Scanned by CamScanner



Scanned by CamScanner




Scanned by CamScanner



Scanned by CamScanner




Scanned by CamScanner



- TRlE Molecyleg

[ 1. Energy barriers : n-B .
' utane exhibits g potential energy g
1 o
| and (V) of whieh q o am With three

maximum energy conformations (I), (I11)
ich the first with two

eclipsed Me’s and two pairs of eclipsed H’s has '

e erg{’; 18.0-26.0 kJ mol ', It ha.s a o plane and ispz:zg;f;? b"ththft e g
and ( 2 are non-supgfposablc_ mirror images of each other ha viog toden
+ 120 and N 120° respectively with an energy of 14 kJ Vlngltorsmn s e
that of an eclIPSed propane. They contain a pair of Mc-l-i 'mOl A sl
interactions. Since non-bonded interactions 15 e tigh

. . | increase inversely as the hi
e distance, the interactions between two large groups y(l) farh:ihwr:awcrhof
e groups (L eeds that

petween a large and a medium group (M) so that in general, L-L + S-S i
general, L-L + S-S is
than 2 M-S (S stands for small). The lower barrier height (14 kJ m(:)]l% )g;:att;:r
; s the

effective encrgy barrier in n-butane because the conformers tend to interconvert vi
the path of least energy. : ert via

2. Fonfqrmers: The three energy mfni;na conformations (IT), (IV), and (V)
constitute the three conformers of which the one (IV) with the two methyls
oppositely placed (6 = 180°) is called anti and is the most stable. Here torsional
strain is absent and, as already pointed out, the H-H and Me-H skew interactions
are very small. The potential energy of IV is arbitrarily taken as zero and those of
others are calculated relative to it. It has a centre of symmetry, a C, axis, and a ¢
plane and belongs to Co, point group.

The conformers (IT) and (VI) with torsion angles of + 60° and — 60° respectively
are non-superposable mirror images of each other and form an enantiomeric pair.
They have a C; axis passing through the mid-point of the 2-3 bond and bisecting
the dihedral angle between the two methyls and belong to C; point group. They
are called gauche or skew conformers and their absolute configuration may be
conveniently designated P and M in terms of helical chirality. They are equienergetic
and have a potential energy of 3.3 kJ mol ™' above that of IV which is commonly
known as the butane gauche interaction* and plays an important part in confor-
mational analysis. In more general terms, the difference in potential energies
between the most stable conformer of a molecule and a designated less stable one
is called conformational energy. Since the torsional strain in gauche conformers is
mearly zero, the gauche interaction originates from the non-bonded interaction
between the two gauche methyls whose distance falls within the van der Waals
group radii.

In general, the .gauche interaction gets appreciable relief at the cost of some
- torsional strain by increase of the torsion angle by a few degrees. For example,
~clectron diffraction experiments indicate a value of 63 1 8° for the torsion angle in
gauche butane, Wertz and Allinger (1974) put forward a hypothesis that while the

non-bonded interactions between the gauche methyls can be minimised by a
 change of torsion angle and bond angle deformations, the H-H gauche interactions
ich are almost ubiquitous cannot generally be significantly reduced by any kind
scular distortions and the origin of conformational energy both in acyclic

e _"lvyfal,ues for butane gauche interaction appear to be 2.10-2.93 kJ mol ' in the
) phase and 3,68-4.2 kJ mol ' in the gas phase (Rosenthal et al 1982). A recently
trans-1,2-dimethylcyclohexane (in liquid phase) is 3.10 + 038 kJ mol
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226 Stereochemistry
nes (Figure 9.10) have been Xtengiy,
y

The conformations of 1,2-dihalogenocthar i moment
studied by various physical methods €SP e l:gcdlgr;c;:;us state :t] C;;?L:
Raman, IR, and microwave Spectroscopy: " d 85% of the anti ¢ €1,
dichloro- and 1,2-dibromoethanes contain 73 .ag  stability of the an(t«fmfm 5
respectively as against 67% for n-butane. The hig ebined effect of a st] 1T o
XVIa) in comparison to n-butane is due to a com e omic inferace eric f
(larger in the bromide than in the chloride) and anlsents on the oth éfr}l] (dipoy,
dipole repulsion). In the liquid state or in polar $0 the high dielectri nd, te
electrostatic repulsion decreases considerably due to i g o € Constany
the medium and the ratio of gauche conformers (XVIb) an : C) increaseg
dichloroethane, the two conformers (anti and gauche) are almost equally populyy
in the liquid state whereas in dibromoethane, the gauche IPIOPUIMIOH is 354
corresponding to a conformational free energy of 3.5 kJ rn;)2 flm fayour of the
anti. Similarly, for 1,2-chloroflouro-, 1,2-bromofluor0’-, and 1,2- uorowdoethane,
state but the'gauche forms become More

the anti forms predominate in the gaseous ;
2-dichloroethane (approximately 12 5;

in the liquid state. The barrier height in 1,
mol™) is very similar to that in ethane which means that H-H and H-Cl eclipg,

interactions are similar in nature and that there is little H/Cl steric effect.

X X X
H H H X X H
H H H H H H
X H H
anti £ -gauche M- gauche
(XVia) (XVib) (XVie)

Figure 9.10 Conformations of 1.2-dihalogenoethanes

As the number of halogen substituents is increased, the barrier energy gradually
increases from 15.5 kJ mol™ in ethyl chloride to 50-60 kJ mol™ in hexachloro
ethane, the 1,1,2,2-tetrachloro-and 1,1,2,2-tetrabromoethanes (Figure 9.11) have
the additional feature that they exhibit preference for gauche conformations

H H H
Br Br Br H H Br
Br Br Brzi Br . BrI;BF
H Br Br
anti P-gauche M-gouche
(XVlila) (XVIIb) (xviic)

Figure 9.11 Conformations of polyhalogenoalkanes
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