Oxidation

e

;0 INTRODUCTION

O-‘i dation of an organic compound is defined as additi

on of oxyge . o val of
electron/s from that compound. ygen, removal of hydrogen or removal

Addition of oxygen R—CHO& R—COOH

Removal of hydrogen R—CH,OH —(2H] R—CHO
- Cc4+ o
Removal of electron CgHs—O C4HsO

Reduction is used to describe the converse reactions. Oxidation and reduction are complementary in
that in any system in which one species is oxidised, another is reduced. The term used is customarily that
which is appropriate to the reaction undergone by the organic compound concerned, e.g., the reaction of
i aldehyde with dichromate is described as oxidation, although of course the dichromate ion is reduced.

Oxidation is normally brought about in one of the following ways:

(1) By removal of an electron, as in the oxidation of phenols by ferricyanide, e.g.

OH 0 0
Fe(CN U dimerisation H
FeCNg A CH, 0
-H@
CH, CH,

CH,
o o
HH
(U

CH,  CH,

!

0 00

CH, H, CH,

The requ; for the oxidising agent i that it should be capable of one electron reduction
l‘ rement for the O:
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-], The requirement of organic
(here, €9 + Fe(Ill) — Fe**) characterised by suitable redox potential

compound is that it should give a relatively stable radical on oxidatcljonl-ltooxjdati0n of iitdieliydss,
(2) By removal of a hydrogen atom, as in the radical catalysed 2

0—O0—H OH

D=0 o | CeHsCHO
radical | CeHsCH 2 52CeHs—C=0

. O S =O
CgHsCHO —_— CeHs—C=0 —-—2—) C6H5—C=O —~—CgHs C
—H

(3) By removal of hydride ion, as in the Cannizzaro reaction, €.8.
0 OH

| 0
C(,HS——lC—H +OH— C6H5—‘(|:—'H

o)
©
e
"o P e
CH—C—H + C—CH; —> C¢H—C=0+ C6H5——C|-‘H
Oxidation of 8
this species

(4) By the insertion of oxygen, as in the epoxidation of an alkene by a per acid:
C4HsCOOOH
R—CH=CH—R ————— CgHs—CH—CH—CgHs + CgHsCOOH
0

(5) By a concerted reaction in which the oxidising agent undergoes a two electron reduction, as in
the oxidation of glycols by lead tetra-acetate.

¥ i
R—C—OH R—C—O0 OAc I

q + Pb(OAC) —— Mo/ —— 5 R—C—R + R—C—R + Pb(OAc)
R—G—OH R—?—o'q NOAc

R R

(6) By catalytic dehydrogenation, as in the palladium-catalysed conversion of cyclohexane into

benzene.
PYAL)O4

Whether the organic compound is undergoing oxidation or reduction in a given reaction can b
known by the oxidation levels of the carbon atom of the functional group. OXidatigon ber method is
used in inorganic compounds. Oxidation number method is not convenient method f number oy
because classification of organic compounds into oxidation states is more diffi lor organic cqrr;pm "
know whether organic compound is undergoing oxidation or reduction. th lcult and inconsistent. .
classified into the following five oxidation levels » the carbon of functional group

Level Zero: The lowest oxidation level for carbon j .
carbon is bonded to hydrogens or carbons or carbons and hi’s:;;e(;:lz lls called.hyd¥ocarb0n l.evel_). Wheen
is zero. nly then in this case oxidation leV
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H CHj CH;
H—é—H HAC | l
H /‘
Level 0 CH; CHj
LCVC‘ 0 Level 0

Level 1:  The next oxidation level is one (level one is also called alcohol oxidation level). In this
«ategory are carbon atoms which have one bond to an electronegative atom, such as O, N, S, X etc.
CH3—CH2——(%H2—OH

Oxidation level = 1
Some other examples are:

M DY SO SN AN

Level 1  Levell Cl Br Level1 H;N  Level 1 Level 1

NO,

Note: Carbon-carbon double bonded group is also included in this category. Thus oxidation level

of carbon in ethylene and benzene is one.
Level 2: The third oxidation level two (level two is also called ketone oxidation level) contains

carbon with two bonds to electronegative atom (double bonded electronegative atom is treated equivalent
to two electronegative atoms bonded to carbon). Examples are

OCHj3 H
CH3—A—OCH3 CH3;—CHO = CH3-—/A\-—0

0)

H Oxidation

Oxidation level 2 level 2
Other examples are:
NN N
SMe SMe d

Note: Oxidation level of acetylenic carbon is also 2.
Level 3: Level 3 (the carboxylic acid level) contains carbon with three bonds to electronegative

atoms (triple bonded electronegative atom is treated equivalent to three electronegative atoms bonded to

carbon).
(l)CH3 (|) (|) /N
H3;C—C—OCHj; CH3——$—OHECH3—C—O CH;—C=N = CH3—C<II:
OCH3 OH
N

OCHj
|
CH3—(12H=C—OCH3
1 1

Thus level is three

Level 4: The most oxidised level of carbon is four (carbon dioxide level).
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| M HzN——CEN
Cl—C—Cl H2N\ /NHZ HZN\ /OMC Meo\ﬁ/o e
Cl if T
o 0
n a particular level by performing

The importan 1 i i ne can move Withi 3 ) )
p t point to remember is that 0 o eduotion. However, if axidation level movee
process is oxidation. Let yg

chemisry that is classified as neither an oxidation no g
down, the process is reduction whereas if oxidation level moves up:

consider the following sequence of reactions:

- ff%:lzoi‘))‘* MeSH/HgCl,
\Y oxi
w N\ ——> HOE> Y\
(oxidation) H I
Level 0 0 MeS SMe
1 OH 12 Level 2
Level 1 Level 1 Leve
Br
Br Br
(i) Base ) /\/ 2 >
/\/ oxidation
Level | Level |
Br

Level 2

Of the wide variety of agents available for the oxidation of organic compounds, probably the most
widely used are potassium permanganate and derivatives of hexavalent chromium. Permanganate is a very

powerful oxidant. Its reactivity depends to a great extent on whether it is used under acidic, neutral or
basic conditions. In acidic solution it is reduced to the divalent Mn ion (Mn7+——> Mn2+) with net transfer
of five electrons while in neutral or basic media MnO, is usually formed, corresponding to a three electron

change (Mn"* — Mn?*). Permanganate is used in aqueous as well as in non-aqueous medium. When
it is used in non-aqueous medium, the reaction is carried out in the presence of phase transfer catalyst.
In the presence of PTC the reagent is soluble in benzene and the resulting solutions are excellent reagents
for the oxidation of a variety of organic substrates. Thus in the presence of DCH[18] crown-6, alkenes,
alcohols. aldehydes and alkylbenzenes are rapidly oxidised to carboxylic acids in high yield at room

temperature
CH, COOH
DCH[18]Crown-6
78% vyield
DCH[18]Crown-6 COOH
90% yield

The catalytic action of quaternary salts is belived t
0 be due to the abili : - ble
cations to transfer anion (e.g., MnOg) from the aqueous into the o a}:)l]lty of their organic-solt
C phase.

O KMnO,, H,0, NaOH OH
® —>
o o CgHsCHyN(CHy),c1® O‘/-OH
ci1d 18 i v
Chromic acid is one of the most versatile of the available oxidising agents, and ik almost
nts, and reacts wit

al! types of ox1dls.able. groups. jI‘he. reactions can often be controlled to vi for
tnis reason chromic acid oxidation is a useful process in synthess . oo _ydleld largely one product, and
- In oxidation chromjum is reduced
um is reduce

from ‘




265
6+ o Cr”". The commonest reagents

(V1) OXide and K2Cr207.

g um (VI) oxide may also pe used in solutj

, ol or in pyridine.. Ip these solutions the reactive spec;
".Tomate (VI) and the pyridine-chromiym (VI) oxide Complex ”
.n .

'21 OXIDATION OF HYDROCARBONS

111 oxidation of Alkenes
(1) Epoxidation:
g for effecting the 1S metq- 5 et ’

ieain electrophilic reagent and accordingly, reacts ella Ch10r0perben201c eI (mLTBA). m CRBA

~ : Well with nucleophilj
sion-releasing groups in the alkene and e] ophilic alkenes. Consequently
ms more alkyl substituted alkenes are mor:

_ e less alkyl i ] -eacti
oiteds via 2 single (concerte d) step which . Yl substituted alkenes. The reaction
e per acid (Scheme-1).

The oxidation is carried
on in acetic anhydride,

Present are chromyl acetate, rert butyl

Olefinic double bonds react wj i
ct with : :
alkene~epoxidation Oxidation j  hls 10 give ePoxides. The most useful

O==C—Ar |
/-— | —Ar
i OCO H‘-.. .,-'O R\ A R (")
R R e _—> == + Ar—C—OH
\Y_ /) / 0, / N\
H/c—c\ S H H
RO/ % R
- N ot/
2\
H i
Scheme-1
The epoxidation with per acids is stereospecific and takes place by syn-addition to the double bond.
Sthe cis alkene gives only cis oxirane and trans alkene gives frans oxirane as expected from the
Techanigm,

H<C H HsCg H
SO\ mCPBA N —/c<
Sy SR N /o \cH,
Trans-alkene
' H
HsCo\  /CH3 .crpa H5C6\C_C/C ?
C=C\ / \O/ \H
H/ H =
Cis-alkene

: faster than the less alky]

It hag ] ioned that more alkyl substituted alkenes react . y

iy aready been mentioned th: Y e substituted alkenes in the presence of
lsmmed alkenes, Thus, it is possible to oxidise mor

Mgk . han one equivalent of oxidant.
subStltuted ones, so long as we do not use more t q
‘ (6]
m-CPBA
CH2C12

Case of cyclic alkenes, the reagent approaches from the. less hindered side of the double bond.
1C alken ’

;‘ ; ; + E & Z-'_H
m-CPBA
L CH,Cly ) i H -

In
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. s reduces the rate of epoxidat

Conjugati ' ated group ) ion
jugation of the alkene double bond with e rated aci ds and esters, due to this reason, requiy,

pecause of the delocalisation of the T electrons. o, idati
NG AT . enccessful oxidation.
stronger reagent, CF3COOOH or m-CPBA at an elevated temperature for suc
(0]

0)

other unsatur

| CF;COOOH " OC-H
— CH—C— RO, CHy—CH—C—O%25

CHy=CH—C—0C2Hs =57 cpBA/A {O/

t performed by the action ¢

ketones is bes :
olution. Per acids cannot be useg

Epoxidation of o,B-unsaturated aldehydes and .
nucleophilic reagents such as H,O, or t-butyl hydroperoxide in alkaline §
ation.

in these compounds because they give Baeyer-Villiger oxid
0)

s B
H;0,, MeOH ag. NaOH | CHs—Cli— H—C—CHj

8> 0

R N

™~
0]
Lo,

not only way to convert an alkene into an epoxide. It has recently

been found that reaction of alkenes with t-butyl hydroperoxide in the presence of vanadium (V>*; vanady!
acetylacetonate: VO(acac),) or molybdenum (Mo%*, molybdenyl acetyl acetoacetate) catalysts provides
another excellent method for the preparation of epoxides. Molybdenum catalysts are most effective for
the epoxidation of isolated double bonds and vanadium catalysts for allylic alcohols.

(0)

O{/\(\/\/ Vo, OW\(
—»
t-BuOOH

Epoxidation of allylic alcohols can also be achieved by Sharpless method. This method is o of
the most valuable tools for chiral synthesis. The Sharpless asymmetric oxidation is a method for converting

allyl alcohols to chiral epoxy alcohols with very high enantioselectivity. It involves treating the allyl
alcohol with fert butylhydroperoxide (TBHP) and titanium (IV) tetraisopropoxide [Ti(OPr)4) 0
conjugation with a chiral ligand. Diethyltar_trate (DET) is the best chiral ligand. The reaction that ensues
between an allyl qlcohpl and this opdant is similar to that described for vanadium-with one important
difference. The chiral ligand (DET) is able to enforce the formation of essentially a single enantiomer ©

epoxide product.
\/\ OH wper <
Ti (OPr'), OH

TBHP
6 DET (5)-Methylglyci
Ti (OPH Y ylglycidol
TBHP

O
q/\oH

(R)-Methylglycidol

CH3—CH=CH—C—CHj3

N
o<
&
Oxidation with per acids is the



267

JIDATION

2) perhydroxylation: Perhydroxylation of carbon-carbon double bonds is useful in organic
qhesis and can be effected with a number of different reagents. The most important reagents for this

§y : " . . . . .
Jpose are potassium permanganate, osmium tetroxide and iodine and silver acetate.

potaSSium Permanganate ,

Oxidation with KMnOy is a widely used method for cis hydroxylation of alkenes, but it needs careful
ontrol t0 avoid over-oxidation. Best results are obtained in alkaline solution, using water or aqueous
jganic solvents. Poor yield of the diols is obtained because of the insolubility of the substrate in aqueous
olvent. Greatly improved yields in such cases can be obtained by effecting the oxidation in the presence
‘Of a phase transfer catalyst, such as quaternary ammonium halide, or a crown ether. '

The oxidation with KMnOy proceeds through the formation of cyclic manganese esters and it is this
product which controls the syn addition of two hydroxyl groups. This reaction is stereospecific reaction.
(is-2-butene on hydroxylation gives meso form whereas trans-2-butene gives (dl) mixture.

H

et i i o gl ek W8 i
9 T | R—C—OH
L +MnOp— B >Mn</e MO R &—0—Mn <O HOH " s
| = o® R—C—OH
| R/ \ H _(f 0 ; |
| H )
1
| H

\c=c< — |
H

H V4 NaOH H3C—(|:-0H
H
meso form
H
|
H3C\ /H KMnO, H3C—C—OH .
C=C _— | + enantiomer

n/ \cH; NOH o ¢ cHy

H
Although basic KMnOy forms vic cis diol but the reaction does not give good yield since it is
difficult to stop the oxidation at the diol stage. Other products—ketones and hydroxy ketones, aldehydes,

acids are also formed from 1,2-disubstituted alkenes. ' . ‘ .
The diversity of permanganate oxidation can be illustrated for oleic acid, which in basic solution

gives a glycol and in neutral solution a hydroxy ketone. OH OH

N w0, b
CHy—(CHyy/  NCHyr—COOH NeOH (o CHy— Coon
Erythro product
O OH
H\C /H KMnOy, neutral E |
—C » CH3—(CHy)7—C—CH—(CH,)7—COOH

CH;—(CHa)”  N(CHp);—COOH .
+ CH3—-(CH2)7—(LH—-L——(CH2)7—COOH
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e . . ; . ; .. permanganate whereas in
Similarly in basic solution norbornene gives glycol with basic P g NCutry

solution, a higher oxidation product is formed.

H
KMnO
——iip OH
NaOH
H
KMnOy OH
Neutral

&s CHO
CHO

Osmium tetroxide: The addition of an alkene tO osmium teFroxide in._ ether causes rapid |
precipitation of cyclic osmate ester. Pyridine, which complexes the osmium atom In the gster, is _often ‘
added as catalyst. The ester is then hydrolysed, commonly with aqueous sodium sulphl.te to give 3 ,
cis-vic diol. Both oxygens in the diol derive from one molecule of OsO4 and these ar'e dfehvered to the |
alkaline in essentially one step. This addition is classic example of a stereospecific oxidation. |

Mechanism: Formation of cyclic osmate ester can be possible via two ways: ‘

(i) [3 + 2] cycloaddition between OsO,4 and alkenes l

o) 0 - -t

\cisi N A 0\0/0 OH
A \01 _E+_21_> Os, ) O/ o

HOH/NMO
302/ 0sO O" ‘*O >
Y4 \ > <
\2___;'1\ \ / H HO

- Osmate ester

+0s0,

(ii) Second possible mechanism involves [2+2] cycloaddition to give osmaoxetane which on
rearrangement gives oximate.

O
o) (0]
Os=0 O\ // \ /
206 0=0s—0 Rearrangement o” iy Hydrolysi -
Rearmangement O _Hydrolysis >_<
2 1 \_-K HO

Osmium tetroxide is both highly toxic and expensive, but is really reliable and valuable reaget_“
because of its specificity with double bonds and the ease of its application. Since osmium tetroxide *
expensive, so conditions were developed that enable it to be used as a catalyst. It is found that 5 mol¢
osmium tetroxide is sufficient to oxidise an alkene if a stoichiometric amount
N-methylmorpholine-N-oxide (NMO) is used. NMO in the reaction reoxidises the osmium (VI) t0 osmit”
(VIID) in situ, thus very small amount of osmium tetroxide is needed for the oxidation.

0s0 ;(cat.) : OH
———
NMO(1.5 eq) + enantiomer
acetone/water OH
(dl) mixture

’ Syn vic diol

m —— NMO .
acetone/water

e e O Y Ve (meso form)
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O O

N HO |

sO)
0 ) ————y
{ NMO 0

acetone/water HO

O Q

Oxidation of allylic alcohols with osmium tetroxide provides a route to 1.2,3-triols, a structural
' feature 1011!@ in some nateral products. The reaction of allyl alcohols and allyl ;thers \"vith osmium
 etroxide is highly stereospecific giving preferentially the isomer in which the original hydroxyl gr\oup or
| alkoxy group and the adjacent newly introduced hydroxyl groups are in anti (erythro) relatiénship.

OH OH
‘ ~OH
0504
T
NMO
acetone/water .
"0l

Sharpless has recently developed conditions which lead to control the enantioselectivity of the
dihydroxylation reaction. The oxidation of rrans-stilbene to the corresponding diol can be accomplished
with OsO4, NMO and catalyst [mixture of dihydroquinine dimer: (DHQ), and phthalazine (PHAL)] to
give the diol shown in 299% ee.

Pl
\ 050, Ph \\\\\\\\OH
—_— .____» N
NMO \\\\\\\“\ A
Ph acetone/water HO Ph

(DHQ), ()
(only product)

On the otherhand. when the reaction is carried out in the presence of dihydroquinidine (DHQD)]
dimer and DHAL enantiomer of the product (1) is obtained as the only product.

Ph\__\ 050, Ph OH

R e >_<
NMO

Ph (DHQD)zPHAL OH Ph

(2)

Osmium tetroxide can also be used for the preparation of vicinal hydroxylamines. Reaction of the
alkene with chloramine T in the presence of catalytic amount of 0sOy affords the corresponding vicinal

hydroxy! toluene-p-sulphonamide. The sulphonamides are readily converted into the cis a-hydroxylamines
by cleavage with sodium in liquid ammonia.

CH,
0) NTs
N\
== TsNCINa + 0sO, —» \o<
7\
. 0 0
@
S0,N
Cl
HO\ /R HO« R
0s0, Nn/NH3(l)
/TN, +TsNCINa —— S———
Bu/ OH
TsHN? R H,N” "R

Osmium tetroxide is electrophile. Due to its electrophilic nature, the presence of electron
withdrawing groups to the alkene double bond retards the hydroxylation. Thus, if more than one double
bond are present hydroxylaticn occurs at the most electron-rich double bond. .




270

ORGANIC SYNTHES|S
— =98

COOCH,

E:EB:COOCHS
COOCH,

0504
—_—

NMO
acctonc/HOH

HO
: j :COOCH3

HO

g Prevost reagent-a solution of iodipe

(3) Oxidation with iodine and silver carbonate: Many of the difficulties attending the oxidatiop,

of alkenes to vic diols with other reagents can be avoided by usin '
in carbon tetrachloride together with an equivalent of silver acetate or silver benzoate. Under anhydroyg

conditions this oxidant directly yields the diacetyl derivative of the rrans-glycol (Prevost conditions), while

in the presence of water the monoester of the cis glycol is obtained (Woodward conditions).

Ac

IIII[”” " o

CCl,
(1)
Trans-diol
I,, CH;COOAg ~OH
HOH/CH,COOH P .. (1)
HO gy diol
Mechanism: Prevost reaction
0
o | CH, CH,
O—C—CH, | |
- 285 Intramolecular
g — 07 9] SN, reaction 8 ¢C o
0 ©)
I I (> k
l-l+A@ 8—(:—(:11 |
ok 3 0
I
O— C—CH;
lﬂon/one

> o
HOH/H

Trans-1,2-dio]

0—Q—

Hy
Trans-1,2-diacetate
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rd reaction

Woodwa
I
o CH
— (\ p=c=ah, |
®
N e
. @ e “ l
-1+ Ag s Qe CH,
H l
CH, H
CH,4 3o/ CH
AN {3 I/O\ H\. | 3 CH;

@)
I
—C—CH, OH OH
OH
o
Cis-monoester Cis-diol

nditions,

The value of these reagents is due to their specificity and to the mildness of the reaction co
free iodine, under the conditions used, hardly affects other sensitive groups in the molecule.

HOOC—(HyChN_ s (CH,),—COOH

u/ Nn

HO\  pCHa) HO\ o
HoSo—cZ--H He-3C—Co--H
HOOC—(H,C); \ OH (H}C)7 CH,y),
Trans-product HOOC COOH
Cis-product

Similar results are also obtained with lead tetracetate but the reagent is less selective than

L/CH;CO0Ag
OAc

Pb(OAC)4
R
@ CH;COOK
OH
Pb(OAC)4 OH

OH
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(4) Formation of ketones from alkenes:
The oxidation of alkenes to form ketones can be
in the presence of CuCly in aqueous medium. 5

PdCl,/HOH &_CH
CH3—CHy—CH=CH G e0,”
: - the compan
:hoic der from the name of pany thy
as Wacker process which 1s derived : ‘
> tecl es give predominantly the ketone 1somer rather than the |

The process is known
to achieve with 1,2-disubstituted alkenes. I

developed this reaction. While terminal alken

aldehyde, such control of regioselectivity is not always easy

such cases mixture of two products is formed. o
0 n

CH3—CH=CH—CH)—CH3 —+5—

etarded the rate of oxidation,

ution on alkene T (
alkenes. This difference in

It has also been found that the increasing substit :
an 1,2-disubstituted

Terminal alkenes are almost five times more reactive th
rate can be used for selective oxidation in synthesis.
O

PdCl,, HOH
/\/\/\\/\(OCZH5 CuCly, O i )WWOCZHS
0] (@)

During the course of oxidation Pd(II) is reduced to Pd(O). As Pd(il) is quite expensive, the reaction
is carried out in the presence of Cu(Il) which converts Pd(0) to Pd(Il) in situ so that catalytic amount of

Pd(Il) is required. The mechanism of the reaction is as follows:

OH OH
Pd(Il) HOH |
R—CH=CH, —— R—CH § CH—— R—CH 4 CHy— R—C—CHy—PdL— R—C + CH,
L = ligand PdL Pd(OH)L o Pd(H)L
0 OH

|
R—C—CH3 + Pd(0) ¢—— R-——(|Z—CH2—H
Pd

i,

Alkenes can also be oxidised to a-diketones with SeO
. 2. Unfortunatel ' tive
reagent and can oxidise other functional groups. y SeO, is not very selec

SeO (||) 9
€Uy
80% yield

(5) Oxidative cleavage of carbon-carbon double bonds

Oxidative cleavage reactions are those which lead to cl

multiple) and the introduction of new bonds between carbon an cavage of carbon-carbon bond (single of

d electronegative Tement, such as oxygcn'

o J
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(A) Oxidative cleavage of alkenes by ozone

Ozonolysis, that is reaction of an alkene with ozone followed by splitting of the resulting ozonide,
is a very convenient method for oxidative cleavage of carbon-carbon double bonds.

room temperature. This leads to the for

R o O\ R H0
3 < 202
R—CH=c{~ < — RCOOH + R'—C—R"
RII | | R”

Oxidative work up
Reductive decomposition of the crude ozonide leads to aldehydes and ketones. Various methods of

reduction have been used including catalytic hydrogenation and reduction with zinc and acids or with
triethyl phosphite but the best result is obtained with dimethyl sulphide. '

0
R"  0./C,H:0H _0 R" CHy—s—cH, I
R—CH=C< e R—CH \C< : > R—CHO + R'—C—R"
RII | l Ru

Reductive work up

This reagent is extremely specific for alkenes and so ozonolysis can be performed on multi-functional
compounds without fear of oxidising alcohols, esters, carbonyl groups, ester or aromatic rings.

(0]

0
OH OH Il
—60°C
(ii) CH;— S —CH,
CH, CHj

Ozone is an electrophilic reagent and so reacts faster with electron-rich alkenes. However, the
difference in rate for ozonolysis of alkenes with varying numbers of alkyl groups is small and it is not
Usually possible to distinguish between them. What is possible, however, is the oxidation of an
alk)'l~substi[u[ed alkene in the presence of a carbonyl, nitro, cyano substituted (and therefore very
¢ tCtron-deficient) alkene.

CHO  cny
3
z CH; (i) O3, C;HsOH
+ CH;— CHO
(ii) CHy=—S—CHj

0 (6]
i ion is as follows: _ . ' _ N
;l;hethme;hamsm of the rf:a(zzltrticipates in a cycloaddition reaction with alkene. This cygloa@dmon
®action ise l,-rSt SFep’4OZgnec pcloaddition. Since ozone is 1,3-dipolar spec?es, therefore reaction is also
" exam 1 Pellcychc‘ [4+2] { addition reaction. This leads to the formation of primary ozonnfie (als.o
kng n agenof 1’3-%%0 k{f 'CYC; ozonide is unstable and collapses via another pericyclic reaction, this
olozonide). Prima

L .,
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1d and a carbonyl ylide are formed by this path

time it is revense [1, 3] cycloaddition. A carbonyl compou her (path-B).

and these may combine either with solvent (path-A) or with each ot

P,
0 0) 0O reverse [1,3] HaC H;C G &
e \K_ Hs 3] CH3\C<41 /n/)CHJ cycloaddition 3 >C=O ¥ >C=O
/N cycloaddition H/C C\ H H3C .
R s LE Carbony! ylide
Path A.
3 OC,H;s
0 m - e
\@ /7 H—Q—C,H; 3 \(I:__ H
TN —> _c—0—0—
CH,4 HC
Peroxide
Path B. HiC\_
=0
/
i
5 CH o CH
O\&C/ 3 - \O—g/ :
® \\ N
CH, CH,

1, 3 cycloaddition

HC\ O /CH;
/
H/ E)—O \CH3
Secondary ozonide
The peroxides and secondary ozonide formed by this mechanism are almost never isolated but
instead are decomposed in sifu by the addition of dimethyl sulphide or trimethyl phosphite [(MeO);P]. In
this process either the sulphur or phosphorus additive is oxidised and ozonide or peroxide reduces to
carbonyl compounds.

P
c&)‘CH-—CH3

HC
O C==0 + C=0 + \S==
L /CHs e/ / £ °
:S\
CH

£ H
H,C
3
OC,H
H :CQI Hy
N H
/cfb\-— YRRV N i Y
+
HC CH, HC” - e
. H,C
\ 3
CH,

It is possible to decompose secondary ozonides

NaBH,, instead of dimethy! sulphide, reduces the ouy N a variety of ways. Fo example, reaction with

nide to give alcohols,
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E F :

CH3—(CH 2)5—C£CH CH— (i) O3, CH30H ,
7 CHa (ii) NaBH, 4H3—(CH2)5—(,3—CH2—CH20H

F

reductive work-up
Ozonide can also be oxidised by the use of oxidising agents like H>0,.

(i) O, CH;0H

(i) H,0, "
G —_—— HOOCCHZ—O—CONHZ
CONH, 0

|OH (l)H
0> C=CH—CHj = Hye G CH—CH | —— ¥ =0 + (CHy—cHo]
JKMHO4
CH3COOH
CHO _NalOy KMnO, 6\CHO + CH,COCH,
CHO

(\ COOH
COOH
Oxidation by NalO4—OsOy has the advantage (over NaIO4.—KMnO4) that it do.es, not proceed
beyond the aldehyde stage. It produces the same result as ozonolysis followed by reductive cleavage of

the ozonide.
()03, CH;OH OHC— (CHp);— CHO
O (i) CHy—S——CHjy

KM"O4/NaIO4
lNalO4-OsO 4
O, HoOC— (CHy,—COOH

[OHC—(CH,);—CHO] —>

OHC— (CH,),— CHO

212 Oxiclati ic rings It is S
2BOdeatlon of Aromautlcs::blgcompo"" d and is not effected by usual oxidising agents. It is for
nzene is an exceptionally

L e AT A O ST RO T T
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ic reactions. However, benzene undergoes

this reason that benzene is used as a solvent in most of the organ
aerial oxidation in the presence of V;Os.

0]
g
300°C C/
|
o

ons, which results in the loss of the

idati i ' ic hydrocarb
The oxidation of unsubstituted rings of polyaromatic hy It either in the cleavage of the ring

stabilisation energy requires vigourous conditions. Reaction can resu
or in the formation of quinones.

COOH
Cle _KMnOgHTA 9a @(

COOH
l 03 % 5
CO
COOH N 0
/
CcO
COOH
COOH
COOH
Dlphcmc acid

Chromic acid can also be used as oxidising agent. Quinoline is oxidised to pyridine-2,3-dicarboxylic
acid which easily loses the-2-carboxy substituent on being heated, providing an easy route to nicotinic

acid:

COOH
_ cr0; or N . COOH
~ KMnO,/A Z
N" “CooH N
Quinolic acid Nicotinic acid

Isoquinoline on oxidation gives cinchomeronic acid

@ ﬂ» ]@COOH

COOH

Cinchomeronic acid
Chromic oxide does not invariably lead to ring-fission. For e ‘ !
Cn - | . xample, it re i b
acetic acid solution at room temperature to give 1,4-naphthaquinone " = i

CORE *

Chromic acid also oxidises other polynuclear aromagj
¢ h)'drocarbOns
into quinones.
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(0]

Y -
3 3
' _—
0 CH,COOH O‘]
(0]
Menadione

Anthraquinone

The arorpatic Fings of phenols are very susceptible to oxidation by one-electron oxidants (such as
poassium ferricyanide) for the removal of a hydrogen atom gives a delocalised aryloxy radical,

Sabobob

The radicals obtained undergo coupling reaction and the process is known as oxidative coupling.

OO — @0 o
54— 0o -
s+ (o — @(—)o@o——» A SN X
<) e (D)o — oo—-—HOOH N
é. O — o L GO

in biosynthesis.
These coupling reactions aré most common
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2-Naphthol on oxidation with Fe™" gives diphenols. )

JOH /° Y dimerisaion,
o=y - C
“ H 1{8

l Tautomerisation

Q
Q

YRY,
507

OH
OH

OX©

2,6-Dimethylphenol undergoes oxidation to give quinones:
O

H,C CH,
OH ¢ 0
H,C CH, H,C CH, H,C CH,
F63+ P . .E’M()_n.» H H
H,C CH,
o)

l Tautomerisation
(0]
C

i

0 H
HyG CH, H i CH,
A )
Other examples are: 3 CH
P 0 } H,C CH,
OH

K 4Fe(CN)
HO CH, ———% g
;?; OH CH—cH 0
[(CH;);CO
HO cH, —23%, 00C(CH,),
CH, =0 0

A bottle of phenol that has been €Xposed to air ;
of these coloured complex products. Hlris very likel}’ to be coloy
The ease of phenols allows their yge w
prevent chain reactions. Particularly effectjye

her ioxi
© antioxidants gpe needed as
commercial antioxidant used to prevent po

n thig Iespect ig 2,6-di-t-butyl-4

. to

l Scavengers Of radlcals.
Merisat;

Ymerisatiop, of alkeneg as well

methylphenol, whicl ';]
as oxidation of
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e. Wh para positions, cannot couple like
- When it does react, it often does so by loss of alkyl

ups |
gro poxida“on of p-cresol by ferricyanide or by ceric
during oxidation process the Ce** e

onium nitrate [CAN is a good one electron

jdant, , ion gains an elect I wiups i -
?; carbon-carbon dimers, Pummerer’s ketone: ron to be reduced to Ce”*] gives in additi
OH o 5 )
Fe3* i
D
CH; CH, CH,

(0] Ko
n+1p — Tautomerisationt

Pummerer's ketone . .
A sythesis of usnic acid is based on the above mode of coupling. Ferrocyanide oxidation of

methylphloroacetophenone gives a dimer which on dehydration gives (dl) usnic acid.

COCHj

HO
K,[Fe(CN)gl

H,C

OH
Oxidation of phenols with introduction

(dl) usnic acid
of oxygen . ,

be oxidised to quinones by the introduction of another
Phenols with one hydroxyl group H:]ag)’ t;zzirans formation is Fremy’s salt (1). This stable free radical

Okygen atom. The best reagent for achieving & T
eacts with phenol to produce the corresponding 1,

O0—H 0]
. /SO3K
+ O—N\ ey
K

SO,
Q)] I
Fremy's salt

quinone rather than 1,2-quinone in good yield.

0
SO,K o)
0} .«
SO,K i
| T _SOK 50,k
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¢ with Fremy’s salt.

Phenols that are blocked at position-4 give 1,2-quinone

OH /SOJK T (0)
_ O—N
I AN \SOJK__
S
Bu'

Bu'
2.1.3 Oxidation of Aromatic Amines

Aromatic amines are also sensitive to oxidation. T y
little use except in two cases: First, specific methods for oxi
benzene ring are available, and secondly, aniline is oxidised to p-

NH,

NO,
NO,
NH, 0,
NO,
0
0

he products are complex and the processes are of
ising the amino group 'rather than the
benzoquinone in 60% yield.

@ NO,  CF3COOOH @—

N
NH,
Na,S0,/H,S0, or

2.1.4 Oxidation of Saturated C—H groups (activated and unactivated)
(A) Oxidation of activated saturated C—H groups

Saturated C—H groups adjacent to a carbon-carbon multiple bonds or carbon-heteroatom multiple

bonds are the examples of activated C—H groups. Examples of such groups are allylic systems. benzylic
systems and —CH,—CO systems. group ylic sy ; y

(1) Oxidation of benzylic systems .

Benzene being exceptionally stable compound is not affect

. ) ed idisi fs.
However, if an alkyl group is present in the benzene ring the side ¢ Plgimost of the oidising 800

o 1 hai idi i
earboxylic acid; In can be oxidised to corresponding
CH
’ COOH
HOHA
. CH,
COOH

K2Cr207/}12304
—_—
HOH/A

KMnO /@



H follows
Ar-(lj H T

I —at Cr(Vl)\) Ar—C o 4+ Cl’(V)

" h

or

Ar—C H
o K |
—  Ar—C—0—Cr(1v)
/O |

O,
\ér
7\
OH OH

CH, CHO

(i) Cr03, Ac,0, H,S0,
(i) HOH/H,SO,

CH, CHO
The success of CrOjs/acetic anhydride/H,SOy is due to the initial formation of the diacetate which
Protects the aldehyde group agaist further oxidation.

OAc
CH &
3 CH /OH CHO

N
OAc CH
o —-2AcOH [ij

. Inthe Etard reaction chromyl chloride forms a complex with the hydrocarbon which is decomposed
"0 aldehyde by treatment with water

OCrCl,0H
' _HOH, e eHs—CHO
CgHs—CH3 + 2CrO,Cly — C6HSCH\O CrCl,OH 6

oxidises aromatic methyl group to aldehyde in acidic media. The aldehyde

Ceric i i
ion also readily lymethyl compound only one methyl group is oxidised under

o P is not oxidised further and in a po
+ 'Mal conditions.

oy

CH, CHO

Ceric ammonium nitrate

L e A RS A UREN IR ERIONG  vs s
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CH, CH, o B )
CANH
10

Selenium dioxide can also be used for the oxidation of benzylic carbon. Diphenylmethane on

oxidation with SeO, gives benzophenone in good yield.

(0] N
5602
C¢Hs—CH,—CeHs— CgH S—C'—CGHS
87% yield

Benzylic carbon can also be oxidised by Pb(OAc)s. The reagents introduce acetoxy group in the

benzylic carbon.
@O o 2
———

(2) Oxidation at allylic positions

Oxidation at an allylic position is a useful transformation in organic synthesis. Selenium dioxide i
a unique reagent for the oxidation at allylic position. This reagent transforms alkenes into allylic alcohol
in one step. Generally, reactions have been effected using stoichiometric amounts of SeO,, but very good

yields of most easily purified products are often obtained with catalytic amounts of SeO, and r-butyl
hydroperoxide, which serves to re-oxidise the spent catalyst.

OAc

OH
Se0; (1 eq) |
CH3—CH2—CH2——CH2—CH=CH—BU _— CH3—CH2—CH2—CH—CH=CH—BU
( g Pyridine/CH,Cl,
OH
Se0, (cat) |
CH3-—-CH2—-CH2—CH2—CH=CH—BU — CH3—CH2—CH2—CH—CH=CH-—Bu

t BUOOH; CH,Cl,

For reaction in ethanol the order of reactivity of allylic groups is CH, > CH3 > CH but this may not hold
for the reaction under other conditions or for all types of alkenes. The oxidation occurs at the more
substituted end of the double bond.

C=CH—CH;—2 N E bt
CH;—CH; HyC—CH / 3
OH
H;C
\ Se0 H3C
o /C=CH—CH3“)2 \C= g
3 HOH,c” 3

CH,

C{ 5¢0, C :CHs
E——
OH




Allyl seleninic acid

OH
N
e
\O (2, 3] sigmatropic - RW R
7 shift T l\/o_ Se—OH -HOH jk/ oH
Allyl alcohol

A useful application of this reaction is in the oxidation of 1,1-dimethyl-alkenes to the corresponding
Eallyl alcohols or aldehydes by selective attack on the E-methyl group. Thus 2-methyl-2-heptene is

converted almost exclusively into the (E) allyl alcohol (2) and the corresponding aldehyde. (E) Selectivity
is due to the concerted [2, 3] sigmatropic rearrangement.

>/_\_ SCOZ
*—»
C,H;OH/HOH

reflux CH,OH
(2)
WCOOCZHS ioz_. WCOOCZHS
t-BuOOH
CH Cly CH,0H

N-Bromosuccinimide (NBS) is another reagent that is effective at oxidising allylic positions. The
raction takes place by free radical mechanism. NBS-promoted bromination works best in a non-polar
solvent, such as CCly, and with a small amount of radical initiator, such as AIBN.

Br

BS/CClI
N 4, & NH
AIBN
0

If there are two allylic positions, then monobromo-drivatives may be obtained. Allylic methylene
810ups are attacked much more rapidly than allylic methyl groups.

Br
NBS/CCI/AIBN |
CH3—CH,—CH,—CH=CH—CH3 WCH3—~CHy~CH—~CH==CH—CH,4
Whenever a structure permits, allylic bromination leads to allylic rearrangement.
Br

NBS/CCl4/AIBN
CH3—CH,—CH=CH, —CH3—CH—CH=CH; + CH3—~CH=CH—CH,Br

The reaction takes place as follows:

Step | N—By BN, ( ~ + Br
0

- 0
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' C =CH

Step 2. H—CHy—CH=CH; + Br— HBr + CH—CH 2
N—H +
Step 3 N—Br + HBr Iy
0 0
ll3r

Biep . CH,—CH=CH, + Bry — CH;—CH=CH + Br

Allylic methylene group can also be oxidised into CO group by the use of Pyridiniy,
chlorochromate (PCC) under nitrogen atmosphere. Pyridinium chlorochromate reagent is obtaineg by

adding pyridine to a solution of chromium oxide in hydrochloric acid.

CrO; + </ \N + HCI

® ©
¢ “Rucroci

PCC
CH, CH,

PCC, CH,(Cl,
AN, atmosphcrer

B,O B,O 0

Hg(OAc); and Pb(OAc)4 can also be used for the oxidation at allylic positions. These two reagents

usually introduce acetoxy groups at allylic position.

AcO
60% vyield

Pb(OAc) 4
—
CeHg
60°C

(B) Oxidation at —CH2—CO— system

Activated C—H group adjacent to carbony] group can be oxidis
(i) SeOy: Aldehydes and ketones with a methyl or methylene

oxidised to the 1,2-dicarbonyl compounds by the use of Se0,.

OAc

SCOZ
Dioxane/Hion ~ C6Hs—C—CHO

0 o)
é $¢0, 0
—_—
Dioxane/HOH

o)
CgHs—C—CHj I

ORGANIC gy
\NTHE%

ed by three reagents:
group o-to the carbonyl g

!
|

|
|

up & |




N

O SCOZ
e
CH,COOH 0

Camphor

Camphorquinone
yl group for SeO,.

(O}
Se0, I

ThEmon® CH3—C—C—CHs

The reactivity of methylene group is more than the meth
1
CH3—CH2——C—CH3

The oxidation of methylene group to carbonyl group is easy if it is flanked by two carbonyl groups.
O 0
I

0 0
CH3—C—CH,—C—CH; |

0]
Se0,/CH;,COOH I
3 CH3—C—C—C—CHj3
Pentane-2,3,4-trione

O (0]
ScO
— o)
Dioxane/HOH
O (@)
Indane-1,3-dione Ninhydrin

Oxidation at a-carbon by SeO, takes place as follows:
R—C—CH,—R' —— R—(|3=CH—R' - R——(|:7 H/-B-R.’

O (OH Ovle
Se==0 OH

<

Rl
| LU e HOH
BRI L= R—C—C—R'+
R o e I
3 O O
(ée-(?H

. i ith
i i ted by the carbonyl group towards reaction wit!
(ii itrite: methylene group is activated by : .
Oiganic )n:‘rl ilt(gsl iﬁlt;ge;;reszgzc of ac):lid or base. The resulting mtroso compound tautomerises to the oxime

ich, on hydrolysis, gives o.-dicarbonyl compound.
iy RONOH®

ok —CH
__OROTT™_, ceHs—C—C—CH3
C(?J"S“C"‘Cl'lz'—cH3 (ii) HOH/H® il) (“)

Reaction takes place as follows:
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Tautomerisation R
(0]

R—CH,~—~—C—R'
T | N—OH
(0] O>—H N=0
N=0 lHOH/H%
R—C—-—C\Rf
Il
O

idines are stable compounds, |, 1
onyl compounds tO form o-hydroxy Carbonyl

d adjacent to CO group in ketones, esters gy
s first deprotonated with strong base, KHMpy

" ir
(iii) Oxidation by N-Sulphonyloxaziridine: N-Sulphonyloxazi

electrophilic in nature. It reacts with enolate of carb
compound in one step. Hydroxy group can be introduce'
lactones. In this reaction compound having —CHy—CO i
and then the enolate is treated with the reagent.

(i) KHMDS or (Me;Si);NK

e
0 (i) PhO,S—N ﬁ)
I L] B . I
CgHs— C— CH,— CH, — CH,— CHj >  C4Hs— C— CHOH— CH,— CH,—CH,
(i) KMDS o)
ﬁ (i) PhO;—S—N" ] Cl)H
CgHs— CH,— C— OCH, Ph__,  C¢Hs— CH — COOCH,

(B) Oxidation of unactivated C—H group

(1) Oxidation of unactivated C—H group can be performed by the following methods:
() The oxidation of tertiary C—H to C—OH group can be achieved directly with alkaline

permangnate.

| KMnO, |
CH3—C—H—— CH3—?_0H
H
C3H7 C3H7

(i) Barton reaction: Photolysis of organic nitrites having hyd i
nitrosoalcohgl. In this reaction oxidation takes place at unreactive 5—ca%bonyh;?'g}:g a??eaft (;::;bhondrg;;s.
The oxy-radical produced by photolysis abstracts hydrogen from &-carbon and the resulting alky)ll radical

combines with nitric oxide liberated in photolysis to giv .
. € a nitroso com . ; .
or secondary, the nitroso compound tautomerises to oxime pound. When §-carbon is primery

H
| I i o g
AN R=CFH O R—C- ¢ |/$/
hv . ? —H o
L (o= ] [
——
lTautom-
erisation
N—OH
R ¥ 5 |
OH C—R

l OH
HOH/H® U
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.« method has been used j '
This M N synthesis of aldosterone 21-acetate f
rom corticosterone

acetate.

Y CH,OAc
HO COCH,0Ac ooy [
CHs o Co
CH,
NOCI CiE[/ i ]
—_—
) o)
th
OH

OH I

N
O—CH

I
\CH
COCH,0Ac
COCH,0Ac HO
CH,
HNO,
-t
0 0

Aldosterone-21-acetate

(ili) The Hofmann-Loeffler-Freytag Reaction: This reaction is given by N-haloamines having
iydrogen on d-carbon. The reaction is effected by warming a solution of the halogenated amine in strong
«id or by irradiation of the acid solution with UV light. The product of the reaction is the 3-halogenated
mine. In this way oxidation takes place at unactivated d-carbon having hydrogen.

Cl
Cl

I
H N—R NHR
() -
——

Hypohalites also give similar reactions.

1
R ,H o—cI R o—n
b hv
Other successful selective oxidations of hydrocarbons by Cr(VI) have been reported, for example,
" 0xidation of cis-decalin to corresponding alcohol.

OH
0 == 0
—_—
8°C, 30min
i talysts with oxygen as the
i idati been observed with Fe(II) ca ygen .
Imeresnng Diiesen aRidRsigak P “Gif chemistry” after the location of their

volving Fe(IID), Picolinic acid and H,0», has been aeveloped.
eved to be at the Fe(V) =0 oxidation level.

(|)H
R— Fe——(I3H—R

€1y in France. An improved system in Sl
" feactive species generated in these systems 18 pelt
1

Fe(V) + R—CH2—

R
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/R
0, FC’O——O;CH\R
OH ScHOH
R R’
O
Fe—CH  —
. I
R—C—R
R
HOH N\ cjj— COOH
co /
R
2.2 Oxidation of Alcohols
of oxidation, as it encompasses the alcohol —

This is the most useful and widespread area

aldehyde —— carboxylic acid sequence that is used so often in synthesis. . Eamvl |
Oxidation of an alcohol yields a carbonyl compound. Whether the resulting carbonyl compound i

an aldehyde, a ketone, or a carboxylic acid depends on the alcohol and on the oxi(:!;s'mg agent.
Primary alcohols may be oxidised either to an aldehyde or to a carboxylic acid:
R—CH,0H — R—CHO— RCOOH

Vigorous oxidation leads to the formation of a carboxylic acid, but a number of methods permit to
stop the oxidation at the intermediate aldehyde stage. The reagents most commonly used for oxidising
alcohols are based on high-oxidation-state transition metals, particularly chromium(VI).

2.2.1 Oxidation by chromic acid: It is a good oxidising agent and is formed when solutions
containing chromate (CrO37) or dichromate (CrQO%‘) are acidified. Sometimes it is possible to obtain
aldehydes in satisfactory yield before they are further oxidised, but in most cases carboxylic acids are the
major products isolated on treatment of primary alcohols with chromic acid.

K2Cr207

F—CH,—CH,—CH;—OH ———>
yie

Secondary alcohols on the other hand give ketones in high yield. Ketones usually do not undergo
further oxidation.

0]
R K2Cry04 |
CH—OH —= ",
R H;50; Hon® R SR
OH
N82Cr20 |
CH3—CH—(CH3)s—CH3 ——— 21 |
i 8 3 H,S0,4, HOH CH3—C-<CH2)5-CH3

94% yield
with Cr(VI),
reagent (combination of CrOs, H,S04 and

n as Jones oxidation. This reagent i ."ery
n C—C double or triple bonds, allyl’ pr

dction is carried out at 0—20°C.
s.

Tertiary alcohols do not react under the usual conditions

A relatively mild oxidising agent for alcohol is the Jones
acetone solvent). Oxidation of alcohol by this reagent is kno
sensitive as it is useful for oxidation of alcohols which co tw'
benzylic C—H bonds and other acid sensitive groups. Th o

Jones reagent oxidises primary alcohol to carbo;(y]ice ar:.ia

HC=C—CH=CH—CH,0H w HC=C
= ~—CH=CH—cooHn
60% yield
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{owever, at 0°C primary alcohols are oxidised to aldehyde
s

- . CrO,,
CHy—C=CH—CHy—C—CH—CH,0H 3o |~ "
l aq. H,80,,0°C 3—C=CH—CH,—C=CH—CHO
CHj3 CH3 H
3 Hj3
A 85% yield
gecondary alcohols on oxidation with Jones r i w
eagent give only keton=s. '
OH it A1y 4 4
. CrO5, Acet
C4H9—C=C—(l2H—CH ool “
3 aq. H2804 —) C4H()——CEC—C—CH3

90% yield

Mechanism

Step-I.  The first step of the reaction involves an acid-catalysed displacement of water from chromic

xcid by the alcohol to form chromate ester.

0

RN “ |

R/C|—OH + Ho—cﬂ‘r—on Ay §>C|—O—J“fr——OH + HOH
H 0

O
Chromate ester
Step-1I.  The oxidation step can be viewed as a B-elimination. Water acts as a base to rem

proton from carbon while the Cr—O bonds break

Chromium accepts electron o

(hence reduction) H R |
R, R \0 — =0+ OO0+ rOf
N/ I H R |

|
l—*;} b Chromite ion

H
N )
H/- .

ove a

3o 3 into carboxylic acid
Oxidation of primary alcohol into y J ?H (“)
Il 22, o —
HO—Cr—OH R—C O-cé(“?r OH

o OH I ’ H 0

crowHoH || . HOH o i

R—CH,OH 0, R—C—H—— R—C—OH—7 2

H,S04 l
H
® I I
H;0 + R—C—OH + C‘r—-OH

8

sy isolation of aldehydes in good yield by oxidation of .pr.irr.\ary
¢ cohols employ various Cr(VID) species as oxidant in anhydrous media. Two such reagents are pyridinium

: h are used in CH,Cly.
chlorg, - 1inium dichromate (PDC), bot . : ter,
Pcyhnzir;tti ii?il:;:i,zzgi?obtained by adding pyridine t0 2 solution of chromium(VI) oxide in

hydrOChloric acid.

Conditions that do permit the €2
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r0,Cl
co,+ ¢ N +HCl —= QHC 3
ol PCC
he corresponding carbonyl compounds. The

PCC can oxidise primary and secondary alcohols to the with PCC stops at aldeh
yield of the product is excellent with PCC. The oxidation.o.f primary alcgh:]:te r is present to hydrate );g:
stage because reaction is carried out in anhydrous conditions where n
aldehyde product and so leads to over oxidation. id sensitive groups s

PCC can also be used for selective oxidation of a g other aci groups such
as carbon-carbon multiple bonds.

Icohols containin

'C/CH,Cl
_PCCH™h | cHy—CH—(CH2)3—CHO

CHy=CH—(CH,)3—CH,OH
80% yield

Pyridinium dichromate is obtained by the reaction of CrO3 with pyridine in the presence of water,

CrO3(aq) + Pyridine B [ O :’Cr 0,2~
) 27

2
PDC

It oxidises primary alcohols to aldehydes in excellent yield.

PDC
CeHs—CH=CH—CH,0OH —CW CsHs—CH=CH—CHO
2%
OH (0]
PDC
CHCl,
CH,0H CHO

In the presence of rutheniumdichlorotriphenyl i i . 1 {
to an aldehyde. Phenyl phosphine, PDC selectively oxidises primary alcohol

OH
| OH

CH,— CH—CH,

O ey
RuCl, P(Ph
HOH,C 27 s )::r

OHC

2.2.2 Oxidation by DMSO
Swern Reaction: Perhaps the most im
: . ) portant .
aldehydes is the mixture of triethylamine, dimethy] sul;)e}?f:?(;efol{athe Oxidation of primary alcohols into
and ox
e

reasons for the popularity of this reaction and these ; alyl chloride Th ood
£ . 1 . e
and lack of over-oxidation of aldehydes to Carbox;ﬁz]ggied;he use of mild conditiong voll:t?ll:br;',fl;’]fyo‘%“cts

C6H5—CH=CH—CH2—(|3H_CH20H (Cocty,, bmso

BN, cha— CoHs—CH—
CHs 3 CHCly =605 —CH=CH—CH,—CcH_cHo

: _ CHj
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he reaction takes place as follows:

T
C H,C 8) Cl
Hi™ 3U\e Qﬁ cl I s
§=0 <> S—0 / H,C C—C
1,0’ H,c” /C_C\\ - \%—o/(l \o
3 3
ci 0 H,c” e
H,C 0)
U\ I~ L H,C
/S o C-L¢ = \%—Cl +CO +CO+Cel
Cl 3
}Ii (|:H3 i CH P{\%Ho
—(—0—H +@S—Cl l ®/ 3 EuN R 5
s | |'i(} N R—Cl_O—S\ — R—C0T3R
H CH, H CH; 1‘1 \CH,
R

| Alcohol can also be oxidised by DMSO by conve
 is achieved in situ by the reaction of primary alcoho
teatment with DMSO.

AN
C=0 + CH;—S—CHj
e

rting it into tosylate ester. The formation of tosylate
| with TsCl in the presence of DCC followed by

i |
DCC
R—C—OH + TsCl—— R—(|3—O—Ts
H H
CH |
\@ SN ti \@® N\ / ®
/s—<(3§+\*\c/ OTs + TsO Al AT Pl el
CH; [ \U CHj CH;
H H H
(1) TsCI/DCC
(i) CHg
\s == (/NaHCO3
CH
i . Br-©— CHO

Br—@— CH,OH

hepta\? |2 - Another reagent which is used in lal_)or.atory is
: gi:/l ent iodine compound. The reagent is used in inert sol
t)“raCt:ds fépid oxidation of primary and secondary alcohols.
; Wwith base and relcycled.

known as Ders-Martin reagent which is
vent such as chloroform or methyl cyanide
The by-product o-iodobenzoic acid, can be
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N =0
I\ o
C/ COOH
Il
O . .
The reagent is inert for other oxidisable groups present in the substrate. Oxidation takes place a
follows:
0]
I
O—C—CH,4
(OAc), ((I)Ac)2 H Q
ll/ ©h & 1510-[1/ + CH,COOH
N\ AN exchange reaction N N\ R’
0 + CH—OH — /0
. R c L
| I
0] o
(OAc) ,
R ,<
CH,COOH + (=0 # @: o
7/ /
R C
Il
0]

2.2.4 Another oxidation procedure involves the use of tetramethylpiperidine nitroxide (TEMPO).

The oxidation with this reagent is carried out in the presence of hypochlorite ion which regenerates the
reagent in situ. This reagent oxidises primary alcohol in the presence of secondary hydroxyl group. In the
presence of excess hypochlorite ion, primary alcohol oxidises to carboxylic acid without affecting the

secondary alcoholic group.

/-\'- OH o

® H—O0—CH,—R / I

NP — NITO_\_IC”—R — —OH +R—C—H
H

TEMPO, 2 mole NaOCl

C6H5—CH2—-0-—CH2—-CH2—CH20H » C¢Hs—CHp—O—CH,—CH »—CHO
80% yield
CH,OH
TEMPO (1 Mole) COOH

OAC({\'W\ 0OC NaOCl (3 qui)

/ Hy e e OAc Y

AcO - OCH,
‘ AcO
OAc OA
C
TEMPO

NaOCl
CH3—CH—(CH3)g—CH,0OH — '
| A T CH3‘(I:H—(CH2)8—-CHO
OH on

2.2.5 Manganese dioxide (MnO2)
Another useful mild reagent for the oxidation of pr imary and secondary alcohols t© carbon)’l I
5 (o
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s is manganese(IV) oxi
comP‘I’i'Z"?]y droxy] groupsf ar? d :;::cr'c'rhf" advantage of this reagent is that it is specific for allylic and
benz)/I  ivens {watee, Bersibes, sl afcnon takes place under mild conditions (room temperature) in a
peutrd ’ roform, petroleum). The general technique is simply to stir a solution

alcohol in the solvent with the ma , |
ered:,enaffcctcd by the reagent. nganese(IV) oxide for some hours. Carbon-carbon multiple bonds

MnO
CH2=CH—CH 2 _
o Pentane CHy=CH—CHO

0]
MnO ﬂ
CgHs—C 2

Under ordinary conditions saturated alcohols are not oxidised by Mn(IV) oxide.

(o)
MnOz

cH3o—©- (|3H— CH,—CH,0H ———» CHao_@ |CI_ CH,— CH,OH
CH,0 OH CH,0
OH OH
HO HO
MnOz
s e
CHCl,
HO ©
CH; CH3

é MnO,
= =C—CHO

CH,OH MnO, ij:\/g/cm
e
Pentane

Bismuth oxide also oxidises hydroxy group of a-hydroxy ketones. The reagent is selective because
it does not oxidise carbon-carbon multiple bonds, conjugated or isolated.

Vitamin A

CH,

CH, 0
HO BiO,-AcOH m
——
106C p

(0)
2.2.6 e -
As""el' oy for oxidising primary and secondary alcohols to aldehydes and ketones under
i e lver carbonate precipitated on celite. The reaction is effected

mild i ditions is si F N . . ,
in bo;'-‘d egsentlally ";utgal ig?iuct s recovered, usually in a high state of purity, by simply filtering off
the Spler:\% r::;::f ::d e:agorating off the solvent. Other functional groups present in substrate are

i lective oxidation in appropriate cases.
i i i are not attacked, allowmg se ‘
rirzf::;e:c;lgltl);r:';]:ﬁ;;c::dg;ggf: slowly than secondary which are themselves much less reactive than

nzylic and allylic alcohols.
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(0]
OH
a—Less hindered
CeHg
i
- OH
CH,0H CHO
—
C6H6
CHO
OH
0]

OH CeHg
OH
OH
OH CeHg OH

Ceric ammonium nitrate is a reagent which has been recently introduced for the oxidation of
alcohols. The reagent gives poor yield of ketone from the secondary alcohol but the reagent is very useful
for the selective oxidation of primary alcohols to aldehydes.

[>—cuon AN P> _cpo

75°C 64%
CAN
CH,0 -@— CHOH — —= > CH30—©— CHO -
80%

2.2.7 Other methods

Among a number of other useful methods for selective oxida
to aldehydes and ketones under mild conditions are the Oppenaue
oxygen and Pt.

tion of primary and secondary alcohols
r oxidation and catalytic oxidation with

?H (I:H3 0 CH
Al ' 3
CH3—CH—CH=CH_CH._—_C_CH=CH2 uminium fert-butoxide s I
c)’f:l.ohexanone v H3—( 3._CH-=CH._CH= CH=CH>
bonlmg (‘,6}-{6 80% yield

@ Aluminiym I-butoxide
Acetone
0)
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CH,OH
Al rert-butoxide N S CHO
p-benzoquinone
This oxidation has mostly been used in - : o h
i ' steroids. Equat to be oxidised
preferentially over axial hydroxyl groups. Equatorial hydroxyl groups tend
HO, o6y - COCH,
Al-t-butoxide
s cyclohexanone
HO A

0]
Catalytic oxygenation with a platinium catalyst and molecular oxygen is another valuable method for

oxidation of primary and secondary hydroxyl groups under mild conditions. With primary alcohols the
reaction can be regulated to give aldehydes or acids. Double bonds, in general, are not affected.

O,/Ptheptane
CH3—(CH2)0—CH0H ——5———— CH3—(CHy);(—CHO
2h
———— CH3—(CH;),(—COOH
CHj CHj

é 0,, Pt |

In general, primary hydroxyl groups are attacked before secondary and in cyclic secondary alcohol
axial groups appear to react before equatorial.

COCH, COCH,
HO, o
Pt, 0,
heptane )
HO HO
COOH
CH,0H
C—OH C—OH
HO c' _H 0,, Pt HO—C—H
H—C—OH O
(0]
H——clj——OH l

I
<I:H2—) cnz-—)
or a secondary hydroxyl group in the presence of the other is a useful

Se]e 3 3 X . ; . . .
con\fc:::;:): x::‘j agfg';,ﬁi as);,):t:;asri)s/ Few methods are available for such selective oxidation of primary

i idised in the presence of primary ones in
hyd hols can be selectively oxidised in the presen
st:;)a);ylwﬁ;guE:i:; t;;:\::;ng:ryrbof:;’ sodium bromate in the presence of catalytic amount of CAN or

Sodium hydrochlorite in aqueous acetic acid.

stz 1
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O
OH
OH
OH NaOCl
H
CH4COOH. HO 85% yield

2.3 Oxidation of 1,2-Diols
1,2-Diols are cleaved by lead tetra-acetate,

phenyliodosoacctate and periodic acid.

R
I 0 0
R—C—OH I .,
—— R—C—R + R'—C—R
R’—(‘Z—OH
RII

commonly glacial acetic acid, whereas periodate

The first two reagents are used in an organic medium, A :
formed are not oxidised further. Yields are usually

is used in aqueous solution. In this oxidation aldehydes
excellent.

2.3.1 Lead tetra-acetate "
1,2-Diols are cleaved under mild conditions with lead tetra-acetate to give aldehydes and/or ketones.—
Nature of product(s) depends upon the structure of the 1.2-diols. The reaction is quantitative and rapid
enough to allow titrimetric estimation of glycols.
] | ] ]
\ Pb(OAc)
Bzo—c—cnrcu—é—o—az——ﬂ-» Bz—-O—‘J:—CHO + OHC—C—OB,
OH OH 87% yield
Oxidation normally occurs by two-electron oxidation [Pb(IV) — Pb(II)] with a cyclic intermediate.
Since, cyclic intermediate is formed rapidly with syn-diols, therefore, syn-diols are oxidised faster than

anti diols. Reaction takes place as follows:
‘ R’

RI
I
R—-(l,‘—O—H + Pb(OAc)s — R—A—O—Pb(OAC)s e R—CJOQb(OA) + AcOH
Cc C

3-8 o acA

4 R’ R’

: |
AcOH
RI

I
' _ R—C==0 + R—C—R’ + Pb(OAc);
In the case of trans diols reaction probably takes place as follow
S:

T T' OAc
R—C—OH R—C o) 0
HO—(lj . + Pb(OAc)y, —> N J 0 rb— Ac i i '
| el LY — bt
/ + Pb(OAc
R RO+AOH (OAc),

When compound has more than one diol group

: vafte o ¢ t ;
and middle carbons are oxidised into carboxylic grox he terminal carbons convert into carbonyl grovp

Ps.
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0 0
#,C—C—OH Pb(OAC), [ [ (l? I
_____ ——» CHy;—C—CH, + CH;—C—OH + H—C—OH + CH;—C—H

Oxidation with Periodate

232
This reagent also gives 2 electron oxidation [I(VII) = I(V)] with the formation of cyclic

,mermedime- Thl_lS the reagent oxidises cis diols faster than the trans diols, e.g., cis cyclohexane-l,2-di0|
eacts about 25 times faster than its trans isomer.
Reaction takes place as follows:
RCH_O—H  HO\ | OH 0 0
N/ ~U HOH c','_g

| + l ey [ —
R—CH—O—H HO”'|| Ng®  -2HOH R'—CH—0~" é\on R’—CH—\Pj Il
0 0
l 0
] _ﬂ e
R—C—H + R"—C—H +103

It does not matter if the diol unit is part of a ring or not: cleavage occurs just the same. Imagine
deaving a polyhydroxylated substrate such as glucose with excess periodate. Each 1,2-diol will be cleaved
ind then each-o-hydroxy carbonyl-group will be cleaved again. This method is, therefore, one of the best

ways to selectively degrading sugars.

P ot ﬁ’

ov

g
NalO4(aq) CHO NalO, OHC—% /

HOL CHO
CHO
OH

HO

233 Ceric ammonium nitrate
Ceric ammonium nitrate can also be used for the oxidative cleavage of an 1,2-diols. Oxidative

¢l :
%vage involves two successive one electron transfer. o

R | B

| r—C-X0X Ce(NH,),(NO,)s + NO, + H®
R—C—OH

I + Ce(NHg)(NO3)g — R—C—OH

R—C—OH b l

R R R
L onird :
R .—-OH + R—C==0+ HNOj3 + Ce(NH4)2(NO3)s
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b b o0 CeNH9:(NO3)s | o (-0 + HNO3 + Ce(NHg)2(NO3)s

R R

Ceric ammonium nitrate cleaves bicyclohexyl-l.l’-diol at room temperature to give cyclohcxamne
in 97% yield.

(o)

OH Ce(NH,(NO3)6
OH

2.4 OXIDATION OF ALDEHYDES

Aldehydes are readily oxidised to carboxylic acid by a number of reagents such as chror'nfc acid and
permanganate. These reagents can be satisfactory for compounds which do not possess sensitive groups,

KMnOﬂ‘l2504
n-C¢H13CHO » n-CgH 3—COOH
78% yield
—CHO o — COOH
0 (0]
Furoic acid
75% yield

These reactions probably proceed through the hydrate of the aldehyde and follow a course similar |
to that of alcohol oxidation. |

0 OH ‘
CrO,
R—C—H + HOH &= R—C—O0H —— R—COOH

H

Silver oxide (Agy0) is a reagent of choice for the oxidation of aldehydes to carboxylic acids. This
reagent can be used for selective oxidation because it has no effect on other oxidisable functional groups
present with aldehydes.

ek Ag20

K,CrO/H,50
Z/ S\X—CHO —_— / \

COOH
= b 97% yield f
The oxidation of keto aldehyde to keto acid can be the!
, effected 2 iold. No Ot
oxidising agent works in this case. by Ag0 in excellent yield |
i CH}CHO H,C  CH
3 3
Ag,0 COOH
" NaoR > |
o 3 on,
Keto acid




NaOH
Unsaturated aldehyde on oxidation wi
snevisation of double bond-into EOhitcn, 820 and NaCN gives the corresponding acid without

CHO COOH

Ag,0, NaCN

Conjugated aldehydes can be oxidised to conju

O
: . gated esters with MnO, in the presence of CN in
alcoholic medium.

: OH
R—CH—CH—CHO —™ , R_CH—CH—CH—CamN
anOz
oo ] G N
(N+R—CH=CH—C—O—CH3 ¢——R—CH=CH—C——CN ~—32 R CH==CH— (— CmmCN
NS *
H” % on, T

b Those aldehydes which do not possess o-hydrogen atoms undergo disproportionation reaction with
ase.

(1) Conc. NaOH
(ii) H®

C6H5CHO + C()HSCHO > C6H5COOH + C6H5CH20H

Aldehydes can also be oxidised by the use of Tischenko reaction. The reaction takes place in the

Piesence of aluminium ethoxide. Instead of aluminium ethoxide sodium alkoxide of alcohol of aldehyde

(C)a"]also be used as catalyst. This reaction is used for the preparation of ethyl acetate from acetaldehyde
"large scale

0
Al(OC,Hs)3
2CH3CHO—————-2———’ C“:*-‘LO"C"Z“CH3

0
@— CH,ONa [
2 CH,CHO . CeHlg— GO CHI_@

Reaction takes place as follows:

Cus @ Q@ & Qﬁ /?N?
C

S\ChD — C6H5_— l —le

% o D 2

.
» cﬂ?tgﬁm“\:ﬁ . ‘M*:w.“ -~ r B R i* R ST ._-....:—-je—-AMI
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l
&

D
© 0 l
om0 < CHs—ETOTITCH,

D

C¢H— CO—CD;— CeHs + Ce
O—CH,— CgH,

2.5 OXIDATION OF KETONES
The C—CO bond in ketone can be oxidised in three ways.

2.5.1 By nitric acid or alkaline KMnO4

These powerful reagents give carboxylic acids,
medium) or the enolate anion (basic medium).

j i G j i
! ‘ KMoy = M _ y—r —|R—C—CH—R’ .

reaction occurring through the enol (in acid

R—C—CH;—R’ ==R—C=CH—R ——— R—C—C
< | AH
H OH
R—COOH +R'CO0H |

In the case of unsymmetrical ketones mixture of products is obtained because base can attack on |
both sides of the carbonyl group. Symmetrical ketones, specially cyclic ketones, however, give reasonable |
yield. e

(0]

HNO,
——»  HOOC—(CH,);— COOH

60% yicld
2.5.2 By halogens in alkali

Ketones having a-methyl group give haloform reaction with xz/(e)H,

ﬁ Bro/OeH ﬁ OeH C? lo
2 ©
R—C—CH3 —— R—C—CBr3; —— R— ?'{?B'S = R—A—OH +CBr3— Rcog + CHBr3
OH lHe

RCOOH

This reaction is very useful for the conversion
of a- : : '
product is excellent. a-methyl ketones into acids and the yield of e

i
[>—c-on,  mon
(i) H® COOH
COCH,
() Bry/NaOH COOH
e
(i) H®
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CH; (“) 5 CH
_ 3
CH (1) Bry/OH
3—C| —C—CH:; ﬁ?—) CH 3—C—COOH
- (i) H ’
3 CH
Pinacol ;
colone Pivalic acid

153 BY Per acids

ction of a ketone wi il :

’Rgﬂto i caibony] o l.ﬂ:hfl per acid results in an oxidative cleavage of one of the substituents
gtached 10 g P., 1s is known as the Baeyer-Villiger reaction. In this reaction ketones are
converted into esters and .cych.c ketones into lactones by treatment with a pér acid

A number of per aCld§, mgludmg peracetic, monoperphthalic, monopersulphuric trifluoroperacetic,
xid ?nd m-chloroper.benzmc acid, have been successfully employed in the reaction. Trifluoroperacetic
aid is the most rgacuve of the per acids, probably because of the trifluoroacetate ion which is very good
leaving group. It is necessary to buffer the solution for otherwise transesterification occurs to give the
mifluoroacetate Ester.

Oxidation takes place as follows:

(€]

D OH o
g s = g . 0 |C|
e C = CF
R R R R /0 \)
i @
0— 0—C—CF; I v
carbon to oxygen
Slow
RDS
3 i
OH e
I +CF,—C—0
/C—'O—-R
R
[
0O
ll O R
/(—4
R

tone, that group migrates which is better able to supply electrons. Thus

ry > secondary > primary, that is pinacolone gives

As an unsymmetrical ke up migra
ase of migration 1s, tertia

amongst the alkyl groups, the €
Fbutyl acetate.
CH3 O (“) THS
CF3COOOH
CH3—C| | CHy—— CH3—-C——0—-(|3-—CH3
| CH;

CH3
the order is, p-anisyl, p-tolyl > phenyl > p-chlorophenyl. Aryl group
of alkyl groups: (Ph > CHs, Ph > C;Hs)

9 |
I,y 25— CHy—C—0—Celis
Phenyl acetate

i Amongst the aryl groups
"mally migrates in the presence

C(,Hsf'c
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Tert-butyl group is better migrating than a phenyl group-
CH3 9 '?

I
| m-CPBA. . o ¢ 0—C—CH3

CH;—C——C_C()HS—_’—’C() 5
CH3

CH;

CH3

, i | thus mixture is form
Migrating power of phenyl and isopropyl group is “ppmx'mmely % 3

0 CH3 H3C |
/M3 cpycooom I /T, \CH—C—O—C6H5

C¢Hs—C—CH —— 5 CgHs—C—0—CH
ors \CH3 6"75 \CH3 H3C/
_ ’ . : ives €-ca
Cyclic ketones undergo ring-expansion with per acids. For example, cyclohexanone gives €-caprolactone,
0O
0 4

0-C

m-CPBA U
—_—

¢-Carprolactone

0 (0]
é m-CPBA é

S-valerolactone

O CF,COO0H lé\&/ﬁj

Camphor a-campholide
n? if
C— C4Hs O—C—C¢H;
CF;COOOH
—_—

2.5.4 Oxidation of ketones to o, -unsaturated ketones

Oxidation ~ of  ketones into  «, B-unsaturated

= o ketones
bromination-dehydrobromination but the method is not Very sat s, Doen  ieffected | B

isfactory due to the poor ield
fo) Br O : !

: _ phenylseleny] : 1
corresponding enolate an_lon'and the selenyl halide gr diph}éncrlgr ld]e a't room temperature, or from th;
H,0; or NalOy the selenide is converted into the corres -yl dise enide at -78°C. By oxidation Wit
syn B-elimination to form the trans o, B-unsaturag S

alcoholic hydroxyls, ester groups and carbon-carbo;d Ketote'ly high yield. i

i e multiple bonds are uneffected during the course ©
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0 0 SCC6H5 -
".-—CHZ——CH —(QMCGHS_(IJ: ‘(I:H—CH NalO,, HOH, CH;OH CeHs—,Se—0
(4tls (ii) CgHsSeBr 3 = CH, CH '
N/ 7N
' CH,
I
0
lls-zs°c

CGHS——SC—OH + C6H5—ﬁ_CH=CH2

)55 Oxidation of ketones to a-hydroxy ketones

Ketones having at_least one a-hydrogen can be converted into a-hydroxy ketones by the use of
snho-iodosyl benzoic acid. In this reaction the product is o-

. hydroxy dimethyl acetals which on hydrexylis
ford the corresponding o-hydroxy-ketones.

)

o) 10 I

; 8 o X
|| l R 7O\

———CH,—R’ &= R—C=CH-—R' —————» R (I:H-U—Ar — R—-?——(IZ—H+Ar—I

R’ OCH, R’
CH,0 lcn,oe
OCH,
HOH/H®

R—C—CHOH—R' <*——— R—C—CHOH—R'

OCH,
The method is very useful for the preparation of a-hydroxy ketones.

%6 Oxidation of carboxylic acids (oxidative decarboxylation)

OXidalion level of carbon in carboxylic group is three and maximum oxidation level of carbon is in CO,
(level 4). Thus carboxylic acids on oxidation will always give carbon dioxide. Due to this reason the
Widation of carboxylic acids is known as oxidative decarboxylation.
Carboxylic acids are oxidised by lead tetraacetate. Decarboxylation occurs, and the product may be
®ne, alkane, or acetate ester or, under modified conditions, a halide. The oxidation takes place by free
fidica] mechanism and the product composition depends on the fate.of t'he radical intermediate. The
Llion jg catalysed by cupric salts, which function by oxidising the radical intermediate to a carbocation.

(0)

(0

| |
R—é—-OH + Pb(OAc)4— R—C—0—Pb(0OAc)3 + CH3COOH

Initiation

;{\_C_“ O—D\Pb (OAC) 4 — R+ CO,+Pb(0Ac),

[4\' OAc

. X e
L Pb— (OAC) 3 e % l|>b (OAc), + CH,CO0
R+
OCOR OCOR
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I.‘Iw\———/o:-i(f‘-—R .+ Pb(OAQ);*CO*E
A’ \A
(OACQ) 4 )
| or carbocation. Primary free radical abstracy;

, - _pup to give alkene, react with acetjc ..
from solvent molecules to give RH. R® can lose H® from B carbon to g g - acig
R—R. The effect of Cu™" 18 to oxidise

from the primary and secondary S“bSlrate,

Products can be formed either from free radica

to give the carboxylic ester, R® can also dimerise 10 give
radicals to alkene, thus producing good yields of alkenes
Cu*' has no effect on tertiary free radicals.

T g \ B o -hemical decomposition
Ihe most favourable conditions for alkane formation involve photoch P of he

- . - ) or.
carboxylic acids in chloroform, which is relatively good hydrogen atom don
COOH
Pb (OAC) +CO,
CHCly
hv 65% yield

hich arise from the carbocatio

Normally, the dominant products are alkene and acetate ester, W :
ester ratio.

intermediate. The presence of potassium acetate increases the alkene :

1
COOH e 0C—CH,
CU(OAC)Z
KOAc
COOH OCOCH,

5 Pb(OAc),
—
0% Cu(OAc),

In the presence of LiCl, the product is the corresponding chloride

T | CCl;
Pb(OAC)4/LiCl _é
Cl—C—COOH » CH3—CH—CH»—COOC,Hj5
CH3—CH—CH,—COOC,Hs

1,2-Dicarboxylic acids undergo bis-decarboxylation on treatment with lead tetraacetate to iVt
alkenes.

R R
R—-é-—i’——-k Pb(OAc)y, Pyridine R >: /R
—— =C

éOOH éooH R \R

The reaction occurs by concerted fragmentation process initiated by two electr i dation
ectron oxidation

R R
O R R
R__(L__L—coompb(om)‘thﬁ H—0 | 0 90“
—— _C___
OOH R A T

|l
—C—C—0O—
l w A ¢ \jb(OAc)z

R
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ines which are the

effective in transforming primary amines into 1m
corresponding ketones.

(0]
(8]
- K
1 R
R\ N Bu Bu' —— >C====O
CH—NH g
R 2 iy HOWH® R

, . . -carbon is only seco
The reagent oxidises only those aliphatic primary amines dwhl;)-se[hi sl y Ndary
Unfortunately one cannot transform R—CH,—NH; nto an aldehyde by
The oxidation takes place as follows:

Bu'
BY
5 By Bu'
0 0
NH, u N Yi‘
®
é Bu By _ Ej 0 Tautomerisation_ @ OH __li()_l-ﬂ_.

Imine

Mesityl glyoxal is also used for the oxidation of primary amines having only one hydrogen o

a-carbon. Product of the reaction is ketone. In this oxidation >C—NH; group converts into >C==0 group. |

H
Oxidation takes place as follows:
i o CHj CH, i 4 CH,
N I . " i
C—NH, +OHC—C C— N=CH—C
R/1|4 CH R ~
3 e H,C CH,
lEnolisation
CH, <") "
R OH 3
Ne- c— NH HOH/H® o |
=0+ 3 e C=N— CH=
R/ / = C
N\ R
H,C CH,
H,C CH;

(ii) Aromatic primary amines: Nitroso com :
) , X ) * pounds are for s g ¢
primary amines with per acids. The nitroso compounds may be oxidi';lzdf:gth;het ox¥dat10n of :;gxsnaﬂ
CH, . r to nitro compo
3
K28,04 NO
O,N Hl_iso‘t
OH
afc O,N
NH, 71% yield
_/NO, NO
(NH4)28208 \
H,50,
Hou'
A

NH,

NO,




of ¢

; . , onatin '  thi
oxidised to NIro compounds with anhydrous peracetic B e e A e e

acid.
NH,
NO,
CF4COO0H NO,
CF3COOH
CH2C|2 92% yield
NH reflux (B4
2 NO,
CF4COOOH
e T —
CF4COOH
CH,Cl,
reflux
OCH, ’ OCH,4
82% yield

2.7.2 Secondary amines

Secondary amines are oxidised by hydrogen peroxide and the product of the reaction is hydroxyl
amine.

R\ Hy0, R\

NH— N—OH
R/ R/

Reaction takes place as follows:

2.7.3 Tertiary amines
Tertiary amines are oxidised by either hydrogen peroxide or per acids to produce amine oxides that
serve as useful synthetic intermediates.

- H0, R\@® ©
R 202 BN o
RN & CH;OH”;/

R
N On lo ¥\ N

e
it T, NSRRI R—-II‘I—O—-H) —>  RyN—0 + HOH
> .
OH
Hy0,
Y CHy—N(CHy) 4
2 — .
O.CHZ_N(C“JH T . |8 .
B
S CH;COO0H @
P/ CH,COOH N
N 85°C |
H ; 8

‘ < :
C? 83% yield ,

0 R
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. . N : —_— i matic amines is less
In comparison with aliphatic amines, the oxidation of heterocyclic aro €asy

accomplish with hydrogen peroxide-probably as a consequence of the trigonal mtrzfs:i d(;v(f)l;cg 1S moge
electronegative and less basic) reduced nucleophilicity (See mechanism). Hyd'rogcn: (; 15es on|
electron-rich pyridines. It does not oxidise electron-deficient pyridines. P yridine un _?;8033 lOXl ation wjg,
m-CPBA but 4-cyanopyridine does not. Recently a new oxidant has appeared th'f (;,a?? yses the sig,
reaction of pyridine with hydrogen peroxide. Methyltrioxorhenium (MTO) very SUCCESSTULTY Promotes gy,
oxidation of a range of both electron rich and electron deficient pyridines. The active oxidant may be g,
peroxy complex shown which adds oxygen to the pyridine nitrogen.

0]
Moo+ Hy0 0 f 1
e—Re=0 + — 0=
T S de\l’

Active oxidant

NO, NO,
|
| A . | N  + 0=Re=0
N/ ]%/ |
. Me
o N |
| LY .
O=-l|le\(*
Me 0

oo @
0), N
(H3 )2 N /H m-CPBA (H3C)2 N{ ! >’H H\ /CH3
e C“’\‘“CH3 vt Sen B i
AL CH (CH), e Nen (CHy), md CHCH),
Z-alkene

2.8 Oxidation of hydrazines

IIydrazines are very suscpetible for oxidation reactions. Monosubstituted hydrazines react with one electron
oxidants such as cupric and ferric ion to give unstable azo compounds which d ith loss of
nitrogen to hydrocarbons. ccompose Wi

++

Cu
C6H5—NH—-NH2 _— [Ph—-N=NH] — PhH + Nz

Arylhydrazines are oxidised differently by two e] : .
diszonium salts, e.g. y ectron oxidants such as chlorine and bromine

Ce¢Hs—NH—NH, + 2Bry—y C(,Hs-—-gENgr +3HB
N,N"-Disubstituted hydrazines give azo COmpounds readjj r
ily.
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. (CH3)—C—N=N—C(CHs),

N
N N

Az0 bis-isobutylnitrile (AIBN)

2.9 Oxidation of Sulphides

ulphides can be oxidised to both sy hoxides
Swill also oxidise a sulphoxide to a su‘iph’:dx‘.s and sul
acetone), m-CPBA, sodium periodate, and o

ne. Useful phoncs',MOS‘ reagents which will oxidise a sulphide
1 ul reagents include hydrogen peroxide (one equivalent in

Zone,
0 0
H50, or ||
RS 2 H,0 _l
Sulphoxide CHyCOOOH —

Sulphone

Although 0x1da.t|c.)n of sulphide to sulphoxides with hydrogen peroxide can be accomplished in the
presence of other oxidisable groups such as tertiary amino and carton-carbon double bonds, care must
always be taken to ensure that excess oxidant is not present, otherwise overoxidation of the’sulphoxidc
to thg sulphone can oceur. The mechanism of oxidation with m-CPBA involves nucleophilic attack of
sulphide _o_n.to the per acids: if this is to be believed then there should be a correlation between the
nucleophilicity of a sulphide and its each of oxidation. This is indeed the case and, for example, dialkyl

sulphides are oxidised more rapidly than their more hindered and electronically deactivated diaryl
counterparts.

Ar

I
C

g% Pty
— . P R J—
Q?JH R—$—R+ Ar—C—OH

S
R7 VR

I
O . jpuSiR
H,0, or m-CPBA

or NalO, or Oy

R—S—R

pe, with two carbon groups, an oxygen and a lone pair of electrons.

; ] in sha
Sulphoxides are tetrahedra alent (R # R’) then the sulphoxide is chiral.

€n two carbon groups are nonequiv
(“) chiral centre
! ding sulphoxides involves the formation of
idati . .a] sulphides to the correspon .
2 ncwosf;da““ o ikt o the oxidising reagents (HyOy, m-CPBA, NalOy or Os) are achira
and th reoger.nc i ' P ture of the products. However, oxidation using a chiral oxidant can give
igh s:cfo'rc' B T ':g; of a single enantiomer gf product. One such-reagent for such type of
°"idatio:ch;tz foxl' :,hedfo;?:)xi de in the presence of titanium tertiaryisopropoxide and (+) (R, R)-diethyl
18 r-but ro .
artrate, i
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Ti BuOOH (1 ©q) V4
Ti (OPr') (1¢q) H.C
iy — 3
CH, S_@_CZHS (+) DET (2¢q.) C,H;
H,0 (lcq) 90% cc

o sulphoxides can be controlled so as to stop at the
Jphoxides 0 sulphones is generally slower than the
_ 10%. This reactivity difference is to be expected
Iphoxides are bound to be less nucleophilic than

thdrawing oxygen attached to the sulphyr
need to add excess

It is fortunate that the oxidation of sulphides t
sulphoxide stage. This is because the oxidation of su

oxidation of sulphides to sulphoxides (by a factor of 10
with oxidants such as m-CPBA which are electrophile-su _
sulphides as they are more hindered and also have an electron-wi
atom. So, if we want to complete the oxidation of sulphides to sulphones, then we

oxidant.
(")
(O] I , excess oxidant ,
-—S—R ——-—3R—S—R —mm™™ R—S—R
B—# m-CPBA or R—S—R ”

Despite their reduced reactivity towards m-CPBA, sulphoxides can still be oxidised in the presence
of other sensitive functional groups, such as carbon-carbon double bonds and carbonyls.

O 0

(0]

m-CPBA 7

S —— i S

excess N\
‘ O

Sulphone

75% yeild

Sulphoxide
75% yeild

In the case of KMnOy reactivity of sulphoxides is always more than the sulphides

@)
s<>s-o (O;M"‘?‘l - N\
‘ .7) equivalent)
MgSO,-acetone \/ AN
-3fc o
m CPBA
l fc m-CPBA
(excess)

"\ 0 0
0==S_ S=0 LA \
N7 “(excess) /SOS‘/
o N
Scheme-1

'I'hc reverse reactivity is due to the nucleophilic ch
: . ara :
to react first with an electrophilic sulphoxide rather thanét:r of the oxluflam‘ MnO?. This oxidant pre‘fol;:
possible to oxidise sulphoxides to sulphone in the —— nucleophilic sulphide. Using KMnO4 it




3an
10 oxidation with ruthenium tetroxide

Ruthenium tetroxide is a powerful oxidisin

idati - £ agent whi .y ,
perature. Oxidation with ruthenium tetr hich oxidises a variety of functional groups at

o™ | cyanide soluti : oxide is :
de-methyl €Y lution. Since ruthenium t s generally carried out in carbon tetra

chlor? i da § etroxide is _
“mount of mthgmum tetr.oxxd'e in the presence of sodiu de‘.: is costly, it is convenient to use catalytic
Lok to the active tetroxide in situ. m periodate, which oxidises the reduced ruthenium

hac . 1
’ uthenium tetroxide cleaves Nature
R the carbon-carbon double bonds, ketones or carboxylic acids. Natu

. depends on the d
of the prOd.UC[s ) € degree of substituti
cdium periodate 18 good alternative to oxidative :zt(l;r(‘)l;;sthc dpubin. bunds. Ty, cethpnti etrpecs

HsC\ 0
/ C=CH—CH,—CHj, Ry NeiO J
HsC2 CCly, CHyON; 25°C CH3—C—C;Hs + CH3—CH,—COOH
CH3—‘(CH2)4——CH=CH_(CH2) —CH RUO4, NalO,4
4 3 PR 5 2CH3—(CH3)4—COOH
4 CHiCN 90% yield

" Qlcsioésx;:;l;eigstz ll)(i t(:)):lit:isised by tl};is reagent. Primary alcohols give carboxylic acids and secondary
alo in excellent yield at room t
ind epoxide groups. y emperature. The reagent has no effect on ester

COOC,H; COOC,H;
RUO4. Nal04
CCl-CHyCN
OH 0]
H H H H
W RUO4; N3I04 L w
CeHCH, \y/ CH: cocHgon HoH  CélsCHz g C|H2
CH,OH COOH

OH

0
| RuOy, NalOg l!
| cH—CH—C—COOH| — CgHs—CH—COO
CgHs—CH—CH—CHZ0H o CreN FOR | 7| LA H

CH3 CH3

CHj3
on of benzene ring to carboxylic group.

COOH

on is the smooth conversi

RuO,, NalOy C(
"cCl,, CHyCN, HOH

94% yicld

A remarkable reacti

211 Oxidation with Thallium nitrate [TI(NO3)3] .
le oxidising agent, generally accompanied by reduction of TI(III)

hallium nj . : ersati . . .
;rto Tl(?; n’;‘::tz olf, Ve; ,S:il::t:)‘;’c'ral?l(}l)v o TI(D) i energetically favourable because reduction potential of this
alf cell TC‘:I , " e )

ction is positive and high.
iy TN + 26— TI(D Ze =121eV e
Thayy; fore it reacts with alkenes and alkynes to give addition
u : , o ity ter, therelo g e v i
'Oduc:: r;;{ate is electrophilic In d:;:(t:ioﬂs of alkenes and alkynes. The effectiveness of this reagent in
. This reaction is used for © weakness of the carbon-metal bond (105-125

*idation is due to the high reduction ntial and to the

ORI

il
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1 carbocation intermediates. l;'l;nhermofe‘ hi
i plecti cleophile in t :
ticipate selectively as nucleop he reaction,

kJ/mole) which is easily cleaved heterolytically to fort
ion is not very good nucleophile, so the solvent may par

2.11.1 Oxlidation of alkenes

Thallium nitrate reacts with alkenes in methanol sol
dimethyl ethers.
Formation of 1,2-glycol dimethy! ether takes plac

stion to give carbonyl compounds or 1,2.8%)l

e as follows:

® Q]
R—CH=CH + TI(ONO3)3 —R—CH—CHy—TI(ONOp); + O—N=0

l(‘H,ZSH
R— CH—CHz-Gl (ONO,), — R—CH—CHy—OCH3
OCH, OCH3
CH,OH
Styrene forms 1,2-dimethyoxy derivative when treated with thallium nitrate in methanol.
OCHs
TI(ONO)3 _é
C¢Hs—CH=CHy ——=7 CgHs H—CH,0CH3
27 CH;0H

However. if the above reaction is carried out in dilute nitric acid, the reaction takes a different course
and high yield of arylacetaldehyde results

TIONO,)
C¢Hs—CH=CH; —g— CeHs—CH,—CHO
H

/H,0
o=
Cr H CONO2
TI(ONO,);

— CH=— CHy<CH=—CH,= TI —» C.H~CH,—CHO
CeHs—CH CHz——"HNo3. Torad s'\_} \\’\ONO 6415 2
2

Oxidation of alkenes into ketones or their ketals can be obtained i ~ ic amount
of PdCl,/CH;COONa in methanol. n the presence of catalytic am

H
TI(ONO,)3 Sy
CHs—CH=CH) — gy CoHs—CH—CHy—TI(OND ), — 23000 | ¢ py = C — CHy
Hj OCH, -PdCl

e : ; S e
place via ring-contraction and the reaction takes place insta,t\he reagent. Oxidative rearrangeme™ =
solution. This reaction takes place most easily with gix and taneously at room temperatute it
ring bond, at C—2—C—3 is trans antiparalle] to the C—T1 bond
— 11 bond,
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e

OCH,

’ 11 (ONOy)
L CH,OH ——— 3 P devn
r Tl -

TI (ONO,), , tONOz

This reaction can also be applied to heterocyclic compounds.

TI (ONO,),
b P /OCH,
" CH,OH o” “cH

OCH,

2.11.2 Oxidation of alkynes

With alkynes the product obtained depends on the structure of the alkyne. Diaryl alkynes react with
two equivalents of thallium nitrate in acid solution or in methanol to give benzils in high yield, but with

dialkylalkynes reaction stops at the acyloin.

TIONO,)3 i] _I
CeHs—C=C—CeHs —=gon— CgH —CgHs

CH;0H
O OH
TI(ONO,)3 _‘H:
CH;—C==C—CH3 — CHj H—CH;
acyloin

es in acid solution give mixture of products, but in methanol a

lkyl aryl alkyn
On the other hand, alkyl ary’ &' methylesters of a-alkylaryl acetic acid.

smooth rearrangement takes place to give

CH, C¢Hs
TI (NO3); ® / —_— q CH,
——— C
CgH—CwmC—CH;  ~CH,OH CeHsZC= N/ ONO; f(’" beo,

.. qet s 2
((I) CH,0H
NO,
CeHs 0 HEod O oy CHON O
O jeld
ke reaction takes a different path. The oxidation products obtained are

W' nes, the
ith monoalkylacetyle terminal carbons.

Carboxylic acids with loss of the o
__THONOY | s (CHy)4—COOH

CH3-—(CH2)4——C'CH CH,0H. H 85% yield



ORGANIC SYNTHg, 8ig
—l

314

2.11.3 Oxidation of cyclopropanes : : i

. ainly 1,3-dimethoxy al
Various cyclopropanes react with thallium nitrate in methanol to give mainly y alkaneg
via organothallium(III) compounds.

OCH, CONOz
CH
7 2 ® CH:;OH - CH— CH CH,—TI
CHs—cH, | —= CH—CH—CH—CH,  — CeHs 7 : \}\ONO
CH » 5 2
2 TI(ONOZ)Z CH}'—Q— H
(ONO,), J
OCH,

C¢Hs— CH— CH;—CH;—O—CH,

both internal and external bond cleavage occur and the

In the case of bicyclo [n, 1, 0] alkanes, ) .
increasing ring size.

products resulting from the internal bond cleavage increase with

OCH, OCH,4
1 TI(ONO,);
—_— +
CH;OH
CH,— OCH,

OCH,

[due to external bond (1) cleavage] [due to internal bond (2) cleavage]

2.11.4 Oxidation of ketones
Treatment of aliphatic and aromatic methyl ketones with thallium nitrate in CH3CN gives

o-nitratoketones.

(0)
TI(ONO,); |
CoHs—(I:—CH3 C—H3CN—) CeHs—C—CH,—0—NO,

Oxidation takes place as follows:

; Cy 3
CHs—C—CH; = CgHs—C -acn2 Dt Co— |C|__ B ONGy
ONO, T
TI\ ONO,
(ONO,), I
o

N—Q
2 5 o (A P @hRo, o0
CeHy—C—CHy—=O0—N, ¢ ™ CgHs—C— CH,~TI 3 d
g v % <— CgHsy— C— CH,—T!
ONo, Y
o, B-unsaturated ketones on oxidation give 1»2'diket0nes.

N\oNO;.

-
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o O=-H 0
& >
cfs— CH7= CH— C—CeHy — C6H5—CH—CH_(Il_C H. _HOH l
ONOZ | 6r5 X @CH—C—C‘,HS
l 1.2-Shift
(") D Y T
—CH,—C—CgHs «—CO + - —H®
C()H) 2 6'S : CGHS—CH_C—C6H5 — O=(\'Cccl~H_C6Hs (_H_ H—C—CH'—C—C6H5
@®
J[ C==OH CeHs
CHs
OH OH
OH
CH—C—CgHg 025 | il |
Cetls—CH=C—CeHs ——— CeHs—CH——C—CeHs — CeH,— CllH———-(IJ—CbHS
[ d o
OzNo/ N\ono, 0,N0”  ((PNO;
0O O OH
_(Ij: [ TI(ONO,)s3 |
CegHs—C—C—CgHs (—-TOF'——C6H5—CH—(":—C6H5

O

/OAc

212 Oxidation with lodobenzene diacetate or Phenyliodosodiacetate csH5—|\
OAc

Phenyliodosodiacetate is specific reagent for the oxidation of ketones. Ketones are converted smoothly into
the corresponding acyloin with a high degree of selectivity upon treatment with phenyliodoso-diacetate in

Methanolic sodium hydroxide. The reagent is mainly used for the oxidation of aryl.methyl ketones into the
wrresponding acyloins. The yield of the acyloin is excellent. In these reactions, the nature of the reagent is

electrophilic,

0 ]
i) C¢Hs 1(OAC)
!I:-—c ; M CeHs\ON2 @—C—CHZOH
: CH,OH/BH
(ii) HO 60% yield
0 ]
i) CcHs1(OAC)
I - HCHMO: cm—@—c—cnpn
CH; C 3 cH3oH/8H
(i) H® 45% yield
0

: 1(0A) I
Il _® CeHslOAh B,_©—c—CH20H

(i) HQ 70% yield



316 el
I
0
" (1) C6H5|(OAC)2 ) l-@—' C"""' CHon
I C—CH
O ’ cu,omgn niitiay
(i) H® ot

d to 2.6-diacetylpyridine which is converteq inty

i i en applie . : ,
This reagent is all the more remarkable when app thout oxidation of nitrogen or further ox; datio

63% yield to 2,6-bis(hydroxymethylcarbonyl)pyridine wi
of the hydroxymethylcarbonyl groups.

CH,OH
COCH,
(i) CgHsl(OAC)
@ CHOHOH O
3
COCH, (i) H® " g:gOH

etyl ferrocene is converted to pj

The reagent can also be used for ferrocene derivatives. Diac '
dise Fe of the ferrocene.,

(hydroxymethylcarbonyl)ferrocene. The reagent, in this case, does not oxi

0
|

(i) CgHsl(0AC),
—orte -
( O A CH3OH/8H

(i) H®

!— CH,OH

I
C— CH,OH

4
0

The reagent is selective because free hydroxyl group is not oxidised by the reagent.
COCH, COCH,OH

|

|

(i) CgHsl(OAc), |
—3p i

CH,0H/OH® E
o HO j

HO (i) H
Clearly, alternative routes to these reactions would present serious difficulties. For example, in thes®

<]
cases o-halogenation followed by displacement b -
S Fdodirm Tesotica. y cisp Y OH could not succeed because of the intervention of

0 . <8
Il OH | (0]
Ar—C—CH, = Ar—C Il

CH
2 P > AT—C—CHZ—/‘\I.OOAC —
1 OAc |
C

Hg—1 4 . CeH,
OAc H— .Q—-CHS

 “HR




2 OCH 5
TR Ar_(/ y SO | @ I
2 T CHa0H—— Ar—C—CH,OH
OCH;

When reaction is carried out in the absence of acid

: , th is di -
The proposed mechanism was con firmed by ieols e product is dimethyl ketal of the acyloin

on of dimethyl ketal of acyloin.

o
COCH, C—CH,0H
CgHs(OAc)
/_\N 5 . 2 y/ \N OCH,4
CH,0H/OH =—( OCH,;
COCH,
C—CH,0H
OCH,

(Isolated from the reaction mixture)

The reagent can also be used for o-hydroxylation of aryl and alkyl carboxylate. Aryl and
alkylcarboxylate esters are converted into the corresponding o-hydroxy acids or a-alkoxy esters upon
treatment with CgHsI(OAc), and base in the appropriate solvent.

O OH O

2_c"-_oc CeHslOA R—(I:H—(lf—OH +CgHsl + AcOK
i H3 - oRmonICyHy 6Hist ¥ AC

[ CHsl(OAC), |
el Hy—C— > R—CH——C—OCHj3; + C¢Hs—I + AcON
R—CH,—C—OCH; —raremona” | i 4

OCH,

CHsl(OAC), _@_ |
— — COOC
CH,0 —©—CH2COOCH3 CH,OH/CH,0Na CH;0 CH H,

80% yield

The reagent is selective for the enolate since free hydroxyl groups are not oxidised under the reaction

tonditions.
o

—C
CH;— COOCH; Pt

KOH/HOH/C6H6L

HO
HO

Itiple bonds.

. - carbon-carbon mu : . .

'Ifhe reagent is also unre:f\c'tl}"’; g’:p in the reaction is enolate anion formation, as in case of ketones,
" the case of esters the initia )p to yicld intermediate (I). Iodine(III) at the hypervalent state is

folloy, Ac
know::‘obt})/ea:ack :;I)on [}r‘; Ef:,sg(;d in the case of (I), C—I bond cleavage is favourable.
good leavi

A S R S N T S R i T W W R Y. i, 1
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HSCOEI/OAS
ﬁ 8H 8) —Acg R——l*ﬁ/:g——ocu,
R—CH;—C—OCH,; === R—CH C—OCH; CeHsl(0AC) 2 (“J (b)
C6H5"|/OAC OCH,OH
C(OAC
o ® o
OCH,4 OH

(R ?

/N 7/ N
R—CH—C—OCH; R— H-—-Cll—-OCH3
(o, Chy

OCH, OH

R—CH—C—OCH, R— <|:H—C--0CHJ

OCH, OH
A mild selectivity to steric effects is indicated by the following reactions:
OCH,
C o—@—cn COOCH M |
3 . ) CH3ONW/CH40H CH3_©>"CH COOCH,
- 80% yield
CH _@_CH —COO —CH,— CH Clls(OAc), (I)CH3
. : : ! CHoNucHon  CHy— —©—CH"" COOC,Hs
o ‘ 50% yield
CeHsl(O OCH,
CHy— (CH,),—C ~—0C,H, o,
CHyONW/CH,0H CHy— (CH,);— CH— CO0C,H;s

40% yield
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CH, CH,
. OH
(i1) e
OH
C CH,

CH,
CH “ CH /
N\ AN
H; CH3 CH, CH;
(CH,),— CH==CH, %’
(iii) Cr —>  HOOC(CH,);—C—(CHy),;— COOH

0

(iv) C¢Hs—CH;—CegHs — CeHs—C—CgHs
2. Suggest reaction conditi

OH
I
é 5 (i) CHy=CH—COOC,Hs — CH;—CHy—CH,OH

5 \C H—OH

HsC
(iv) /C=C< —_— | ‘
(iii) HyC CHs H3C—CH—NH,

3. Indicate the cxpeclcd product/products of the followmg reactions. Show stereochemistry where appropnate.

Hs5Cg CH3 LiAlH,
() \C—‘ / m-CPBA

et (ii) Y\OH Ti (OPr)
/ TBHP
H CaHs (+)DET
CH
§ 3
l/\(‘\/\/ On
Gy Y o IO, (iv) T —
TBHP O\ro Ti (OPr),
(_)DET A +-BuOOH
r
scz\ H HC ~ JCHOH DT
W) G, Ti (OPr)
H,C/ \CHz"' CHZ/ H Buoon‘

ons suitable for affecting the foliowing conversions. More than one step may be required.

Suggest reaction c.:ondmons (reagents, catalysts, etc.) suitable for affecting the following conversions. More than one
step may be required.



ORGANIC SYNTHEge
THEYs

320 m—
4. Complete the following reactions:
HJC CH3
0s0
050, a1
Nalo, L T NalO,
CZHS l
050 I KMnO4
o T ™ ¢
acetone/water F
F
_Pb(OA9),
5. Complete lhe following reactions: ‘
HiC\ PACl,, HOH | = e 3 Y
(1) C=C—CHy—CH=CH—CH3—F4—=——F— (i) ~ (ii) Na, 80,4
3
CH,
H,—CH=CH 0%
(111) C°H5_ﬁ_(c r—CH=CH2)2~ Hcoon, 7,0,
F
_ | (i) O3, CH;0H
(iv) CH3—(CH3)—C—C—CH,—CH=CH} ——>
I (ii) NaBH,
0]
i) 04, CH,COOH :
v) e . (i) O3, CH;COOH
(ii) H,0 (vi) —
CHO At (ii) H,0,

6. Suggest reaction conditions suitable for affecting the following conversions. More than one step may be required.

CH, CHO CH, CHO

’ @ @ (ii) @ @

T ———
CH

3 CHO CH, &,
OAc
H;C H3C\

. |
um@‘ CHi—CHy — CgHi—~CH—cCH, (iv) \C==CH c==CH
CHy—Hy” 2 CHy—CH/

b
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OH
v & — Y
= CH,

7. Indicate the expected product/produ, ; ,
" cts of the following reactions. Show stereochemistry where appropriate.
(i) N —_— .
/
HO
0] (0]
Il Il
(1) e (1i1) @i >——’ @ }O
H,CO H,CO o ! X
(“) 0
I
@iv) CH3——$H-—C—CH2—CH3——) CH3—-?H—C—CHOH—-CH3
CH; CH3
8. Complete the following reactions:
ors”
i ii) CgHs—CH=CH—CH,—CH,0H i Gt
@ @—cnon—— Cil; g (i) CeHs—CH= 278 BN, CHyCY,
|
OCH;
H,OH
N Yoak: AgC03 (iv) CH,OH —SAN
(iii) C.H 2 75°C
6He
OH
NaOCl

amtemly;

I 7
(v) CH3—CHy—CH—CHz—CH20H —5He60H, HOH

9. Complete the following reactions:

CHO
H
3C CHéHO Ag,0, NaCN
A0 (ii) -
NaOH
CH,

0]
CHSO._@—-CHzoNa
(iif) cu,o—@—- CHO — :

|
12
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10. Suggest reaction conditions suitable for affecting the following o

i—- CH, COOH o (@O—éucn, (C)D—coon

® P

Hg—-‘“ﬁ—-C
(i) Coﬂt—‘!—CHI—CHx—-) C(,Hs—-!—-CH-.-CHZ (iv) CH3 -—CHZ"CH3’_'" C HOH - ~CH,

11. Complete the following reactions:

0
Il
7 & -CPBA
CPB m
) CH;—CHw—S——CHg-———-—A—) (i) EtO (excess)
m-CPBA
(small)
Hng\
= RuOy, NalOy H
(i) C=CH—CH—CgHjs —) i
Hscz/ CC—CHCN ) D— H — CH,— COOC,H,
lnuo . NalOg
CClqs Cl1yCN, HOH
RuO,, NalO,

v) -
CCly, CH,CN, HOH

12. Complete the following reactions:

TI(ONO
® (j> S, (i) C“H’_A —H—a= cx:)1

CH;OH

(i) @—-c—cu,
T (i) CgHsl (OAe), -
- iv) CH 0—@. (i) CgHgl (OAC),
0 3 CH,COoO0C = >
@_ C"ﬂ"g" 200G s — o owcmon

Il (i)
C—CH,

13. Indicate the reagents required to bring about the following conversions:
0

TR G VRN

CeHs

0 : 0
Br, B Br,
(iii) v —— G :
W) ? 0%
& S —— \
3

"l
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ouoATN_—
0 -~ 0
I ? _ I
) D—C"CH; SUSASS O C==Chy
4, Indicate the expected product/products in the following:
¥ CH, ]
H,C 0s0 : —
(1) 3 — (11) CH3—CH7—CH=CH—CEC‘—CH3 e @
RyNO/HOH 2 4 N—O
/' N\
CH,

0s0 4
o BaClO;

iﬁrobkm for Delf Assessment

| Give mechanism of the following reactions:
1 (QAC);
Q>
C

(COCly),, DMSO - :
() R—CHyOH ————r-—> R—CHO I g
3T (i) R—CH—R » R—C=—R
?H
Aluminium ferr-butoxide
1 (iv) R—CH—R — R—C—R
(i) R—CHon + %ok -_PEQC___’ R——CHO Acetone n
. 0
2 Complete the following reactions and give their mechanism:
CH,0OH
H;C—CHOH ] PO(OAC)s
) | _ NalOs | 4,CHO +CHsCHO () CHOH —————— HCHO + HCOOH + HCHO
H3C—CHOH CH,OH
mechanism:

3. Complete the following reactions and Bive their 2
o E (i) NaH/THF

CH,O_@—CH{JN: (1) C6H ""CHZ-CH3 W

(i) CgHsl(OAc),

{1j CH3 ...0_@. CHO —
" 0
THONO2): (vi) qu,—-—(':-—cn, ;

(iif) C(,Hs_cngc“l_c(,ﬂs W (i) H®

Bt e R TIPSR o e S
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N . S s conversions:
4. Suggest reaction conditions suitable for affecting the followmng

CH, CH,

] ——

(i) Hx(“-@— CH, —» H()O(‘@ COOH (iv)

OH H
/(\’HS
(v) HgCﬂ—(‘— \ — CH3—CHp—C——C—C3Hs
H
H H OH

(dl) mixture
HSCQ\ /C3H5
(vi) /C=C\ — CH3——CH7_—CHOH—CHOH-—-C2H5
H H meso form
5. Suggest reaction conditions (reagents, ¢
than one step may be required.

6. Indicate the products of the following reactions:

CH,
COOCH; |
~ CHOH  py(0Ac), l
@ | Hagreirer—) (ii) CHOH __N2l04!
CHOH I (excess) (iii)
I CHNH,
COOCH3
CH,0H

OH
(1) Q/ —> OHC— (CH,);— CHO
AN
OH
" Q-on-cton — @pnce

(i) C()HS—CHZ—CHZ—CH"; — CH;——CHz—CHZ_COOH

CH,

CH,
E/ ?—on
—_—
\OH

catalysts, solvents, etc.) suitable for affecting the following conversions. More

OH

+ Mn02 2
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- of llowing compounds wi -
mich of the - will be oxidised ‘
W . " more rapidly by chromic ;xHide and why?
(i (i) o
HO H f b o !
py means of appropriate i ,
F;;i::c ) ot %o 2,6-di-1-butyl-4-methylphenol is sometimes added as an oxidant to

o What is !h;edf:‘"esn::me for :lllyhc oxidation? Discuss the role of SeO, for such oxidation.

0 ;\:; a:: S :lgved x:ol::m:roc); :nplc’ycd for the oxidation of allylic alcohols to carbonyl compounds. Discuss the

| What are (is) the magcnt(s commonly employed for the oxidation of aliphatic primary amines to carbonyl compounds?
Discuss the mechanism involved in any one of these.

» What type of products arise by the oxidation of olefinic double bonds with different oxidising agents.

i3 With suitable examples, illustrate the role of various reagents used for the oxidation of hydroxy groups into carbonyl
groups. Give mechanism of any one of these.

4 Define oxidation and oxidation levels. On the basis of calculation of oxidation level find the oxidation level of the
reactant and product of the given reactions.
i) CHy—CH,—CH,0H — CH3—CH,—CHO (ii) CH3—C=C—CH3; — CH3;—CH=CH—CHj3
(iii) CHy—CH,—COOH — CH3;—CH;—CH,;0H (iv) CH3—C==N — CH3—CHO

15 Give a suitable mechanism for the oxidation of primary alcohol to aldehyde with chromic acid.

& Give the uses of the following reagents as oxidising agents in organic synthesis.
@) PCC (i1) Jones reagent (iii) DMSO

I7. Give the use of m-CPBA in oxidations.

13 How the following conversions can be achieved?

Q
CH,OH gQ/
—
N

CH,OH

(0

Give examples of oxidation involving
0 Starting with oleic acid how will you
Oxidising agents.

Write notes on each of the following:
(1) Ruthenium tetraoxide (ii) Ox

the use of silver ions.

obtain threo and erylhro-‘).lo-dihydroxystearic acid with the use of different

:dation of sulphides (iii) Oxidation of amines
1

Give synthetic applications of the follgane rc:gcnts- (iii) OsO4
X} () lodobenzene diacetate @) lz/CH3COO gems in oxidation reactions:
~ Give synthetic applications of the following e38 (iii) KMnOg4

() Thallium(I11) nitrate (i) DMSO

What are the oxidation methods for the 01
Teaction,

dation of unactivated Sp3——-C—H group. Give also the mechanism of the



—
= e
= o Bt
CH, CH,4 CH,
() 0s0,/H,0, OH ) 1y, CH, O OH
> OH (ii) HOH/HO
(i C HSCOOOH OH
(i) HOH/H
: (0
CH,);— CH==CH, I
(iii) @f e HOOC—(CHp)4—C—(CHz)4—COOH
25°C
(0]
. SCOZ “
(iv) CGHs—CHz—C(,HS——) CeHs—C—CgHj5
o OH
__m-CPBA _ (LiAH,
(ii) NH,CVHOH
?H
. m-CPBA LiAlH,
(1) CH;=CH—COOC;H5 » CHy——CH—COOC;H 5m CH;—CH»—CH,OH
(0]
0 OH
o H202 MeOH o LiAlH, OH
NaOH (excess)
CH,4 CH,
H;C CH; H.C
i 3
(iv) >C= C< 3 + OsO4 —tE AN C— C/
SO,NCINa OH N H—@—CH3
lNaINH:;(I)
C—C
s Y
‘a OH NH:,
HsC /CHs HsCg CH H CH
3. M 6>C—-—C\ iusdiii R > ol 3 Liam, A _.J; | 3
H C2H5 H \/ \CZHS 5C6 ""C-—C2H5

H OH



QXDATION_ | i

i (OPY ’
a Y\ O~ ) 5 ' Ti (OPY), CH,
(")Dl:l‘ (1 Y\OH --FE'T';—'—‘""‘ Y’%
CH, o 9 DET g CH,OH
3
OH |
. - ) Diisopropy! tartrate OH
B 11 (OPF) ”
N T ) G
~ Y
Hs5C2 H H C
) \(* c< ’ PP 4 CH20H (yper, TI(OPr), Hscz\ H \c /CH20H
Hc CHy—CHyY MK BuOOH Hs C/ g P -—C :
O
40 @ o P OH NaOy _(ll:_(CH 10
OH 3 2)4
CH CH3
II '
O :J (Y U = Cov ;j -
OH OH
OH
= NMO
acetone/water /
OH

The reaction is streoselective reaction, the incoming_,hydroxyl groups are rrans to original hydroxyl group.

cl '<“7
(iv) __KMn0y __  yo— C—CF,—CH;— COOH
F
F
0
Pb (OM)4
0
l,, HOH
H3C PdCly \C===Q--CH J—CH —CHy

5. (i) \Cmc___CHr,CHmCH——CH:! CuCly, 02 H3C/ ‘L
e’ s

Hj
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.. W I ¢
(i) I;tj\ {ii) Nay§Oy . T CHO
: H 3
HC (‘?H e CHy
3}
() Oy CHy—COOH)2
(@) HSCG"'E“C"T‘CH'CH”)’ (7 ICOON, H0y . 0 E
03, MeOH .—CHZ—CHO
(iv) CH;——(CH;)(,—@—-(!'—CHz—CH—CHZ—"—"‘"—'"CH‘—(CHZ)O ’i
lNaBH4
F
CH3—-(CH2)o—C““J:"CH?-—CH20H
(i) Oy, CHyCOOH CHy\
o ko DH0; COOH * Paime
COOH .
0
0
() O3, CHyCOOH
(vi) (i) H,0,
CH, CHO CH,4 \ CHO
(i) CrOy /Ac,0/H,S0,4 . CAN/H®
= 5 (i) HOH/H,SO, - (@) o
(i) Cro,Cl
CH, i) HOft 2 CHD CH, CHy
OAc H
Pb(OAcC), 3 HiC\
(iii) COHS—CHZ—CH3-—————>C6H5—"I:H—CH3 (iv) C\C==CH2 Se0, 3 \chﬂ2 ;
CHy—CHy” CH3—C
o Y i
H
o O J
H,C ‘ HyC 3

7. (i) Gem dimethyl alkene gives stereoselective oxidation with Se0,. Geome
is due to the concerted [2, 3] sigmatropic rearrangement,

try of the product is always (E)- se)_ectm? ‘

A P ——



H

CH,Cl,

n PCC, CH,Cl,
' AN, atmosphere
H,CO H,CO 0
0 0
@:? S¢0, @::
) m— 0
0 0
(i) (Me3Si),NK '
) CHr§H—£—CHrCH3 — CH3—CH—¢LCH0H—CH3

, )
CHs (ii) PhOZS—N/g\ % ‘I:H3

@lsa(mc)s
C
- Q‘CHCH— CgHj - C:}—c—-cﬁns

| |
OCH, OCH,

(COCl,)DMSO
) CgHs—CH=CH—CH,—CH,OH BN, OHoCT; - CgHs—CH=CH—CH,—CHO

CH,OH 3 g s
) AgsC 3__’ (iv) >“CH20H P —— CHO
CeHe
OH

| NaOCt Hr_cnr—i[—cu ~—CH,0H
‘CHB*'CHz—CH—CHZ-—CHZOH CH,COOH, HOH ¢ 2 .

H;C CH3 H;C CH,4 - COOH
CHO OO Ag«O NaCN
(i) Agy)0 (i)
NaCN
CH,

0
,.—C> CH;ONa
(m) CH CH;O 1“-' Cﬂso @— ( :-- o P CHZ.@ OCH:
10 CHO
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H
. g—'CH3 (i) 1/NaOH c00
10. @) it Smepeiar i
(i) HOH/H
(|)H
(|) l-,/NuOH
(i) HOH'H
1 1
(i) CgHs—C—CHy—CHy — O NHVTHE , ¢ Hs—C—CH=CH,
(i1) CgH¢SeBr
0 0
. I CH38/CH3OH | -
(iv) CH;—C—CH,—CH, - CH,— C— CHOH — CH;
"COOH
0

I
1. (i) CHy—CHy—S—CH;3 =24, CH;—CHy—S—CH;

C
l S m-CPBA ? S,
(ll) OE( (execss) OEt \0
lmCPBA
(small)

-
/ —
OFt S=0
0
g )HSCZ\C T RuOy, NalO, I
i el —C 2——('6H \C
ol S CCl—cnyen | 215 C—CaHs + CgHs—CH,—COOH

T 0
i R
(iv) D—cu—cnz—cooqns 204 NalO, I
CCl, CHyCN, HOH C—CH,— COOC,Hs

(V) Rw4'NI[O4
; CCly CH3CN,HOH D— COOH
, T1(ONO,), OCH, ,
“.9 (> TGHoH q . OCH,

CH,—OCH,
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1
TI(ONO J
(i Co”s-‘?—c“3‘?rc‘r*coﬂs —CHy;—0—NO,

COCH, Il
C— CH,OH
(1) C6H5l (OAC)z

() Fe

e
CH;OH/OH o
(u)H@ “
R, C— CH,OH
. CgHgl (OAc) '
v) CH O—@—CH — C00 gHsl (OAc), .
(v) Ch, 2 C,Hs CH,ON/CH,0Ns CH,0 CH— COOC,H;

\

0]
) CF}COOOH (ii) (0] m-CPBA o
0 0
CeHs
%\\ CF3COOOH Br%
(m,
COCH, O— COCH,
CF4C OOOH CF4COOOH
(v) (v) C"'CH;; T— OCOCH,
Wy
w3 - C
L HyC— C 0%, H,C OH
|
) RyNO/HOH
OH
/\@/CHy

) CHy— cH,— cH==cH—C==C—CH; T4,

HO,
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