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' ﬁ CH A
Cyclohexanone Hydrazone ((r; :‘14;(‘) " s’ullv ent) (,yc]((;::;;l;nc
. S0, .

It is to be noted that during the reduction of scmicarbazones or azines the derivatives are first

converted to hydrazones, e.g.,
R.

N \ '
C=N.NH.CONH, + H,0 -— y ==N.NH,
4 R
R
Scmicarbazone “tlydrazonc
R /R R
\C=N—N=C/ + I'IzN.NI'Iz —_— /C:N.Nflz + N2
R” R R
Azine Hydrazine Hydrazone
Mechanism

The mechanism of the Wolff-Kishner reduction follows a sequence of logical steps. 'I"he fonnati.on
of the hydrazone proceeds by the same mechanism as the formation of an imine. The reduction step, with
climination of nitrogen, occurs in a strongly basic solution, The mechanism involves proton remov-al from
nitrogen, with reprotonation on carbon. Another deprotonation sets up the intermediate for loss of nitrogen
to form a carbanion. This carbanion is quickly reprotonated to give the product.

Q€ L
o I
A _a
/‘c=N,/ g ¢
R L]
_ hydrazone m
o~ \UN" ' N R’ N
A <4 R.. H,0 yZ
SN N Xy’ | == Boc-N” “H+oH
R ) R/ " Pre o R/
~ remove proton from N replace proton on C T2
5 p (,7,_ C_\NAEN
R N T0H R N: ! R’
Y/ o L
Hoc—N \H —— B (Qr\/ —H-C- M, H c_H+-OH
R v ‘ R i "t R/ R 7
remove proton from N lose N, carbanion product

The method is specific for the reduction of carbonyl groups only, for other functional groups in the
substrate remain unaffected. The method is, however, not suitable for o, f-unsaturated ketones.

Applications

Wollf-Kishner reduction is used mainly for the reduction of carbonyl group (>C=0)to methylene
(>CH,) during the synthesis of many natural products. This method unlike Clemmensen reduction is
applicable for the reduction of high molecular weight and acid-sensitive compounds.
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(b) Elucidas;
at . . MLKi
Ing the structure of oestrone : When oestrone methyl ether is subjected to Wolff-Kishner

reductio
cyclope ]l: followed by sclenium dehydrogenation, it yields a compound, 7-methoxy-1,
ntenophenanthrene, of known structure.

O

WollF-Kishner

reduction

Oestrone methyl ether Se, A ‘
) —

»es
MeO ~
7-Methoxy-1 : 2-cyclopentan-
phenanthrene
@

'I'}}e known structure of degarded product, I clearly reveals the carbon skeleton of oestrone.
Further, it also ascertains the position of the phenolic group in oestrone.

\¢) Reduc{ion of high molecular weight compounds : This reaction has been successfully used for the
reduction of high molecular weight compounds such as cholesterol.

0 Wolff-Kishner y

reduction

HO HO
‘ 24-Ketocholesterol Cholesterol
)

(d) Introduction oflong straight-chain alkyl groups in aromatic rings : By using Friedel-Crafts alkylation,
itis not possible to introduce a straight chain alkyl group longer than ethyl group into an aromatic ring
because of rearrangement of the alkyl group. However, this has been achieved by acylation followed

by reduction.

CH,COCI | COCy  woltnKishner —CH,C H,
AlCl; f reduction ’ Q

n-Butyl phenyl ketone n-Pentyl benzene
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~ Meerwein-Ponndorf-Veriey Reduction|

Introduction

I this method the compounds having carbonyl group, such as aldehydes and ketones, get reduced
to corresponding alcohols. Tt is brought about by heating the carbonyl compound with aluminyum
isopropoxide, [(CH;),CHOJALl or [(CH,),CHO.Al/3] in isopropanol. (CH,),CHOH, solution. During the
reaction the isopropoxide is oxidised to acetone, which is continuously removed from the reaction maxture

by slow distillation. The reaction shifts in the forward direction by the removal of acetone by distillation.

R R R

N 1 _ A .
C—0 +(CH)ZCHOS == cmoll+cmyco £%%, “chon

e e 3 ¥ 4
R R" R
For example, acetophenone gets reduced to I-phenylethanol and benzophenone into benzhydrol.
[(CH,),CHOLAL
(CHy),CHOH

Acetophenone 1-Phenylethanol

C,H,COCH, C4H,CHOHCH,
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CH,COCH, ———> CgH;CHOHCH;

Benzophenone Benzhydrol
The reaction occurs under mild conditions. It is LQA' and the yield wgh bcﬁl\’j&"\lde "
arene 'immpcc:h ﬁxrcarlmm lgkmupgnd 0 lcrrcdamp&!w
bond, NO, etc. present in lhc xub\lmlc are not affected. ra uunpound is having two (.:nbon),qg\ml\,ﬁmc
may bc protected by acetal formation and the other is then reduced by this reaction. Ketopeg bk lnps One
enol content, ¢.g., B-diketones, f-ketoesters do not undergo this reaction. gh'gh
The reaction is reversible. th reverse re action is called Oppenauer oxidation whic}, ; i8 ug
the oxidation of alcohols using aluminium r-butoxide as “catalyst in the presence of €XCess acetop ¢ fo,
Meerwein, Ponndorfand Verley puhlnhul almost simultancously but mdcpcndcnlly this re
which therefore bears their names. However, it is to be pointed out that Meerwein and VCFICy = ﬂlcu
&1 ‘))’ed

Sout the reaction

aluminium ethoxide in their reduction whereas Ponndorf employed aluminium benzyloxig
)
advantages of this method are lhr. use of muld conditions, high yields (60-90%) and the lack of rcatm (

with unsaturated systems. Hmuur .tlummmmlxnpmpnwlvluprtlt‘rltd because it carrie
rapidly with very few side reactions and gives higheryields as compared withotheralkoxides, F urtl

re
irrespective of the alkoxide used, this reaction is preferably carried out in isopropyl alcohol bec, B

by slow distillatio AUSC the
acetone formed can be removed from the reaction mixture by slo istillation,

Mechnism
This reaction involves a eyclic state (1) in which there occurs the migration of the hydride jon from

the «-CH bond of the alkoxide to the carbonyl carbon of the ketone to form the mixed alkoxide ). Iy
this reaction excess ofisopropylalcoholis used so that it is exchanged with the mixed alkoxide () o liberate

the desired alcohol (I1I). . Y
(\AI(OC Me,), .‘.\{(OCHM"?»
N A ,
R! H <>i M & ?
,x € e .
c’ N R .C/Me _ R\ _OAIOCHMe,),
£ @ Me i “Me R/ N 0
) @ , (Il/
\Me
R /OAJ(OCHMe2)2 CH3\ R. ,OH
C’ + Al(OCHMe,),
R’/ “H / \OH R'/( m}H

That a hydride ion gets transferred from aluminium isopropoxide to the ketone has been proved by
the fact that if AI(GDCMe,), is used the ketone is reduced to alcohol, R,CDOH which has deuterium. This

reveals that the reaction is proceeding via a cyclic transition state as shown above.
Specificity of aluminium isopropoxide : Anumber of metal alkoxides are used but aluminium isoproxide

1s the best reagent.
Aluminium alkoxides are much less polar than alkali metal alkoxides because aluminium-oxygen
bond is nearly covalent in nature. Hence this undergoes very little dissociation to yield alkoxide ions which

generally bring about some polymerization of the carbonyl compounds, specially the sensitive aldehydes.
Thus, the side reactions are negligible. Its boiling point is 140-150°C (12 mm). This makes acetone to be

distilled over so as to shilt the equilibrium in the forwards direction.

i
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Applications

I'his method of reduction is specific for carbonyl group and therefore it can be used for reducing
aldchydes and ketones containing some other reducible group, such as, a double bond, a nitro or an ester
group, which are not reduced under these conditions.

L. The reaction has been employed to reduce &, f-unsaturated aldehydes to o, -unsaturated alcohols.

CH,=CH-—CHO _ AOCHMe), o [,=-CH-—CI1,0H

'11,),CHO
Acraldehyde (ClL),CHOH Allyl alcohol

CHy—CH=CH-—CHO MMl o cH=CH—CH,0H
(CH,),CHOH

Crotonaldchyde Crotyl alcohol

2. Reduction of aromatic ketones, e.g.,

CHCOCH, —AMOCHMe) o 4 cHOHCH,

Me,CHOH a-Mecthyl benzylalcohol

Acctophenone

3. Reduction of alicyclic ketones, e.g.,

(0)5
<;>:O AIOCHMe,),
Mc,CHOH
= € H

2-Cyclohexene-1-one 2-Cyclohexene-1-ol

4. Reduction of o-halogenated ketones, eg.,

AI(OCHMe,),

CH,COCCl, » CH,CHOHCCI,
Tricholoroacetone ~ Me:CHOH Tricholoropropanol-2
5. Reduction of keto esters, e.g.,
Me,C.CO.COOCH, —AGMe) -\ C.CH(OH).COOC,H;
Me,CHOH

Ethyl trimethylpyruvate Ethyl trimethyllactate

6. As this reduction requires mild conditions, it is accepted widely as a synthetic procedure. However,
it is used in the synthesis of chloromycetin and oestradiol.

+~“(a) Synthesis of chloromycetin is as follows :
0O H
” /NHAC I /NHZ
OzN—@—ﬁ—CH 1. AKOCHMe,),, Me,CHOH | OZN@C—CI-I
“\CH,0H 2:Cl | “ch,on
‘ OH
’ H
| NHCOCHCI,
CI,CHCOOMe ~
) ON@»C—CH
| cu,om
O

H

Chloromycetin
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Indtroduction

The usual practice to prepare alkyl halides is to react the alcohols with PCl,, SOCI, or conc. HCI/
ZnCl,. However, this method is not used for preparing aryl halides from phenols. The reason is that direct
halogenation of aromatic compounds yields a mixture of isomers from which it is difficult to separate the
desired isomer.

Sandmeyer reaction is considered to be the convenient method for introducing a halogen substituent
atthe desired positionof an aromatic ring. In this method, the first step involves the conversion of an aromatic
primary amine into an aryl diazonium salt by treating with nitrous acid in the presence of mineral acids
(usually HCI or H,SO,) at low temperature (0 — 5°C). The second step involves the decomposition of
diazonium salt by heating with cuprous chloride or bromide in the presence of an excess amount of
corresponding halogen acid to yield aryl chloride or bromide. Thus, the overall reaction involves the
replacement of the amino group of the aromatic amine by halogens.
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- e CH,
i CH, I el &
| S —
0-5°C
CH, CH,
1 NaNO, + H,S0, 4 CuBr, [:BI‘
i 15-200c 100°C
| 5
: N}'I2 i @N21{SO4 Br
Mechanism
The cuprous copper is having the ability to reduce diazonium.lon to ary radical l?y' Oxidatiop,
reduction involving one-electron transfer. First ofall copper acts as reducing agent, then as oxidising agent.
@ © I ® I o
CéHs—N=NCI +CuCcl] — CHi—N=N + CuCl,
@ I g ) II
CeHs—N=N + CuCl, —» CH,+ N, + CuCl,
, II I
CHs +CuCl, ———  CH,Cl+ CuCl

nes from the decomposition of benze
ned through free radical addition.

—.CH—CN CuCl,

ne diazonjup
-phenylpropionitrile is obtaj

) I

) II ® I Cle I
Cﬂ}ls + Cu —_——> C5Hs + Cu —_—> C6}15Cl + Cu
Il )

I
o GHstCutCl — i, _cu_qy — CH,Ci+Cu

I
@N2Cl KI Solu. S @I

Itis possible to prepare

. _ aryl fluoride by treating the diazonium salt with fluoboric acid or fluoborate
when sparingly soluble diazonium fluoborate se

: ! Parates which is washed and dried. Thedried salton heating
decomposes to yield aryl fluoride.
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CHN,CI HBF, ® e
(/ 7 1

This reaction is known as Schiemann reaction

Gattermann modification : Accordi
ording to Gattermann, copper powder or copper bronze in place of cuprous

chloride acts similarly to yeld the aryl hali i
copper on the surface of the coppe:y metzlll.des' This may take place because of the formation of cuprous

Applications and extension

Sandmeyer reaction which i

: is used fo i i iazoni 1

useful than direct halogenation for several rl;zlils]snpsmpamlon ofayllides from dizsonum salt s e
Direct halogenati i .

) A becg;ea;llzt;oizgo?glc compounds yields a mixture of isomers so that the yield of the desired
B ogen derivative becaus ; t;::::: tlo separate. On the other hand, the diazonium salts yield only one
oot g0, alogen enters at the position which is previously occupied by the

i 1 iodide i
(if) gryd s and.ﬂuondes are seldom prepared by direct halogenetion but they can be prepared by
) andmeyer reac:tlon and Schiemann reaction respectively. l

(jii) In some cases direct he.lo genation at a particular position is not possible becau

but this becomcs possible through Sandmeyer reaction, e.g.,

(a) Preparation of m-dichlorobenzene : 1t can be done as follows :

se of electronic factors

Cl

NO, NH,
NHO ‘ g
) s Q Fe + HCI 1. NaNO, + HC, 0-5°C
@ H,S0, ij\NO —_— Q - 2. CuCl, HC O
2 _ 1

2

(b) Preparation of 2-chloronaphthalene : It may be done as follows :

1. H,S0,, 120°C OH ’
2. NaOH fuse .
— 1. (NH,),SO;, NH,, H0, 165°C
X:) e > ——
3.H 2. Aq. NaOH, 100°C

B-Naphthol

NH,
@@ 1. NaNO,HCI, 0—5°C
2. CuCl, HCI

p-Naphthylamine 2.Chloronaphthalene

Cl

(c) Preparation of acids: Diazonium salts when treated with cuprous cyanide and potassium cyanide give
nitriles which on hydrolysis yield acids. -
NaN ®9 N
aNO, +HCl  ~ HNCI u

HNO, : [H]
Cls {10, CoHNO: CoHlsNE, 0—5°C KCN

o
caCN 29 CHCO0H

- Amino groups of aromatic amines on conversion to

. (d) Removal of amino group from aromatic rings
alt and treatment with hypophosphorus acid are removed from the

the corresponding diazonium $
aromatic rings. The reaction has been successfully used for preparing compounds which cannot be

o g per—
et o= hvu e R —
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