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4. Properties of Diastereomers

Diastercomers have a major advantage over enantiomers from a practical poj A
piastercomers have diflferent, physical properties like m.p., b.p., solubility r(L-il--]L)‘”mt'”f b
I, values and have different rates of reactions (chemical properties) even in ';c’h‘i “; l(m'tlmcs 2l
standard techniques like erystallization distillation or chromatography (:m tll;‘lu-lll‘v{mnmemﬂ'
to separate dinstercomeric mixtures. For example, meso tartaric acid (Spuci‘ﬁc r()t.r:' m(i, s ‘uscd
at 140°C as against cither of the enantiomers (m.p. 171°C) and has different V‘lll;(l‘ mf‘“ ;{0) mults.
this difference in properties of diastercomers is made in the resolution of rzlc;‘llli;:(:n‘i) L“. L\JHL: ot
scheme 1.82). Another example is of erythroses and threoses (See scheme 1.13é) ture (See

Enantiomers and Diastercomers

———————

One may note the following points :

E{leli()nmrs (m.'irrm" images of each other) are related by symmetry elements
of the second kind, i.c., o plane, i, and S, axis while diastereomers are not
related by any such symmetry element,

Since a molecule (or an object) can have only one mirror image, enantiomers
can exist only in pairs. On the other hand, structural conditions permitting, a
molecule can have any number of diastereomers, e.g., meso tartaric acid has
fwo diastercomers (diastereomeric relationship with either of the enantiomers).
Two stereoisomers can not be enantiomers and diastereomers at the same time,
and diastereomeric relationships are mutually exclusive.
chiral in which case each of the
s cholesterol with 8 stereocenters

i.e., enantiomeric
e Diastercomers may be (or may not be)
diastereomer will show enantiomerism. Thu
has 256 stereoisomers. Cholesterol is one of these and the second is its mirror
image (enantiomer). Cholesterol is thus diastercomeric with 254 molecules.
e Diastercomers include all stereoisomers (but for enantiomers), optically active
 diastereomers, geomelrical  isomers and cis-trans isomers of classical
stereochemistry. - ' | . '
e Enantiomeric relationship can only bc.speciﬁcd,b_y compqrisor_L with a chiral
reference (plane polarized light). The diastereomeric relationship can be estab-
reference. ’_’,___j

lished without any external

_ Chiral, Achiral Compounds and Meso Compounds (An Introduction) W
. ’ - & g stituen
tartaric acid (two stercocenters with identical set of su I: osable

‘onsider the stereoisomers of : . . . on-superi
1.2a). The pair of enantiomers (which are non-supP toptically

t each stereocenter, scheme ‘ e i
i i 5t i 1s whereas the meso stereo1so s
Ul on mdpen Lihne i e figuration of the meso- tartaric ¢

nactive) even though it has two sterc.aocen.ters. .The con 2 it is foun d to be supel-impf)sz;l;lg
R, 3S (see scheme 1.2a) if one draws its mirror 1mage (25,3 ) () a plane © s-ymmc't,;{ctive
vith it. The meso compounds have two features 1n ct)mlfmr_‘o;np'(,unds are optically ?

h) two stereocenters with opposite stercodescriptors. Meso €

'CHAPTER 1
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’ OH (i) (Enantiomeric pair)

SCHEME 1.2d —

{Epmmenc pair)

(iii) Anomers C5 of open chain form of glucose attacks the

e e S & the OH group at 20 - 3 t :
To SR B OO ”_tfu ;turea hemiacetal. A new stereocenters at C1 1s gene?:tgd and a Pair
aldehvde (carbon C1) to form o The Eseoba monosaccharide) which differ

al

of diastereomers is formed. These dwstereo_mera om0 o
in the configuration at C1 tcalled anomeric carbon) are ¢

adild =

ias S v are also epimers
a-D-glucopyranose and B-D-glucopyranose are diastereomers. Thej D and

anomers. ; .
- antiomer,
It iz important to note that in general a molecule can have onlyhoneeeli 68tcli) mer, but it

may have many diastereomers (i.e., consider the case of cholesterol scheme 1.68d).

(ir) Trigonal planar stereocenters ~ . h
A stereocenter is defined as an atom having groups of suitable nature so that an interc ange

of an¥ two groups will give a stereoisomer. However, all stereocenters are not tetrahedr_al the
unsaturated carbon atoms of cis and frans-2-butene (scheme 1.3) are examples of trigonal

lanar stereocenters, since an interchange of groups at these stereocenters gives a stereoisomer

fa disastereomer).
cis- and frans-2-Butene (scheme 1.3) are not mirror images of each other, i.e. if a struc-

tural model of cis-2-butene is shown to a mirror, the arrangement which one sees in the mirror
1s not trans-2-butene. However, cis- and trans-2-butene are stereolsomers and, since theyv are
not related to each other as an object and its mirror image, they are thus distereomers.
lasteTeomers are stereoisomers which are not mirror images of each other.,
Although ¢is- and trans isomers of alkenes are diastereomers (see scheme 1.3) that are
achiral, the majority of diastereomeric compounds are chiral compounds however, which have
more than one stereocenter. For an example of diastereomers in alicyclic compounds (see.

scheme 1.67).

H. H
1IC=0 3
i 1€ CH,OH CH,0OH f-Anomer
H— If OH O H H /{R O on
10— H H H — Anomeric
10— e H OH H OH H — carbon
i OH OH H
H o OH Ay
- g H OH a-Anomer Y OH
o ) 6
CHZOH CHZOH CHZOH a-D-Glucose B-D-Glucose
-Galactose D-Glucose D-Mannose (Pyranose forms)
Ga/actoze,D D-glucose anc(/: ZD-mfannose are diastereomers, D-galactose angd D-glucose are c4 epimers while D-
cose and D-mannose are C2 epimers. (;.4;. : ; cpe v st
Vg i et & B-Anomers of D-glucose-are also diastereomers differing in configuration at

<5

SCHEME 1.2¢
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(+)'wrmnﬁemical reactivity with 7 Achiral reagents ¢ i
the same ¢ Achiral reagen hydroxide ion react with
CH,CH; | enantiomers (reaction
. P only with (S)-enantiomey
CH,CH, HO™ HO CHj, /s Shog;;)' all the San;o
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at the same rate. Th
) by an Sy2 mechanism. The rate of this reaction ig
-2-b

(scheme 1.2p

use.g. (S)-2-bromobutane reacts with achiral hydroxide ion to give (R)

romobutane with hydroxi
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found to be the Same with the
de ion to give (S)-2-butanol. When, however,
1 1 rent rates. Thus
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CHIRAUITY

Stereocenters e.g., in tartaric acid stereoisomers are assigned R and S configurational

- 3 . . 2 ) r 3 . .

descriptors, so as to specify stereochemical features of each stereoisomer. The enantiomer of
(+) tartaric acid is its nonsuperimposable mirror image (—) tartaric acid and these constitute

an enantiomeric pair. Notice that pairs of enantiomers (as expected) have opposite configura-
tion at every stereocenter.

CHAPTER 1

Plane of
COOH COOH COOH symmetry

H——OH H——OH HO——H H——OH
H——O0H HO——H H——OH H——OH

COOH COOH COOH COOCH

(2R, -35)-Tartaric acid (2R, -3R)-Tartaric acid (28, -3S)-Tartaric acid meso-Tar‘garic acid
(A meso compound) (A pair of enantiomers) (Achiral)

Stereoisomers of tartaric acid in Fischer projections

Physical properties of stereoisomers of tartaric acid

Melting point, °C [a]E3C Solubility, g/100 g H,O at 15°C

(2R, 3R)-(+)-Tartaric acid 171 & 12, 7° 139
(28, 3S)-(-) Tartaric acid 171 —192.7° 139
(2R, 3S)-Tartaric acid 140 0° 125

(+)-Tartaric acid 206 0° 20.6

SCHEME 1.2a

(b) Complex organic molecules and biomolecules

Except for few low molecular wei

ght organic compounds, the organic substances found in ‘
living

systems both animals and plants are chiral. No doubt these molecules (with several
stereocenters) can theoretically exist as a number of stereoisomers, almost i
one stercoisomer is found in nature. Naturally occurring alkaloid brucine has several
stereocenters which are located in fused ring systems, however, nature makes only one
enantiomer (—)-brucine. Naturally occurring amino acids (with the exception of achiral glycine)
are chiral. There are two possible enantiomers (optical isomers) for each amino acid, but only
one of them (L-form) exists in the body. Enzymes are proteins which are derived from chiral
amino acids, thus an enzyme is also chiral and can exist as enantiomers, however only one
enantiomer exists naturally (since an amino acid exists only as one enantiomer these will
construct only one mirror image form of the enzyme). Thus enzymes provide a chiral environment.

nvariably only J

Enzymes catalyzed reactions are stereospecific and stereoselective ]
For definition of terms, stereospecific and stereoselective (see Sec. 1.13).

Enzymes are chiral and enantiomerically pure.

Enzymes display stereospecificity and stereoselectivity (see Sec. 2.3 D).

All stereospecific reactions are necessarily stercoselective, however, the converse
1S not true.
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Stable conformational isomers
(atropisomers) exist in compounds,
e.g., biphenyls due to steric strain
between the ortho substituents.
These isomers become chiral when
both rings are unsymmetrically
substituted, The bipheny! then gets
locked in one of the two chiral
enantiomeric staggered conforma-
tions. This bipheny! would have
een achiral if a symmetric (planar)

high eénergy eclipsed conformation

: could be achieved (an impossible
1 Achiral FH :
Br : (Eclipsed conformation) ation.)
Chiral enantiomeric pair too crowded to exist

(Staggered conformation)

SCHEME 1.1e

pair of enantiomers in the absence of
stereocenters as in trans-cyclooctene (scheme 1.1, further details are in schemes 1.136-1.138).

Another example of compounds which are chiral i the absence of stereocenters are bi
derivatives (scheme 1.1e, further details are in Sec. 1.16, B). ' .

Thus compounds of the type Capeq €xist in enantiomeric forms and are des-cnbed as
chiral and the carbon atom with four different achiral atoms or groups as sybstltugnts is
called a stereogenic centre of simply a stereocenter. The phenomenon of enaniflomers is also
known as optical isomerism. An important property of compounds of type Capeq i-€.» @ molecule

O

phenyl

H :
- P
-Mirror (|3—0 : O—_(]:
" 5 i H—C—OH ! Ho—c—H
e O=‘|3 o= | H—C—OH
H—(])‘OH ! HO—?—H H—C—OH | HO—C—H
CHOH i HoH,C H—C—OH | HO—C_H
D-Glyceraldehyde L-Glyceraldehyde 5
[l =+135° [y’ =-135° CHOH |  HOH,C
D-Glucose L-Glucose
- CHO
(|:HO (I:HO ] The mirror image (enantiomer)n‘o;
D-glucose is L-glucose with inverte
=G ==t HO_(I:_H steg'eochemistn/ at ehver}; stere’;)cer]tz;
By simply changing the stereochemis
pOSCH HO—C—H b0k aty only one stereocenter (bottom) of
l ' 0 IC—H D-glucose does not, howevenrtglvg
. —C—OH HO— ' L-glucose, it however, conve
e [P Dgtjlgcar (D-glucose) into at_ %Sel’{gil;:r
— —C—OH hich is L-idose an enantio
H—_(IE_OH i " ’ :)Jatlgral D-sugar D-idose.
CH,OH CH,OH - CH,OH
.D-Glucose L-ldose D-Idose
SCHEME 1.2
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represents @ pair of conformational

lohexane (scheme 1.1 : onal isomerism at
diastereomers. In fact chlorocyclohexane shows 'confoz‘ff;tglooonc ooe Fig, 4.2).
room temperature while con igurational _zsomerzsm a A .(scheme 7 é3)‘
Another interesting example of conformatzonal enantiomers i .33).

Similarly chlorocyc

(B) Stereoisomers—An Introduction . ) ) ] o
When the isomers have the same sequence of covalent bonds, but differ in the relative disposition
tereoisomeric (scheme 1.1) (also see Fig. 1.1).

of their atoms in space, then the difference is s
Some examples are, enantiomers, diastereomers (epimers, anomers), conformational isomers

(atropisomers and invertomers).

1. Enantiomers—Optical Isomerism

(@) Simple organic molecules

Consider a si . 5

s a sunp.le molecule e.g., a compound with an sp3 hybridized carbon with four different

. ituents as in 2-butanol (scheme 1.1). The molecule cannot b i - .

mage and such molecules are said to be chiral (or hand i g S_uperlmposed on its mirror

rmed enantiomers (from the Greek ‘enantio’ mea - ed). The pair of butanol molecules are
I : ning opposite) which -

I.Zvi:luzzjhiiat(id;s. no}r:-superlmposable mirror images. The enantiorr?(:‘: deff:i ;l (i)d i pelllr .

eme 1. 2 i ; . : : S -

diectinaRis depicltr;c; ° thr(}zle dimensional projection formulas (a proceduo t dUtanlhaTe

glycefaldehydes oy Dm Sdc Leme 1.15). Another example of enanti oy ? .raw e

Pischer projection and L-glucose drawn now in another projecti mens i i [ BN

sugars hav; the ?)’Ha procedure to draw these projections ig cll)et;'](?lcmof‘1 (scheme 1.2) called

> unnatural L-seri gr ?up on the bottom stercocenter on the pj hau‘ed i gehieme 1LL7), Jiie

eries of sugars are the enantiomers of the' ;g tin the Fischer projection.
2 natural D-series




