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Organometallic chemistry timeline

« 1760 Louis Claude Cadet de Gassicourt investigates inks based on
cobalt salts and isolates cacod G CHs
As—As
/ \
HsC CHs

from cobalt mineral containing arsenic


https://ar.wikipedia.org/wiki/%D9%83%D8%B1%D8%A8%D9%8A%D8%AF
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%81%D9%88%D9%84%D8%A7%D8%B0
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%AD%D8%AF%D9%8A%D8%AF
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%83%D8%B1%D8%A8%D9%88%D9%86
https://ar.wikipedia.org/w/index.php?title=%D9%81%D9%8A%D8%B1%D9%88%D8%B3%D9%8A%D9%86&action=edit&redlink=1
https://ar.wikipedia.org/wiki/%D8%AE%D9%84%D8%A7%D8%AA_%D8%A7%D9%84%D8%B5%D9%88%D8%AF%D9%8A%D9%88%D9%85
https://ar.wikipedia.org/wiki/%D9%85%D8%AC%D9%85%D9%88%D8%B9%D8%A9_%D8%A7%D9%84%D9%85%D9%8A%D8%AB%D9%8A%D9%84
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%83%D9%84%D9%88%D8%B1%D9%88%D9%81%D9%8A%D9%84
https://ar.wikipedia.org/wiki/%D9%87%D9%8A%D9%85%D9%88%D8%AC%D9%84%D9%88%D8%A8%D9%8A%D9%86
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%85%D8%BA%D9%86%D8%B3%D9%8A%D9%88%D9%85
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%AD%D8%AF%D9%8A%D8%AF
https://ar.wikipedia.org/wiki/%D9%83%D8%B1%D8%A8%D9%8A%D8%AF
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%81%D9%88%D9%84%D8%A7%D8%B0
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%AD%D8%AF%D9%8A%D8%AF
https://ar.wikipedia.org/w/index.php?title=%D9%81%D9%8A%D8%B1%D9%88%D8%B3%D9%8A%D9%86&action=edit&redlink=1
https://ar.wikipedia.org/wiki/%D8%AE%D9%84%D8%A7%D8%AA_%D8%A7%D9%84%D8%B5%D9%88%D8%AF%D9%8A%D9%88%D9%85
https://ar.wikipedia.org/wiki/%D8%AE%D9%84%D8%A7%D8%AA_%D8%A7%D9%84%D8%B5%D9%88%D8%AF%D9%8A%D9%88%D9%85
https://ar.wikipedia.org/wiki/%D9%85%D8%AC%D9%85%D9%88%D8%B9%D8%A9_%D8%A7%D9%84%D9%85%D9%8A%D8%AB%D9%8A%D9%84
https://ar.wikipedia.org/wiki/%D9%85%D8%AC%D9%85%D9%88%D8%B9%D8%A9_%D8%A7%D9%84%D9%85%D9%8A%D8%AB%D9%8A%D9%84
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%83%D9%84%D9%88%D8%B1%D9%88%D9%81%D9%8A%D9%84
https://ar.wikipedia.org/wiki/%D9%87%D9%8A%D9%85%D9%88%D8%AC%D9%84%D9%88%D8%A8%D9%8A%D9%86
https://ar.wikipedia.org/wiki/%D9%87%D9%8A%D9%85%D9%88%D8%AC%D9%84%D9%88%D8%A8%D9%8A%D9%86
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%85%D8%BA%D9%86%D8%B3%D9%8A%D9%88%D9%85
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%AD%D8%AF%D9%8A%D8%AF
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%AD%D8%AF%D9%8A%D8%AF
https://en.wikipedia.org/wiki/Louis_Claude_Cadet_de_Gassicourt
https://en.wikipedia.org/wiki/Cobalt
https://en.wikipedia.org/wiki/Cacodyl
https://en.wikipedia.org/wiki/Arsenic
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« 1827 William Christopher Zeise produces Zeise's salt; the first
platinum / olefin complex H
an"

|

C-H
Fi cl
H

ol -
Pt——Cl

« 1848 Edward Frankland discovers diethylzinc
« 1863 Charles Friedel and James Crafts prepare organochlorosilanes

CH CH; Cl
3
| | | C{ CHs,
Si Si.., Si— CI-Si CH
~ ~ ~ ‘I,CI ~ \ H / | 3
H H/ Cl H \CI R™ o o,

Chlormethylsilan Dichloormethylsilaan Diorganochlorosilane Tert-
Butyltrichlorsilan

e 1890 Ludwig Mond discovers nickel carbonyl C

« 1899 Introduction of Grignard reaction
« 1899 John Ulric Nef discovers alkynylation using sodium

acetylides.
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« 1900 Paul Sabatier works on hydrogenation organic compounds
with metal catalysts. Hydrogenation of fats kicks off advances in
food industry, see margarine



https://en.wikipedia.org/wiki/William_Christopher_Zeise
https://en.wikipedia.org/wiki/Zeise%27s_salt
https://en.wikipedia.org/wiki/Platinum
https://en.wikipedia.org/wiki/Olefin
https://en.wikipedia.org/wiki/Edward_Frankland
https://en.wikipedia.org/wiki/Diethylzinc
https://en.wikipedia.org/wiki/Charles_Friedel
https://en.wikipedia.org/wiki/James_Crafts
https://en.wikipedia.org/wiki/Ludwig_Mond
https://en.wikipedia.org/wiki/Nickel_carbonyl
https://en.wikipedia.org/wiki/Grignard_reaction
https://en.wikipedia.org/wiki/John_Ulric_Nef_%28chemist%29
https://en.wikipedia.org/wiki/Alkynylation
https://en.wikipedia.org/wiki/Acetylide
https://en.wikipedia.org/wiki/Paul_Sabatier_%28chemist%29
https://en.wikipedia.org/wiki/Hydrogenation
https://en.wikipedia.org/wiki/Fat
https://en.wikipedia.org/wiki/Food_industry
https://en.wikipedia.org/wiki/Margarine
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« 1909 Paul Ehrlich introduces Salvarsan for the treatment of
svphilis. an earlv

OH
H,N As, /@
j@/ “AS NH,
HO

A

« 1912 Nobel Prize Victor Grignard and Paul Sabatier

1930 Henry Gilman works on lithium cuprates, see Gilman reagent

planar intermediate

Cuoeli ®x T =
R [R—Cu—R] Li* —— |R—Cu-R| Li*— R—Cu+R-R’ +Li-X
X

Generalized chemical reaction showing Gilman reagent reacting with organic halide to form
products and showing Cullll) reaction intermediate
—

Summary: Gilman reagents (organocuprates) contrast with Grignard (and
organolithium reagents) in two important ways:

1) Gilman reagents perform "conjugate addition" to a,B unsaturated ketones
{Grignards add to the carbonyl carbon.)

0 o HO
R,CuLi /é | @ RMgBr
E j o !
I'.\.L..\ I\"‘”‘JI.{-”:‘ R E _]l.{ ||

2) Gilman reagents are effective nucleophiles for 5,2 reactions
': (Grignard reagents perform this reaction very poorly)

R,CulLi I: RMgCl -
R Br — 2 e r ™™g : R EBr = low yields of

desired product



https://en.wikipedia.org/wiki/Paul_Ehrlich
https://en.wikipedia.org/wiki/Salvarsan
https://en.wikipedia.org/wiki/Nobel_Prize_in_Chemistry
https://en.wikipedia.org/wiki/Victor_Grignard
https://en.wikipedia.org/wiki/Paul_Sabatier_%28chemist%29
https://en.wikipedia.org/wiki/Henry_Gilman
https://en.wikipedia.org/wiki/Gilman_reagent
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« 1951 Walter Hieber was awarded the Alfred Stock prize for his

work with metal carbonyl chemistry.
. 1951 Ferrocene is discovered

Fe

<

« 1963 Nobel prize for Karl Ziegler and Giulio Natta on Ziegler-
Natta catalystC

1 |l 1 \
| -
O—bicl i T e TiCh and AUCHE),C1 CH;CHy— MHT[{ N cH,
; .l.-c 2 j_r-[
Cl., | ---------- s
These are two sets of Zieglar-Iatta catalyst/co-catalsyt -:[-1t H H
systems. Either way, we have four chlorine atoms. 1 / | \Cl
Cl
Cl

The x-electrons from propylene end

|
TiCly and Al(CoHg)y —>  C1—Ti-Cl  and A~ up filling titanium's empty orhital

A

« 1965 Discovery of cyclobutadieneiron tricarbonyl

CD—I%&—CD
« 1968 Heck reaction co

Heck Reaction - another Pd-catalyzed C-C bond forming reaction

Key Key

Bonds Bonds
formed broken
S
O —— O O o

Pd(OAc), C-H

NEt,
P(o-tol), Like the Suzuki, also forms

a bond between two sp? hybridized carbons

o 1973 Nobel prize Geoffrey Wilkinson and Ernst Otto Fischer on
sandwich compounds

=
Fe



https://en.wikipedia.org/wiki/Walter_Hieber
https://en.wikipedia.org/wiki/Alfred_Stock
https://en.wikipedia.org/wiki/Metal_carbonyl
https://en.wikipedia.org/wiki/Ferrocene
https://en.wikipedia.org/wiki/Nobel_Prize_in_Chemistry
https://en.wikipedia.org/wiki/Karl_Ziegler
https://en.wikipedia.org/wiki/Giulio_Natta
https://en.wikipedia.org/wiki/Ziegler-Natta_catalyst
https://en.wikipedia.org/wiki/Ziegler-Natta_catalyst
https://en.wikipedia.org/wiki/Cyclobutadieneiron_tricarbonyl
https://en.wikipedia.org/wiki/Heck_reaction
https://en.wikipedia.org/wiki/Nobel_Prize_in_Chemistry
https://en.wikipedia.org/wiki/Geoffrey_Wilkinson
https://en.wikipedia.org/wiki/Ernst_Otto_Fischer
https://en.wikipedia.org/wiki/Sandwich_compound
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2001 Nobel prize W. S. Knowles, R. Noyori and Karl Barry

Sharpless for asymmetric hydrogenation

0 Ru—NH OH
R H } R —0 R
Wy _d _," b
—_— Vs, t |\ H — .

F'.u—NfH

Unfavored Favored cIs

Base || Fast - )
(0] ',E'.U—NH C=)H
\.\.\\R H'._ J" : — O : .\'\\\R
— =0 Vs. o
F'.u N!H
Favaored Unfavored cIs

2005 Nobel prize Yves Chauvin, Robert Grubbs, and Richard

Schrock on metal-catalyzed alkene metathesis
R

R
ML), R— Z_g d
+ M(L]n —_ —— — /. .\
= R—X M(L), M(L), R /‘M(L)S_R
R
ML),
>_< — R
— IX I+

2010 Nobel prize Richard F. Heck, Ei-ichi Negishi, Akira Suzuki

for palladium catalyzed cross coupling reactions

Suzuki Reaction

H

Key Key
Bonds Bonds
&’CH 3 formed broken
H
@Br H c-c C-Br
Pd(PPh,), N—CH, o
KOH

Generally used to couple together two sp2-hybridized carbons

Another example:

PA(PPh.,),
©oH

new bond between

two sp? hybridized
carbons


https://en.wikipedia.org/wiki/Nobel_Prize_in_Chemistry
https://en.wikipedia.org/wiki/W._S._Knowles
https://en.wikipedia.org/wiki/R._Noyori
https://en.wikipedia.org/wiki/Karl_Barry_Sharpless
https://en.wikipedia.org/wiki/Karl_Barry_Sharpless
https://en.wikipedia.org/wiki/Nobel_Prize_in_Chemistry
https://en.wikipedia.org/wiki/Yves_Chauvin
https://en.wikipedia.org/wiki/Robert_Grubbs
https://en.wikipedia.org/wiki/Richard_Schrock
https://en.wikipedia.org/wiki/Richard_Schrock
https://en.wikipedia.org/wiki/Olefin_metathesis
https://en.wikipedia.org/wiki/Nobel_Prize_in_Chemistry
https://en.wikipedia.org/wiki/Richard_F._Heck
https://en.wikipedia.org/wiki/Ei-ichi_Negishi
https://en.wikipedia.org/wiki/Akira_Suzuki_%28chemist%29
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ENA-ENe [ Jonicity (%) | EN~ENe | Jonicity (%) | ENaENe | lonicity (%) | ENaENe [ Jonicity (%)
0.2 1 1.0 22 1.8 55 2.6 82
0.4 4 1.2 30 2.0 63 2.8 86
0.6 9 1.4 39 2.2 70 3.0 89
0.8 15 1.6 47 2.4 76 3.2 92

Jssai g (A= C ) g (B = C ) § ol Dlis gt /s
ENc-ENpy=25-1.6=0.9 ENc-ENg=25-21=04
:\.ylhz;_wm

oad | s $9a0| adlmiacll| ol Gl MISCONCEPTLION gl sgu i il SELSY Y
Aie ol s digaal) Gl ¢ A gY) el Participate & AEM reluctant
gk 10D iy . g ¥1 SNG40yt 3k A gt ) T Dad sl | (3900

(1 =1) 5pa¥ b dgad dulladiu¥ly

dlladluY ) dalg 3 ¥l >1s Siat) dipole MOMENt  dadl 79330 M dnlladiuf Sgag
P, T, HO e g 3l G gdaad! sluasd! b A Gl dulys wis Ty dege
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Bond g4, 3)ie 15 pe¥i Cleave laadt de)di ddllat! (il & po¥f ddlla & ya

O ¢ 1aa Balea clliy ) A AUl o34 clilua dissociation- energy( DE)

BE(Kcal/Mol) (ad bl ralilly Ua el Wil ) § ellaaall
(M-C)

Me,M | BE (b.P) MesM | BE (b.P)| MesM| BE(O.P)| MesM| BE (b.P)
MeBe | - (217) MesB | 87(-22) | Me,C | 83(10)  MesN | 75 (3)

Me,Mg | -- MesAl | 60 (126) | MeSi | 70 (27) | MesP | 66 (40)
Me,Zn | 42 (44) = MesGa = 59(56) | Me,Ge @ 59 (43) | MesAs | 55 (52)
Me,Cd | 33 (106) | Mesln | 41 (136) | MesSn | 52 (57) | MesSb | 52 (79)

Me;Hg | 29 (93) | MesTl | - (147) | MebPb | 37(110) | MesBi | 34 (110)
BE(D) = AH° = AHOf (M (g)) + N AHof (Me(g)) - AHof
(MenM(@))
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Aromaticity aileg,¥ ¥
&0 2ol Jaleid ! 3 e (g ASIY ol gt (it 18 S | (3909 3l i
!y | ) S I IS (L9 Eiilogyl cha IO uabdedf cusS A 2 A g k1 g

3 S duaalad (31 ducilagy ¥
PKa
H
@( 5 (@n+2
H electron)
of HY

Aromaticit >

H 36 (4n
electron)
H anti

aromaticity _/

Hybridization effect gt +

PKa P Jlisygi oo ddla lagi S Jihayg! f uadly
Ethane 49 P g9l 30 dedlss 481 S Jlsgl i

SP? Jlisygl o st 581 SP Jlisygh o 10Sag

)5 gl pSY 9d (Wl o S
Acetylene S> SP> SP’> SP°> P
952 — 39)59 9)l8 — (159)lS I 5 pua ¥ Jolag 3 pa¥| ddla s

Ethylene 44

Bond t}'pe Bond kngth(ﬁ.-\) Bond t}'pe Bond length(’.—\) Bond t}'pe Bond length(:‘.-\)

BE (Kcal/mole) BE (Kcal/mole) BE (Kcalmole)
Cc—C 83-85 C—H 96-99 C—S 66
SP* —SP* 1.54 SP* SP SP | 1.10-+(0.02) C —Cl 79
SP* — SP* 1.50 C—N 69-75 C— Br 60
SP' — SP 1.46 SpP — N 1.47 c—1I 52
SP* — sP! 1.48 SP! — N 1.36
SP* — SP 1.43 C==N 143
Sp — SP 1.38 Pt —N 1.28
C=—=C 146-151 C=N 204
P —sP’ 1.34 s —N 1.16
S —sp 1.31 c—o 8501
Sp — sp 1.28 2 —0 1.41
C==C 199-200 sp* — O 1.34
= 1.21 C=o0| 173-181
=g 1.20

s — O 1.16
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