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110A MEASUREMENT OF OPTICAL ACTIVITY

oht is a wave phenomenon in which vibrations take place at right angles to the direction in
“-ﬁich the light trave}s. Infinite number of planes pass through the line of propagation and in
sdinary light vibration take place in all these planes. Plane polarized light is light in which
qibrations take place in only one plane, and this is realised by passing ordinary light through
a polarizer which forms an important component of a polarimeter (Fig. 1.3). Plane polarized
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1.11 RACEMIC MIXTURE AND RACEMIZATION

Recemie mixture or a tecemate is an equimolar mixture of two ,,.:z::c::._.u, Since a recemje
mixture containg equal numbers of dextrorvtating and levorotating molecules, the net optieal
rotation is zero A racemie mtixture is often symbolized by (£ or (oD,

The process whereby a pure enantiomer is converted into a _.zﬁ..z,_.e _:mz:..,_.c is called
racenization, Racemization may be accomplished in a trivial sense by simply mixing equal
amounts of two pure enantiomers, Racemization may also result from the following chemical
interconversions,

(A) Formation of Enantiomers (Recemization During Reactions That Create Stereocenters)

Several organic reactions ean vield a chial product from an achiral starting material, Thus
the addition of hydrogen to the carbon-oxygen double bond of 2-butanone (achiral compound)
in the presence of a catalyst ereates a stereocenter, The two enantiomers of 2-butanol (achiral
cempound? however, are produced in ecqual amounts—the product is racemic (see, Scheme 1.85).
The hydrogen has exactly an equal chanee ol attacking above or below the plane of the double
7,:,.* in 2-butanone molecule (see, scheme 2.16), There is no reason why the hydrogen should
prefer one :E:......:.,: over the other | as long as there is nothing eclse that is chiral in the
.”,w,:.:”“ :__. J,__:.E.,.:___:.,.._m. _,:,uxw,:ﬁv. are _.,_5._5_ _.=. equal amounts. ..f..ﬁ.ﬁ::n to a general prin-
ciple optically active products cannot be formed w hen optically nactive substances react with
optically inactive reagents,
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e ' . = iir to 1-Butene
(i) Mechanism Involving a Carboention—Addition of v arbocation (scheme 1.88)
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either face of the double bond in maleic acid gives the same mngwﬁ H._:mmnE
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QP Q. 0
//.N Rotation (180°) <

7N about vertical axis Py
Hooc. COOH 0 oo 07 To
" SO, i __ Hooc COOH
N .0, :oonr‘ _ réoo_._ = s S =
Maleic acid fb H H 180e
__._wD..
(meso, has a plane of symmetry) Rotation (180°) about horizontal axis
+
HOOC. ,-COCH IOO_m . \m_OOI
He=rsr==H |N||41 syn-Hydroxylation of maleic aciq frol
m ﬂ — o o either of the two equivalent :oaoauﬁ
HO OH N faces of maleic acid gives the same achiral
(2R, 35)-Tartaric acid : AN cyclic intermediate and the resulting
(a meso compound) O (0] lartaric acid is also achiral-meso,

(Shown in eclipsed

STEREOCHEMISTRY, CONFORMATION AND Meg

: it HANIg), 7
FEPNORAL D . . . 1’.’/
S " Tester.which in the case of maleic acid (scheme 1.89) is achiral having a o plane. b,:mn_n -

. : mnﬁ.mﬁm. Hn”
ust alsg be
mgm&mgm
try is agaip,
of a Tacemje

confermation for clarily) {Sams meso)

SCHEME 1.89

This result may well be compared with e.g., bromination of E-and Z-2-butenes
where a Z alkene gives a racemic mixture while the E isomer gives the meso
compound, this being the result of anti addition (see scheme 1.1 00). During syn
hydroxylation, the initial geometry of the alkene is maintained in the product,
during bromination it is maintained up to the formation of bromonium ion only

and disturbed during its S\2 opening of the bromonium ion.
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(b) Via an Enol or Enolate Aniop,

Racemization oSE,m in those compounds, in which a carbonyl function is attached to a
stereocenter that also carries a hydrogen. When (R)-3-phenyl-2-butanone is dissolved in aque-
ous ethanol that contains ZWOE or HCL, the optical rotation of the solution gradually drops to
zero, to yield a racemic mixture of the (R) and (S) enantiomers (scheme 1.91). This rate of
racemization is found nc.dm Proportional to the concentration of ketone and the concentration
of NaOH or HCI. Racemization thus, occurs by way of the intermediate enol form in which the
former stereogenic carbon becomes planar (achiral). As racemization involves the formation of
the enol form, the rates of racemization and enlization are found to be exactly equal.
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achiral enolin an acid or base solution (fabile nature of Hin the a-position of carbonyl). Approach of

the electrophilee.g., H. “_O. from either face gives a mixture of enantiomers-a racemate.

Rate = k[Ketone][H'] or kKetone][OH']
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Racemization of an optically active ketone occurs only if the mﬁmnmonobnomwﬁﬂ hhn“. cno M.
carbonyl group. If the aldehyde or ketone is chiral because of Wm.ﬁbaoﬂﬂm J_m w%ﬁwo Hmnmamumsom_
the enol form is also chiral, enolization in such a case does not le

(scheme 1.92).
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In case the process involved an achiral intermediate, like a carbocation, the rate of
racemization will be equal to the rate of incorporation of radioactivity. On the another hand,
inan Sy2 reaction every substitution (eq. I, scheme 1.28¢) involves inversion. Racemization is,
therefore, complete when half of the material gets inverted (and has incorporated radioactivity)
so that the rate of racemization is twice the rate of incorporation-of radicactivity. This
experiment provides the most convincing proof to date that an S,2 reaction is accompanied by
inversion of configuration.

(ii) Syl reaction ,
Although many Sy1 reactions proceed with racemization, many others result in more inversion
of configuration in the product than retention. This is due to initial ion pair formation where
the leaving group blocks the front side of the carbocation to favour inversion. It is oamwa_um__
the leaving group diffuses away leaving the carbocation in free form that the nucleophile ¢

3 : SRR ion (see
attack equally well from either side to result in equal amounts of inversion and retention (&

scheme 3.37).
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OME STEREOCHEMICAL REACTIONS NEAR A STEREOCENTER 7
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-t enomep . electrophilic addition of HBr to monosubstituted alkene (see, scheme 183
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Formation of unequal mixture of diastereomers
SCHEME 1.97

wmnmﬁmm.gmg 1s a stereocenter in the carbocation intermediate, it is a chiral speci
and therefore, it does not have a plane of symmetry. One face of the carbocation will be m
sterically hindered ﬁ.ums Em.o.&ma_ the incoming bromide ion will therefore, have greater
cess to the less sterically hindered face. As a result of this the two diastereomers will
formed in unequal amounts. The reaction is termed as stereoselective since more of
stereoisomer is formed than the other, however, precisely this is a diastereoselective reac
,m.Bnm the stereoisomer produced in excess is a diastereomer (for further details see u
“asymmetric synthesis—also see schemes (1.105-1.107). The reaction (scheme 1.97) crea
new stereocenter, thus two stereoisomers are formed. These stereoisomers are diastereois
since, one of the stereocenters (initially present) has the same configuration in both
other (newly created) has the opposite configuration. This also is the basis of Crams
addition to diastereotopic ketones (see, scheme 2.23b).
During acid catalyzed addition of water to 1, 4-dimethyl-cyclohexene (the pres
a stereocenter) the two faces of the intermediate carbocation are not identical (schem
Attack of water from the axial direction is hindered by the two axial hydrogen atom

OH
@ .3
Hy ﬁnPuIn
HeHo % . (a) U}
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3 2, = ) Minor diastereo
OH, ()
(b)
1, 4-Dimethyl- 0
cyclohexene | 1y5 faces of the carbocation offer different hindrance to -
attack by water to give different amounts of diastereomers. Major diastereame
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