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Why are metal surfaces so much more active than the _l 8
metal complexes which are their soluble counterparts? l N _—~PCy; PFg
How can one set about the design of homogeneous I = \

systems that are much more active than those presently
available?

Dihydrogen Activation by Cationic Iridium Complexes

Crabtree’s catalyst

@@ H
| \Ir/PthM_| H, B2 ;H
—>
I/ \pph Ve -80 °C, DCM I /l PPh,Me
2 PPh,Me

Rates of Hydrogenation of Variously Subst. Olefins with Active Catalysts of Different Type?

J. Chem. Soc. 1976, 716

@\ Me _ Me
Entryl Catalyst precursor |T [°C]| solvent |WM Me |Me Me
1 [Ir(cod)PCys(py)IPFs | 0 DCM 6400 4500 3800 4000
2 | [ircod)(PMePhy),IPFs | 0 DCM 5100 3800 1900 50
3 | [Rh(cod)(PPhs)IPFs | 25 DCM 4000 10 0
4 | [RUHCI(PPhg)s] 25 CeDg 9000 7 - 0
5 | [RhCI(PPhg)g] 25 | CoD/EtOH 650 700 13 0

an mol of substrate (mol of cat.) h'! JOC 1977, 141, 205

Plat. Met. Rev. 1978, 22, 126
ACR 1979, 12, 331

The Mechanism of Iridium Catalyzed Olefin Hydrogenation

Hzf
®

lblri —>§ -Zg:e //\ _l

-C,Hg

ol = olefin

coe = cyclooctane JACS 1982, 104, 6994 +ol
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Facile Hydrogenation of Hindered Olefins
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HO Me HO Me
Me [ir] Me —_—
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Directing Effects in Homogeneous Hydrogenation
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via
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W Organometallics 1983, 2, 681
el  Joc 1986, 51, 2655
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HO iPr

PPh
| S 3 ex. tBu/\ I \|r
R
H=lr=g + CICH,CH,Cl |[F
Hpph, 84 °C

[Ir]
H,
94%

Tet. Lett. 1981, 22, 303
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Pd/C 20 80
[Ir]
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Reversible Dehydrogenation - Hydrogenation of
Quinolines

135 °C, N,, 24h

Me 25 <G, H, 241 °C, Hp, 24h NZ Me

2 H, L

New J. Chem. 2006, 30, 1675
J. of Organomet. Chem. 2015, 792, 184
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Mercury Photosensitization

hv
Hg —— Hg (°P,)

254nm
R Hg (°Py) R H
¥Me Me H
R H R
\—Me > \—me
R Me
R R R
N—Me + \— + \—Me
R Me
R H’
N— > M—Me

Alkane Functionalization on a Preparatory Scale

\Heatlng mantle Drop of Hg

= Oil Bubbler A

254nm Hg Lamp
A

Substrate

Q20— OO

30%

k / Hg, hv\f“

OH

'S OO wr
\_

C J. Chem. Soc. 1987, 971 30%

95-99%

OH

Dehydrodimerization of Ketones, Carboxylic Acids, Esters, Amines, Alcohols

o)
O O Me, Me Me
Me OH H
Me
Me Me Me
o)

83% 90% 67%

Tett. Let. 1989, 30, 5583

NHEt
OMeM :
e 1
H Me OMe Me;
NHEt |
93% 40%

Sulfination and Carbonylation of Hydrocarbons

O—S%H

Amination of Methane and Ethane

R- CH3+ NH3_>R

Partial Reduction of Sat. Fluorocarbons by NH5

Functionalization of N-Containing Heterocycles

HEg (s ) Hg (3P c cro
YO ! 1 H U4(;'0°§
H
a0 f 1

Heterocycles 1989, 28, 121

94% 90%
. 2. 2. % .0
R—R+R—S—R+ S + S + S R+R—S_OH
11 N N YNa” 1]
RO"™R HO""R ROTS™ g,
| HCO.H A

(oo ot L
SO;zH 3 Me Me
96% 99% \/\)\Me 99%

Substrate |rat|o Dimer:Ketone

IO t-Bu—CHO 418 :1
R=R+ ) Cy—CHO 10.5:1
_ 1.8:1

n-Hex—CHO JOC 1991, 56, 5503

1.’H
H'or 'NH
/\NHZ 32 R/\ 2. CH4, Me /\N

NH, F

F
NH; FsC F
: NC\%\FII-': NH;  Fy W

CN CF; CF; CF3

95%

Hg (P

CF, 271 g( 1)
85%

H, JACS1995, 117, 10119
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Rhodium Cat. Aldehyde Decarbonylation under Mild Conditions

Me 95%

99%

Bis-Carbene Complexes for Transfer Hydrogenation(” [\ t-Bu)
N_ N—
X+ X e 1
+ e +
N R
R™ "H Me)\Me K2COs R Me)LMe [)>_,r~‘_o
O )N |/é J
Cc,, R +Bu Me
}/ - N, |BFe
|
M Me N/
e
o H />—R IFN L
c.. | c..| .0 N /—Ir—H
t,, IrL / Ian_1 R/
c” A R LM
Me AR M
OH N | e
Py >R L 3 A 1PV
Me R (0] N Rh—O
c.. | X |
Cc Chem. Commun. 2001, 2274 &/
Me™ Me Organometallics 2003, 23, 629 \\ Neg

Polyhedron 2004, 23, 2857 \ J

' Pd-Pincer CNC Bis-Carbene Complex as Robust Catalyst

Ar-Br
0.2 mol% [Pd] +
1.1eq NaOAc O O
DMA, 20h 88% 7%
1 mol% [Pd]
B(OH )215quco O o
DMA 110°C Me

88%

£,

(\J— Pd

1 mol% [Pd]

=
5 mol% Cul
Pyrrolidine
' 87°C, 1h

—|Br
/}

@*
JON

Chem. Comm. 2001, 201
rganometallics 2002, 21, 700

: Oxidative Cleavage of Olefins with Ru | X )
b7
’E 1 mol% [Ru] \O,

o

: 1.25 eq. NaIO4 N

E 80°C, 2h 63% n-Bu Ru n-Bu

! Organometallics 2003, 22, 1110 Brco y
Leccccccccccccceeeeessscecece e e cee e e e e e e e e e e e e e e e e e e e e e e e e .-
:1Pd cat. Decarboxylative Coupling of Aromatic Acids

: OMe

' |

: OH

, 10 mol% Pd(OAc),

; o 20 mol% t-Bu XPhos MeO OMe
: + - > +

' 200°C microwave

! OH OH Ag,CO; DMSO MeO OMe

: 5 min

: 81% 18%

1Chem. Comm. 2008, 6312
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Ir|d|um Hydrlde Med|ated Intramolecular Oxygen Transfer

Ph PPhy
Ir «H Me
PPh3 Me

Intramolecular Alkyne Hydroxylation and Hydroamination
NHPh Ph
0.5 mol% [Ir] !

—_— N
DCM
X RT,2h ©/\/f"'°'

____I'_r] _____________________________ :
Rh Cat. Oxidative Coupling of Benzamides and Alkynes 0 :
N .R :
| S |ij :
e 1
Cl._ . '
CRh?_"Rh \c ! N :
Cl ‘a1’ R :
88-95% !
J 1
| A 0 5
H * !
4 mol% [RhCp*Cl,] e !
y 212 RS '
/. 1.5 eq Ag,CO; | 'i‘ [
MeCN, 115°C ‘ > [ '
R!! :
JOC 2010, 75, 7487 ;
0 [ Ph via | Ph :
Rh Ph :
Ph—” ['0] Z "0 '
NH Ph———~Ph :
SN — NN !
2~y 4 mol% [RhCp*Cl,], '
! " 1.5 eq Agch3 Z ~|~‘ al 5 !
Loy MeCN, 115°C O ' W 1 Org. Lett. 2005, 7, 5437
| el C.. .Y | Organometallics 2005, 24, 62 \
Catalytic Alkane Hydroxylation with Retention of Stereochemistry C—OH 2e" + 2H*
)
H 4 mol% [Ir] OH [IrV]—oH
5.5 eq (NH,),[Ce(NO5)s] < _cl OH Rebound
e / \ / \ .
1:1 tBuOH/H20 H20, C
H H
95%, 160:1 ~ ["=-mmmmmmmmzmo=essee- [IrV]—OH [Ir1=o0 [Ir"']—OHz
Me 4 mol% [ir] (cis:trans) Me \@’_l SO,
16 eq (NH,4),[Ce(NO 47 [ .
q ( 4)2[ ( 3)>6] OH H oflr\ H Abstraction o |nsertion
Me 1:1 tBUOH/H,0 " 2 (I)HOHZ H,0
27%, 1:113 2 <
JACS 2010, 132, 12550, ACS Cat. 2012, 2, 208 (cis:trans) o) Cc-H C-OH
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Mn Catalysts with Molecular Recognition for Selective Alkane and Alkene Oxidation 4 » recognition _ ibuprofen substrate )
Site/ L Me Me
_> O/H~~~
Me o 1 mol% [Mn] Me "0 oxidizable C-H close to
Ve 5 eq KHSO; o \ reactive centre
° % °o Ss -0
OH CH,CN, 0°C, 2h Me 98.5% (78% o H Me oH, terpyridine
Me - €O, —4 H
— N
Me (0] / o
Me!-5% (22%) Kemp’s
triacid phenylene
HO 1 mol% [Mn] linker
)=o 5eqKHSO; HO
Me@.... CH,CN, RT, 2h \<:> \<:>
>99% (30%) <1% (30%)
S5 NwnH
HO o HO -
o  0.5mol% [Mn] o o '\H’I‘ .
4 eq TBAO . ¥
O:CH.CN (03 Science 2006, 312, 1941 %&(}ﬁ*
20:CH3CN (0.3:1) ~09% (5:4) JACS2008, 130, 1628
0°C, 2h ° % Inorg. Chem. 2009, 48, 489 \_ J

A Functional Model for O—O Bond Formation by

JACS 2001, 123, 423

; N N
O,-Evolving Mn Complex N.. .0.. | \oH ' H,0
n|v\ 1, n'V" 2 ! 0 2Y2 [cat] (0]
4 ~ 1 R’ " )
H,0 cio o N ' )L + T NH, RJ\N’R
ClO- ! 2
: H,0 Rh
N.. \O., \OH NaOCI N.. o I \OH N.. 0., \OH : fo)
Mn'“\ O,Mn"’\\ 2 w n'{ or M 2 In"\o,'MnV; 2, e H.0, AN
H,0 N/N H,O N/N o<y ll]/N E 2 mol% Na,WO, R ‘R’
: RT,10 h
2 OH : (0]
1eq 5 I
NaOClI N N 0 ' NHCy P |
I |
N.. m-10., o 0H2 ' /Rh Rh\ f
M Mn'S PN I e |
2 N N~ Science 1999, 283, 1524 1 o

Green Chemistry 2007, 9, 976
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Iridium cat. Alkylation of Amines with Alcohols

Ruthenium Catalyzed Dehydrogenative Amide Formation vs. Amine Alkylation

Ir], 5 mol% K,CO : -
RNH, + R’CH,OH (] —2 5% RNHCH,R ! g [Ru] [Rul R cl (I:I !
toluene, 110°C : N KOH NHR_OH KOH N_ _O 'Ru: N
e ' O + Hy0 toluene U toluene q + 2H; thp,l H
: . . PPh,
OCHZR' ' minor major
\ ' H H
: H... - H...
NH2: R H / R)LH R)\H
' (M] [MH +H*] R
=< 5 Hal
: H; H, [MH +H*] M]
H,0 ;
_N&_R' ; [MH +H*] [M]
R- X~ ! H
it R o, _c : - H'J\ R~ )H\ '
R™ '\~ =< v P ; s . R .R
0" \N/\R' E H H,

o)
OH 0.02 mol% [Fe] > Me
HO OH NaOH, 140°C, 3h ONa
OH
OH OH -H,0

Organometallics 2010, 29, 6548, Organometallics 2011, 30, 4174

Selective Ir Cat. Oxidation of Sugar ,glcohols to Lactic Acid

NaOH 0 [Ir] Me (o) (0] HO
+Na Me CxH,,0
j)LOH X" TH,0, 115°C, 24n \Hj\o@” M ot N o \
-H,0 o H o OH
OH 1.1 eq KOH OH
+H20T

OH
E L J]\ HO/\l/OH HO™ N~ HJ\OH MeOH

N:pe":/co ": /_ OH -H, ®

I\H H\N_Fe'/ ~—] E [Ir] OC\ ,NHC e
< L ( /H HeN—Fo—CO - H,0 co, oc” “NHC BF

E

EH YOH keto-enol taut. i NHC = N/_\N

- —~ Me~ "~  ~Me
E =P'Pr, OH HO Me NYW

Chem. Comm. 2015, 51, 16201

: 0O +[OHT o 0 o)
e )J\/O' OH H HY\ BT HY
Me” N ICR ICR i
5 l+ H,0, -[OH] 0

Green Chemistry 2015, 17, 594
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Mechanism for Photosynthetic O, Evolution !
Mn :
o—, ~0 _~Mn _ ' e . _ A
| / | cl’ oo /'\lnn/(l) : Widespread Organometallic
/Mn \;Mn ) o Mn Mn i (l);oIVin_Mn Synthesis : @ o
1 - Vo
M I/ 0, o/ : R R cl ¢l Me_ O/ ~cCI oM., ® PFs
\_/ ' N
L Proc. Natl. Acad. Sci. 1986, 83, 4586 ) C'_F‘f’ N=N- "ﬂ°‘° Me r= %
p L R R ci’ ci Me N/
Functional Modeling of Ni-Fe Hydrogen ' A
OH onal Modeling o e Hydrogenases : (N-N) 1.21 A o
! L
: Ll u N//\N/\/\ Me_|eBF4
I NH 0--H—H ' H,—Re .
2 ' 2 ~ - I
HN—N_ . s H : ! 7| "H B Ir
—oNi®= 2, ~H [HO” : L e[
- - — ' co Ph;P
H-N S N—NH /N ,"ll' N ! Inorg. Chem. 1989, 28, 3777 3
2 / HN S\<NH + | J Chem. Soc. 1971, 1350 )
N=SH i, E
HO ACIE 1991, 30, 193 '
9 JACS 1998, 120, 548 )
e ) :
A New Type of Hydrogen Bond !
v N
AN 1
| H H Ha+ |-|6+ ' | Conclusion and Legacy
N/ N~ A ' |- Broad and heavily influential contributions in a variety of areas of high
I JL'186 [« L Vs ' importance (C—H bond activation of alkanes, water oxidation, hydrogenation)
L '.H6+ L- Fe—H5' H;Ir—H 1| - Taking risks and work in areas before their importance is fully realized
H=Ir—Hj;. M | L I 24A | - Move sufficiently far away from existing literature
L l H i | - Identify the killer variable* to avoid undue investment if a project has fatal flaws
i | - Bridging the gap between fundamental and applied research
H i |- Inspire and encourage through research and writing
5+ 3- H 74 5 o+ E Recommendation
,L0—H--0 H _H--H, ' | Pioneers and Influencers in Organometallic Chemistry:
H H !‘l H=B~ H~p- H ' | Professor Robert Crabtree’s Storied Career via an
||- H .Hs, | | ' | Unusual Jourqey to the vy League
Science 1998, 282, 2000 I Y4 H--H H !
JACS 1999, 121, 6337 L PN /




