RIGHT HAND, LEFT HAND

Molecular Chirality

Crystals and molecules can also
be either right-handed or left-
handed {such as quartz crystals),
although many crystals and
molecules have no handedness.
The discovery of chirality itself
is related to crystals. In his
famous experiments in 1848,
Louis Pasteur recrystallized a
salt of tartaric acid and obtained
two kinds of small crystals; their
shapes were mirror images of
each other.

Molecules of many substances
can also be right-handed or
left-handed. Living organisms
contain a large number of such
molecules. All naturally
occurring amino acids are chiral
{except one of them: glycine).

Here is an illustration showing a
pair of hands with a pair of
right-handed and left-handed
amino acid molecules. This
illustration appeared in a book
by R. N. Bracewell discussing
the possibility of intelligent life
in outer space.

Right- and left-handed
amino acid molecule
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A spiral staircase that changes its
chirality
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Bitter/sweet structural formuilas for asparagin

Many biologically important chemical compounds exist in left-
handed and right-handed forms, and the biological activity of the
two forms may be very different. The left-handed form, for example,
may be a cure, and the right-handed one may be indifferent, or even
a poison. You may remember Lewis Carroll’s Through the Looking
Glass in which Alice is wondering: “Perhaps Looking-glass milk
isn’t good to drink.” As a milder example, humans metabolize only
right-handed glucose. Left-handed glucose, although still sweet,
passes through the system untouched. Chiral separation thus opens
up new frontiers in what synthetic chemistry can do for feeding and
curing people, and perhaps keeping them slim as well. An example
of a chiral pair with differing characteristics is the organic acid
asparagin.

Chirality and Life

There is a unique situation in that all amino acids in living
organisms occur as left-handed, but never right-handed. Other
substances important for life, such as nucleotides in nucleic acids,
appear in right-handed versions only. That some supstances occur
always left-handed and others always right-handed is characteristic
for all life processes, and is the same in humans, animals, plants,
and microorganisms. Why this happens is a great puzzle, one that
can’t be solved satisfactorily at this time. (Nobel Laureate V. Prelog
has suggested that this phenomenon is a problem of molecular
theology!)

It seems easier to answer the question as to why one substance
consistently occurs as left-handed and another as right-handed.
Imagine a spiral staircase. Spiral staircases are chiral, and either
right-handed or left-handed, depending upon their direction. (We'll
discuss spirals in more detail later.) Let’s say thisis a left-handed
spiral staircase that suddenly switches to right-handed. What
happens? The continuity of the staircase is interrupted and you
bump your head on the stairs. This example demonstrates why once
a system starts out left-handed, it should remain consistently
left-handed, and vice-versa. If only some components of a complex
molecular system are replaced by their mirror images, a chaotic
system emerges, such as this spiral staircase.
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Your Nose Knows!

Would you like spearmint or caraway flavor?
That's a strange choice, but believe it or not,
they are the same thing. Well, almost.
Spearmint and caraway both contain a
molecule called carvone with the empirical
formula C10H140, or rather 10 carbon
atoms, 14 hydrogen atoms, and 1 oxygen
atom. The thing that makes them taste
different is that one is left-handed and the
other is right-handed. In order for something
to have a left or right-handedness, it must
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be chiral.

Chiral molecules contain the same atoms arranged as mirror images that
are non-superimposable. Examples of chiral objects are your hands. Your
left hand is the same as your right hand, but they are not interchangeable.
Your right hand cannot be replaced by your left hand just as you cannot
put your left glove on your right hand. In fact, if you look at your right
hand in the mirror, the image you would see would be a left hand. They
are mirror images of each other that are non-superimposable; therefore
they are ‘chiral'. Superimposable objects are things such as balls, cubes,
and baseball bats. They are not chiral. When you look at their reflection in
a mirror, it looks just like the actual object.

Chiral things only exhibit differences between right and left-handedness
when tested with other chiral things. There is no advantage to picking up
a chicken egg with the left hand as opposed to the right, because the egg
is not chiral. Similarly, a non-chiral piece of test equipment can't
distinguish between caraway or spearmint flavoring. The molecules have
the same melting point, molecular weight, density, optical absorption, etc.
In order to differentiate them, you need a chiral probe. So how can you tell
the difference between them when expensive equipment can't? Your nose
is a chiral probel
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This is a file from the Wikimedia Commons. The description on its description page there is shown below.

Structure of R- and S- carvone. Drawn in ChemDraw by User:Walkerma, November 2005.
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Creating Chiral Shapes
by Dissection

Let’s talk about some simpler
aspects of chirality. First, let’s
dissect an equilateral triangle
into parts which themselves
also possess mirror symmetry.
Here, the dissected parts are not
chiral. (They can be super-
imposed one over the other.)

Then dissect another equilateral
triangle into left-handed and
right-handed parts. Here, the
dissected parts are chiral. (They
cannot be superimposed one
over the other.)

Let’s now dissect an apple.

Cutting an apple in the usual
way gives us two halves that are
not left-handed or right-handed.
Each half is mirror-symmetric.

SYMMETRY

The products of this dissection are not left-handed or right-handed,;
they have no handedness (they can be superimposed)
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The products of this dissection are left-handed and right-handed
(they cannot be superimposed)




Apple cut into pair of left-handed halves

We may also ask, Can an apple
be dissected {like the triangle)
into left-handed and right-
handed halves? No. However we
try, it proves impossible. It is
possible, though, to dissect it
into a pair of two left-handed or
a pair of two right-handed
halves.

In fact, from two different apples
you can produce a pair of
opposites: a pair of right-handed

and left-handed halves—Dbut they

cannot be combined into one
apple.
The French call this parlor trick

“La Coupe du Roi” {“The Royal
Cut”).

One of the two left-handed and one of the .

two right-handed halves will not combine
into a whole apple.

Apple cut into pair of right-handed halves

Recipe for
“La Coupe du Roi”

Make two vertical
half-cuts through the
apple; one from its top to
its equator, and the other,
perpendicular to the first,
from its bottom to its
equator. Then make two
nonadjacent quarter cuts
along the equator of the
apple. Following these
cuts the apple should split
into two homochiral
halves. This recipe can be
followed in two senses
and thus produce two
left-handed halves in one
case and two right-handed
ones in the other.
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XM, Hreix & SpPIrRAL

Grape decorations around columns at an Eastern Orthodox monastery in Zagorsk, Russia

The columns in a monastery in Zagorsk, Russia
(above), are decorated with grapevines displaying
helical symmetry.

The directions of the two helices, however, are
different, with mirror symmetry between the two.
Thus, helices, as well as spirals, may be left-
handed or right-handed—they may be chiral.

On an entirely different scale, many biologically
important macromolecules have helical structures,
as shown at right.

Spirals

The helix may also be considered a special case of
a spiral in which the amount of rotation and
translation remains constant. While a helix always
extends in three dimensions, a spiral can also be
drawn on a piece of paper, that is, in two
dimensions. '

‘%S‘ Left-handed and right-handed
Helical biological L helices from a textbook on
b

macromolecule PR biochemistry
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