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Introduction

i "'q
"Organometallics” are compounds with a carbon-metal bond

}1- B+ Carbon has an electronegativity of 2.6.
—E-M

Most metals (M) have electronegativities = 2.0

Therefore organometallics have dipoles where the carbon is negative (i.e. nucleophilic)

This means that organometallic compounds tend to act as carbon-based nucleophiles
as well as bases

Common Examples of Organometallic Compounds &

o Li
organolithium organomagnesium organocuprate
L "Grignard" reagents "Gilman" reagents )
Wurtz reagent R-Na Wittig Reagent R,C=PR, Simon-Smith reagent 1ZnCH,|

Lombardo’s reagent CLTiCH,ZnBr  Trimethyl Aluminium Mej;Al



Nobel Prizes in Chemistry related to Metals

Historical Significance
1760 - Cacodyl — tetramethyldiarsine
1827 — “Zeise’s salt”
1863 - 1st metal-carbonyl, [PtCl,(CO),]
1890 — L. Mond, (impure) Ni + xs CO —> Ni(CO),
1899 —> Grignard reagent discovery
1900 — M catalysts; organic hydrogenation
(food industry, margerine) Ni, Fe

Paul Sabatier: 1912 (Ni as hydrogenation catalyst)
General Hydrogenation Process

Mickal
Catalyst
Sharry

Hydrogen gas is
added under
pressure in the
form of tiny 3
bubbles at the
base of the
agitator.

Nickel
catalyst is
added in an
oil slurry.

Victor Grignard: 1912 (Mg for Grignard reagent)
0]

Et,0 R” R

R-X + Mg— > R-MgXx ————— R

Wilhelm Ostwald: 1909 (Pt/Rh for the
preparation of nitric acid from ammonia)
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Alfred Werner: 1913 (Co amine complexes geometry)
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Nobel Prizes in Chemistry related to Metals

Fritz Haber: 1918 (Os for the production Hans Fischer: 1930 (Fe in Haemin structure)
of ammonia; Fe or Ru have also been used) Dorothy Hodgkin 1964 (Co in Cobalamin complex)
nitrogen
from the air
400 - 450°C H,NOC
rifogaEn and nyomogen ._Eﬂﬂ atm
& iTa3byvolume & | iron catalyst Me _
Faeaen = r | Me HNOC
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Frederick Sanger: 1958 (Zn in Insulin and H‘l/ %g)
e
R = CN, CH,, OH

other protein structures elucidation) P

Georg Wittig: 1979 (P in Wittig reaction)
Herbert C. Brown 1979 (B for hydroboration)
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Nobel Prizes in Chemistry related to Metals

Karl Ziegler and Giullio Natta: 1963
(Ti — Ziegler polymerisation, V- Natta catalyst)

H4C
\c
H2C\A|// CH

- ',EZ/ 3
c, | .0
i
c” i\m
|

William Knowles, Ryoji Noyori, Barry Sharpless:

2001 (Ti-Sharpless Epoxidation, Os-Sharpless
Dihydroxylation, Rh-Knowles Hydrogenation,
-Noyori catalyst for hydrogenation)

Ernst Otto Fischer and Geoffrey Wilkinson: 1973

(Ni, Fe based Sandwich compounds)

Yves Chauvin, Richard Schrock and Robert
Grubbs: 2005 (Mo- Schrock catalyst,
Ru-Grubbs Catalyst)
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Nobel Prizes in Chemistry related to Metals

Richard Heck, Akira Suzuki, Eichii Negishi: 2010 (Pd, Ni for cross-coupling reactions)

COOH 0
NH, MeO OMe

Lasiodiplodin L-dopa . QIImapn reaction Ve
Anticancer druyg OMe O OH Lithium dimethyl cuprate
Normant reagent

Wilkinson's catalyst

Me Aliskiren
Hypertension drug

Me
MeO

(+)-Mycotrienol Rh Ni

Antibiotic

Suzuki-Miyaura

Stille Transition metal-Catalyzed
reactions Myxalamide A
Antibiotic

OMe S Palladium-Catalyzed reaction

Wacker process

Me
(-)-Heliannuol E

N)\
O @)
X (0] Valsartan
Hypertension drug

CHj3

Caerulomycin C
Antibiotic

.
O

Chem. Asian. J. 2018, 13, 2991-3013.



New Trends in Coupling Processes

Traditional cross-coupling

New trends in cross-coupling
Pd/Ni

NiBry(diglyme) (10 mol %)

Electrophile + Electrophile
L1 (20 mol %)
Mn? (3 equiv)

R1
)\ !
-+
Ar” °Cl @ TMSCI (0.75 equiv)

(+) 1.4-dioxane, rt

reaction enabled by new BiOX ligand

Q 0
gess
"Pr N N~ _Pr
L1 r

"Pr Pr
J. Am. Chem. Soc. 2017, 139, 5684.
. Pd/Ni
Nucleophile + Nucleophile
@
BuN-NBu

R'MgX + R2MgX

a2
Li,CuCl, (1 mol %) or 1 — R

CuBr«SMe, (2 mol %)
THF, rt, 3 h

32 examples, 55-98% yield
C(sp)-C(sp?) bond formations
amenable to gram scale

Org. Lett. 2014, 16, 6144-6147.

Electrophile + Nucleophile

O+ O

+ . Alkyl
g Y

> Nucleophile=Nucleophile

Pd/Ni » Electrophile==Nucleophile

Pd(OAC),/PPh;
THF, rt

» Electrophile=Electrophile

Ni-Catalyzed
R X Cross-Electrophile

Coupling Alkyl
-

Ir N '-I f "‘q %
1) & (] )

“NH./

o S—"

Diverse Array
of Alkylated

I'. . N L
\ HaN ,-"' =S
S / N-Heteroarenes

~T~ A =H, CN
[
New Ligand Set | R/ R=H, OMe

J. Org. Chem. 2017, 82, 7085. oH
—
2

R R
Diarylmethanols

0
R1/U\H

Palladium g Applications .
precatalyst CHCl, R R
K,CO3, 80 °C Homocoupling of arylboronic acids

Isolated Pd colloids
Characterized by
TEM, HRTEM, XRD, XPS, EDS and EXAFS

Heterocoupling of arylboronic acids

ACS Omega, 2017, 2,204-217.

Chem. Asian J., 2018 , 13, 2489



Bio-inspired Multiple Bond Formation: Multi-metal Catalysis

a} Conventional symhesis

—— ——

P,
— i
Pad

¢} Truly bimatailic catalytic system

it I S

KEY CHALLENGES
fully compatible catalysts
elementary steps orchestrated
rio Nigand scrambling

Chem. Soc. Rev. 2017, 46, 7399.
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\[U\NH + ||
N/go Ar
R
Intermolecular

Sonogashira

Bio-inspired Multiple Bond Formation: Multi-metal Catalysis

1) Pd(OAc), (1.0 mol %)
xx (2.0 mol %) o)
Et3N (2.0 equiv) /
H,0/MeCN, 80 °C, 45 min

2) Cul (4.0 mol %) N~ "0
Et;N/MeOH, 80 °C, 4 h

o Carbophilic
\\ cyclization

P soP A
3 e Ph” N0 —
Nr(\jN@\/f N o [Pd]—OMe
LN_/ R -
HO
3COo, 3 H, :120H.0H: > 13CH,OH + H,0
3

Chem. Soc. Rev. 2017, 46, 7399.



C-H Bond functionalization as Greener alternative for Cross-coupling

N/ Cl
o )
N
NJ\n-Pr O
HO.__O NH

O O | N
N’NH Cl N

Diovan (Valsartan, Novartis) Micardis (Telmisartan, Boehringer) Boscalid (BASF)
CN

NCB 807 (Liquid crystal, Merck)

(a) traditional cross-coupling

R? R?
\_/ |
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_— >

2 = > I cat. [TM], - MX X

R R |
YA

‘ )

R2

\_
QX, cat. [TM], - HX

(b) direct arylation

Science, 2000, 287, 1942.; J. Chem. Soc., Dalton Trans., 2001, 17, 2437.

Acc. Chem. Res., 2002, 35, 826.;Chem. Rev., 2002, 102, 1731.



C-H Bond functionalization as Greener alternative for Cross-coupling

Challenging basic fundamentals of Organic Chemistry
E E

E+ E+
EDG@ > EDG or EDG@E EWG@ > EWG

Aromatic electrophilic substitution
A Conventional electrophilic aromatic substitution

X X
H  electrophilic aromatic H
— -
H substitution R
H H
ortho directing meta directing para directing
if X = directing group  if X = electron withdrawing  if X = electron donating group
eg NHAc group, eg NO» eg NMe;
B Meta-selective catalytic C-H bond arylation
EDG
H meta-selective Cu(ll)-catalyzed
H C-H bond arylation

Science, 2009, 323, 1593.




C-H Bond functionalization as Greener alternative for Cross-coupling

R Transition-metals: ortho-metallation
i (Rh, Ir, Ru, Pd, etc.)

challenging site ~ Hg Ho
H

m
Ny Friedel-Crafts (Orientation effect)

DG =
o e
y Para C-H
activation —i Natural product
T synthesis
H
H
41 examples R™ ™= 8 examples

(p selectivity up to =20:1) =T

OH OH Me
Me
Me = =
O O &) OMe

D. Maiti et.al, Angew. Chem. Int. Ed., 2016, 55, 7751.




C-H Bond functionalization as Greener alternative for Cross-coupling

Applications: Bio-active molecules modification

-

[{RuCly(benzene)}s] 5.0 mol%)

/N | XN PPh3 (40 mol%)
<N N/) K,CO3 (3.0 Equiv.)
/ NMP, 120 °C, 24 hr
Bn
Nucleosides
H
HN
\ AcHN
Pd(OAc), (5.0 mol%)
MeO,C" ~NH
AgBF, (1.0 equiv)
O 0-NO,-Bz (1.5 equiv)
0 DMA,130 °C, MW, 30 min CO,Me
|
N | <N Cyclic peptides
X NHAJ

(0.1 M)
100 °C, 24h

Pd(OAc), 10 mol %

OMe > PhthN @ @ @ OMe
AgOAc (2.0 equiv)
toluene/tBuOH (1:1) Q )X

Tripeptides



C-H Bond functionalization as Greener alternative for Cross-coupling

Applications: Carbon Belt

/{'@ - nickel mediated OO Q
L . 10 steps - . coupling reaction Q
& -

macrocycle molecule Carbon nanobelt

with relatively low ring strain

& = bromine atom

(P

anm;llair{:.:l.'ﬂh 2 /{_& . }_{__ i L
@.'29@ G ' ) o .

%"g"g o Br Br [_ 41-*/

Vigtle belts
proposed in 1983
not synthesized

s v (8,8)CNT  [(12,12)CNT
LY A N L -y % % FSTI s N " A il

J. Am. Chem. Soc., 2018, 140, 10054.



Future Challenges in Chemistry

Can Organometallic Chemistry Provide the
solution?

G
CHALLENGES and SOLUTIONS




Environment: Carbon Dioxide Sequestration and Utilization

Variations of the Earth's surface temperature

Morthern hemisphere, Departures in temperature (C) from the 1961 to 1950 average

06 50-year average
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Environment: Carbon Dioxide Sequestration and Utilization

PHASE 1 PHASE 2

".[”E . J m‘JFRE AR Ovee f Flor & saturmed siih O,
-l s CLIMEWCORKES s i s bl 0 1000 7
Ambiert a is frmes
—it b th ol
\ {0, fown ir.
|
S e ey .':.':
GEOTHERNAL I '
POWER PLANT . ——r
o ol s
i ,":_'T--':'.:'--_".'; '-'-'".*"1::-'_"' -'I_- : 00, ix ety
- b 1 e
i (0, TURMED INTD CARBONATE MIRERALS




Waste to Wealth: CO, to Value Added Products

CO, technology from Covestro
Foam components with up to 20% CO,

catatyst “..’ 3
® / -
t (O DERIVATIVES)
80% crude oil up to 20% CO, Precursor for Polyurethane
RENEWABLE POWER
OR BYPRODLCT \®~+ soft foam foam
H M

CRI
EMISSIONS - TO - LIGUIDS
TECHNCLOGY

Carbon cycling International (2 million litres per year)

o
& R
1
ﬁD:G:N‘@’GHz‘@’N=C=D + NHO-CH;CHZzOH (a) Df'c-:.ﬂ + 505 weses \‘)\O'J.L‘G'} ; |9
n

R —{
bt ahane o0 Polycarbonate Cyclic carbonate
o 9 4 o [Cat-2] R O i
— —C- —@— —@-N C-D-—GH;—GHE—D B L7 ¢ a, — o‘J'Ln}‘(’\r°§- i D
m n _(
H " R R
8 polyurethane ; Polyethercarbonate  Cyclic carbonate
L. Hw upieon lskagy BASF: The Chemical Company
Bayer MaterialScience

Sakamura et.al. Green Chem., 2004, 6, 524 — 525. Sun et.al. Ind. Eng. Chem. Res. 2019, 58, 872-878



Ziegler-Natta Polymerization

Al(Et); +TiCl, —= wCH,CHy~

[ atm Wb
Co-catalyst cata hyst linear

20-70 C Mw = 10,000 - 20.00,000
Karl Ziegler: 1951 discovery of polyethylene synthesis

Karl Ziegler + Guillio Natta: Isotactic polymer (1952: Ti)
Karl Ziegler + Guillio Natta: Syndiotactic polymer (1955: V)

W

Karl Ziegler Guilio Natta
CHy CH; CH; % CH; CH; CHg
VCl, -78C = ) TiCl
f""‘{:ilj 4 s : /\\‘{‘-ih D

AlliBulCl ANELC : _

isotactic

Ni-oxide .
= or/\ » Low molecular weight Hydrocarbons

Cr-oxide Between 1951 and 1953, three

patent applications on the discovery
High Density Polyethylene ~ Of polypropylene were filed— by

or Hogan and Banks; A. Zletz of
Polypropylene Standard Oil; and Karl Ziegler of the
In 1983, patent awarded to J. Paul Hogan, Max Planck Institute.

Robert L. Banks



Environment: Polymer Degradation

inData

How much plastic enters the world’s oceans? Our Viorld
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Environment: Polymer Degradation

Pathways of Plastic Degradation
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Science Advances, 2016, 2, e1501591.




Thank you

Inspire awardee or CSIR NET or UGC NET JRF interested in joining our research group
can have a look at our website and can contact me on the email id given below.

My website: https://kapdigroupresearch.com/
Email id: ar.kapdi@ictmumbai.edu.in
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