999.

» 2. The metal complexes with late TM are
reported.

3. To my knowledge there are three type
catalytic reactions: transfer hydrogenation of
ketones, hydrogenation of alkenes and alkynes,
and reduction of nitrogen to ammonia.




Thanks!

Be NMR-tube-philic!

i1 'Dong Group 2014.11




Question time!

Question 1
Propose a mechanism for the hydrogenation of ketone with complex 5:
Z TN

NN N==N = - l

. AN N
K" | HB- = — N \
1 \ _Cl_ / \ﬁN ) THF N7B H// \
"2 \ / \ - _ KCI N ‘N""‘-'-.._M \\ M= Rh, 72 0/0, 5
Ny / \ / i I, 73%, 6
N



Question time!

Question 2
Silicon can also be a lewis acid, and 1t has similar effect as borone when
coordinate to metal. Complete the following transformation:

Na(12-C-4),
0 o 1
? NaCygHg 2 equiv. . ?

PraPu. o pip THF 12-C-4 ProPu.go _pip
N G- s # WS
1 3

B(ArF),
Q
~1/2 H, orpu. | — NaOTf
A 4

TMSOTH



Question time!

Question 3
Propose a possible mechanism for the transformation of 5 to 6A.

Ph

\ KH E.
P
Ph.hh ,f \ £} ph.;;zH Ph..,_‘_P/

P

Ph= " (. Ph="
tBu \tBu
—Fe —Fe
(1) (5)
fas"i‘W
<::
— p B
9

Ph P Ph
‘""‘* - \" slow (days)

“M“” =3 N

(6A) (6B



Question 1

N~ N==N = |

Ny
] K" | HB--L /S e NT N
N THF N(/' H /I \
M) = — - K/
I

- NN~ M =Rh, 72 %, 5
/ “cl \ N~ Ir, 73 %, 6
N

N \
=8| FH
I‘--.. *.-""8 — NA
ST H \ M
L S L



Question 2

Na(THF)s Na(12-C-4),
Q 0 o |
NaC,oHg C 2 equiv. C
n F"',Fe—FﬂPr2 THF szp“ Pl pipr, 125 12:C-4 Pr e Fe—P’Pr2
(% ‘‘‘‘ SI@ : ----- SI@ f ---- SI©
SIM63
B(ArF), J
9 (|3
“ 12t — NaOTf I
PfeF’" Fe—P’Pr2 » Pr P",Fe—P’Prz

P
H(OEt,),B( Ar “““ s.\@ TMSOTf (ze """ SI@
4



~ Question 3

Ph?
c H Ph
\\\c H-...EI, \\\c Ph B,
>Pt< “wph - \pt/ /
i VAN
P\‘_/F' ) Pathway A P\—/P
Pathway B liii i ii
Ph Ph P
Ph*HC, ph
N \/ H
C\ /B *//\ /\é
Pt Ph of )
7 N\ 7 N\p
\_./ \-_/
x ilv
H
P’ Ph*HC Ph*

\(\: /Ph Il k\/Ph
Ph\Pt/ ~g " p\lut/Ph o (p\I/H o
SN = (P N
N ~N~—

~— (6A) ~—— N———




