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Ray-Dutt Twist—a milestone in mechanistic

chemistry

Pradvot Banerjee and Animesh Chakravorty

Reaction mechanism or pathway is es-
sentially 2 map that tells how a chemical
reaction occurs: what are the intecenediate
stages and how these are transformed
into the products. A mechanism is rarely
fully proved but it is sustained by its
ability to rationalize, t0 generalize and
to predict. One of the central pillars of
chemical sciences is reaction mechanism’.

To be able to invent a mechanism
which will be named by the community
after the inventor, and which will stand
the test of time is a dream of every
chermust. The Riy-Dutt twist mechanism
1S an example per se. This was proposed
in a monumental paperz in 1943 and
relates {0 racemization. Racemization 1s
the process of conversion of half of an
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optcal isomer into another. Molecules
which are nonsuperimposable on their
mirror images due to thewr peculiar sym-
metry (or lack of it) always occur in at
least two forms which differ in their
ability to rotate the plane of polanzation
of light in opposite directions but (o the
samne extent. Such molecules are said to
be chiral and the two forms are called
optical isomers. A simple example is
lactic acid” (Figure 1).

Among inorganic gomplexes, molecules
of type M(AA), which are also called
tris chelates satisfy the condition of optical
activity (Figure 1). Here AA is a bidentate
chelate ligand which binds the central
metal atom at two positions, Riy and
Dutt first suggested a mechanism for the
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Figure 2, Ray-Dutt twst,
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interconversion of tris chelates such that
it was not necessary to break any of the
bonds during rearrangement. They worked
with the ts biguanide chelates, ~‘IZ-:::L§+
where L is the bidentate biguanide higand.
H,NC(= NH )} NHC (= NH ) NH,. The ra-
cemization of the complex was followed
using a simple polarimeter over the tempe-
rature range 40-60°C. From analysis of
thermodynamic parameters, it was con-
cluded” that no bonds are broken and the
activation process 1S a mere tesult of a
concerted deformation as shown in Figure
2. The stereochemical rearrangement can
be viewed as the simultancous translation
of two of the chelate rings through an
angle of 45° in their respective planes,
one moving up with respect to the plane
of the third chelate ring and the other
moving down. These movements con-
stitute a twist and since the threefold axis
of the tris chelate is not conserved in
the twisted configuration (also called the
transition state), it represents a rhombic
twist, Rhombic twist 18 another name of
Ray-Duit twist.

In order to appreciate the sermninat nature
of Riy-Dutt work, it is only necessary
to note that the time was early forties.
Liitle was known about the mechanism
of reactions of metal complexes at that
time. The first printing of the classic
Basolo-Pearson monograph was still fif-
teen years away (1958)°, In the same
year Bailar’ suggested a second twist
mechanism in which the threefold axis
1s conserved. This was called a trigonal
or Bailar twist,

Over the last few decades the Ray-Dutt
mechanism has received repeated atiention
as a plausible pathway of racemization
of a vancty of tris chelates. Numerous
workers™’ have examined the scope and
validity of this mechanism of racemiza-
tion. This milestone in mechanistic in-
vention, now fifty years old, remains

fresh as ever forming essential perts of

modern textbooks' .
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’I VISITING FELLOWSHIPS l

This Centre announces a programme to enable research scientists and engineers
in educationa!l institutions, R&D laboratories, etc., to spend up o 2-3 months in
association with a member of the faculty of the Centre. The faculty members of
the Centre are located in different leading institutions of the country and the actual
place of work will therefore be decided on the basis of the research interests of
the Visiting Fellow,-in consultation with the concerned member of the faculty in
the area. The Visiting Fellow would be paid a consolidated honorarium of between
Rs 3000 and Rs 6000 per month during the period, in addition to round trip train
fare between his place of work and the institution ot the faculty member.

Research scientists and engineers in educational institutions, R&D laboratories,

| etc., with an interest in the broad areas of life sciences (molecular and developmental
biology, biotechnology, genetics, ecology, behaviour, biomedical research), chemical
| sciences (solid state chemistry, inorganic and physical chemistry, organic chemistry),

physical sciences (theoretical physics, mathematical physics, astronomy & astro-
1 physics, fluid mechanics, experimental areas), engineering (chemical, metallurgical,
computer science) or atmospheric sciences are invited to apply.

Application forms may be obtained by writing to The Coordinator of the Centre

in Bangalore. Requests for applications forms should reach him on or before 31
March 1994 for Fellowships during 1993-94.
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