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Organozinc reagents have unique ability to tolerate high functional group, valuable in
many organic transformations via nucleophilic addition and cross coupling. The
synthetic utilities of available organozinc reagents lead to development of various
method of their generation. Now day pyrophoric and moisture sensitive organozinc
reagent is replaced by solid air stable organozinc reagent.
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INTRODUCTION

Organometallic reagents should have some desirable
properties like an excellent selectivity and reactivity
combined with low costs, environmental friendliness and
a high functional group tolerance, the transformation of
organic molecules should occur in an atom-economic
fashion. Organometallic chemistry has the potential to
fulfill all these requirements so the last decades, a large
range of metals were applied in synthetic organic
chemistry to solve ongoing problems. The reactivity of
organometallic reagents is increases with the ionic
character of the carbon-metal bond. Through the use of
highly reactive organometallic species, such as
organolithium  and  organomagnesium  reagents,
selectivity is often compromised. Furthermore, reduced
tolerance toward sensitive functional groups, such as
esters, nitriles, ketones and aldehydes, is always
observed. However, the less reactive organometallic
species, such as organozinc, organoboron, organoindium
and organotin reagents, display only moderate reactivity
towards most organic electrophiles and thus tolerate
many functional groups but they need transition metal
catalyst for efficient reaction. Organoborane reagents are
air stable but they need harsh condition for preparation
and difficulty lies in their transmetallation. Indium metal
is expensive and tin not absolutely environmental
friendly, so both metal organometallic reagent avoid in
synthesis.

Recent 25 years organozinc reagents are concentrate the
attention of synthetic organic chemist because of easy
preparation and facile transmetallation compare to other
organometallic reagent. Today, these reagents are more
valuable in organometallic chemistry due to some
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desirable properties like an excellent selectivity and
reactivity, low cost, environmental friendliness and high
functional group tolerance. In comprise with other
organometallic reagent organozinc reagents are more
convenient in their preparation and handling also. They
are important tool to build up polyfunctional molecules
without the use of multiple protections and deprotections
steps. Generally, every synthesis of natural product has
at least one step which involves use of this kind of
reagent. Many organometallic reagents are available in
the market. But among that highest position is occupied
by Organozinc reagent. Overall this is indication of
superiority of Organozinc reagent in the synthetic utility.

First Organozinc reagent was synthesized by Frankland
in 1849 and laid down milestone for the modern
organometallic  chemistry.*?  The potential of
Organozinc reagent and its synthetic utility was ignored
for more than 100 years after their discovery.
Exceptional, few Organozinc reagents were reported
such as zinc enolate P! lodomethylzinc iodide™ their
synthetic potential has only been recognized by
reformatsky, Simon-Smith, Furukawa Sawada reagents
recently.®* The Organozinc reagents were ignored
because of their low reactivity and lack general method
of synthesis. Remarkable advantage of these reagents is
high functional group tolerance which lack in other
organometallic reagent viz, organomagnesium and
organolithium. Unique feature of Organozinc reagent is
large number of functional group tolerance because of
similar electronegetivity of zinc and carbon, metal
carbon bond acquire high covalent character.?**® The
carbon-zinc bond is therefore inert to moderately polar
electrophile such as aldehyde, ketone, ester or nitrile.
High covalent character of zinc carbon bond makes
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organozinc configurationally stable at the same
temperature  organomagnesium and  organolithium
undergo racemisation or decomposition this property
leads to development chiral organometallic.!¢™"!

The Organozinc reagents have availability of empty low
lying p orbital at the zinc centre readily interact with the
d orbital of transition metal allows transmetallation with
a number of transition metal complexes.™® Reactivity of
these reagents drastically tremendous changes after
transmetallation they form highly reactive intermediate,
d-orbital at the transition metal centre that makes number
of new reaction pathways that were not accessible to the
zinc-carbon bond. Organozinc and organocopper are an
indispensable part of organometallic chemistry.
Organocopper Complexes are undergo major pathway
for carbon-carbon bond formation as conjugate addition
to a, P unsaturated carbonyl compounds, cross coupling,
119 addition to acetylene and nuclephilic displacement of
halides, sulphonates, allylic acetates.” The organozinc
halides are undergo transmetallation by number of
transition metal salt or complex such as copper, cobalt,
iron, manganese, titanium zirconium, palladium and
nickel etc.

A variety of organozinc reagents are prepared from
organic halide by oxidative insertion of zinc metal or
transmetallation. Recently, pyrophoric and moisture
sensitive organozinc reagents are replaced by air stable
organozinc pivalate prepared by transmetallation
followed by zinc pivalate.

PREPARATION METHOD

The most common method for preparation of organozinc
compound is oxidative addition of activated zinc dust
into functionalized organic halide. This method is useful
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for preparation of organozinc iodides bearing almost all
functionalities. Tetrahydrofuran is the best solvent
proved for insertion reaction. ®Y The primary alkyl
iodide is undergoes zinc metal insertion at ~ 40°C,
secondary alkyl iodide undergoes zinc insertion at ~
25°C, similarly the benzylic and allylic bromide
undergoes optimal zinc insertion at ~ 0°C in solvent
THF. Alternatively, highly active zinc is prepared by
reduction of zinc chloride in lithium naphthalenide used
for insertion reaction with less reactive aryl bromide and
iodide. The oxidative insertion of zinc metal into organic
halide is very sensitive reaction it influenced by solvent,
concentration temperature, nature of halide and method
of zinc activation. Some functional group such as nitro,
azide and hydroxy are retard the insertion of zinc into
organic halide. The nitro and azide inhibit the electron
transfer reaction and hydroxy form zinc alkoxide coat
zinc surface. The insertion of zinc dust into aromatic
iodide is require higher temperature or polar cosolvent,
122l Jonger reaction time.

FG-R-I

Zn dust
TH > FG-R-Zn-l

Scheme 1: Preparation of organozinc reagent.

R =alkyl,aryl,benzyl, allyl.

E. G.= Ester (234 Ether [2526 411 pcetate [25-52 34-35, 38-39,
4 Ketone 324 Cyano (233238, 39411 Lalide 22
23323942481 Aminol®SY Amide & Pthalimide [2%4
Sulfoxide ®°, Sulfide ®® Sulfone, 5 Thioester %,
Boronic  ester.3-37304257591  Epong 129 60621 gpq
Phosphate.!

Many heterocyclic organozinc halide are prepared by
directly using zinc dust and heteroaryl halide.’*"
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OW\
Znl

(/ NHBOC
/\'/ /||\/\/Zn|
AcO BnHN

COOBN
OAC

AcO NC N
oL T
| N
= NC \
N Znl CHgy

Scheme: 2 Functionalized organozinc compound inert to above zinc insertion method such as aryl iodide,
prepared by oxidative addition. secondary and tertiary alkylbromide they are undergoing
An especially active zinc powder can be generated by zinc insertion prepared by rieke method. This active zinc
reducing zinc chloride with lithium metal and is inserted into alkyl bromide at room temperature and
naphthalene in THF. Some less reactive organic halide inserted into aryl bromide at reflux.l®>"

Znl

A\ 7

c

Lithium / Naphthalene FG-R-X
Zndl, - Zn > FG-RZn-X
THF THF

X=dCl, Br, |
R = Alkyl, Aryl
FG = Ester, Nitrile, Aromatic Ketone, Halides

ZnBr

ZnBr o cH
- 7 . )|\/‘\3
IS 3
| H3;CO ZnBr
— H;C
N (CH3) 5s—Br
CN

Scheme: 3 Organozinc halides prepared by oxidative iodine (5 mol %) in a polar solvent such as DMAC. The

insertion of rieke zinc best result was obtained in presence of tetrabutyl
ammonium bromide (1 Equivalent.).[’"

Alkylzinc halides were prepared by direct insertion of

zinc dust into alkyl bromide and chloride in presence of
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Zn(1.5H.), 1 5 (5mol%)
n CgH,,-Br » nCgH;7-Zn-Br

DMAC, 80 °C, 3 h

Zn (15Eq.), | , (5 mol%)

HOOC /\/\CI >  BOOC /\/\Zn—CI

DMAC, 80 °C, 12 h

Bu,yNBr (1 &.)
readily converted into organozinc compound by direct
Scheme: 4 lodine catalyzed formation of organozinc insertion of zinc metal. This reaction was performed in
halides presence of catalytic amount of lithium iodide in polar
solvent  dimethyltetrahydropyrimidinone or N, N
The leaving group in nucleophilic substitution reaction dimethylacetamide. The addition of lithium bromide is
such as phosphonate, tosylates and mesylates were necessary to enhancement of reaction rate.”>"®!

Q
o _P Zn Lil (0.2 eq.) o Zn-OP(O)(OEt

o~ N\ -OP(O)(OEY) ,

< OEt o -

DMPU 50 C, 12 h o
HC CHg
| Zn Lil (0.2 eq.) |
OTs S - Zn-X
DMAC 50 C, 12 h
CHs

CHj LiBr (1 eq.)
Zn Lil (0.2 eq.)

/\/\/OMS
cl 0 > /\/\/Z”'X
DMAC 50C,12h Cl

LiBr (1eq.)

Scheme: 5 Preparation of organozinc derivatives starting radical reaction leading to an organometallic product at

from phosphonate tosylates mesylates. 25°C, 5h.I""# Natural product methylenolactoctin and
cis-methyl jasmone synhesis has been accomplished by

The reaction of organic iodides with diethyl zinc in the this method.

presence of nickel manganese or palladium involves

B ,Zn THF

. »  QOct- Zn-|
Oct- | PO, (dppf) 1.5 mol%

0
25°C 5h 7n

OBn —CH, B ,Zn THF

> OBn
' PACl , (dppf) 1.5 Mol CHj

CH, 25°C 5h

|
Q/ /CHz Et,Zn THF
o—.

Ni ( acac) , Cat.

Y
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gooc " zner

MnBr , CuCl Cat.

DMPU25 °C4-10 h

Scheme: 6 Preparations of zinc organometallics by
palladium, manganese and nickel catalysed radical
cyclisation.

The zinc insertion was accomplished with help of
ultrasound especially useful for the formation of the
Jackson reagent derived from serine. This is valuable
reagent in synthesis of enantiomerically pure amino
acids. [

NHB:
| /\/ 0C

0 NHBoc
ZnTHF35 C
» 1Zn /\/

: Ultrasound :

COOBn

Scheme: 7 Ultrasound mediated preparation of zinc
organometallic.

For insertion of zinc metal into organic iodide Zn-Cu
couple has been prepared by refluxing a mixture of zinc

O

N N

COOBN
dust and copper (1) chloride in ether. ' Number of

polyfluorinated organometallics are prepared by this
method.[®"%

O

Zn-Cu H

BE —F——— /\/\
IZn O

Zn-Cu
| CgHg DMF o
Coos COOR
Zn-Cu Dioxane
I’]-C4F9-| r n'C4F9'Zn'I
RT 30min.

Scheme: 8 Zinc-copper coupled mediated preparation of
zinc organometallics.

Zinc silver couple is prepared by adding granular zinc to
a stirred hot solution of silver acetate in acetic acid.*”

CF,

Zn-Ag TMEDA

This couple is useful for preparation of fluorinated zinc
organometallics in the presence of TMEDA %% The
insertion of zinc caused by zinc silver couple deposited
on graphite which is react with functionalized aromatic
and hetero aromatic iodides at rt.'%

CF,

=

H,C

THF, 60 °C, 9 h
Br

Py
Y

H,C ZnBr. TMEDA

|
Zn-Ag on Graphite Znl
FG > G
THF rt

Scheme: 9 Zinc-silver coupled mediated preparation of
zinc organometallics.
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Electrochemical method for preparation of arylzinc
halides is also the best method, it accomplished with
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sacrificial zinc anode and in presence nickel, 2,2
bipyridyl. This method is useful for preparation of
heterocyclic  a-bromoesters, allylic and benzylic
organozinc compound.”®%!  Elecrochemical method

International Journal of Modern Pharmaceutical Research

can also be achived by a cobalt catalyst in DMF and
pyridine mixture."2%**? The detail mechanism of this
reaction has been carefully studied involves electro
reduction of zinc halides.™**!

e (0.15 A) DMF ZnBr

FG-Ar-X

FG-Ar-Zn-X

Bu,NBr, (cat.) Ni 2 (cat.)
2,2'-bipyridine (cat.)

X=d, Br

Scheme: 10 Electrochemical preparation of functional
organic halides.

The low-valent cobalt species assist the zinc insertion
reaction into less reactive aryl bromide in presence of
zinc dust. This reaction is useful for preparation of
functional aryl zinc bromide.[4*!

Br Zn-Br
CoBr, (0.1 equ.)
ZnBr,(0.l1equ)

Zn (3 equ.) CH ;CN
OAC rt 30 min. OAc

Scheme: 11 Cobalt mediated insertion of zinc into
functionalized aryl bromide.

A number of transmetallation protocols leading to zinc
organometallics, generally, reactive more polar metal-
carbon bond is readily transmetallate by the reaction of
zinc salt to the less polar more covalent zinc-carbon
bond. Remarkable, advantage offered by this method is
preparation of nitro and azide functionalized zinc
organometallics. ™9*#! Organolithium compound are
highly reactive organometallic species prepared by
halogen-lithium  exchange reaction followed by
transmetallation with zinc halide. The reaction of the
azide alkenyl iodide with n-butyl lithium at -100°C leads
to organolithium followed by the transmetallation with
zinc bromide in THF gives the expected organozinc
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halides 85% vyields. Silicon Zinc bimetallic reactive

species is prepared by bromine-lithium exchange
reaction followed by transmetallation with zinc
chloride.??  2-lithiated  oxazoles are unstable

compounds, stability induced by transmetallation to
corresponding 2-zincated oxazole.*?®) The lithiation of
O-vinyl carbamate with sec. butyl lithium followed by
transmetallation with zinc bromide,the deprotonation of
aminoester with lithium diisopropyl amide followed by
transmetallation with zinc bromide in ether furnishes
corresponding vinylic organozinc and zinc enolate
respectively. 24121 1-Chloro-2,2-diflurovinylzinc
chloride have been prepared by the deprotonation of 1-
chloro-2,2- difluroethane and transmetallation. 2%
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/\/\/\ n-BuLi, -100 C THF W\
> N3 ZnBr
ZnBr, -90 C THF

Br Zn-Cl
Sive 3 t SiMe
BuLi (2equ.) -780C
ZnCl, -78°C tort
Ph
N . Ph N
nBuLi -780C THF
\> - \[\>/ZH—CI
ZnCl
@] ntiz 'e)
i I
0
|| sec-BuLi -78 C THF
HZC/\O/\NEt2 Znbr, > H,C © NEt ,

~—ZnBr

LDA Eher
- +11COOMe
Jeas

H
HsC C 3 HsC

Cl sec BuLi F Znd 1 pa F
= e
ZnCl2 F cl Zndz  F F
Scheme: 12 Zinc organometalllcs prepared by double transmeatllation reaction. A chiral o-
transmetallation of lithium. aminostannanes compound was undergo low temperature
tin-lithium exchange reaction with BuLi in THF
The organotin compound have been converted to followed by transmetallation with zinc bromide,

organozinc by treating with butyl lithium in THF and retention of configuration.!**!
followed by zinc halide, overall this reaction involved

Cl

Boc
Boc\ \
. 0 N
N H BuLi THF -95 C HC™ v,
' Zn-Br
- SnBu ZnBr, Ph
Scheme: 13 Preparation of zinc organometallic starting in the presence of zinc bromide leads to corresponding
from organotin reagent. organozinc reagent[ in] high vyields, excellent
132,133

stereoisomeric purity.
The weak carbon-mercury bond favors transmetallations,
the reaction of functionalized organomercury with zinc

(Cl/\/\/j\m Zn ZnBr, THF _
A > C|/\/\/\ZnBr

60°C 5h

83
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Scheme: 14 Zinc organometallic derived from
organomercury.

A few polyfunctional organomagnesium compound are
prepared by oxidative insertion of magnesium to organic
halide. The carbon magnesium bond is less polar than
carbon lithium bond therefore considerably more

functional group are tolerated. ™*The reaction of aryl
iodide with grignard reagent at -10°C for 3 h provide an
intermediate  magnesium  reagent  followed by
transmetallation with zinc bromide furnishes the zinc
organometallics.**®

Ph Ph
L N
XN N

| i 0 ZnBr
PrMgBr THF -10 C3h
ZnBr,

N
Z (/

Ph Ph

Scheme: 15 Preparation of arylzinc halide by
transmetallation of magnesium.

The preparation of zinc organometallics generally needs
organic iodides and zinc insertion take place at elevated
temperature in polar solvent. This harsh condition could
be mild by using LiCl and expensive organoiodo starting
compound replaced by organic bromide or organic
chloride. The reaction of ethyl 4-iodobenzoate with zinc
dust at reflux THF for 24 h not gave expected aryl zinc
iodide. Alternatively, same reaction in presence of
stoichiometric amount of LiCl leads to desire aryl zinc
compound at 24 h rt stirring. ™ Similarly, the bromo
substituted aryl halide, alkyl halide functionalized benzyl
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chloride were converted to corresponding organozinc
reagents in THF solvent, 313!
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l znl
Zn Lic
—_—
25°C 24h 95%
COOH COOEt
0,
\ Zn Ld T\ 92%
/ Br 25°C 10 min, _ ZnBr
BHOOC o) " BOOC O
OPv
Br Br ZnBr
Zn Licl
25°C 1h
Br Zncl

Zn Lic

Zn Lic

—_—
50°C 24h

Scheme -: 16 Preparation of functionalized zinc
organometallics using zinc dust in the presence of LiCl.
A LiCl mediated direct insertion of zinc powder to cyclic

OPv

i Br

Br

C
O
—_— >
< 25°C 1h

O cl

: Br

o)
< 93%
o cl
ZnBr
O/ 96%

corresponding allylic zinc organometallics. this
procedure was successfully extended to many allylic zinc

reagents from allylic chloride or allylic phosphonates.™*-
141]

allylic chloride or phosphonates leads to the
AN OP(0)(0R) Zn Lic ZnOP(O)(OR)
—_—
0 2%
25°C 18h
cl ZnCl
Zn Licl
5 84%
0C 36h
Scheme-: 17 LiCl mediated zinc insertion to allylic solubilize the organozinc halides. Therefore the

position.

Knochel and Co-worker could demonstrate that the
presence of LiCl makes the synthesis of zinc
organometallic from corresponding alkyl, aryl, heteroaryl
bromides and iodides. as well as benzyl chlorides using
commercially available zinc dust in good yield. 6139
The LiCl not only assist the zinc insertion but also
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organozinc halides are easily release from zinc metal
surface result rapid reaction as well as high yield with
short reaction time, this remarkable advantage offered by
LiCl.

The mild base TMPZnCI.LiCl was developed by knochel
et. al. which show chemoselectivity in metallation of
heterocyclic compound at ambient temperature.*24!
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The advantage offered by base is direct way for the
preparation of functionalized aryl and heteroaryl zinc
halides.

Cl

= | TMPZNCI.LiCl
N THFE 25 °C 30min.
N cl
Scheme:- 18 Direct Zinc metallation of 3,6

dichloropyridazine using the mild base.

The preparation of solid salt stabilized arylzinc reagents
was done by magnesium insertion in the presence of
Zn(Opiv),.2LICl lead to a fast formation of the zinc
reagent at 25°C within 2h. The THF soluble salt

International Journal of Modern Pharmaceutical Research

Cl = ZndCl.LiCl
\‘/I H3C CH3
- N
~N cl HsC ITI CHg

ZnCl. Licl
TMPZnCI.LIiCl

Zn(OPiv),.2LICl was stabilize the zinc reagent and
accelerate its formation. After formation of organozinc
compound evaporate the THF furnishes solid arylzinc
reagent were obtained. Using this method functional
solid powder arylzinc reagent were prepared, easy to
handle.l**4

Br ZnOPiv
Mg Zn(OPiy) , 2LiCl
0 )
THF 25 "C 20 min.to 2h
Solvent Evaporation
FG FG
ZnOPiv ZnOPiv ZnOPiv ZnOPiv ZnOPiv
CHg, i i
CH, OMe SMe OTIPS ™S
77% 78% 77% 77% 81%
ZnOPiv ZnOPiv ZnOPiv ZnOPiv ZnOPiv
i i i ~CF, :/L ~“OCONEt ,
CN F COOEt
89% 70% 84% 72% 57%

Scheme:- 19 Preparation of solid functionalized aryl zinc
pivalates.

SN Br

Mg Zn(OPv) , 2Lid

The heterocyclic bromides could also be converted to
heteroaromatic zinc pivalates. The solid organozinc
pivalates were obtained under mild condition.™%%4¢]

| _ THF 25 °C 20 min.to 2h
N

ZnOPiv
AN
| 65%
/
N

Solvent Evaporation

ZnOPiv

OMe
ZnOPiv
Meo ” SNT s o—N

65% 64%
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ZnOPiv ZnOPiv
2~ “N—FPh
_ !
N
H3;C
71% 50%
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Scheme:- 20 Preparation of solid functionalized Similarly, benzylic zinc pivalates were prepared by
heteroaromatic zinc pivalates. magnesium insertion in the presence of Zn(OPiv), 2LiCl
to functionalized benzylic chloride. 4

Cl ZnOPiv

Mg Zn(OPvi) ,. 2LiCl

THE 25 °C 2h
F
FG
ZnOPv ZnOPiv ZnOPiv ZnOPiv -
{ Cl
CF3 COOH OMe
F
80% 79% 67% 68% 67%
Scheme:-21  Preparation of functional benzylic The product obtained above was treated for
organozinc pivalates. transmetallation by Zn(OPvi), at 0° C to 25° C, 15 min.
After evaporation of solvent the solid aryl zinc pivalates
The organozinc pivalates prepared by using TMPMqgCI. was obtained as a yellow fine powder in 92% yield.**"

at 0° C in THF after 2 h at 0° C reaction was completed.

COOE 0 COOE
TMPMg.LICIO ~ C2h THF
Zn(oprvi) , 0° Cto 25 ° C 15 min. ZnOPvi
= Solvent evaporated E
Scheme:- 22 Direct metallation of polyfunctional aryl REFERENCES
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