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A UNIFIED THEORY TO THE MECHANISMS OF ORGANIC
REACTIONS IN SOLUTION

GEORGE A. GREGORIOU .
Organic- Chemistry Laboratory, N.R.C. Demokritos, Greek Atomic Energy Commission, Athens,
Greece

Introduction

Between 1958 and 1964 we developed and proposed a unified thedry and
approach to the mechanisms of organic reactions in solution which was applied
to solvolytic reactions in particular.'¢ This approach was radically different
from the usual («classical») and a reinterpretation of the field in terms of this
theory was proposed and initiated in some areas.

To test and apply this theory, a massive and ambitious project was needed
and planned. This was to follow two mainstreams, one based on suitably
designed experimental work and the other involving a reinterpretation of the
literature data in the light of our theory.

Many developments in the field of solvolytic reactions since the time this
theory was proposed’ as well as our own experimental results,®® have been in
line with the positions and predictions of the above theory. Several of the
presently known or accepted views” had been argued in our initial work'-¢ long
before their development. '

Since, except for an initial paper! and a recent rediscussion of some aspects
of the theory,!® this work has appeared primarily only in the form of four of-
ficial reports of the Greek Atomic Energy Commission, the «DEMO» reports?
published initially in 1963 and 1964*, it has not been widely available. This
has created the problem of inaccessibility, as also expressed in several
published!»'? and private!> communications. Characteristically, Lancelot,
Cram, and Schleyer!!® in their chapter on phenomium ions state that
«Gregoriou has proposed a general unified theory of solvolysis mechanism...
Some of the specific features of Gregoriou’s unified theory (49)* forecast the
more recent refinements which have contributed to ultimate resolution of the
phenomium ion controversy. Unfortunately, the bulk of Gre:soriou’s published
work was not widely available and only certain aspects of it have very recently

* These reports were submitted in parallel to the Academy of Athens (Archives 46254, 46772
(1963), 48161, 18711 (1964).

* Ref. (8) in this introduction.
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become readily accessible. Leading references to the rest of Gregoriou’s work
are found in Ref. 49.»°

Statements like the above emphasize the inaccessibility of this work as well
as its significance. The difficulty and interest regarding the above particular
area of non-classical ions, which is but one of the many chapters and topics to
which the proposed theory applies, is clearly illustrated by the statement that!®
«probably few other topics in physical organic chemistry have been as widely
and thoroughly studied. In spite of this, not many other theories in organic
chemistry have been surrounded by such extended, often heated controversy as
has been associated with the idea of participation by neighboring ary! groups
in solvolysis reactions». It is added that regarding this controversy, which has
raged through the entire decade of the sixties and has divided the reséarchers
into two schools of thought, our theory had predicted in the very early
stages®® that both schools were partly incorrect and that the usual approach to
solvolytic reactions was to blame for the situation® This was finally partly
recognised''® in accepting the importance of solvent assistance.

In view of reasons such as the above mentioned ones, and because of the
additional need for referring to the initial work in our publicdtions, its reap-
pearance in a vehicle of wider circulation is necessary and long overdue. Thus,
the four reports are reprinted in this and following issues of this journal under
headings numbered ,I-IV (DEMO 1-4), in the very content in which they ap-
peared initially, except for minor editorial corrections.* An exact reprinting is
preferred if the right to refer to this as work of 1963-64 is to be maintained
and also for reasons of expediency. Admittedly, this leaves the theory and
work in its early shape which needs refinement, and particularly a more con-
glse,and precise présentation. However, the features and the essence of this in-
itial approach are stéadily being pfoven true during the fifteen years which
have elapsed. Remarkably, many developments in the field, including most re-
cent views such as the «Sn2- intermediate»'* or «on-sandwich»'® mechanisms,
can be recognized as 1mpllclt1y covered by this theory or as steps towards its
features. .

_In view of a host of greatly adverse conditions under which this project
was called to develop ‘and in view of its special features such as its size and
radical nature, progress has not ‘lived up to the initial plans. These involve
several mterrelated build-up steps,“a br1ef outlme of some of which is as
follows.

Specnal experimental studies are conducted in many of the various chapters
of the field of solvolysis such as 1sotope effects, solvent effects, salt effects, ef-
fects of nucleophiles, non-classical "intermediates, etc. These studies are
designed to test the predictions of the unified theory, in°anticipation of answers
different from those of the «classical» approach. They aim at the roots of each

* The author thanks Dr. Anna Scordou-Matinopoulos for her contribution to these corrections.
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chapter and their object is the reexammatlon and reinterpretation, if needed, of
these chapters.

~ There are several reasons for dealing w1th several chapters simultaneously,
one of them being the fact that they are interrelated and thus the particular
reinterpretation of anyone of them stumbles on «opposite» literature «evidence»
from other chapters as well which has to be faced also. Additionally, the merg-
ing of information from the simultaneous reexamination of more than one
chapters should lead to a better and more valid reappraisal of each one and of
the overall picture of them all as well.

These studies aim further at the common foundation of all these chapters
which is the «classical approach» including the ionization hypothesis and at
substituting this with the «unified approach» which starts from the non-
ionization hypothesis. A still further scope of this project is the contribution to
quantitative correlations and predictions, in addition to the qualitative ones,
which should be unified within each chapter and possibly for all chapters as
well.

Updated discussions of the theory presented here and its applications will be
given in due course.
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I.* AN APPROACH TO THE MECHANISM OF ORGANIC
REACTIONS. A UNIFIED THEORY

GEORGE A. GREGORIOU

Organic Chemistry Laboratory, N.R.C. «Demokritoss, Greek Atomic Energy Commission,
Athens, Greece :

(Demo 1, April 1963)*

Abstract

An approach to organic solution chemistry termed the «unified approach»
or «unified theory» is briefly presented. The  approach is based on the concept
of the establishment of a gradient in the chemical properties causing reactions,
principally charge and nucleophilicity, and leads to a «unified model» which is
said to hold for all reactions in solution. The classical mechanistic schemes
result as extreme cases of this model.

A crude schematic representation of the: proposed mechanism is given and

“its application to a saturated carbon reaction center is examined in general
terms. It is maintained that thinking in terms: of this approach coupled with
simple reasoning and experiments can lead with little effort to conclusions and
predictions as well as to answers to many problems and controversies in the
field of reaction mechanisms. These also -offer, as claimed, a.practical and ef-
fective basis for studies and a shortcut to. knowledge in the field.

A small number among the many examples of the developments in the field
in recent years which are in line with predictions of this approach are presen-
ted. .

An approach te the mechanism of organic reactions. A unified theory

A unified theory,! or unified approach: was introduced in 1958 as the un-
ified mechanism for nucleophilic reactions involving saturated carbon? and was
to be extended further. This theory, on the basis of which a reinterpretation of
the field of reaction mechanisms was: proposed but was carried out partly only
recently,'® amounts to the study of organic solution chemistry in terms of the
concept of the establishment of a gradient in the chemical properties causing
reactions (e.g., nucleophilicity, charge etc.), in all intra and intermolecular

* This paper is a reprinting of DEMO 68/1 (April 1963, reprinted June 1968); Atomindex, 11,
No 5, 1486 (1969); Academy of Athens, Archives, No. 46254, 46772 (1963); (see the introduc-
tion, p. 215, to the reprinting in this journal of the series DEMO 1-4 (papers I:IV), and ref 3 in this in-
troduction). :
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directions, and also to focusing attention on the entire range of the gradient.
This approach can also be referred to as the study of the field in terms of con-
tinuity.

One of the basic features of this approach becomes the fact that the picture
of ionic entities in solution and the thinking in terms of them are abandoned.

One of the direct results of the concept of the gradient is, e.g., that in a sol-
vent containing a dissolved nucleophile the nucleophilicities are not just two,
namely that of the nucleophile and that of the solvent, but there is instead a
spectrum of nucleophilicities ranging from that of the nucleophile to that of the
solvent. Another result is, e.g., that a nucleophile attacking a substrate is
studied as interacting not only with the reaction center but ‘with several centers
(either directly or through solvent molecules). Thus the attack is studied as in-
volving forces acting on the molecule as a whole (nucleophilic pressure) instead
of being looked at as :a single force acting at the reaction center.

The concept leads to a unified model and mechanism for organic reactions
in solution (free radical reactions® are .also to be included) an approximate and
symbolic representation of ‘which is given by I (Fig. 1). The arrows symbolize
the transmission of nucleophilic forces (the direction is an arbitrary choice).
The transmission occurs by «interactions» (partial bond formations and rup-
tures whether covalent, induction of a dipole or other, although covalency is
“assigned a role greater than that generally accepted).

It should be noted that the term «unified model» is used instead of the
«common intermediate» @mployed in the first paper.2 This is dene because the
essential point is the operation of the forces indicated and not the question of
whether an intermediate is formed or not. Intermediates formed in reactions are
referred to as «unified intermediate complexes» and the model is said to apply
all along the reaction coordinate. The term «unified» is thus .emphasizing the
action of the same type -of forces as weli as the application of the model and of
the principles suggested by the theory to all reactions in solution. The term
«unified intermediate», wnless otherwise indicated, refers to the first formed
intermediate(s). It should be kept in mind, however, that additional inter-
mediates' can also be formed.

According to this unified approach, prior to reaction, nucleophilic forces
are considered to be transmitted from Y (nucleophile) to M {electrophile) most-
ly through solvent molecules EN (E and N being respectively the electrophilic
and nucleophilic ends of the solvent molecules) as symbolized by path Y-EN-
M, and only to a small extent through the organic substrate which is to un-
dergo reaction. The number of EN molecules in the various paths shown in the
model can vary between zero and a large number. It is obvious that Y is

* Free radical reactions are ssid in terms of this theory to obey the unified model just as ionic
ones are said to do, the difference being a quantitative one the interactions being probably
weaker in radical reactions thus rendering the applicability and usefulness of the model less ob-
vious.
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FIG. 1: (1) A symbolic representation of the «unified model» for organic reactions. (II) A more
detailed but still symbolic representation of the unified model, particularly as it applies to reac-
tions at a saturated carbon (illustrated best for nucleophilic reactions).
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meant to be able to play also the role of a substrate as, e.g. in electrophilic dis-
. placements on carbon (e.g. in reactions of R~ M+ where Y will stand for R).

During reaction, the transmission through the substrate increases at the ex-
pense of the path through the solvent. The decrease through the latter is sym-
bolized by short arrows in the M-EN-Y direction. Reactions thus become
cyclic processes and are studied as such. The cycle can be a diffuse one closing
through the medium as a whole (cycle in an energy relation sense) but can also
vary toward the other extreme becoming small and specific (cycle in a physical
sense).

The attack on the entire substrate results in the transmission of the forces
through the substrate by several paths operating simultaneously. Path Y-A-M
(«direct» path) stands for paths involving two atomic centers of the substrate,
the second one being the leaving group (e.g. displacement reaction type). Path
Y-B-A-M (dndirect» path) stands for all those using more than two atomic
centers but the last one being again the leaving group (e.g. elimination type
path). Side paths, symbolized by Y-B-M or Y-A-B-M, cover those involving as
an end in the substrate an atomic residue which is not a leaving group (e.g. ad-
dition reaction type).

The suggested simultaneous operation of a multitude of paths,* the fact
that they should not reach their maximum contribution at the same point, and
should also be reversed as the system proceeds further along the reaction coor-
dinate, except for the path leading to the product, render most likely the forma-
tion of an intermediate (one or more) whether detectable or not, and not
necéssarily rate-determining, in most reactions, if not in all.

The general mechanistic models employed in the field result from the un-
ified model as extreme cases by focusing attention on a certain path only.
However, it is argued that actual reactions schould follow the unified model
and that the use of simple models has resulted in a vast number of problems
which are not real but created by the «classical» approach itself.

Application of the unified model to reactions involving saturated carbon
(substitution, rearrangement, elimination) leads to the symbolic and approx-
imate model II (Fig. 1). Analogous models are derived for other reaction
classes, e.g. addition reactions etc. In the figure, Z stands for a variety of
groups or paths -of the substrate. A spectrum of possibilities is visualized. As
already mentioned, the number of EN molecules in any part of the model may
vary between zero and a large number. It goes without saying that as this
number is increased, the specificity of interaction between the two groups

* In this and subsequent papers on this theory, a «path is defined as a series of elements and/or
pairs of elements, belonging to a substrate and its surrounding medium, in sequence along which
a smaller or larger change may occur in their covalency and, in general, in their propcrties in-
volved in the formation of the gradient (charge, nucleophilicity, e.t.c.). On the other hand, «opera-
tion or contribution of a given path» to a process is defined as referring to the occurrence of the
above mentioned change along this path during the process.
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separated by EN decreases. The absence of Y (or M) does not alter the model
in which the solvent EN molecules still play their role, a function which they
supplement to a smaller or larger degree anyway even when Y or M are pre-
sent. Y (M) symbolizes simply sources of relatively high nucleophilic (elec-
trophilic) potential. The nucleophilic source, or one of them, may be part of the
substrate. All of them are functioning by way of paths transmitted either -
through various residues (solvent, part of the substrate etc.) or directly. Y may
even be on the same side of the substrate as X.

In the above figure, Y-C -X-M is the «direct» path. Indirect paths are sym-
bolized by Y-Z-Cp-Cy-X-M (Z standing for -any proper center).

Transmission from Z to C, occurs mainly by partial double bond formation
(hyperconjugation) for neighboring or conjugated C,. However, for C, = Cg,
participation (Z = H, R etc), hyperconjugation, and attack on Z become in-
terrelated and contribute simultaneously (to an extent governed by the
gradient). This means that partial bonds are formed (directly or through sol-
vent molecules) simultaneously between incoming groups (Y, solvent) and both
the C,-carbon and Z, and at the same time between Z and C, (all these to
degrees varying between extremes). The arrow from Z-C, to C, stands for both
hyperconjugation and participation (when the latter is feasible) and for all other
modes of transmission and partial bonds to C, (e.g. nucleophilic contribution of
Z to C, by way of EN molecules). Side paths are symbolized by the arrow
pointing to the left of Z-C,. An illustration of a side path would be e.g., a path
Y-Z-C,-R;-M (it becomes more meaningfull as R is varied toward an electron
attracting group). e :

The arrow pointing from the leaving group X toward the substrate sym-
bolizes :that- this. group is involved -in interactions qualitatively similar to those
of Y, their extent varying of course along the reaction coordinate in a manner
opposite to that of Y. )

The model leads to implications concerning the mechanism of all reaction
classes, the molecularity, the geometry, energy and entropy relations, steric ef-
fects, ion pairs, the concept of nucleophilicity and a host of other features of
reaction mechanisms, concepts, and phenomena in solution. The theory and the
unified model are expected to apply to the inorganic fields as well but the sub-

" ject has not been studied.

The unified theory reduces the problem from that of assigning specific
mechanisms to that of evaluating the relative contributions of the various paths
(including the one through the solvent Y-EN-M), namely to determining the ef-
fect of a number of factors on the contribution of these paths. The resulting
«trends» lead to predictions many of which differ from a number of accepted
views. Thus, the theory, although utilizing a more complex model and bringing
in more variables, is nevertheless said to simplify the field by using the same
variables for all problems. Furthermore, it provides a basis for quantitative
studies and it allows one to predict «trends» in the chemical behavior of
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reacting systems as various factors are varied. It turns out that under this ap-
proach much of what was believed until 19582 and today (1963) and the great
number of special mechanistic interpretations are modified and are proposed to
be substituted by the unified interpretation suggested by the theory. The
research efforts should concentrate instead mainly on the study of quantitative
contributions along the different paths as well as on trends and correlations
within this one approach and interpretation.

Evidence for the theory comes from the orderly and simple pattern into
which it places the field, from its wide applicability in interpreting data, from
the simple answers it provides to controversial and unresolved problems, (e.g.
to the question of classical vs. non-classical carbonium ions) and from con-
tinued verification of a vast number of its predictions. In this interpretation,
any aspect of the classical approach which did not agree with the predictions
of the theory has been questioned regardless of how well established it has
been. Several years will be required for conclusions to be written up. Since
presentation of all the supporting evidence cannot be given in any one or few
papers,'? only few pieces of evidence among the many which have appeared in
the literature since our first publication? will be briefly mentioned below by
way of example.

The unified theory leads to a study of reactions without making use of the
concept and the term carbonium ions as reaction intermediates. Instead it
makes use of the concept of the «ntermediate complex» represented by the un-
ified model. The ever increasing, since 1958, volume of publications where it is
being realized that various reactions assumed to be carbonium ion reactions
are actually ion-pair reactions® constitutes one of the most spectacular verifica-
tions of this aspect of the unified mechanism by bringing the field one step
further away from carbonium ions, and also because the features of ion pairs
are a step closer to those of the «nified model» (FIG. 1). It should be
emphasized that even deamination reactions, some of the most notoriously car-
bonium ion reaction as accepted in 1958 and today as well, had been claimed?
in terms of the unified mechanism to be non-carbonium ion reactions.

The solvent has been assigned by the unified mechanism a very important
role (and the function of forming strong and specific bonds with the substrate
(becoming only in extreme cases non-specific)? emphasized” further by the con-
cept of continuity. The sudden realization during the last few years of the im-
portance of the solvent in chemical reactions*’ is one of the most inherent
predictions of the unified approach.

The basic premise of a model and theory used recently to interpret
bimolecular B-elimination reactions and the competition between Hofmann and
Saytzeff type of elimination-is that ‘these reactions differ in the relative extents
of C-X and C-H bond ruptures at the transition state.” This premise is the
result of experimental findings. However, it is also one of the results of the un-
ified mechanism. Use of this premise and of the other features of the unified
model provide an interpretation to elimination reactions as will be discussed
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elsewhere. Furthermore the gradual transition between various elimination
mechanisms,® and that between Sy1-Sy2 reactions® which are becoming more
and more recognized are predicted by the unified mechanism as well as a
gradual transition between elimination and substitution reactions which has not
yet been recognized.

The experimental finding of cis-elimination accompanying substitution in
the reaction of halide ions with alkyl toluenesulfonates, for which a merged
mechanism’ was proposed, are expected by the unified theory. A proper balan-
ce between the contribution of the various paths (direct, indirect, side paths)
operating within the unified model results in the above experimental findings
which thus do not require a special mechanism for their interpretation.

With respect to the arguments concerning classical vs. non-classical car-
bonium ions® and their distinctive difference in stereochemical behavior, the un-
ified mechanism interprets experimental findings without differentiating sharply
between these two types of ions and their interconversion. The «intermediate
complex» of the mechanism has a representation (partial bond between Y and
both C, and Z and also partial bond between Z and C,, all these to a degree
varying between extremes, although geometry and entropy considerations may
. upset this continuity when approaching these extremes) different from that of
. either of these ions €elassical or non-classical) and can give rise to displacement
on C, from either side although preferably from the side of X, the preference
depending mainly on the relative contribution to this intermediate complex of
the various partial bonds (Z-C,, Y-C,, X-Cy,) or their relative ease of opera-
tion. Rearrangement leading to another intermediate with C, and Cg having
"sw1tched roles can also take place, the rate of this equilibration depending
mainly on the relative extent of the partial bonds and the ease of operation of
the respective paths.’ ’

The concept of steric effects as modified by the unified theory will be dis-
cussed elsewheve. The operation of paths and the concept of the gradient ren-
der the effect of a given group into a “variable” among other changes they
bring. about.

Detailed discussions of the above cases and of a large number of applica-
tions of the theory constitute the subject of forthcoming papers.
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II.* THE CONCEPT OF CARBONIUM IONS IN SOLUTION IN
THE LIGHT OF THE UNIFIED THEORY '

GEORGE "A. GREGORIOU

Organic Chemistry Laboratory, N.R.C. «Demokritos»
Greek Atomic Energy Commission, Athens, Greece
(DEMO 2, November 1963)*

Abstract

The purpose of this paper is to reemphasize and discuss further a sugges-
tion made originally in 1958, that the concept of carbonium (and other) ions
be abandoned in favor of the concept of the «unified intermediate complex»
governed by the rules of the unified theory.!-3 This suggestion is part of the
more general proposal that solution chemistry be studied in terms of the unified
theory which leads to a unified approach to reaction mechanisms and that the
classical mechanistic models and the «thinking» associated with them be aban-
doned.. )

One of the claims deriving from the unified theory is that the concept of
ionic entities in solution, the features of the mechanistic models employed, and
the accepted approach to reaction mechanisms in general in addition to having
contributed to the development of the field have nevertheless also created un-
necessary problems and have hindered the solution of real problems.

Some among the differences between the carbonium ion and the suggested
non-carbonium ion concept are pointed out,

The major sources of evidence which have established the concept of tran-
sient carbonium ion intermediates as chemical entities are examined in the light
of the theory. It is concluded that most of these sources provide evidence only
for the formation of «some intermediate» at the most but not necessarily for the
formation of an ionic entity. It is maintained that the introduction of the car-
bonium ion concept into the everyday aspects of the field of reaction
mechanisms has had deleterious consequences, even though this claim is
obviously the reverse of one of the strongest convictions in the field, namely of
the importance of the ionization hypothesis and the carbonium ion concept in
~ the development of the field of reaction mechanisms.23

* This paper is a reprinting of DEMO 68/2 (November 1963, reprinted June 1968); Atomindex,
No 5 1487 (1969); Academy of Athens, Archives, No 48161 (1964), (see the introduction to the
present reprinting in this journal of the series DEMO 1-4, papers I-IV, p. 215 in the preceeding
paper and ref 4 in this introduction).
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By way of illustration, the theory is applied to two only systems (deamina--
tion reactions and the solvolysis of a secondary tosylate) among the numerous
chemical systems for which it makes predictions different from those advanced
in the literature in terms of the carbonium ion concept and the classical
mechanisms. ‘

Trends in the mechanistic thinking as they have appeared in the chemical
literature during the last few years can be recognized as predictions of the un-
ified theory but only few of these are brought up in this paper. It is pointed out
that.a large number of papers will be required in order for the predictions
made on the basis of this approach to be discussed and for their verification to
be illustrated. ’

Introduction

The concept of carbonium ions as intermediates in organic reactions and
the distinction between carbonium and non-carbonium ion reactions, as well as
the distinction between ionic and non-ionic reactions in general have dominated
the thinking in the field of reaction mechanisms and have stimulated large
research efforts along these lines.

On the basis of the unified approach or unified theory to reaction
mechanisms introduced in 1958 and discussed further recently,? the concept
of carbonium ion intermediates in solution (and of carbanions and other ions
and to some extent of free radicals) as well as other features of the classical
mechanisms have been questioned, particularly with respect to their usefulness.
An interpretation of the field in terms of this approach has been suggested'~
and carried out. Part of this work has been reported.?® In this approach, the
concept of carbonium ion* and carbanion intermediates is substituted by that
of a «unified intermediate», and the classical mechanistic models have been
substituted by that of the «unified model»,'-3 (FIG. 1). ‘

It has been argued' that the significance of the unified approach draws
support from a) the ease with which it interprets chemical data and provides
answers to controversial problems, b) the verification of a large number of the
predictions reached in terms of it, and c) the orderly pattern in which it places
the field. It has also been argued that a large number of past and many present
problems are not actual problems but have been created by the concept of car-
bonium ions and the classical mechanisms themselves.

The concept of carbonium ions has started its journey into the organic field
on the basis of the picture of an organic species in which a carbon atom has
only $ix electrons instead of an octet and thus carries a unit positive charge
and has a covalency of three.*’ It is on the basis of this picture that the excep-

* A species involving bonds, (partially covalent) to a leaving group, to an incoming group, or to
molecules of the medium through definite sites, such as the reaction center, or other centers
(such as e.g. hydrogen residues) is not referred to in this discussion, and in studying its chemical
behavior, as a carbonium ion (or ion in general).



THE CONCEPT OF CARBONIUM IONS IN SOLUTION IN THE LIGHT OF THE UNIFIED THEORY 229

r=Y-—=—=- T
I [ }
E E I
oo 1
y Iy
B----A E (n
SUBSTRATE T‘ ‘
i | |
E E |
N N |
| ]
l__..M -—_————*
/Y'—z:‘: —=2EN
// \ \\
¥ N N
s \ : k\\
Z < \\
; K Ry N
P | ~_ \ / 3 \\

~ /

\X———-bEN

FIG: 1: (I) A .symbolic representation of the «unified model» for organic reactions. (1) A more
detailed but still symbolic representation of the unified model particularly as it applies to reactions at

a saturated carbon (illustrated best for nucleophilic reactions). (For a discussion of this model see
preceeding paper, ref. 3).
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tional reactivity and the geometry - planar due to sp*-hybridization and an
empty (or nearly so) p-orbital - have been assigned to reaction intermediates
considered to be carbonium ions.*® Extensive research efforts have been re-
quired before this picture could be modified to the present picture of a carbon
residue bearing less carbonium ion character. The concept of resonance (-, or
s-bond) has provided a means for visualizing a small or large delocalization of
this charge. The concept of ion-pairs introduced to organic reactions™ has
provided also a means for stabilization of this charge. Still, however, the
development of charge and of an empty p-orbital on a carbon center is dis-
cussed as a flexible feature which can even reach large values in a number of
cases.>®%%1% That large (and even extreme) carbonium ion character is allowed
to-develop on a carbon atom is obvious in a number of general discussions and
in many individual cases such as for example the characterization of deamina-
tion reactions as «free» or «hot» carbonium ion reactions,?? even in the case of
primary systems or in discussions on bridgehead carbonium ions,!%* as well
as by the fact that the contribution of hyperconjugation to carbonium ion reac-
tions has often been minimized.! B

The application of the unified approach to the concept of carbonium ions
leads to an alternative starting point for the study of reactions in solution
which is the reverse of that from which the concept of carbonium ions has
started. This starting point amounts to the suggestion that there are no car-
bonium ion intermediates formed in the usual media (water, alcohols, organic
acids, ethers, ketones) by the usual chemical means, and more specifically that
a carbon atom not only cannot reach but not even approach one having an
empty or nearly so p-orbital (a total covalency of three) but maintains instead
in the intermediate a total covalency not very different from that in the starting
material. The development of charge and of an empty p-orbital on a carbon
atom of such an intermediate becomes a feature having limited flexibility being
able to reach only a small value beyond that in the initial state (small com-
pared to one unit). Any substantial deviation from the concept of such an in-
termediate is said to be highly unfavorable and thus not attainable by the usual
chemical means. '

The idea of a carbonium ion intermediate* thus becomes an exception to

* For a discussion of bridgehead carbonium ions under the prism of this approach, see ref. 29.

* The concept of carbonium ions as reaction intermediates has been substituted in the unified
approach by that of a «unified intermediate complex!, which is actually used to describe all
reaction intermediates. The complex is governed by the concepts of «electrophilic and
nucleophilic potential» and establishment of a «gradient in this potential» along the various
paths®? involved in the process. The nucleophilic or electrophilic potential of a residue is to be
understood as a measure of the tendency of this residue to function, in the environmental condi-
tions in which it is considered, as a.nucleophile or electrophile as e.g. in the case of a differential
extent of bond formation with some standard such as a solvent molecule. The potential depends
on the charge on the residue, although it is not equivalent to it,-and on other factors as well such
as the immediate environment of the residue and particularly the chemical element in contact
with it. The concept of the establishment of a gradient amounts to the requirement that the
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be found, if possible, rather than being the rule to which exceptions are added
gradually ‘over decades of extensive research efforts.

Because of the suggested inability of a carbon atom to develop a substan—
tially empty p-orbital, and because of the operation of the gradient,?? reactions
in solutions are treated by the.unified approach as being the result of the
operation -of a multitude of paths along which nucleophilic forces are transmit-
ted from high to low nucleophilic potentials. Thus the nucleophilic attack is
considered to involve forces acting on the molecule as a whole, namely acting
as «nucleophilic pressure» rather than as a single force at the reaction center,
and is channeled through many paths. It should be pointed out- however that
the pressure is visualized as made up of specific forces (specific bonds)* acting
on specific centers. The - path starting from the medium (actually the
nucleophilic end of the potential) and going through a carbon atom and the
leaving group (displacement reaction type of path) on to the medium (actually
to the electrophilic end of the potential) is termed «direct path». Those starting
from the medium and extending through several centers of the substrate in-
cluding 4t the end a carbon atom and the leaving group on to the medium
(e.g., elimination reaction type of path) are termed «ndirect paths».

One of the results of the unified approach is that the classical mechanisms
of organic reaction classes whether nucleophilic or electrophilic, on saturated
or unsaturated carbon, in the aliphatic or aromatic series, result as extreme
cases of the unified mechanism. To be more precise, the classical mechanistic
models result as extreme cases of the unified model for chemical reactions in
solution.?? The need for the application of this model to free radical reactions
is less obvious although these reactions as well must be studied under this
prism. -

changes in the potential, along any path considered, be fairly gradual, thus establishing a
gradient. Actually the drop between successive residues is expected to be Iarger between inter-
molecular than intramolecular ones. Charge is allowed to reside on the organic backbone of the
complex (the substrate minus the leaving group) but this is visualized and treated as a rule as
fractional, the difference between fractional and full charge being exceedingly important from a
mechanistic. standpoint For a given substrate structure, the gradient along a path including a
~ carbon atom or any ion in general and solvent molecules is said to depend to a great extent on,
among other factors such as steric’ conditions, the nature of the’nucleophilic end of the solvent
molecule {and its bond to the rest of the solvent molecule) in immediate contact with the carbon
atom in the intermediate complex (oxygen, which bears free electron pairs, for most of the usual
solvents). On this basis, one cannot form an intermediate having a carbon atom bearmg an emp-
ty or nearly so p-orbital in oxygen containing solvents (and thus in most of the’usual media) by
varying the leaving group, e.g. by the use of a deamination reaction, or by electrophilic action on
the leaving group, e.g. by the use of Ag*. This picture is a basic feature of the unified approach
and has been applied to all plienomena and to all the species referred to as jons in solutlon,
whether organic or 1norgan|c,2 >3 the dlfferences being only quantitative ones and not quahtatlve

* On the basis of the unified theory hyperconjugative type contribution and bondmg of the.
hydrogen (or to a much lesser extent 6f carbon) to the medium or to the entering or leaving
nucleophile become’ factors of madjor importance in many reactions.” As dlready mentioned,
hyperconjugative type contribution, participation, and partial bonding of the group involved in
hyperconjugation to the medium or nucleophiles are to be interrelated, by way of the concept of
the gradient, conclusions some of which are in considerable agreement with Shiner’s.'?
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With respect to Sx1 vs Sy2 reactions, the solvolysis of derivatives of the
series methyl, ethyl, isopropyl, and f-butyl under the prism of the unified
mechanism is studied under one mechanism with the various individual reac-
tions representing quantitative trends within the frame of this one mechanism.'”
3 It should be noted that, with respect to Sy1 - Sy2 reactions, the conclusions
reachedin terms of this approach resemble, but only in a limited way, to
some among previously expressed views!® which, it my be added, are hardly
universally accepted.’** The trend is of an increase in the contribution of the in-
direct paths at the expense of the direct path.* In focussing attention to the in-
termediate, the relative contribution of the various paths is expected to be
governed by their relative energetics. The energetics of the direct path relative
to the indirect ones should increase in the series (from methyl to f-butyl)
because of increased hindrance to its operation.. This hindrance is not-
visualized as a simple geometric crowding of the incoming group but also,.and
very essentially, as one of hindrance to solvation (actually in terms of the un-
ified approach it is hindrance to the development of the optimum gradient). On
the other hand, the available indirect paths increase in number, and their
energetics decrease from methyl to #butyl. In solvolytic reactions, this is so
because, among other reasons, the direct path creates an electrophilic potential
in the solvent in contact with the substrate unfavorable for the operation of the
indirect paths. The above render the decrease in the operation of the direct
path not necessarily smooth. A substantial change could be visualized for ex-
ample from the isopropyl to the #butyl derivative.

Attention is thus focussed on the absolute and the /relative extent of
nucleophilic contributions along each path (direct and indirect ones in this
system). Whether a carbonium ion is formed does not enter into the picture nor
is there any interest in the molecularity (it is not definite anyway) which, on

_the basis of the suggested importance of covalency, has to be higher than unity
anyway. The interest lies instead in the extent of bond formations and ruptures
which are said to be fractional and not on whether a fixed number of species is
or not involved in such interactions.

A pictorial illustration of the difference between the concept of carbonium
ion intermediates and that of the unified intermediate complex is based on the
same pictorial analogy to carbonium jons brought up by Whitmore* and ter-
med «an excellent analogy». The ion was paralleled with a concave faced pile
of sand that would be left if a log against which the pile has formed were to be
removed quickly enough so that the sand could not start sliding. Such a pile,
once formed, would subsequently undergo rapid changes due fo this instability.
This analogy.is reversed by the present approach, according to which the sand
slides along with the log without first forming a concave face. In fact the sand
is said to behave almost as if it were glued onto the log, the only allowance
made being that the glue may be visualized as elastic. On this basis, the in-

* The definition of a «path» is given in DEMO No. 1, the first of the series.
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crease in the instability and reactivity of so called carbonium ion intermediates
in going to progressively more so «called unstable carbonium ions» becomes
the result not so much of their «carbonium ion features» but mostly of the in-
crease in their non-carbonium ion character namely their increased similarity to
the structure of an Sy2 reaction transition state. The difference may also be il-
lustrated by saying that this approach studies the reactions termed carbonium
ion reactions (and carbanion and other ionic reactions) in terms of the resistan-
ce of the system to the formation of such an intermediate rather than in terms
of the tendency of these systems to first form them. Thus, the application of
the unified approach to the concept of carbonium ions leads to a concept
which could be termed «non-carbonium ion», or, in general, «non-ionic».

The concept of carbonium ions has been carried over to the organic from
the inorganic field on the basis of an analogy in the behavior between some
organic and inorganic cations in conductivity measurements.’® If the interest
were in the external behavior of intermediates, such as the conductivity of the
solution, namely if these species were viewed from a position somewhere in the
bulk of the medium their characterization as ions could possibly be justified
and this again only in a limited number of cases. However, in studying organic
reactions, the internal behavior of the intermediate (that of the organic
backbone) is of prime interest and even more so that of the reaction center,
and thus the thinking in terms of ions is not justified.

Analogous considerations should apply to inorganic ions if their internal
transformations are considered. Some large changes in the nucleophilic reac-
tivities of anions (fluoride,'® methoxide'”) observed by changing the medium il-
lustrate this point and instead of being surprising have been expected by this
approach, which looks at the species called ions as being involved in extensive
covalent bonding with the medium.2-3 However, there is a difference in the con-
sequences of this picture, rendering its use more required in the organic as
compared to the inorganic field. This difference is that the usual inorganic- ca-
tions or anions do not undergo intramolecular transformations and their reac-
tion with the medium is reversible. Organic cations, however, can undergo in-
tramolecular transformations (rearrangements, intramolecular partial bond for-
mation etc.) and can react irreversibly with the medium, all these changes (and
other behavior) being greatly affected by the extent of bonding (especially
covalent) to the medium or to other nucleophiles and by the centers involved in
it.

On the basis of what has been discussed it is expected that the similarities
between the suggestions of this approach and those of the concept of car-
bonium ions are expected to increase as the structure of the substrate in a
solvolysis is varied toward those believed to form a stable carbonium ion. On
the other hand, the greater dissimilarities are expected in those cases where the
intermediates called carbonium ions are formed -not by a variation of the
organic structure but by changing to a better leaving group (e.g. use of a
deamination reaction) or by an increase in the electrophilic action on the leav-
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ing group (e.g. use of Ag* or better electrophilic action of the medium).

Some of the conclusions of the application of the unified theory to the con-
cept of carbonium ions resemble to some extent views expressed before!® and
there are some respects in which the difference between the unified and the ap-
proach employed today is only subtle and often one of degree. Individual
references to apparent sirnilarities are not brought up here because a discussion
of the differences would also be required with a resulting considerable deviation
from the subject of this paper. Such detailed discussions will appear with the
application of the unified approach to individual subjects. There are also some
features of the approach which seem to be another way of expressing known
facts. These too will be dicussed individually, since even in these cases there
are several subtle differences. A general commet to all these similarities should
be made however; this is that the numerous conclusions reached in terms of
this approach, some of which resemble various suggestions and facts available
in the literature, have been actually derived from one set of principles®* which
constitute the core of this approach, without knowledge or use of most of these
other views or facts several of which have appeared during the last few years
anyway. In fact such similarities, and thus the continued verification of predic-
tions made in terms of this approach, constitute the best evidence for the
usefulness of the approach.

. Discussion

A. Sources of evidence for carbonium ion intermediates.

The present paper deals mainly with the evidence for transient carbonium
ion intermediates. With respect to stable ions and several of the transient ones,
“the present approach leads to differences which will not be discussed here ex-
cept for the general comment that the evidence for these intermediates
(N.M.R,, LR., U.V., conductivity, freezing point depression) does not exclude
fractional bonding (including partial covalency) of the intermediate, through
carbon and hydrogen residues, to the environment i.e., anionic leaving group,
solvent molecules etc. .

The general sources of evidence which have established the concept of tran-
sient carbonium ion intermediates are the following ones:

1. Evidence for stable carbonium ions.

2. The energetics. of carbonium ion formation.

3. Kinetic data. i : .

4. Product composition (stereochemical data, rearrangements, etc).

1. Evidence for stable carbonium ions.

The concept of transient carbonium ion intermediates, and one of the sour-
ces of evidence for such intermediates, stems from evidence for the existence of
stable carbonium ions.!® This line of evidence is strengthened by the recent in-
terest in, and evidence for, stable aliphatic ions.!® The inference for the forma-
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tion of unstable carbonium ion intermediates from evidence for stable ions rests
on the assumption that the two types of species differ only in the degree of
" stability and not in their intrinsic nature.>>*S If, however, in progressing from
the stable carbonium ions to the unstable ones, e.g. by a change in the reaction
medium and in the structure of the substrate etc., there takes place a change
not only in the stability of these intermediate species but also in their nature,
e.g. increased bonding of the carbon center of the substrate to the environment
(the term environment will refer to molecules of the medium, to the leaving
group and to nucleophiles or electrophiles in general), as is expected by this ap-
proach, then there may be no justification for extending the picture of a car-
bonium ion to the unstable intermediates. In fact the studies on stable ions
could prove to be of considerable value if emphasis were placed on their fine
print, namely on possible trends, even small ones, in the physical properties of
stable ions explainable in terms of increased covalent bonding to the environ-
ment as their stability is decreased, by a change in the medium or in their
structure. If such trends were observed, their extrapolation to unstable ions
could conceivably provide evidence against rather than for carbonium ion in-
termediates.

2. Evidence from the energetics of carbonium ion formation.

Another major source of evidence for short-lived carbonium ions comes
from correlations of the energetics of carbonium ion formation in the gas phase
with data from solvolysis studies.’®?! The correlation has apparently provided
support to the concept of carbonium ion intermediates in two ways. One is the
agreement between the experimentally determined activation energies for the
solvolysis of some alkyl halides and those calculated by subtracting from the
heats of formation in the gas phase of the corresponding carbonium ions their
calculated solvation energies in the reaction medium. In this argument the
calculated activation enérgy for the sovolysis is obtained as a small difference
between two large numbers, one of which (the calculated solvation energy) is
obtained only as an approximation.'®?° Furthermore, such an approximate
agreement - a difference between calculated and experimentally obtained energy
of activation smaller than 1 kcal/mole - has been obtained only for two com-
pounds, ¢-butyl chloride and ¢-butyl bromide, in 80% ethanol. The discrepancy
for t-butyl-Hodide and the isopropyl halides varies between 1.2 and 4 kcal/mole.
Such discrepancies however are not much smaller than the usual differences in
the energy of activation between the so called unimolecular and bimolecular
solvolyses. Furthermore, the lack of constancy in the agreement could very
well suggest a possible cancelling out of effects which happens to be just right
for two only of the halides. )

A serious objection to inferences concerning the nature of the intermediate
from such calculations is, in addition to the approximations involved which are
recognized anyway,'*?% the very nature of the method used. Thus, the ionic
radii used to calculate the carbonium ion solvation energies were estimated
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from experimental values and further increased by an empirical constant (0.85
A) amounting to between 40 percent and 30 percent of the radii in going from
ethyl to the #-butyl ion. The approximationsto the radius as well as the method
used to estimate it may actually question more rather than aid the physical
picture for the support of which they are .used. Thus, they can very well cover
up and include cancellations of the true effects in the actual physical picture of
the intermediate which may be quite different from that used as -a model, i.e.
from visualizing the carbonium ion as an «entity surrounded by solvent dipoles.
It may be argued that the use of the empirical constant (0.85 A), by havirg
been successful in the calculation of the heat and entropy of solvation of in-
organic cations?® in terms of the Born model (and the ion-dipole model) which
does not consider covalency in the ion-solvent interaction, is justified, and that
its success in determining carbonium ion solvation energies supports a picture
similar to the one in the inorganic field. However, what is valid for the in-
organic field is not by necessity applicable to organic reactions. Furthermore,
the unified theory involves the assumption of the existence of extensive
covalencies between atomiic residues ordinarily assumed to be carrying the
charge of an ion and the solvent molecules (referring to the usual sovents) in
the inorganic field as well,>»® a fact which is gradually being recognized.
The need to consider the possibility that models giving approximate
numerical agreements may deviate substantially from the actual picture as well
as the fact that many effects may be cancelled or masked in chemical reactions
thus evading experimental observation must be strongly emphasized and will
often be repeated. Even small deviations from perfect agreement may be a hint
for the existence of substantial deviations from accepted models. The trouble
with such approximations is that even if recognized as being only approxima-
tions, they nevertheless establish the image of a model (that wsed in the
mathematical treatment) which with time and. by being used out of context
becomes established as a real model capable of influencing deeply the thinking
in the field. That this can possibly have been the case with solvated carbonium
ions will be discussed later in this paper and in future papers in particular.
It can be concluded that the available data on such energy relations do not
necessarily distinguish between carbonium ions and intermediates involving
partial bonds to the environment. o
The second and most widely quoted argument!®-2! in favor of carbonium
ion intermediates based on energetics is similar to the first one but employs dif-
ferences rather than the absolute numbers themselves and should thus be more
reliable. It is based on the existence of a parallelism between the trend in the
rate of the unimolecular solvolyses of a series of substrates and the trend in the
stabilities (in the gas phase) of the corresponding carbonium ions which leads
to the conclusion that the intermediate is a carbonium ion. The example often
quoted is the rate sequence in the first-order'®> 22 formic acid solvolysis of
the ethyl, isopropyl, and #-butyl bromides which is said to parallel the gas
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phase stabilities of the corresponding carbonium ions. However, an examina-
tion of this argument from a quantitative standpoint is revealing.

This particular example is chosen for the application of the criterion
because a) it is widely quoted, b) data are available for the solvation energies
of the corresponding carbonium ions,?® ¢) the system is quite representative of
the usual systems on which the study of many reaction mechanisms has con-
centrated (secondary derivatives) and d) formic acid is the most limiting among
the usual solvolytic media and thus the most likely one for the formation of
carbonium ions if these are-formed at all as believed. :

. By applying equation (1)? to the relative solvolysis rates of primary, secon-

AF# — AFf{ = 2.303 RT log ky/k (1)
dary and tertlary halides, one can derive equatlon (2) in which the subscrlpts 1,
2, and 3 refer to tue above halide order respectively.

log k;/k, —log k,/k, = [(AF% — AF%) — (AF+ — AF%)] /2.303 RT = (2)
Equation (2) reduces to (3) if the concept of carbonium ion reactions is applied
and if it is assumed that the solvation energies and entropies of the ions change
by the same amount from ethyl to isopropyl and from isopropyl to #-butyl.*

log k,/k, — log k,/k, = (18-33) /2.303 RT 3)

The numbers in the parentheses are respectively the difference?®® in the
energy in the gas phase (in kcal/mole) between isopropyl and t-butyl and ethyl
and isopropyl carbonium ions. They are obtained as the difference between the-
gas phase heterolytic bond dissociation energies of a series of alkyl bromides.

The experimental data for the rate of formolysis of the three bromides at
100°%% give a value of 5.2 for the first half of equation (3). The second half is
calculated to be —8.8. Thus the discrepancy between the experimental valué for
the ratio k,/k,: k,/k, and the one calculated in terms of the concept of a car-
bonium ion reaction for the members of this series is actually enormous, a fac-
tor of 10, Steric acceleration to any important extent of the solvoly51s of the
tertiary halide can be ruled out.?*

With respect to the mechanism of these reactions, the above numbers
suggest that one or moré of the members of the series does not solvolyse in
formic acid by a carbonium ion mechanism. This may not be considered unex-
pected. However the formolysis of these halides has been characteristically dis-
cussed as a unimolecular!®»21;22 carbonium ion reaction and thus no more than
minor deviations from this ‘picture could be allowed. In contrast, the data

* This is justified in terms of the data given by Franklin® in water, methanol, and 80% a-
queous methanol. In fact some slight discrepancies are in a direction which would help the pre-
sent argument. Also, since differences are employed, one can safely neglect some other quantities
such as solvation of the initial state, possible differences in the energy of solvation of the same
leaving group due to the blocking effect of the organic residue, and use of energy data for the in-
termediate rather than for the transition state.
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suggest an enormous deviation from the formation of a carbonium ion inter-
mediate at least for one member of the series.

The value of the difference log k;/k, — 10g k,/k; for the solvolysis of the
same series of halides (ethyl, isopropyl, t-butyl bromide) in the solvents
ethanol, 80% ethanol, 50% ethanol, water, formic acid varies in the sequence
3.18, 3.47, 3.77, 3.95, '5.16 respectively.* This trend indicates that in going
from ethanol to a more ionizing solvent the change affects the rate of
solvolysis of the tertiary system over that of the secondary more than it affects
that of the secondary over the primary one by a factor which reaches a value
of 100 for formic acid vs ethanol (10>'%/10*'®). This can also be put in other
terms. Whereas the rate of solvolysis of isopropyl bromide over that of ethyl
bromide changes from 0.725 in ethanol to 26.1 in formic acid, i.e. by a factor
of 36 only, the -corresponding change for t-butyl bromide over isopropyl
bromide is a factor of 35x10? (1.1x10° to 3.8x10%). These data suggest -that
the isopropyl derivative behaves very much more like the ethyl derivative than
the t-butyl one. Since the formic acid solvolysis of at least one of these
derivatives (the ethyl bromide, obviously) was argued above to deviate greatly
from being a carbonium ion reaction, it follows that the solvolysis of the
isopropyl compound must also deviate from being a carbonium ion reaction.
Thus, at least two of the compounds, namely the primary and the secondary
derivative, solvolyse in formic acid by way of a mechanism greatly different
from involving a carbonium ion.

Similarly, the relative rates of solvolysis®® of methyl, ethyl, and isopropyl
bromides show only small variation** as the solvent is changed from ethanol to
formic acid, suggesting that the change to the more ionizing among the .usual
solvolytic media does not really change the mechanistic features of the reac-
tion.

The above analysis*** of long available data suggests that energetics not only

* Calculated from data given in ref. 23.

** The fact that the variation is small is in agreethent with the principle of this approach that the
empty p-orbital character of a carbon atom is not a very flexible feature and that it can only
reach a small value.?”® It is also in agréement with the concept of the gradient and its strong
dependence on the nucleophilic residue of the medium (actually on the nucleophilic potential of
this residue). The residue in these media is the same, namely an oxygen atom, and although its
nucleophilic potential is expected to vary, due e.g. to variation in- the hydrogen bonding ability of
the medium, the resistance to the formatien of a carbonium ion carbon atom is too large and
thus the development of charge on carbon cannot be greatly influenced by these trends. Similar
considerations apply to the effect of the increased electrophilic action of the medium on the leav-
ing group being too weak when compared to the resistance of carbon to the development of an
empty p-orbital. ’

*** NOTE added in this reprinting: It is apparent that the above predictions of the unified theory,
and the method used above in demonstrating, and estimating the magnitude of solvent assistance
(and this from already long available data) have since found later? their more recent verification
and analogous treatment for estimating this assistance.

a. P.v.R. Schleyer, J.L. Fry, LK.M. Lam, and C.J. Lancelot, J. Amer. Chem. Soc., 92, 2542
(1970).
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~ do not provide evidence for carbonium ion intermediates in the most widely
used systems of mechanistic interest (solvolysis of secondary derivatives) even
in formic acid medium but suggest instead ‘an intermediate with features sub-
stantially different from those of a carbonium ion. Still, even today the forma-
tion of a secondary (2-octyl) carbonium ion (solvated) even in aqueous dioxane
is apparentyl accepted as a possibility.!4s

3. Evidence from kinetic data

Kinetic criteria have provided some of the strongest arguments in favor of
carbonium ion intermediates. Among these criteria the farthest reaching one,
because of both its direct and indirect effects in developing the concept of car-
bonium ions, is whether the rate of-a solvolysis reaction is accelerated or not,
beyond that from a salt effect, by the lyate ion of the solvent or by a strong
nucleophile in general. Lack of acceleration has been used as.evidence for a
carbonium ion reaction.

This criterion and thus the arguments derived from it rest apparently on the
assumption that since lyate ions or strong nucleophiles in general behave as
much better nucleophiles than solvent molecules they must do so to a more or
less similar order of magnitude in the reaction under consideration as well.

Before discussing this criterion further a comment that must be made is
that even if attention is focused away from the nucleophilic contribution of an
incoming group, the criterion does not distinguish between a carbonium ion in-
termediate and an intermediate involving bonding to the leaving group, in-
cluding covalency, a state different from that of a carbonium ion and even
from an ion pair in some ways. What will be discussed below is that it does
not prove either that fractional nucleophilic displacement is absent in the first
step of the reaction, namely that the reaction does not proceed like a displace-
ment reaction (involving nucleophilic attack on the reaction center and on
hydrogen residues involved in a hyperconjugative sense) which somewhere
along the reaction coordinate forms an intermediate.* '

A postulate reached in terms of this approach is that the ratio of the dis-
placing ability of a lyate ion (involving direct bonding of the ion with the
residue considered, e.g. carbon or hydrogen) over that of its conjugate solvent
molecule should be a sensitive function of, among other factors, the extent of
bond formation in the transition state between the residue and the ion.

The extent of bond required for reaction with the lyate ion is of course dif-
ferent from that required for reaction with the solvent. However, the com-

* NOTE added in this reprinting: As seen in this (DEMO 2) and earlier papers (DEMO 1 and
ref. 1) the «unified mechanism» comprises as one of its very features also the recent views on
Sn2 (intermediate) or ion-sandwich mechanisms®® proposed fifteen years later.

a. T.W. Bentley and C.T. Bowen, J.C.S. Perkin II, 557 (1978).

b. T.W. Bentley and P.v.R. Schleyer, J. Amer. Chem. Soc., 98, 7658 (1976).

c. F.G. Bordwell, and T.G. Mecca J. Amer. Chem. Soc., 97, 123, 127, (1975); F.G. Bordwell,
P.F. Wiley, and T.G. Mecca ibid., 97, 132 (1975).
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parison is not between these two bonds, but with the corresponding bonds to
another substrate as the substrate is changed. The ratio kg/ksy, where k
denotes the rate constant of the reaction with lyate ion S and solvent SH
respectively, should decrease sharply as the required bond formation decreases.
In fact, beyond a certain point the solvent could possibly become a better
nucleophile than its lyaté ion.

Another argument for the above postulate* from the classical viewpoint
can be given in terms of solvation effects. In order for a lyate ion to form a
bond to a residue (whether to carbon or hydrogen) it has to become less
solvated. This loss is two-fold. One part is due to the blocking effect of the
organic substrate hindering solvation on one side of the ion. This is a steric ef-
fect. The other part is a loss associated with the bonding of the lyate ion to the
residue considered. This bonding results in a decrease in the nucleophilic poten-
tial (approximated by the charge) of the anion with a consequent decrease in
the solvation energy of the ion. The ratio of the change in solvation energy
over the percent of bond formation required to reach the transition state in
each case is expected to increase with a decrease in this percent. This conclu-
sion is based on the second power dependence of the solvation energy on the
charge of the ion.

In considering the ratio of the overall loss of solvation energy over the ex-
tent of bond formation, ratio should start from a large value and decrease
sharply as the extent of bond required increases. Even for very weak bond for-
mation there still is large loss due to steric hindrance to solvation. On the other
hand, if a solvent molecule is considered to function as a nucleophile, the trend
should be reversed, that is the ratio of the energy required because of the
charge developed on the solvent molecule and the hindrance to solvation over
the extent of bond formation should start from a low value (the solvent
solvates the polar bond of the substrate in the initial state any way) and should
increase sharply as the extent of the required bond increases. There is thus ex-
pected to be a region of extent of required bond formation where the solvent
could be preferred over the lyate ion. What was said about lyate ions should
apply to other ions as well but variations are expected** (because of solvation
differences and other factors).

* This postulate results from the application of the unified approach to the concept of nucleophi-
licity which has been discussed only briefly.? Since reactions are treated in this approach as mul-
ticyclic processes®»* a nucleophile cannot be assigned a fixed relative nucleophilicity because this
is expected to be a function of a number of variables (suggested by the unified model) which va-
ry greatly. One of these variables greatly affecting relative nucleophilicities is the extent of bond
formation between the nucleophile and various centers of the substrate as well as that of bond r-
upture between the nucleophile and the medium (extent of desolvation) required to reach the
transition state. Thus even reversals of relative nucleophilicities as well as of leaving group abili-
ties are expected with a variation of these and other factors.

** The effect must be more pronounced with lyate ions, as e.g. those of water of alcohols, since
these are expected to involve stronger partial bonds to the medium than many of the common n-
ucleophiles.
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1t is difficult to cite experimental evidence for the above postulate because
the reactions belonging to the region of the proposed reversal of relative
nucleophilic reactivities are reactions which are termed carbonium ion reac-
tions. However, some experimental support can be obtained by studying the
trend in the ration Kiyate ion/Ksoivent @s the extent of the required bond formation in the
transition state decreases and assuming that this could be extrapolated further to
the region of small extents of bonding to the nucleophile.

The kou—/ku,o rate ratio for the hydrolysis of some esters and acid halides
with hydroxide and water can serve for this purpose. These reactions have
been shown to be bimolecular.?® The ratio kou—/ku,0”* is equal to 1004, 1073,
1078, and 105 respectively for ethyl acetate, acetyl fluoride, benzoyl fluoride,
and benzoyl chloride respectively,?® but only 10*? and 10°-° for methyl
bromide and ethyl p-toluensulfonate. It is therefore obvious that the ratio can
vary enormously (a ten million fold change from 10'%4 to 10°). It is also ap-
parent that the ratio is much larger for acyl halides than for alkyl halides.

These data?” suggest** but cannot prove on their own that the major cause
for these large differences is the variation in the extent of the bond to the in-
coming nucleophile. Thé decrease of this ratio in the above sequence is what
one might expect for a decreasing extent of bonding to the nucleophile. Thus,
with respect to the leaving group, the.ethoxy group for example is more dif-
ficult to remove than chloride as is fluoride compared to chloride, so that the
extent of bond required to the incoming nucleophile should be larger in the for-
mer cases. The bond required is also expected to decrease in the order primary
>secondary> tertiary as far as substrate structure is concerned.

If the drop in the kow—/kuo ratio in going from RCOX to CH,X.
hydrolysis is attributed mainly to the difference in the extent of bond forma-
tion, the magnitude of this drop would make it reasonable to expect that
further reduction in the extent of the bond could result in a substantial still
further decrease of the ratio, even though the substrate may still require the
formation of bonds (partially covalent) to nucleophiles in order for the reaction
to take place. If furthermore the difference in the concentration of H,O vs OH "~
is also taken into account (study of the ration kou—/kw , kw = ka,o [H,0l) the
decrease in the observed effect may be even more pronounced. Thus, the value
of the ratio kou—/kw for the hydrolysis of ethyl benzenesulfonate?*? is only 11.

* Where ky o = kw/[H,Ol, ky being the observed rate with water as solvent.

** It should be noted that under the prism of the unified theory,?” the hydrolysis of esters or
acid halides does not differ mechanistically in any qualitative way (it differs only quantitatively)
from displacement reactions on saturated carbon. This allows the comparison of data between
the reactions of the two types of substrates.

The large decrease in the ratio from the RCOX compounds to the RX ones cannot be inter-
preted in terms of a decreased selectivity of the substrate associated with a decrease in activation
energy (although this factor plays its role also). Thus, e.g., the activation energy for the solvoly-
sis of methyl bromide is not smaller but much larger than that for the solvolysis of benzoyl chlo-
ride.26 :
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The use of isopropyl benzenesulfonate should result in a decrease of this value
on the basis of the postulate. Hydrolysis of this substrate (in 36.5% agq.
acetone) is actually unaffected by the addition of hydroxide?® and has been
concluded?® to be a unimolecular reaction on the basis of this criterion. This
constitutes an illustration of the effect this criterion has had on the thinking in
reaction mechanisms. However, on thé basis of the previous considerations this
reaction does not have to be unimolecular in spite of these observations. In
fact, according to the theory, the reaction center in the intermediate formed in
this reaction (specifically the first formed intermediate) is expected to be in-
volved in extensive total bonding (including covalency) to its environment as
well as in intramolecular bonds. The intermediate is expected to bear resem-
plance to what is called an Sy2 transition state.

Emphasis has been placed above on the criterion of the effect of added
nucleophiles on the rate of a solvolysis because other kihétic; criteria supporting
the concept of carbonium ions are also baséd on this one’ This was also done
in order to suggest that in nucleophilic dlsplacements lyate ions are not
necessarily better nucleophiles than solvent molecules, and that’ there may also
be other cases in which this may be so, as dlscussed eg in the solvoly51s of
bridgehead halides.?

The mass-law effect and the more general observation of the trappmg of
carbonium ions by strong nucleophiles constitutes another general kinetic
criterion. This criterion is based on the appearance of added strong
nucleophiles in the product of a reaction and in their simultaneous lack of ap-
pearance in the rate expression (other than as a salt effect) for the reaction.
This is taken to suggest that a rate determining step preceeds the attack by the
added nucleophile and it is understood that this step is an ionization step dif-
Jferentiated from the displacement one (the second step) because if nucleophilic
attack were involved in this step the added nucleophile by being a much better
one would appear in the rate expression. Thus, this criterion depends indirectly
on the first kinetic criterion discussed above, and specifically on the belief that
if nucleophilic attack is involved the added anionic nucleophile has to be a bet-
ter nucleophile than the solvent, which however was argued not to be valid.
Thus, this second criterion as well does not necessarily prove that the first step,
in all the cases in which the criterion applies, does not involve displacement
proceeding to a limited extent and that it differs mechanistically from the se-
cond one, namely that the first step is an ionization whereas the second one is
a displacement one. The fact that the strong nucleophile is in some cases
preferred over the solvent in the second step but not in the first one can be un-
derstood without the use of a carbonium ion mechanism if it is realized that
the transition state leading to the product by being further along the reaction
coordinate than that leading to the intermediate should involve more extensive
bonding to the incoming nucleophile. An enchanced difference in the reactivity
between strong nucleophiles and solvent molecules in the second step over that
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in the first step is thus expected on the basis of the postulate discussed above.
Below a certain extent of bond required in the first step the solvent may
behave as a better nucleophile than the strong nucleophile. This, extent,
however, may be considerable and need not be a mere solvation effect (it is
suggested that the added nucleophile can displace the incoming solvent from
the intermediate as has been suggested earlier?).

That this criterion provides evidence for the formation of some 1ntermed1ate
but not necessarily of a carbonium ion is substantiated by the fact that the
criterion is positive when applied to the solvolysis of substituted benzyl tos-
ylates,*** for which available evidence shows that it cannot proceed by a un-
“imolecular or carbonium ion reaction,*!»3 a conclusion in agreement with the
unified mechanism.

4. Evidence from product composition.

Several criteria for carbonium ion intermediates, both kinetic and
stereochemical, are based on the expected geometry of a carbonium ion center,
namely a planar one because of sp*hybridization due to a vacant or more or
less so p-orbital. Experimental evidence for the planarity of such intermediates
has thus provided support, by a reversal of the above reasoning, to the
possibility of formation of intermediates having a carbon center with the above
features. Evaluation of whether this evidence does support a carbonium ion in-
termediate in the cases in which the criterion has been used is not possible by
means of a general discussion as the present one. However a general comment
cani be made. It results from the fact that the geometry at both an olefinic car-
bon atom and at a carbon atom in the transition state of an Sy2 displacement
reaction is expected to be planar or nearly so. Thus even if the carbon center
of an intermediate bears very little resemblance to a carbonium ion, namely
even if it involves extensive bonding to leaving and incoming groups and/or to
the rest of the molecule (e.g., partial double bonds to adjacent carbon atoms),
planarity or near planarity would still be the preferred geometry by the inter-
mediate.

Some of the most direct evidence for the planarity of carbonium ions has
come from kinetic data which have shown that carbonium ion reactions are
greatly retarded if the reaction center is prevented from reaching planarity.’>!°
Thus bridgehead derivatives have been found to be very uncreactive to
solvolysis reactions and this unreactivity has been attributed®!° to the fact that
a carbon atom having six bonding electrons is more stable in a planar form
(sp? than in a non planar one, the difference in energy between the former and
a tetrahedral carbonium ion (sp°’) being estimated theoretically to be of the or-

* The reactions of benzyl derivatives have been a subject of several questions as. to their mecha-
nistic interpretation and their correlation with the Hammett equation.’®*? This system and its
reactions is an example illustrating the creation of unnecessary problems by the concept of car-
bonium ions and the classical mechanisms.



244 G. A. GREGORIOU

der of 24 kcal. This interpretation is based on the picture of a bridgehead car-
bon atom bearing a unit or very large charge.

The interpretation offered by the present theory and discussed elsewhere?
is that the observed uncreactivity and trends in these derivatives are to be in-
terpreted instead as being due chiefly to an increase in the charge forced to
develop on the bridgeheéad carbon because of unavailability of rearside bonding
to the medium (even a small increase in charge is argued to be greatly resisted)
and to the strain associated with the requirement for planarity, this planarity
however being required to some extent in -order to help intramolecular
nucleophilic contribution to the bridgehead carbon rather than simply because
of an electron deficient carbon atom. In short the classical approach assigns a
large charge on the bridgehead carbon proper whereas the unified one assigns
a small fraction of unit charge to that carbon.?

With respect to the evidence derived from the stereochemical outcome of
reactions, little can be discussed in general terms except for the comment that
many of the usual systems which have been used for mechanistic studies on
carbonium ions such as saturated secondary systems or benzylic systems give
on solvolysis mostly or essentially inversion of configuration a fact which
speaks for itself against the concept of a carbonium ion intermediate. In
general, stereochemical data do not support the concept of carbonium ions.
Another general comment is that a number of reactions involving partial
racemization may behave so by way of the formation of more than one inter-
mediate differing substantially from a carbonium ion, as could be for example
the case of some solvolyses in mixed solvents. Similar stereochemical results
may be understood in some cases as a delicate balance between backside vs.
front-side substitution again from an intermediate substantially different from a
carbonium ion. This may be the case with, e.g., deamination reactions as dis-
cussed at the end of this paper. The stereochemical outcome does not have to
be necessarily associated with any one type of mechanism.

Rearrangements make up a group of reactions on the basis of which the
concept of carbonium ions was put on a firm foundation originally*. However,
as has been pointed out before!”® a rearrangement (on carbon), just as many
other observations interpreted in terms of carbonium ions, can be interpreted
as a step involving displacement on carbon thus breaking various partial bonds
(that to an incoming group or outgoing group, or to the rest of the molecule) in
which this carbon atom is involved, thus not requiring the concept of a car-
bonium ion for their interpretation. In general, a rearrangement, just as any
other reaction process, is treated by the present approach as being the result of
the operation of paths. In focusing attention to the section of the path contain-
ing the residue (generally carbon) bearing originally the migrating group, this
residue has to be supplied with extensive total bonding from intra and inter-
molecular sources in order for migration to take place. The smaller the possiple
intramolecular contribution the larger is expected to be the required inter-
molecular one. This offers also an interpretation of the ability of 1,3-
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interactions (hydride shifts and cyclopropane formation) to compete with the
more exothermic 1,2 rearrangements and proton eliminations in deoxidations
and nitrous acid deaminations as compared to the lack of their occurrence in
solvolyses.® Thus e.g. in addition to a possible effect of the energetics of these
reactions and of the nature of their intermediate, the 1,2 rearrangement could
be more difficult in deaminations as compared to" solvolyses thus giving a
chance to 1,3-rearrangements to take place. This happens because of the poor
ability of the leaving group to contribute nucleophilically to the f-carbon atom
in the case of deaminations, and also tc the deleterious effect to such contribu-
tion by neighboring solvent molecules resulting from the positive charge on
nitrogen. The difference of the effect of the leaving group in contribution (e.g.
by the medium) to the y-carbon atom could be much smaller and so should be
its effect on 1,3 rearrangements.

These displacement - rearrangements are visualized as occuring in the un-
ified intermediate complex and their rate may vary between extremes. The rate
can be extremely large as concluded by the application of the mechanism to
certain reactions such as those usually represented as proceeding by way of
symmetrical non-classical intermediates.® Similarly, intermolecular displace--
ments of these partially bonded groups are also normal reactions of the inter-..
mediate complex,’»’ their rates varying between extremes. '

B. The question of formation of intermediates.

The comments made above on the classical criteria for the formation of
carbonium ion intermediates, several of which may be obvious or not new, lead
to the conclusion that the evidence for the formation of carbonium ion inter-
mediates constitutes actually evidence only for the formation of some inter-
mediate at the most but does not require that this intermediate be a carbonium
ion. However, according to the unified mechanism, all usual solvolysis reac-
tions proceed as a rule by way of an intermediate any way and if this is
correct, then the above criteria do not even offer any mechanistic information
other than simply information on e.g.whether the intermediate can be trapped
with the particular nucleophile in the particular solvolytic system employed. A
spectrum of possible experimental observations is possible depending on the
system and nucleophile used, but this does not have to be interpreted in terms
of different mechanisms. Thus, several cases can be distinguished: a) The
nucleophile may not appear at all in the product. This means that compared
with the added nucleophile, the solvent is a powerful enough nucleophile to
provide the nucleophilic contribution required by the particular substrate to
reach the first and second, and more demanding, transition states which lead to
the intermediate and the product respectively. This nucleophilic contribution
will be to the most demanding of the many points of attack on the substrate.’
b) The nucleophile may appear in the product but not directly in the rate ex-
pression other than as a so-called salt effect. This means that compared to the
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added nucleophile the solvent is powerful enough for the nucleophilic require-
ments of the first transition state but not so for those of the second one ¢) The
nucleophile may appear in both the product and directly in the rate expression.
This means that the solvent is not powerful enough as compared to the added
nucleophile to provide even the nucleophilic contribution required to reach the
first transition state of the solvolysis reaction. In employing more and more
demanding substrates ‘(in a nucleophilic sense) in a solvolysis reaction, the dif-
ference between the nucleophilic requirements of the first and the second transi-
tion states is expected to become smaller and for this and other reasons (e.g.,
extent of the bond to the incoming solvent in the intermediate) the intermediate
in the cases discussed above is expected to become progressively more difficult
to be trapped until it may conceivably not be capable of being recognized ex-
perimentally.

In all the above cases, the mechanistic model has remained the same, the
only thing that has changed are the species involved in the attacks and the
relative contributions through the various paths.

That an intermediate is expected to form in the usual solvolysis reactions??
follows from the principles of this approach and will be discussed in detail
elsewhere34 as the postulate of the «etiology for the formation of intermediates».
The formation of an intermediate is considered to be a consequence of two fac-
tors, the one of interest in this discussion being that most chemical reactions
are considered by this approach to proceed by the simultaneous operation of a
multitude of paths of transmission of nucleophilic forces. Thus in solvolyses,
«indirect paths» (and «side paths»?*»* in certain substrates) are said to operate in
addition to the «direct path» (displacement type) in -order to decrease the
energetics of the direct one.  They are expected to reach their maximum con-
tribution roughly around the point of the reaction coordinate of maximum
energy requirement of the direct path (the transition state if the process were a
pure Sn2 process). The superposition of the curve representing the decrease in
the energy of the system due to the contribution of the indirect paths on that
of the energetics of the direct displacement reaction could be anticipated to
result in an energy minimum. It is understood of course that the larger the
number of the indirect paths and the easier their energetics as compared to
those of the direct path the larger the energy dip. Thus the formation of an in-
termediate in the usual solvolysis reactions is expected to be the rule whether it
is detectable or not.

C. The Unified Mechanism for Cases for which the Carbonium Ion Concept is
Applied.

Extensive evidence for carbonium ion intermediates seems to be deduced in
the chemical literature by the successful, as is believed, application of the car-
bonium ion concept to a large number of problems of limited or general nature.
These cases will be brought up individually in applying the unified mechanism
to ‘chemical data. This will allow for an evaluation of whether the concept of
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carbonium ions and the classical mechanisms represent a useful approach to
the study of chemical reactions. A large number of extensive discussions wi]l
be required for this purpose and thus what is dealt with in the rest of this
paper represents an extremely limited application to experimental data.

There is an ever increasing realization that various reactions assumed?* to
be carbonium-ion reactions are actually ion-pair reactions.?* A recent example
is the solvolysis in acetic acid of a secondary sulfonate (2-octyl tosylate) which
was assumed to be a carbonium ion reaction in terms of the usual criteria but
was shown recently to proceed by way of an ion-pair mechanism.

Such trends, apparent throughout the recent chemical literature, amount es-
sentially to a correction of the earlier conclusions reached in terms of the car-
bonium ion approach. Furthermore, these corrections represent a large volume
of work since they deal with each chemical system individually. The problem,
however, lies at the root, namely in the approach to solution chemistry- in
terms of the concept of carbonium ions and carbanions, and any ions for that
matter. The above trends constitute also one step toward verification of the
predictions of the unified theory which discards the use of the concept of fons
in studying reaction mechanisms in solution and according to which even:
deamination reactions - some of the most notoriously carbonium ion
reactions®® - had been argued as early as 1958! not to .proceed by way of a
carbonium ion intermediate but by way of the unified intermediate complex.* It
has always been inconceivable, as far as this approach is concerned, that a
secondary carbonium ion can be formed in acetic acid and that the first for-
med intermediate in acetic acid can have the tosylate group. removed.

There has appeared recently a sudden precipitation of papers in which it is
concluded that the chemical behavior of a carbonium ion may depend more
than generally expected on the mode of its generation and the leaving group
employed.?’s* Such conclusions, however, are essential features of the unified
approach,’® and constitute one of the reasons for having argued strongly for
the substitution of the carbonium ion concept by that of the intermediate com-
plex. PR

The recent realization that the leaving group and the solvent can affect, in
the so called carbonium ion reactions, the extent of elimination as compared:to
substitution,® as well as the type of olefin formed,3® and that the leaving group
can compete with the medium for the abstraction of a ‘proton from the inter-
mediate,’® as well as the discussion of the factors affecting this behavior,8:%
are also inherent in.the. unified mechanism and had been discussed in the

* With respect to the function of the leaving group, the dntermediate complex»>* resembles to
some extent but only to some extent an ion pair. There are also objections to the term ion-pair.
The term was introduced in the carbonium ion field to describe what it actually means, namely a

* pair of ions* not involving covalency and it is its use which has changed its meaning to cover
such intermediates’ whether they involve or not some covalency. Thus the term helps emphasize
further the carbanium ion image which has strongly influenced the thinking in reaction mechani-
sms.
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original publication! and recently??* and will appear in detail elsewhere. The re-
cent conclusion® that elimination may be another general reaction which may
proceed by way of undissociated ion-pairs has long ago been predicted! and
has been inherent in the unified mechanism according to which the inter-
mediate complex has been suggested to be capable of giving directly elimina-
tion products.!® The factors controlling cis and ¢rans elimination from the in-
termediate complex have also been discussed!™ in part and will appear in detail
elswhere. .

Some recent work!* has led to the suggestion that some solvents such as
dioxane and acetone called «inert», because they have been believed not to par-
ticipate as reagents in solvolyses, may actually be functioning as nucleophiles.
These conclusions, however, are inherent predictions of the present theory and
have often been pointed out in various ways.!> They follow from the «non-
ionic» concept introduced by the theory. Chemical systems in solution are said
to use all possible means in order not to form a carbonium ion-like carbon
residue. To prevent this formation, covalent nucleophilic contribution to the
carbon center from both intramolecular and intermolecular sources is an-
ticipated to a relative degree guverned by their energetics. On this basis even
saturated hydrocarbons would be expected to function as nucleophiles if
necessary (lack of other nucleophiles, forced formation of a species that could
otherwise have a carbonium ion-like carbon atom etc). It is consequently in-
coceivable, as far as this approach is concerned, that an oxygen containing sol-
vent could allow the formation of such a carbon center without functioning as
a nucleophile (acetone and dioxane could not possibly be inert). If this were the
case it would amount to a violation of the concept of the «gradient»?* because
it would allow the development of substantial charge (actually of electrophilic
potential) on a carbon atom without the development of the proper charge
(controlled by the gradient in this system and by other factors) on the oxygen
residue in contact with it, by way of covalency between the carbon and the ox-
ygen atom. This would amount to a large and abrupt decrease in the charge in
going from the carbon atom toward the medium.

As was mentioned earlier in this paper the carbon center (and other
residues of the reacting substrate such as hydrogen  atoms) «sees» primarily, ac-
cording to this theory, atomic residues of molecules of the medium, e.g. an ox-
ygen atom of a solvent molecule, secondly the molecules to which they belong,
and only thirdly the solvent as a whole namely as a medium having a dielectric
constant. This picture is the reverse of that of an ionization process (formation
of ions in a dielectric medium or of ions stabilized by dipoles).

In general, the boom in the realization in the last few years of the impor-
tance of the solvent in: chemical reactions has been anticipated'-* in terms of
the present theory. The importance of the solvent and its specific effects con-
stitute a direct consequence of the non-ionic concept and of the basic principles
of the theory as will be illustrated in detail elsewhere. The lack of their earlier
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realization is again claimed to have been the result of the classical approach it-
self. ‘

--Some recent data of the solvolysis of 2-octyl brosylate in aqueous dioxane
and in methanolic acetone'* are in agreement with the unified mechanism but
there is basic disagreement between the interpretation offered by the above
mechanism and the one advanced by the authors.!* It was found that whereas
the solvolysis of optically active brosylate in 75% aqueous dioxane gave the in-
verted alcohol of only 77% optical purity, the same solvolysis conducted in the
presence of a proper concentration of sodium azide gave the inverted alcohol
(formed now in competition with the azide) in 100% optical purity. These
results were interpreted as suggesting that the solvolysis reaction follows two
distinct mechanisms in the Syl - Sn2 sense. One of them was said to be a
one-step Sy2 displacement by water giving the inverted alcohol and the other
was assumed to involve the formation of an intermediate, believed to be either
a solvated carbonium ion or an oxonium ion trapped when azide was added
giving either racemic or inverted alcohol respectively.

As mentioned more than once, according to the unified approach, although
various reactants may be involved the solvolysis is expected to proceed by way
of one mechanism giving rise to an intermediate complex which reacts further.
‘In examining the possibility of an Sy2 displacement by the medium, this ap-
proach suggests that, because of the tendency of the system to follow a course
with an energy minimum and because of the energetics of the direct path which
are influenced by both steric effects and the fact that charge'is developed on
the incoming group, the reaction is expected to derive assistance from the
operation of indirect paths. This assistance is further facilitated by the
nucleophilic action of the leaving group on the rest of the molecule. The fact
that these paths do operate is supported by the observation of a secondary (-
isotope effect in the hydrolysis of f-deuterated isopropyl tosylate (AAF* = 44
cal/mole)*'* Because of the operation of indirect paths the formation of an in-
termediate (the intermediate complex) becomes a reasonable expectation with
the ease of its trapping expected . to increase from ethyl to z-butyl if the series
n-propyl, isopropyl, and t-butyl derivatives were under study. Thus, although
attack by the medium is expected in the solvolysis the process cannot be a
direct one but has to go through an intermediate.

In examining the second mechanism suggested by the authors, i.e. the
possibility of formation of a solvated carbonium ion, the unified theory
suggests that the large resistance to the emptying of a p-orbital on carbon,
combined with the limited capacity for covalent nucleophilic contribution
through the indirect paths (only two methyl groups are involved) renders
necessary the supply of substantial total nucleophilic contribution (involving ex-

* B-Hydrogen isotope effects have been interpreted'»»*° by this approach as being the result of
the operation of indirect paths which is in fair agreement with the hyperconjugation picture as
the cause of secondary B-isotope effects.*!
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tensive :covalency) to the carbon' atom from the leaving group-and in¢oming
solvent group. In short, the system does not have a choice to form or not a
carbonium ion. This is so because of the requlrement for extenswe ﬁlhng of the
carbon p-orbital. ‘Thus, if one wanted to: imagine ‘that the leaving ‘group were
completely broken’ off in the intermediate, the «non-carbonium ion-concept»
‘would require very extensive covalent bonding between ithe carbon atom “and
the solvent (since the supply by the two methyl groups-can be only 11m1ted) a
situation which would automatically have brought the system far along the for-
mation of the product and the reaction could not stop there to render it an in- """
termediate. There is another way of putting this argument: A reaction inter-
mediate, according to this theory, and more specifically according to the
resulting «postulate of the etiology of the formation of intermediates», has in
principle nothing in common with an ion and vice versa an ion has nothing in
common with a reaction intermediate. The actual intermediate is the species
corresponding to the energy minimum along the reaction coordinate and this
minimum is, according to the postulate, formed by the superposition of curves
which are in principle such that the nature of the corresponding complex has
to be different from that of an ion.

Thus, one mechanistic model, the unified one, has to be applied. This can-
not be forced, as done by the classical approach, to be either a carbonium ion
reaction or a direct Sy2 one for either the total or a fraction of the reaction.

On the basis of this theory, the simultaneous operation of an Sy2 and of a
carbonium ion mechanism in borderline solvolyses is not a reasonable possibili-
ty, a suggestion which is in agreement with some views on the subject!® and in
disagreement with others.!* Room for something resembling duality would exist
not in’ the borderline but in the extreme region in which the intermediate com-
plex formed, by having a very small energy dip, would resemble a transition
state so much that some molecules could possess enough energy to give the
product directly. But such statistical deviations cannot be referred to as a se-
cond mechanism. Besides, these would be systems for which the detection of
the intermediate would not be easy anyway.

The above dicussion is also repeating the suggestion made by this approach
concerning the usual solvolysis reactions according to which they all give an
intermediate complex capable in principle of a number of further transforma-
tions to other intermediates or products.

In the solvolysis of the above brosylate in aqueous dioxane, the inter-
mediate complex whether formed with water or dioxane functioning as the in-
coming nucleophile and acting on the carbon (or, one fraction with water and
the other with dioxane), is expected when reacting further (either as such or by
exchanging the incoming solvent molecule with another, water or dioxane, or
by reacting with them directly) to give rise to the alcohol, possibly protonated,

" from its reaction with water or to an oxonium intermediate from its reaction
with dioxane. And whereas the former is the product (or could readily give it
by loss of a proton), the latter requires further reaction with a nucleophile (e.g.
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solvent or the added azide ion ) at the seat of the original reaction before giving
a stable: product. Furthermore, the azide could possibly intervene in the inter-
mediate complex state in addition to reacting directly with the brosylate.

The more extensive the total bonding of the reaction center to its environ-
ment in the intermediate complex of a solvolysis (incoming and outgoing
groups combined) the larger can be the expected stereospecificity of the reac-
tion. The large specificity observed in the part of the reaction proceeding by
reaction with water supports the existence of extensive bonding to the environ-
ment and thus supports the arguments against the development of a substantial
charge on carbon, and the formation of a carbonium ion intermediate.

On the basis of the present considerations it is seen that the data do not
necessarily support a dual mechanism* and that according to this interpreta-
tion the difference is not one of mechanism but of reactants (water vs dioxane).
Analogous considerations are expected to apply in the case of the solvolysis in
ethanolic acetone although here the difference in the behavior of the two
nucleophiles (alcohol and acetone) may be more pronounced than in the water-
dioxane medium since the nucleophilic end of acetone is a ketonic one.
However, the reaction with acetone is not necessarily a direct displacement as
suggested'*® and the formation of an intermediate complex is considered to be
a reasonable expectation as the first step of the reaction.

A class of reactions in which the concept of carbonium ions is manifested
in its fullest extent are deamination reactions. Thus even «free»® (unsolvated)
and «hot»® (non-resonating) primary, and essentially methyl® carbonium ions
are postulated as reaction intermediates.’® Therefore the interpretation of
deamination reactions should be a subject of large difference between the two
approaches which should be most pronounced as the structure of the substrate
is varied toward that suggested to form primary and methyl type carbomum
ions in deaminations.

The present approach suggests for deaminations the same mechanistic prin-
ciples proposed for all reactions in general. And, although certain reaction
courses can be rendered very unlikely there are uncertainties as to the exact
course of the reaction. These uncertainties arise mainly from the possible in-
volvement of two reactants acting on the substrate (the diazomium inter-
mediate RN,X), namely the molecules of the medium and the anionic leaving
group, X. Some difficulty is also introduced by the presence of two leaving
groups, the X and the N,. At first the possible courses of the reaction will be

* While this paper was being completed, another publication by the some authors appeared“2 in
which some of the discussion presented in one of their earlier papers'*® has been modified in the
direction of what is proposed in this-paper but not enough as to modify the mechanistic princi-
ples suggested previously." Thus the SN2 reaction has not been excluded and the suggestion of
a dual mechanism apparently still remains in effect although it is not used in the discussion of
their new data «for reasons of simplicity and symmetry». Furthermore a difference is obvnously
implied between the formation of the intermediate referred to as an ion-pair and the process i- -
nvolving nucleophilic attadk on the starting material.
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examined* when solvent and not the group X functions as a reactant.

The reaction course that has been argued against! on the basis of the un-
ified mechanism is that involving the formation of an intermediate having a
carbonium-like carbon atom («hot» and unsolvated or carrying a unit positive
charge or anything approaching that kind of magnitude). This constitutes the
main objective of the discussion on deaminations which follows. The suggestion
of a possible definite course for the reaction is a means to this end.

it follows directly from the principles of this approach that such inter-
mediates can not to be formed.*

Instead, the final intermediate responsible for the formation of products by
the C-N bond rupture, is suggested to be, for the usual substrate structures, a
species involving only partial C-N bond rupture (referring to the intermediate
complex suggested! to accompany the C-N bond rupture reaction). This will be
briefly discuss=d further. Attention is focussed on the course of the reaction in-
volving rupture of the C-N bond. The part involving rupture of the N-X bond
and whether this is partial or complete is not the focal point of this discussion
on carbonium ions.

This subject has been discussed in 1958' and it was suggested that the
reaction could be expected to proceed by way of an intermediate complex in
which the carbon-nitrogen bond is only partially ruptured.* The rupture of the
carbon-nitrogen bond is expected to be accompanied by nucleophilic contribu-
tion to the carbon atom by way of the direct and indirect paths.*

This operation of a multitude of indirect paths is reasonably expected to
result in the formation of some intermediate complex on the basis of the
‘postulate of the «etiology for the formation of intermediates»,*** and the
postulate of the gradient which stands behind it.

* The present discussion on deaminations refers to those which proceed as non-radical reactions.
Although most deamination reactions are considered to be of this type*? further study is needed
especially since there are systems such as deaminations in peatane*, where the data are not tho-
se expected by the application of the unified mechanism to a non-radical process.

* One reason for this is that a gradient in the nucleophilic or electrophilic potential which incl-
udes charge is said to be established as a rule in all directions. Thus, the occurence of a chemical
phenomenon with such a large deviation from the optimum gradient for the particular medium
and structure of the substrate employed, as would be the case if these «hot» and unsolvated car-
bonium ion intermediates were formed, is not an acceptable possibility, at least in principle.

* If this proves to be the case it will add further arguments against the thinking behind the con-
cept of ion-pairs (see p. 26); it will also add support to the postulate of the etiology of interme-
diates’ according to which an intermediate is not to be associated with the concept of ions or
with that of preconceived fixed types of structures as done by the classical approach.

* If this were not so, the postulate of the gradient (occurence of the reaction so that the gradient
in the nucleophilic or electrophilic potential along the paths, intra- and intermolecular, be as clo-
se as possible to the optimum for the particular system) would be violated.

* This postulate provides information on the probable structure of the intermediate and its posi-
tion along the overall reaction coordinate as well as on which one of the two steps (the one to
the intermediate or that to the product) is the probable rate determining one. Similar conclusions
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Therefore, these postulates suggest that this intermediate complex is, not a
carbonium ion and that in certain aspects (for example in the C-N bond
elongation or in the ratio of the total intramolecular bonding of carbon, in ex-
cess of three, over its total bonding to its environment, outgoing and incoming
group included, the suggested intermediate complex in deaminations may
deviate from being or behaving as a carbonium ion more so than the inter-
mediate from the corresponding solvolyses (of, e.g., the tosylate). This possibili-
ty follows from the nature and partial positive charge of the leaving group and
its effect as suggested by the postulate of the gradient. The above possibility
would render deaminations more concerted (in some respects) and less car-
bonium ion reactions than the corresponding solvolyses, which turns out to be
the reverse of what is believed.’?’

In the case in which the anionic X group may function as a reactant (while
still associated with or partially broken off from the substrate) it could do so at
the above discussed intermediate complex stage or at the diazonium inter-
mediate stage (prior to the severance of the C-N bond). The former case is
covered by the previous discussion (the same intermediate is formed). The lat-
ter possibility will not be detailed here, specifically whether the formation of an
intermediate is expected or not. It will be discussed elsewhere in applying the
unified mechanism to the reactions referred to as Syi. In either case, however,
the intermediate is not allowed to be a carbonium ion.

Another possible special feature of deamination reactions to consider is that
the nature and charge of -the leaving group may render frontside nucleophilic
contribution (by the leaving anion X acting directly or through solvent
molecules) competitive with backside contribution. This possibility is suggested
by the cyclic nature of reactions suggested by the unified mechanism.%* On
this basis, any lack of stereospecificity in the reaction could not necessarily
mean, and be used as evidence for, the formation of a carbonium ion inter-
mediate. In fact, a delicate balance between frontside and backside bond for-
mation with a noncarbonium ion intermediate can explain* such results.

An evaluation of the predictions of the non-carbonium ion concept vs those
of the carbonium ion concept with respect to deaminations can be obtained by
an examination of available experimental data.

The stereochemistry of substitution in deaminations is said to support the
carbonium ion mechanism for these reactions.** The stereochemical results
however can also be understood in other ways, one of which is the delicate

are arrived at by the application of the postulate of the gradient. These postulates suggest also
that the greater the resemblance of the structure of R to that of a primary-system the greater the
deviation of the intermediate in these deaminations from that of a carbonium ion structure and
the greater its similarity to the transition state leading to it. Thus the intermediate might even be-
come of no practical significance in extreme cases and the system may behave as undergoing a
direct displacement reaction.

* The leaving group X and the solvent, in addition to the structure of the substrate, should play
an important role with respect to this «delicate balance».
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balance between frontside and backside bond formation mentioned above. In
fact an examination of the stereochemistry of the substitution product in the
alicyclic series reveals a high degree of stereospecificity. Thus, in the cyclopen-
tane series the results obtained vary from extensive inversion to predominant
retention.** In the steroid series the reaction proceds with 100% retention of
configuration (in 50% “aqueous acetic acid) from either equatorial or. axial
amines.*® In the decalin series the reaction proceeds with 100% retention from
the equatorial epimer and with about 90% inversion from the axial epimer.*’
The above data are understandable in terms of a non-carbonium ion inter-
mediate.* The change in the stereochemical outcome of the reaction with the
system studied without. loss of stereospecificity supports the view of the possi-
ble existence of a delicate balance and thus of this being the possible cause of
the apparent racemizations in some systems in the acyclic series rather than
the formation of a carbonium ion intermediate.

The formation of elimination product in deaminations has been assigned a
carbonium ion mechanism and ground-state control from this ion is said to
provide an adequate interpretation of the data.** However, the data in the rigid
cyclohexane series (in the decalin and the steroid series) do not support this in-
terpretation. Thus equatorial amines yield no elimination product whereas axial
ones give a large amount of olefins (50% to 100%)**’ Here, as contrasted to
the acyclic series, ground-state control from a carbonium ion could not explain
the difference in the behavior of the two epimers since there is no question of
rotation. The carbonium ion from either epimer would be expected to yield the
same amount of olefin (assuming of course the formation of a planar car-
bonium ion). The above difference in behavior is however, anticipated! by the
non-carbonium ion interpretation. The intermediate from the axial amine, due
to the larger proximity to coplanarity** (smaller dihedral angle) between the

* Whether the data are understood better in terms of the intermediate complex having a partially
ruptured C-N bond or the diazonium intermediate itself will not be argued in this paper. T'
main interest here is the comparison with the carbonium ion intermediate.

“** Elimination reactions have been arguedl‘3 in terms of the unified mechanism to depend mainly
on two factors. The first and very important one is the complanarity between the carbon-leaving
group bond and that of the B-carbon-hydrogen Hond in the intermediate complex or the unified
model?? in general, and not necessarily-on a trans arrangement of these groups. This importance
and its extent has recently been shown for bimolecular eliminations*® (a measure of coplanarity
is the dihedral angle between the two bonds, being larger the smaller the deviation of this angle
from 0° or 180°). The second factor has been said to be the extent of interaction and affinity of
the leaving or incoming groups with the corresponding B-hydrogen atoms-in the intermediate
complex.! This second factor could also be expected, as discussed earlier,! to work against eli-
mination from the equatorial amine due to the N, leaving group which is a very poor base (can-
not interact with the axial B-hydrogens) as compared to solvent molecules and has actually an e-
lectrophilic potential which would not facilitate the removal of a proton in its neighborhrod. Al-
though unlikely, the first leaving group X (from RN,X), when it is still attached in'the interme-
diate, could conceivably introduce uncertainties in this argument. Another complication could
stem from the fact that both factors seem to hinder elimination from the equatorial amine rende-
ring difficult an exact prediction as to which one, and to what extent, is the more important one
in this system. The factor of coplanarity should generally be the more important one.
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carbon-leaving group bond and the C-N bond as compared to that of the inter-
mediate from the equatorial amine, is expected to yield more olefin (the transi-
tion states:should resemble these intermediates).

Considerably different: behavior* is obServed in the solvolysis of the

epimeric 4-t- butylcyclohexyl tosylates in either formic or acetic acid, or in 60%
aqueous acetone. 4 Here ‘there is small difference in the extent of elimination
from the two eplmers, the -axial tosylate yielding about 85% of olefin and the e-
quatorial one about ,70%.. This difference between the deamination and the sul-
fonate solvolys1s supports the previous suggestion that the former may deviate
from being a carbonium 1011 reaction even more than the solvolysis of sul-
fonates. -
The deamination of a- and ymethyla]lylammes in"acetic acid® is of in-
terest. The two amines did not yield the same acetaté’ product mixtires as for
the silver ion catalyzed solvolysis of the corresponding halides in acetic acid,
but yielded largely the unrearranged allylic acetats (80% from the primary
amine and 67% from the secondary). To reconcile these data with the car-
bonium ion interpretation of deaminations, as much as 50% of the reaction
was argued® to proceed by way of a non-resonating or «hot» carbonium ion
intermediate in which the p-orbital at the a-carbon forms an angle with the 7-
orbital of the double bond carbon atoms (this amounts to suggesting that an
intermediate carrying a full positive' charge on carbon is formed). Such a «<hot»
ion was considered to yield only non-rearranged allylic acetate, the rest of the
reaction proceeding by way of a resonating carbonium ion intermediate. Exten-
sive racemization in the deamination of optically active a-methylallylamine
provided evidence for the carbonium ion mechanism.’® The limited rearrange-
ment, however, can be understood by a non-carbonium ion nature of the inter-
mediate in the usual deamination reactions. Also, a competition between for-
mation of the bond to the nucleophile with retention or inversion can account
for the observed extensive racemization. Thus the data are interpreted by this
approach without the need to invoke carbonium ions.

Another source of evidence for the formation of carbonium ion inter-
mediates in deaminations is argued**® to be-the multiplicity of products ob-
tained, but this behavior, as argued earlier in this paper, does not necessitate
the assumption of a carbonium ion intermediate. The ground state control of
migration in deaminations®® is also understood in terms of the suggested non-

* The behavior of the sulfonates as compared to that of the amines can be understood in terms
of a greater deviation in the former system of the structure of the non-carbonium ion intermedia-
te from that of the starting material. These deviations result in such a product determining tran-
sition state that the dihedral angle between the axis of the leaving group and the Cg-H bond in
the solvolysis of the equatorial sulfonate is decreased compared to the angle in the deamination
reaction. In the case of the axial derivative, the deviations result in an increase of the same an-
gle. Both these ‘factors favor the observed difference in the behavior between deamination and
the sulfonate solvolysis. The second factor affecting eliminations (interaction and affinity for the
B-hydrogen atoms) would also favor a similar trend and thus one cannot argue convincingly that
the behavior is due mainly to the first factor. .
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carbonium ion intermediate since the greater the resemblance of the inter-
mediate (and thus of the transition state) to the starting material the greater the
expected ground state control.

There also seem to be some difficulties within the «hot» and unsolvated car-
bonium ion interpretation of deaminations itself anyway. On one hand this ion
is concluded to be capable of very rapid intramolecular rearrangement prior to
its reaction with the medium even in the case of a primary.® thus unhindered
system. On the other hand, such an ion formed without need for intramolecular
contribution is postulated® to explain the classical carbonium ion nature of the
intermediate in deaminations®?7 and its behavior as such®3™® (successful com-
petition of substitution product formation with rearrangement). This successful
competition of product formation compared with rearrangement in secondary®’
and relatively more hindered and rigid systems, such as the norbornyl
system,’’® cannot be reconciled with the unsuccessful competition of product
formation with rearrangement in the case of primary and unhindered acyclic
ions. In these acyclic substrates product formation would be expected to gain
in importance over rearrangement as compared to the former systems, namely
the reverse of what is observed, if these species were of the same type, that is,
free and hot as suggested in the literature.

The highly exothermic nature of deamination reactions3™%° is apparently
the basis for the acceptability of the formation of «hot», «free», and highly
energetic carbonium ions in deaminations. However, according to the postulate
of the «etiology for the formation of intermediates»,®* the nature of an inter-
mediate is not controlled so much by the overall energetics of the reaction but
mainly by the relative contribution of the direct path as compared to the other
paths involved. Thus, the important factors are the structure of the substrate,
the nature of the leaving group and its effect on the gradient, and the nature of
the medium, whereas the ease of breaking the carbon-leaving group bond
results as playing the lesser role (it all follows from the postulate of the
gradient as well).

The very exothermic nature of deamination reactions is substantiated in the
literature by estimates of the energetics of the reaction RN% — R* + N, which
for R = sec-alkyl and in the gas phase gives AH = —3,6 ev.}™ This number
would be expected to be considerably smaller if a «hot» carbonium ion (not in-
volving internal resonance stabilization) or primary® or, even more, methyl
type® carbonium ion were formed (the difference in the ionization potential bet-
ween a sec-alkyl radical and a methyl radical is ca 2 ev). In considering
deaminations in solution the substrate is not necessarily the RN?, species but
may have only a partially ruptured N-X bond or be an ion-pair RN X~ es-
pecially in the usual deamination medium, acetic acid.** Even if the inter-
mediate were to be the solvated RNY, in view of the large values of solvation
energies, solvation of the R* would also be necessary in order for the reaction
to remain exothermic.
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However, according to this approach, the solvation model of a charged
atomic residue (carbon here) involves extensive covalency and thus the R*
would have to be non-<hot». This example illustrates also the misleading in-
fluence of solvation models and of the pitfalls in the classical approach due to
the approach itself.

The above lead to the conclusion that the formation of «hot», free», and/or
primary carbonium ion intermediates may deviate greatly from being a highly
exothermic process.

One of the interesting areas of application illustrating the difference in the
results obtained from the non-carbonium ion vs those from the carbonium ion
concept is that of the field of non-classical carbonium ion intermediates. The
description of the intermediate not as an entity (a carbonium ion or an ion pair
in which the cationic part is generally treated as an entity interacting with the
anionic counterpart by a geometric arrangement expected from a pair of ions,
namely symmetrical) but as the unified intermediate complex'® with its mul-
titude of fractional and specific bonds and bond ruptures, renders the inter-
mediate automatically unsymmetrical (as described!-®) and thus the representa-
tion of the intermediate system by a single mesomeric symmetrical species
emerges in principle as unjustified. This has been suggested®® to apply as a
rule to intermediates formed in the usually employed systems and media
whether the group forming the bridge is a Aydrogen atom, a simple alky!
residue, or a phenyl group (some special considerations of a difference in
degree have to be made here) and whether these are considered in the aliphatic
or in the aromatic series. Another way of expressing this is by saying that the
first formed intermediate, from these and other systems discussed elsewhere,??
has to be, as a rule, unsymmetrical. On the basis of this approach, even if the
chemical behavior of a system suggests the formation of a single symmetrical
intermediate the system still has to be described by unsymmetrical ones.
Whether in addition to these unsymmetrical ones the symmetrical structure
represents an intermediate or a transition state as well as a detailed discussion
of this subject as a whole and evidence for these conclusions appear
elsewhere.* .

One interesting correlation between the above subject and deaminations is
the following. One of the reasons for arguing against the concept of a single
mesomeric non-classical intermediate is the refusal of the present theory to ac-
cept the carbonium ion picture and study of intermediates. On this basis the
‘larger the deviation of an intermediate obtained from a substrate having a
given carbon skeleton (e.g. by a change in the leaving group) from the picture
of a carbonium ion, the larger may be expected to be the deviation of the
behavior and of the resemblance of this intermediate from that of a non-
classical mtermedlate, and more specifically from that of a single mesomeric
symmetrlcal intermediate. Actually more factors, such as the intramolecular
cyclic interactions of the unified model enter into the picture.?® On this basis
and on the basis of the suggestion that deaminations may deviate from being
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carbonium ion reactions even more so than solvolyses, coupled with the poor
function of the N, leaving group in intramolecular cyclic interations,*
deaminations should deviate more than solvolyses from behaving as proceeding
through a symmetrical non-classical intermediate. Experimental data on
deaminations®’»*® are in agreement with this prediction.

One of the most inner features of a carbonium jon and thus a minimum
prerequisite for such a species, is that the relative and absolute charge distribu-
tion be governed and thus determinable by quantum-mechanical principles con-
cerning the ion itself. On the other hand, the representation of actual reaction
intermediates by a unified intermediate complex is expected, because of the
features of this complex,* to lead to a distribution of charge (both relative and
absolute) substantially different from that calculated for a carbonium ion. This
remains to be shown although it seems to be rather obvious. If even this is the
case, there is little left for the concept and the picture of a carbonium ion to
stand on since it is difficult to find any feature of actual reaction intermediates
that is really characteristic of a carbonium ion, and only of a carbonium ion,
or any feature that suggests that these intermediates are entities (referring
always to the usual reaction intermediates and not to some exceptional struc-
tures). The only feature that seems to be common to such reaction intermediates
is that they carry some fractional charge on their organic skeleton but this is
also a feature of the transition state of many apparently direct displacement
reactions as well as starting materials.

The objective of the discussion presented in this paper was to overcome the
obstacles to arguing against the intervention of carbonium ions imposed by the
criteria which have established the carbonium jon concept. This was done only
to some extent and further evidence will be needed. A strong emphasis is
placed on the non-carbonium ion picture because it is one of the essential
starting points, according to the theory presented, for reaching conclusions on
reaction mechanisms. It will be shown in future papers** that the abandoning of
the picture of ions and the use of the unified theory provide an answer to most
past and present problems of reaction mechanisms as has been suggested
before.!-?

* Extensive covalencies and specific and fractional bonds.

** In the reinterpretation of organic reactions in the light of the unified theory suggested in 1958!
and carried out.recently®® any aspect of the field which was not in agreement with the. pre-
dictions of the theory has been questioned regardless of how well established it was. This had as
a result the questioning of a large number of reaction mechanisms covéring organic solution che-
mistry, of interpretations, and of concepts of the classical approach as they were established in
1958. It will require several years in order for these conclusions to appear, in print.!

u
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TlepiAnyn
‘H évvoia 1dv KapvoPioviwy 6€ didAvpa 6ro 10 mipiopa thg €viaiac Gewpiag

‘O okomdc Tiig Tapovong dnuociedceng Elvar vi Tovicdi Eova kal va
avantoydii nepiocdtepo pio npdTaog mov Eywve apyikd 0 19581 "H mpotaoig
ovvictotar oty &ykatdrewyn tfig évvoiag tdv kapBovidvtov (kai GAloy
{ovtov) kol v dvikatdotoon adtiig & v Evvoln 1@V viaiov Eviupécnv
ouunAOkOV» OO EAEyYOvVTOL GO TOVG Kavoveg tiig Eviciag Bewpiog.!? Elvar
UEPOC THC YEVIKDTEPNG TPoTdoewmg TOD v peAetndf 1 ymueia SroAvpdrtov
Baocer tfic Eviaiag Bewpiag mod 68nyel of pio éviaio péBodo uerétng tdv uny-
avicudv Gvtidpacenv kol thg mpotdoeng va &ykataAeipfodv td kAacoikd
unyeviotika mpotuna kabmg koi of unyaviotikoi cvAioyicuol Tod nediov 70D
gxovv ovvdvaclf] pé adrd.

“Evac dnd Todg ioyupiopovg oV Tpoépyoviol and thv éviaia Bewpia elvar
611 1 Bvvow tdv loviik®v dviotnTOV of doAduate kol Td YopaKTNPLOTUCE
IOV UNXOVIGTIKGY TPOTUTOV Tov xpnotuonotodviar kobdg kol 1| cvviing
uéfodog perétng tdv unyevioudv, vai uév cvvelcépepav oty avantoén tod
nediov GAAG tavtOxpova dmulovpynoav mepittd TpoPANuete Kol Topeu-
nodioay TN AVon TPayMaTIk@®V TpoPAnudTov. )

‘YroypappiCovtar pepikég dno tig Swwpopég uetaéd tfig évvoiag t@vV xap-
Boviovtov kol tiig mpotewvouévng évvoiag tdvV Uf-kapBovioviov.

E€gtalovtol Ono 10 mploua tiic éviaiag Oewpiog ol kVpleg mnyég pap-
opldy mobv E&dpaivcav TV Evvowr TV petafotik®v  kopPovioviikdv
gvilapécmy GO¢ yMukdV ovtotntov. Tounepaivetar &t ol mepioootepeg Gmod
Tic mMyEC a¥TéG MAPEXOLV paPTLPIC MOVO YL TOV oxnuaTiond TO TOAD
«dmolov &vilouéoov» GAAG Oyt OTOYPEMTIKG Y TOV GYMUATICUO KATOWG
iovikfic ovtotnrtag. IlpoPaAlieton O loyvpioudg Ot | eloaywyn tfig &vvoiag
1OV kapPoviovtov of peydAn Extaom, elxe EmPraBelg Emintooeg mapd O
yeyovac 61l 6 ioyuplopdg elvar mpopavédg 0 avtifeto wdg dro tig mo loy-
vpég nemotfnoeig tod nediov kol ocvykekpluéva tiig onuaciog tfig évvoiag @V
kapPovioviov oty GvarntuEn tod nediov tdv unyavioudv.?®

Yav mapadeiypa, 1 Oswpic dpopudletar of dVo udévo ovoTHuATA
(dvtidpdoelg drnapvdoewng kai 1M Sadvtodvon Evog devtepotayods
coLAPOVIKOD 80TEPOG) ETaED TdV ToAvapiBuov yMUWKGY cCLoTNUETOV Y& TO
omola oi mpoPAéyerc Tng elvon Gvtifeteg Gmo Tig Ymapyovoeg otV
BipAroypaoia.

Ol unyaviotikoi cvAloyiouol dnwg avtol EueaviCovtar otnv Biprioypapia
katd ta tedevtaia xpovie drotedodv Prinata mpog Tig mpoPAréyelg tiig Eviaiag
Oewpiog, Aiyo Spwg povov mapoadeiypate dvagépovtal €lg 0 mapov keipevo.
Inuetdveton 8t dmarteitor peydhog apbudg dpbpwv yia vé dvantoxfodv ol

e

npoPréyeg i Bempiag kol 7 énaindevoig adTtdv.
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IN VITRO RADIOIODINATION OF NUCLEIC ACIDS WITH HIGH
SPECIFIC ACTIVITY AND MINIMAL DEGRADATION

D.S. ITHAKISSIOS
Nuclear Research Center «Democritos»
Aghia Paraskevi Attikis, Greece

 Abstract

A modification of Commerford’s iodination procedure is described where
iodine is incorporated into nucleic acids through a stable covalent bond as 5-
iodocytosine. According to this method solutions of polynucleotides containing
NaClO, are heated at 60°C in the presence of thallic trichloride plus iodide at
pH 4.7. Sodium perchlorate is used to maintain single strand denaturation
during the iodination procedure, whereas TICl, catalyzes the reaction. A se-
cond heating step at pH 7.5 follows the first one and this facilitates the re-
moval of unstably bound iodine. Factors affecting the iodination reaction are
discussed in detail. Several physiochemical studies using iodinated as well un-
creacted DNA indicate that the iodination reaction does not induce 51gn1ﬁcant
alterations in the macromolecule.

Introduction

In the seven year period following the publication of Commerfod’s
procedure (1-2) for the in vitro iodination of nucleic acids, this method has
been employed in a wide diversity of applications (3-5). Our interest for radio-
labeled polynucleotides arose from preliminary studies showing that “'I-DNA
and 'I-DNA accumulate in a variety of tumor tissues and have the potential
for a useful tumor-imaging agent. In order to investigate further these results, it
was necessary to have at hand a labeling procedure which could be applied to
a wide variety of polynucleotides, would provide high specific activity, avoid
degradation of the native nucleic acids and produce radioiodinated products
with high in vivo and in vitro stability against dissociation of the label. Com-
merford’s method has been reported to be associated with some not well under-
stood factors resulting in undesirable properties for the purpose of our studies
©n.

In this work a modification of Commerford’s labeling procedure (1) is
described whirh minimized the damage to native nucleic acids while maximi-
zing the extent of iodination. A detailed discussion and experimental data are
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provided for several factors that affect the iodination efficiency. The physico-
chemical properties of iodinated and unreacted nucleic acids are compared.

Reagents and solutions

All reagents were analytical grade. The water used was doubly distilled.

Nucleic acid denaturing solution, 0.1 M acetate buffer, pH 4.7, containing
10 M sodium perchlorate (NaClO,). The solution was made by dissolving the
NaClO, in a mixture of equal parts of 0.1 M sodium acetate and 0.1 M acetic
acid, and adjusting the pH to 4.7. This was stored at 4°C up to fifteen days
and filtered through 0.22 um Millipore filters before use.

Thallic trichloride (TICL,), reagent grade, was stored at 4°C in 0.1 M sol-
utions. These were replaced monthly. Working solutions were made in 0.1 M
acetate buffer, pH 4.7, and filtered through 0.22 um Millipore filters before use.

Potassium iodide (KI) stock solution 1 M, was stored at 4°C. Working sol-
utions were made 'in 0.1 M acetate buffer, pH 4.7.

Radioiodine, Na'*1, 350-600 mCi/ml, containing 1.8 x 10~*M iodine at a
concentration of 400 mCi/ml, and carrier free Na!I, 600-950 mCi/ml, were
obtained from New England Nuclear Co., Boston, Mass. Each shipment was
tested for radionuclide purity, and in addition the buffering capacity per unit
volume of solution was determined by titrating the amount of base in a small
aliquot with bromcresyl green indicator solution (0.04%). Prior to use in ra-
dioiodination the .pH of the radioiodine solutions was adjusted close to 4.7 by
adding predetermined amounts of an acidification reagent made of a mixture of
3 ml 0.3 M HNO,, 5 ml 0.1 M sodium acetate buffer (pH 4.7) and 4 ml water.

Dialysis buffer was made by mixing 0.4 M NaCl and 2x10*M ethylene-
diaminetetraacetic acid in 0.01 M phosphate buffer, pH 7.5.

Heat-denatured DNA was prepared by heating at 100°C for 5 minutes a
calf thymus DNA water solution of 10 mg/ml and fast freezing at —20°C.

Methods

Purification of nucleic acids. A solution of nucleic acid (0.2 mg/ml) was
shaken two times with an equal volume of freshly distilled phenol saturated wi-
th 0.01 M potassium phosphate buffer, pH 7 (approximately 35 g of buffer per
100 g phenol). The final aqueous nucleic acid layer was extracted 3 times with
4 volumes of diethyl ether followed by bubbling dry nitrogen through until it
was free of ether fumes. After the nucleic acid was precipitated by adding 5 M
lithium chloride, the gelatinous residue at concentration 10 mg/ml was suspen-
ded in 0.15 M sodium chloride — 0.015 M sodium citrate buffer, pH 7, and
centrifuged at a cesium sulfate step-gradient at 35,000 g for .24 hours at room
temperature (22°C) in a Spinco SW 65 rotor (8-11). Following centrifugation
the nucleic acid band was recovered, dialysed overnight at 4°C against 0.1 M
NaCl, lyophylized and stored at —20°C in the dark. ,

Concentrations of polynucleotides, expressed as molarities (1), were cal-
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culated from the measured ultraviolet absorption of the polynucleotide stock
solutions at pH 7 using the ‘values for morar extinction coefficients reported in
the literature (12-15).

Modified radioiodination method. The concentrations of mucleic acids, KI,
radioiodine, and TICl,, used are fiven in the text. Unless otherwise specified, a
1 ml reaction mixture (pH 4.7) containing 6M NaClO, and desired amounts of
KI, Na'®T or Na™!I, polynucleotides, and TICl; was heated for 10 minutes at
60°C immediately after addition of TICI;. The reaction was cooled in ice; the
mixture was chromatographed at 4°C on precalibrated Sephadex G-50 (fine)
column 50x2cm; and eluted with dialysis buffer (pH 7.5). The iodinated
polynucleotide- containing fractions were combined and concentrated overnight
at 4°C by vacuum dialysis against 1 liter dialysis buffer solution.. Then the
buffer was replaced with preheated buffer at 60°C and both buffer and the
mixture in the dialysis sac were heated for 1 hour at 60°C. Finally, the dialysis
buffer was replaced with 0.9% NaCl and the nucleic acid was dialyzed for 12
hours at 4°C and stored at —20°C in the dark.

Commerford’s radioiodination method. A mixture, 2 ml volume, containing
6-7 x 10* M (as nucleotides) polynucleotides, 2.5 x 10~* M KI, 2 nCi of %I,
and 1.5 x 103 M TICl, in 0.1 M ammonium acetate — 0.04 M acetic acid
(pH 5), was heated for 15 minutes at 60°C. Then the reaction mixture was
cooled in ice, mixed with 0.1 ml of 0.1 M Na,SO, and 0.4 ml of 1 M ammo-
nium acetate — 0.5 M NH,OH to raise the pH to 9, heated for 20 minutes at
60°C and chromatographed on Sephadex G-50 (fine), and eluted with 0.1 M
ammonium acetate. The ultraviolet absorption at 260 nm and the net ra-
dioactivity was determined for each fraction. The iodinated polynucleotide -
containing fractions were combined and the polynucleotides were concentrated
by vacuum dialysis.

Specific activity and degree of polynucleotides. The specific activity of the
radiolabeled products was calculated in dpm/pg. In cases where the concentra-
tion of the iodinated product was too small to be determined spectrophotome-
trically, the specific activity was approximated from the initial amounts of the
polynucleotides added to the iodination reaction mixture assuming a complete
recovery of the nucleic acid during the iodination steps (16).

The percent of radioiodine incorporated into polynucleotides was determi-
ned by measuring the activity of an aliquot of iodinated products and compa-
ring it to the initial activity.

The counting efficiency was determined by means of a calibrated »1 sour-
" ce and was generally 30-50%.

Density gradient sedimentation equilibrium (8-11). Studies were carried out
using 3-5 pg of nucleic acids, and 4 ml of CsClI solution (1.71 g/ml) containing
0.01 M tris-HCI buffer, pH 7. The final density of the mixture was adjusted to
1.71 g/ml.

Melting temperature (Tm). DNA samples at a concentration ‘of approxima-
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tely 20 pg/ml were melted in stoppered 1 cm pathlength square cuvettes in a
Gilford spectrophotometer with a temperature programmer to monitor the
absorbance of four cells at 260 nm. »

The Tm values corresponded to the midpoint of the absorbance rise obtai-
ned from a linear plot of absorbance versus temperature increase values (17).

DNase I - snake venom digest of iodinated DNA (18-19). Two ml B!I-
DNA solution, 7x10~* M as nucleotides, were digested first for 90 minutes at
37°C in 5 mM MgSO, and 100 pg/ml DNase I, then overnight at 37°C with
0.5 mg/ml snake venom (crotalus adamanteus) at pH 9. The pH was raised
using 1 M NH,OH prior to snake venom addition. The nucleoside digest was
chromatographed on a Sephadex G-10 column (90x 1.5 cm) precalibrated with
-albumin, deoxycytidine, thymidine, deoxyadenosine, *I-deoxycytidine and deo-
xyguanosine (20) and was eluted at a flow rate of 30 mi/hr, controlled by a pe-
ristaltic pump, using 0.01 M citric acid — Na,HPO, buffer, pH 3.5. Fractions
of 3.0 ml were collected; and the absorbance at 260 nm as well as the ra-
dioactivity in cpm were determined.

Results and discussion

The iodination method described in this paper is a modification of that
described by Commerford (1-2), where iodine was incorporated mainly into the
position 5 of cytosine of polynucleotides, through the use of thallic chloride
(TICl,) as an oxidizing agent to form a stable covalent bond (5-iodocytosine).
Other iodination procedures such as those using !ZICl: (21) or N-
iodosuccinimide (22) were found unsatisfactory for further study. The first me-
thod required conversion of the nucleic acid into a salt soluble in organic so-
Ivents and led to degradation. The second was inconvenient and provided low
specific activity products.

In summary Commerford’s method involved heating at 60°C single-
stranded polynucleotides in an aqueous solution containing KI, Na'*1 and
TICl; at pH 5.0, chilling the mixture to 0°C, and termination of the iodination
reaction by reheating the mixture at 60°C with raised pH (~9.0) in the presen-
ce of the reducing agent Na,SO,. Although this method was simple to perform,
it has been reported that it is associated with some unknown factors which so-
metimes may affect the specific activity, stability and uniform labeling of the
iodinated products or in certain cases may introduce chain scission of nucleic
acids as a consequence of the labeling procedure (1, 3-7, 16, 23-26).

In an attempt to overcome some of these difficulties, several changes were
introduced to' Commerford’s method, which allowed iodination under milder
conditions and produced increased specific activity and stability of radioiodina-
ted products. a) The heat denaturation step required by Commerford’s method
for double-stranded nucleéic acids prior to iodination was eliminated. Instead,
the iodination reaction was performed in a concentrated sodium perchlorate
(NaClO,) solution, which allowed continuous denaturation of nucleic acids
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during iodination without interfering with the reaction. This change, in addition
to simplifying the procedure, allowed homogeneous conditions of iodination for
a large number of nucleic acids irrespective of melting temperature (Tm) val-
ues. b) The iodination reaction was terminated by cooling, raising the pH to
neutral, instead of nine, and removing the unreacted iodide and other salts pre-
sent by gel chromatography and dialysis. This step was not recommended in
Commerford’s procedure; however, it was introduced in order to eliminate un-
necessary substances during the critical second heating step. ¢) The Na,SO,
reducing agent was eliminated in order to minimize risks of deamination and
deiodination of the polynucleotides. d) Finally, the second heating step was do-
ne at pH 7.5, instead of 9, and the iodinated reagents were incubated in a dia-
lysis bag in order to facilitate the removal of unstable iodine from the iodinated
products.

Table I shows a comparison of the amount of radioiodine incorporated into
polynucleotides following Commerford’s and the modified iodination method
described in this work. More than 20% increase in the specific activity was
obtained in the ma_]orlty of the cases.

Parameters Affecting the Iodination Reactlon

Nucleic acid solutions. Contamination of nucleic acid preparations w1th
substances capable of reacting with iodine, such as proteins, or with reducing
substances which may inhibit labeling, such as sugars, is undesirable. As a
consequence special precautions should be taken in the purification of polyn-
ucleotides when radioiodination is to be performed. However, -purification steps
should be performed with special concern for the fact that increasing the com-
plexity of a procedure to purify nucleic acids also increases the tendency to in-
troduce chain breaks (12). .

Several methods of purification were investigated and led to. buffer satura-
ted phenol extraction followed by salt precipitation with lithium chloride and
centrifugation in cesium sulfate gradients (11-14, 23). The phenol reagent
should be freshly distilled in order to eliminate oxidation products and other
contaminants. Two extractions removed about 60-80% of 100 ug highly puri-
fied iodinated human serum albumin (*>I-HSA) added to a control sample of
RNA solution (0.2 mg/ml). Multiple extractions with phenol were avoided since
the method is considered inadequate to completely remove proteins and, fur-
thermore, may cause fragmentation of nucleic acids (27-28). The precipitation
of nucleic acids ‘with lithium chloride removed 30-50% the '»I-HSA that re-
mained after phenol extraction, but RNA collected in the gelatinous residue
was iodinated more effectively, increasing iodine incorporation as much as 5-8
fold, indicating that some reducing agents may have been removed in this step
(23). Additional purification by preparative sedimentation through cesium sul-
fate gradients eliminated more than 90% of the '25I-HSA that remained after li-
thium chloride precipitation from the polynucleotide bands. Under these condi-



TABLE 1: Iodine Bound to Polynucleotides in TICl;, Catalyzed Reaction*

1251-Polynucleotides (dpm/ug)

Polynucleotides

Commerford’s Modified’

Method Method

Native calf thymus DNA 4957 (3115-6732)** 28470 (25861-32025)
Heat denatured calf thymus DNA 22017 (18195-24411) 28363 (26371-30515)
E. coli t-RNA : 15176 (13268-17150) 20642 (18148-22972)
Chicken 28S r-RNA 14458 (12822-16604) 19653 (17814-22863)
Poly(A) 238 (125-361) 237 (115-311)
Poly(G) 227 (162-414) 287 (186-409)
Poly(C) 35922 (32378-38018) 42256 (40865-44376)
Poly(U) 1521 (1215-1705) 2102 (1904-2311)

* Polynuclentides were iodinated as described in the experimental section using 40-50 pg polynucleotides, 2.5 x 10 M KI, 2 uCj, »1¢

and 3x10 M TICl, -3
** Mean (range) four experiments.
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tions proteins remained. near the surface of the gradient, whereas polynucleoti-
des were concentrated in bands between !/, and %/, of the distance from the
bottom of the tube. Comparative density gradient sedimentation equilibrium
experiments showed no significant alterations of nucleic acids during the purifi-
cation steps (10-11).

First heating step. Table 1 shows that native DNA solutions were poorly
iodinated as compared to denatured DNA. Thus, initially double-standed n-
ucleic acids were heat denatured at 100°C prior to iodination, as recommended
by Commerford (1). Disadvantages of this approach to denaturation include
the risk of chain scission (6, 7, 12), the different handling of single and double-
standed polynucleotides in comparative studies, and most significantly heat de-
natured nucleic acids with low complexity may renature during the iodination
resulting in heterogeneous products in terms of iodination (6-7). DNA comple-
xity is defined as the number of base pairs present in a nonrepeating sequence
(29).

In an effort to find an alternative method of denaturation, several denat-
uring solvents (7, 29) such as tetraethylammonium chloride, formamide, dime-
thyl sulfoxide, or sodium perchlorate in varying concentrations were added to
the reaction mixture of native calf thymus DNA in Commerford’s method. The
efficiency of iodination was determined from the specific activity value of iodi-
nated products. It was concluded that concentrated solutions of NaClQ,, 5-7
M, allowed iodination of native calf thymus DNA in specific activities compa-
rable to those obtained using heat denatured DNA solutions. Other denaturing
solvents inhibit iodination. Table II shows the effect of NaClO, concentration
on the incorporation of iodine into calf thymus DNA. The presence of NaClO,
did not affect basic iodination mechanisms since in an additional experiment it
was found that denatured DNA was iodinated identically in the presence or
absence of this agent. Probably NaClO, acted simply as a denaturing agent
during the iodination without further participation in the reaction mechanisms.
Nevertheless, heat denaturation of double-standed nucleic acids was not neces-
sary in the presence of NaClO, and therefore this step was omitted in further
experiments except when it is specifically indicated that heat denatured nucleic
acids were used. Commercial samples of NaClO, yielded solutions which va-
ried widely in pH (30). Thus, working solutions of NaClO, were buffered to
pH 4.7. Tt should be emphasized that some pH meters equilibrated slowly (2-3
min) with concentrated NaClO, solutions. The buffer was filtered prior to its
use because lack of filtering resulted in lower radioiodination yields.

The presence of NaClO, had no effect on the pH requirements of the
reaction which lies between 4 and 5 (1, 5). It was decited to conduct the
reaction at pH 4.7, which was close to the pK of acetate ion (pK = 4.76), in
order to prevent the possibility of deamination, depurination or acid hydrolysis
of the polynucleotides at low pH values (31). In this regard it should be noted
that commercial radioiodine solutions included significant amounts of NaOH
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TABLE II: Effect of NaClO, Solutions on the Incorporation of Iodine into’ Calf Thymus DNA*

NaClO, 5. DNA NaClO, 1. DNA
™) (dpm/pg) ™~ (dpm/ug)

0 9,924 4.5 20,458

1 13,196 5.0 24,321

2 14,606 5.5 28,632

4 21,350 6.0 26,156

6 28,019 6.5 26,259

8 20,321 - 1.0 . 14,621

* Calf thymus DNA (51 pg) was iodinated as described in the modified method using 2.5 x 10
MKI, 2 pCi I, 3 x 10 M TICl, and appfopriate concentrations of NaClO, denaturing agent.

which may change the final desired pH of the reaction mixture especially when
the reaction is carried out in smaller than 0.5 ml volumes. To overcome this,
the buffering capacity per unit volume of the radioiodine solutions was determi-
ned in each shipment and appropriate ammounts of acid were added to neutra-
lize it.

The relative concentrations of KI, TICl,, and nucleic acids were found to
influence critically the efficiency of the iodination reaction (24). Optimum KI
concentrations were in the range of 2.5 x 10~ — 2.5 X 10-°M. Concentrations
higher than 2.5 x 10-*M decreased considerably the iodination yield. Optimum
TICl, concentrations were 3-12 times higher than the KI concentrations. Final-
ly decreased nucleic acid concentrations were found to increase significantly
the specific activity of the radiodinated products. This increase in specific
activity was difficult to explain, but it was expected to be related to the mecha-
nism of the reaction and.the extent to which the intermediate product 5-iodo-6-
hydroxy-dihydropyrimidine proceeds to 5-iodopyrimidine with varing nucleic a-
cid concentrations (32).

Figure 1 shows that the iodination reaction was faster in concentrated
NaClO, than in H,0. Using Commerford’s procedure, the percent of iodine in-
corporated into polynucleotides depended on the temperature and incubation ti-
me. Maximum iodination was obtained at 70-80°C and 60 min incubation ti-
me. On the contrary using the proposed procedure iodination was complete wi-
thin 5 min at 60°C with comparable yield. The advantage of short incubation
time at lower temperature was the minimized risk of degradation of the nucleic
acids. . :

Reaction Termination. The iodination reaction termination step as descri-
bed by Commerford (1) exmploys the addition-of Na,SO, to the chilled
reaction mixture, raising the pH of the reaction to 8-9, and reheating at 60°C
for 20 minutes. The Na,SO, is considered -as a safety step (3-5) which was
mainly used to reduce volatile components of radioiodine (I,) to radioiodide
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FIG. 1. Effect of Incubation Temperature and Reaction Time on the Iodination of Caif Thymus
DNA.

Calf Thymus DNA (40 ug) was iodinated Jollowing Commerford’s method at 40° ( - ), 50° I
-W,60°( - ), 70°( - ) or80°(®-®), and Jollowing the modified method at 60° (X -
X). The concentration of the reagents were as described in the legend of Table II.
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(1. In the modified procedure, reported in this work, Na,SO, was eliminated
because of the disadvantages associated with its use. First under mild condi-
tions Na,SO, may convert cytosine to uracil by deamination (33), thus possi-
bly altering the nucleic acid primary sequence. Second there is a marked insta-
bility of iodine atoms associated with uracil residues (1, 2, 24-26) and therefore
Na,SO, treatment may result in greatly enhanced deiodination of the nucleic a-
cids. This was confirmed in the study shown in Table III where dissociation of
iodine from iodinated poly(C) was observed when 2’I-poly(C) solutions were
incubated for sixteen hours at 60°C in the presence of increasing concentra-
tions of Na,SO,.

TABLE III: Effect of Na,SO, on the Liberation of Radiodine from '*I-Poly(C) Solutions*.

Na,S0, 125 poly(C)
M) (% radioactivity lost)
0.01 8.3
0.1 14.8
1.0 . 28.7
8.0 62.3

* One milliliter of Na,SO, solution containing 10 ug of !#*I-poly(C) was incubated at 60°C for 16 hr
and then chromatographed on Sephadex G-50 (fine) column.

The pH of the reaction mixture immediately following the first heating step
was found to be very important factor influencing both the amount of iodine
bound to polynucleotides and the stability of the iodinated products. Table IV
. shows the effect of pH on the amount of iodine bound to polynucleotides im-
mediately after the first heating step. The study was conducted by observing
the percent of the total radioactivity precipated with polynucleotides in the pre-
sence of trichloroacetic acid from solutions with pH 4 to 9 after the first hea-
ting step. Control solutions of 12’ and carrier polynucleotides had less than
0.19 radioactivity in the sediment, after precipitation with trichloroacetic acid,
indicating that only iodine bound to polynucleotides was precipitated, whereas
free iodine remained in the supernate solution. The results showed that in all
cases the amount of iodine bound to polynucleotides was much higher in acidic
versus neutral or basic solutions. At neutral or basic pH the percent of ra-
dioactivity bound to poly(C) or DNA was constant and independent of incuba-
tion time. In the case of poly(U) stable iodination products were obtained when
the second heating step was performed at basic pH. Additional studies using
dialysis and Sephadex chromatography after the first and second heating steps
showed that about 60-70% of the radioactivity was eluted in association with
" DNA or poly(C) after the first heating step, but only 35-45% remained bound
after the second heating step. This amount of radioactivity remained constantly
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bound during prolonged additional heating at 60°C. In a similar experiment
using poly(U) it was found that 40-55% of radioactivity was bound to polyn-
ucleotide after the first heating step and this was reduced to less than 5% after
the second heating at pH higher than 7. Thus, these experiments indicated that
the steps immediately after the first heating one were the critical determinants
for efficient incorporation of iodine into polynucleotides in a chemically stable
form. In addition, unstable iodinc bound to uracil bases required at least a
weakly basic environment and 15-30 min incubation at 60°C to remove all un-
stable iodine. Therefore, in order to have similar iodination procedures for both
DNA and RNA, the second heating step was done at pH 7.5 and 60 min in-
cubation time. . »

TABLE 1V: Effect of pH on the Amount of Iodine Bound to Polunucleotides after the Second
Heating Step*. )

Time (min)

pH** 10 20 40 80 10 20 40 80 10 20 40 80

% of Radioiodine Bound to Polynucleotides
2L poly(U) 125]poly(C) 1251 DNA

85 78 68 62 99 95 100 96 98 95 94 92
82 54 32 21 92 82 85 80 87 83 81 83
30 28 27 12 72 68 69 70 67 63 64 65
15 12 8 5 38 35 36 37 36 38 34 37
8 5 6 4 39 35 40 38 35 34 35 32
4 6 3 2 40 37 34 37 n 32 33 34

=N~ BN B NV

* Solutions of poly(U), poly(C) and heat denatured calf thymus DNA containing 40-50 ug were
heated at 60°C for 30 min in the presence of 2.5 x 10~* M KI, 25 uCi I and 3 x 10° M
TICI,. The mixtures were then cooled; 2.5 x 1072 M KI was added? to stop further iodination
and the pH of each solution was adjusted from 4 up to 9 using predetermined amounts of 0.5 N
NaOH or HCL. Then the volumes of the solutions were brought to 4 ml by adding appropriate
buffer and the mixtures were incubated ‘at 60°C for up to 80 min. During heating 0.1 ml aliquots
were removed at 10, 20, 40 and 80 min intervals, mixed with 5 pg carrier polycucleotide, coun-
ted and precipitated in 1 ml 10% (w/v) trichloroacetic acid at 4°C (15 min incubation). Therea-
fter, the precipitates were collected on Millipore RA nitrocellulose filter, washed with 5% trichlo-
roacetic acid and counted. The radioactivity of the precipitate (radioiodine bound to polyn-
ucleotide) was compared to that of total radioactivity as follows:

radioactivity in precipitate
- x 100

% radioiodine bound = — -
’ total radioactivity of aliquot

**'Buffer solutions with constant ionic strength (I = 0.1) and pH ranging from 4 up to 9 were:
Acetate buffer 559 mM, pH 4, and 146 mM, pH 5. Phosphate buffer 81 mM, pH 6 and 66 mM,
pH 7. Barbital buffer 23 mM, pH 8 containing 88 mM of NaCl. Basic glycine buffer 626 mM,
pH 9.
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In the modified method iodinated nucleic acids were chromatographed prior
to reheating in order to remove unreacted iodine and other salts present in the
first heating step. This was found to improve the physical properties of the io-
dinated products with respect to the melting temperature and sedimentation
profile. Furthermore, during the second heating step iodinated polynucleotides
were kept in dialysis bags in order to remove free iodide.

Physicochemical Properties of Radioiodinated Nucleic Acids

Ultraviolet-visible absorption spectra of iodinated DNA at pH 7 showed
that the absorption profile was similar to that of unreacted DNA, but it was
shifted toward longer wavelengths (10-20 nm) when more than 10% of the cy-
tosine was iodinated. This shift was associated with a decrease in ultraviolet
absorption a 260 nm and the appearance of ultraviolet absorption at 310 nm,
an area where unreacted DNA did not absorb (34-36). This confirmed the
previous similar observation by Commerford (1). Additional experiments indi-
cated that the reduction of ultraviolet absorption at 260 nm was shown to be
related to the stability of pyrimidine-iodine bonds. Thus, after the first heating
step, where a good percent of the iodine was relatively unstably bound, there
was as high as 15-20% reduction of the absorbance at 260 nm versus that of
unreacted DNA. On the contrary iodinated DNA obtained after the second
heating step showed only 2-4% decrease of absorbance. Both iodinated
products had similar absorption at 310 nm which was 85-95% smaller than the
absorbance at 260 nm, but it was distinct enough to be considered as a proper-
ty of heavily iodinated DNA. Heavily iodinated t-RNA showed a similar
absorption pattern.

In a comparative study testing the influence of the iodination reaction pro-
cedure on some physical characteristics of DNA, *I-DNA samples were rein-
cubated under the iodination reaction conditions of Commerford’s method and
modified iodination method, without labeled iodine. After reaction completion
the sedimentation pattern (8-11) as well as melting profile (17) of the iodinated
compounds were determined. Figure 2 shows a comparison of sedimentation
profiles of *'I-DNA before and after reiodinations. Reiodination by the propo-
sed method provided a sedimentation profile similar to that of unreacted *1-
DNA, whereas Commerford’s method provided a pattern indicating evidence
of degradation (spread of radioactivity).

Table V shows the melting temperature (Tm) values (37) of the unreacted
as well as reiodinated >’I-DNA. These correspond to the midpoint of the
absorbance rise when heated DNA solutions changed from double-standed
structures (native) the denatured state (single-standed). Both unreacted and
reiodinated 'I-DNA showed Tm values similar to native DNA (37). In addi-
tion, they had close Tm values after renaturation and remelting processes. In
the case of !’I-DNA reiodinated using Commerford’s procedure a 4-5%
decrease of the Tm values versus nativé DNA was found.

Thus, the modified method provided higher iodination yields than Commer-
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FIG. 2. Influence of Iodination Reaction Method on the Sedimentation Profiles of '**I-DNA.
Four milliliters of a 1.71 g/ml final density mixture of 3 ug '**I-DNA [obtained before (O - O)
or after reiodination by Commerford’s (a - &) or modified method (v - )] in concentrated CsC!
solution was centrifuged at 45,000 rpm for 24 hr at room temperature (22°C). After centrifuga-
tion fractions of two drops were collected through a hole punctured in the bottom of the tube and
the radioactivity was determined.
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TABLE V: Melting Temperature (Tm) Values of ¥'I-DNA Before and After Reiodination®.

Method 1st denaturation 2nd denaturation
(Tm) (Tm)
Uncreacted P!I-DNA ) 86.1 83.9
Commerford’s 82.8 80.4
Modified : 85.8 83.1

* BILDNA obtained before or after reiodination by Commerford’s or proposed method was
heat denatured as described in the experimental section and the Tm values were determined. Na-
tive DNA under the same conditions had Tm= 86.7° after first denaturation and Tm= 84.6° a-
fter the second denaturation.

ford’s method (Table I). In addition iodinated products retained to a large
extent similar physical characteristics compared to the unreacted parent com-
pounds.

Chemistry and Specificity of the lodination Reaction

As previously described nucleic acids may be labeled with iodine by hea-
ting in the presence of iodide and thallic trichloride. Not all polynucleotides
react with iodide under the above conditions. As indicated in Table I only tho-
se having cytosine bases were iodinated with high yields. Poly(U), poly(A) and
poly (G) had very low specific activities. Poly(T) was unavailable.

In another experiment '*I-DNA was digested by pancreatic deoxyribon-
uclease (DNase I) followed by venom diesterase (18-19). The resulting nucleo-
side digest was chromatographed on precalibrated Sephadex G-10 column as
previously described (20), and the elution profile was recorded by mieasuring
the ultrabiolet absorption at 260 nm and the gamma radioactivity. The ra-
dioactivity was eluted as a single peak in the position where the iodinated deo-
xycytidine was eluted during the calibration. In this peak the ultrabiolet absor-
ption was weak probably because of the small concentration of iodinated deo-
xycytidine.

Deoxycytidine (9.8 x 10~* M) was iodinated by heating at pH 4.7 for 90
min at 60°C in the presence of 3.5 x 107 M KI, 2.2 x 10-* M TICl,, and 5
uCi of 251, The reaction products were chromatographed on a precalibrated
Sephadex G-10 column. It was found that the main amount of radioactivity
was associated with a’ peak which was eluted in the identical way as the 5-
iododeoxycytidine standard. In a simi ar experiment deoxyuridine was also io-
dinated, but thymidine and other nucleosides substituted in the C-5 position of
pyrimidines, such as- 5-hydroxymethyldeoxycytidine, 5-methyldeoxycytidine or
5-hydroxymethyldeoxyuridine did not react with iodine.

Thus, these results confirmed ,Commerford’s postulation that the
unoccupied C-5 positions of pyrimidines and especially those of cytosine were
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the main sites of binding of iodine during iodination reactions of polynucleoti-
des. Furthermore as previously indicated iodine was bound to pyrimidines in
two forms, one heat stable and another heat unstable.

The mechanism of iodine incorporation into pyrimidines is unkown; ho-
wever, it is expected to be qualitively similar to that proposed for pyrimidine
bromination (32). Thus, the first heating step results in the covalent bonding of
iodine mainly to pyrimidines with the formation of unstable S5-iodo-6-
hydroxydihydropyrimidine derivatives. Reheating of the mixture at pH 6.0 or
higher causes dehydration of the product and the formation of an iodinated de-
rivative of the nucleic acid.

Conclusion

The method described in this work can be used to iodinate a variety of sin-
gle and double standed polynucleotides irrespective of their melting temperature
and conformation. The reaction proceeded at 60°C in a narrowly acidic pH
range and required well adjusted reagent concentrations for optimum yields.
The iodination proceeded only when the 5 position of the pyrimidine.base was
unoccupied. Iodine was bound in two forms: one, stable and another unstable.
Todinated products showed a small U.V. absorption at:310.fim and'a decreased
absorption at 260 nm. Loosely bound iodine was eliminated by heating at
60°C at pH 7.5. More than 95% of the stably bound iodine was associated wi-
th cytosine. Comparative ‘studies indicated that.there was a considerable in-
crease (>20%) of the specific activity of the iodinated products versus other
previously reported procedures. The iodinated polynucleotides retained to a lar-
ge. extent their pre-reaction physicochemical characteristics.
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Abstract

The donor properties of the ligand 2-acetylpyridine towards the first row
transition metalions have been investigated and the following new complexes
have been synthesized: CrL,Cl,, CrL,Br;, MnL,Cl,, MnL,Br,, FeL,Cl,. 2
H,0, FeL,Br;,. 2 H,0, CoL,Cl,. 4 H,0, CoL,Br,. 4 H,O, NiL,Cl,, NiL,Br,,
Cu (OH,) L,Cl,, and Cu (OH,) L,Br; (L is 2-acetylpyridine). The structure of
the complexes has been deduced from elemental analyses, conductivity and ma-
gnetic susceptibility measurements, and electronic and ir spectra. The proper-
ties of this ligand are finally compared with those of 2-benzoylpyridine.

Introduction

In our previous communications'™ we are concerned with the complexes of
the first row transition metalions with 2-benzoylpyridire. As an extention of
this work we studied the interaction of the same elements with 2-acetylpyridine.
This investigation has been carried out in order to compare the donor proper-
ties of 2-acetylpyridine with those of 2-benzoylpyridine, as well as its ability to
from N, O chelates and to satisfy the maximum coordination number of the
used transistion elements. The only complexes of 2-acetylpyridine reported so

- far are those of Ti, Sn, Hf, and Zr*.

. This kind of studies are very important because as it was pointed out very
" recently by Hughes et al>~7 that the reduction of the 2-pyridine carbonaldehyde
(an analogous ligand) by N-benzyl 1,4-dihydronicotinamide (an analog of NA-
DH) is metal ion dependent, and therefore the system studied may act as a
biological model in reactions of the same type.

" As an extention of this work we studied the interaction of the same elemen-
ts with 2-acetylpyridine. This investigation has been carried out in order to
compare the donor properties -of 2-acetylpyridine with those of 2-
benzoylpyridine as well as its ability to form N, O chelates and to satisfy the
maximum coordination number of the ured transition elements.
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Experimental

. Materials. 2-acetylpyridine was purchased from Aldrich Chem. Co. and used
without further purification. All the other chemicals used in this study were
from Merck A.G. "

Preparation of the Complexes

1. Dichloro-bis (2-acetylpyridine) Chromium (I1I) cloride, [CrL,CLICL
CrCl,. 6H,0 (2mmoles) was dissolved in ethanol (30ml) and to the obtained
solution 2-acetylpyridine (6mmoles) was added dissolved in ethanol (10ml). The
solution was refluxed for 6hrs and the a brown compound was precipitated with
excess ether. The precipitate was filtered, washed with ether: ethanol (4'1)
and dried at 50°C under vacum. Yield 80%.

The bromo analog, dibromo-bis (2-acetylpyridine) Chromium (III) brom1de
[CrL,Br,] Br, was prepared in a similar way starting with CrBr,. 6H,0.

2. Dichloro-bis (2-acetylpyridine) Manganese (II). [MnL,Cl,]. MnCl,. 4H,0
(2mmoles) was dissolved in ethanol (10ml) and to the obtained solution was 2-
acetylpyridine (4mmoles) dissolved in ethanol added dropwise (10ml). The yel-
low precipitate formed was filtered washed with ethanol (20ml) and dried at
50°C under vacum. Yield 85%.

The bromo analog, dibromo-bis (2-acetylpyridine) Nickel (II) [NiL,Brl,
Br,] was prepared in a similar way starting with MnBr,. 4 H,O. :

3. Dichloro-bis (2-acetylpyridine) Iron (III) chloride d1hydrate [FeL Cl,]
ClL. 2 H,0.
2-acetylpyridine (4mmoles) was d1ssolved in ethanol (10ml) and to the obtained
solution was added dropwise FeCl,. 6 H,0O (2mmoles) dissolved in ethanol
(10ml). The yellow precipitate formed was filtered, washed with ethanol (20ml)
and dried at 50°C under vacum. Yield 75%.

. 4. Dibromo-tetrakis (2-acetylpyridine) Iron (III) bromide dihydrate, [FeL,-

Br,] Br. 2 H,0.
. FeBr,. 6 H,0 (2mmeles) was dissolved in ethanol (30ml) and then was
added 2- acetylpyrldme (8mmoles) dissolved in ethanol (10ml). The solution was
refluxed for 3hrs and the compound was precipitated with excess ether. The
dark-red precipitate was filtered, washed with ether: ethanol (4:1) (30ml) and
dried at 50°C under vacum. Yield 75%.

5. Dichloro-bis (2- acetylpyrldlne) Cobalt (II) tetrahydrate, [CoL, Cl] 4
H,0.
2-acetylpyr1d1ne (4mmoles) was dissolved in ethanol (10ml) and then was
added dropwise CoCl,. 6 H,0O (2mmoles) dissolved in ethanol ( 10m1) The yel-
low precipitate formed was ﬁltered, washed with ethanol (30ml) and dried at
~ 50°C under vacum. Yield 80%. ‘

The bromo analog, dibromo-bis (2-acetylpyridine) Cobalt (II) tetrahydrate
[CoL,Br,]. 4 H,0, was prepared in a similar way starting with CoBr,. 6H,0.

6. Dichloro-bis (2-acetylpyridine) Nickel (II), [NiL,CL].
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2-acetylpyridine (émmoles) was dissolved in ethanol (10ml) and then was
added dropwise NiCl,. 6 H,O (2mmoles) dissolved in ethanol (10ml). The yel-
low precipitate formed was filtered, washed with ethanol (25ml) and dried at
50°C under vacum. Yield 80%.

The bromo analog, dibromo bis (2-acetylpyridine) Nickel (II) [N1L2Br2]
was prepared in a similar way starting with NiBr,. 6 H,0.

7. Aquo-dichloro-tris (2-acetylpyridine)- Copper (II), [CuL,Cl, (H,0)l.
2-acetylpyridine (6mmoles) was dissolved in ethanol (10ml) and then was
added dropwise CuCl,. 6 H,0 (2mmoles) dissolved in ethanol (10ml). The
green precipitate formed was filtered, washed with ethanol (20ml) and dried at
50°C under vacum. Yield 80%.

The bromo analog, aquo-dibromo-tris (2-acetylpyridine) Copper (IT) [CuL ;-
Br, (H,0)], was prepared in a similar way starting with CuBr, 6 H,O.

Physical measurements

(a) The ir spectra were recorded in a Beckman model 2050 spectrophoto-
meter in KBr pellets and in Nujol mulls, the position of the bands are given wi-
thin + 2cm='. (b) The UV-VIS spectra were taken with a Cary model 17D
spectrophotometer. (c) Conductivity measurements were performed using an
E365B conductorscope Metrohm Ltd. (d) The melting points were determined
on a W. Biichi apparatus and are uncorrected. (¢) The magnetic moments were
determined by the Goy method takin into account the diamagnetic corrections
at 25°C,

Microanalyses: C, H, and N microanalyses were performed in the laboratories
of the Hellenic National Research Foundation by Dr Mantzos. The halogens
were determined gravimetrically.

Results and discussion

The analytical and physical data are given in Table 1 and show that com-
positions agreed well with calculated ratios.

The molecular conctivities in nitromethane and ethanol agree with the pro-
posed formulae (See Table I). In water all complexes were found to be electro-
lytes and attain in a short time high conductivity values. In the case of the Cr
(I11) and Fe (III) complexes the increase in the conductivity is followed by a
considerable decrease in the pH ([CrL,ClL,] Cl, after 24hrs, A, = 498; pH=
3.13. [FeL,CL,} Cl. 2 H,0, after 24hrs, A, = 730; pH = 2.87). The increase in
conductivity implies substitution of the coordinated halogens by water mo-
lecules and the decrease in pH by further hydrolysis of the aquo species accor-
ding to the general scheme:

[ML,CL] Cl + 2 H,0 — [ML, (OH,),] Cl,

H,0

- [ML, (OH,),_, (OH),] Cl,_, + xH;0* + xCI”
where M is Cr of Fe.
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In the case of the Co(II), Ni (II) and Cu (II) complexes the only change

observed was the increase in conductivities, which after 24hrs were stabilized in
the following values:
[CoL,CL]. 4 H,0, A, = 265; [NIiL,ClL,], A, = 232; [CuL,Cl, (OH,)], A, =
235. In these complexes, since the pH of their solutions remains neutral, the
only change occured ‘upon dissolution in water, is the substitution of the coor-
dinated halogens by water.

The magnetic moments (see Table I) indicate that all the complexes are of
the high spin type.-(with the maximum number of unpalred electrons).
ir spectra: The tentative ir assignements are given in Table II. The complexes
of Fe (III), Co (II) and Cu (II) showed a broad band at about 3400 - 3300
cm~! which indicates the presence of water®. The weight lost by heating the Fe
(III) and Co (II) complexes at 110°C corresponds to two and four molecules of

TABLE 1: Analytical and physical data of the compounds.

% M.P | A (Mho cm?)| g
Compound ) C H N X °C) | (MeNO,) | (uB)
CrL,Cl, 37.22 2.95 631 26.76 260 76 3.80
(37.06)* | (3.08) (6.16) | (26.49)
CrL,Br, 29.12 2.29 4.63 42.28 238
(29.42) | - (2.45) (4.90) | (42.03) |
MnL,Cl, 4560 | 3.65 | 7.11 19.27 242D 10 , | 550
45.90) 1 (380) } (7.60) | (19.30)
MnL,Br, 36.46 2.98 6.01 34.88 228D
(36.84) | (3.07) 6.14) | (34.99)
FeL,Cl, . 2 H,0 38.38 428 | 6.08 24.50 208 83 5.75
(38.18) | (4.09) | (6.36) | (24.18)
FeL,Br, . 2H,0 4126 | 3.72 6.66 29.54 215 76
@1 | .92 (6.86) | (28.39)
CoL,Cl, . 4H,0 38.65 4.65 623 | 1605 218 14 4.15
(37.80) | (4.95) | (6.30) | (15.99) ;
CoL,Br, . 4 H,0 31.32 3.98 5.02 29.87 237
(3L51) | (412 | (5.52) | (30.02)
NiL,Cl, 4532 | 3.95 7.38 18.80 263 13 3.20
@515 | 3.76) | (752 | (19.10)
NiL,Br, 36.11 2.95 5.89 3450 | 267
(36.44) | (3.09) (6.08) | (34.70)
CuL,Cl;, (OH) 49.06 | 4.29 8.47 12.64 172 14 1.92
(48.93) | (4.46) 8.15) | (13.79) | '
CuL,Br, (OH,) 41.53 3.68 6.71 2623 | 167
. 41.72) | (3.80) | (6.95) | (26.49)

L= 2-acetylpyridine
D= decomposition
* The numbers in parentheses correspond to the calculated amounts.



TABLE 1I: Infrared spectra (cm=")

L CrClLL MnChL, MnBr,L, FeCLL,2H,0 FeBr,L,;2H,0 CoCLL,4H,0 CoBr,L,4H,0 NiCl,L, NiBr, CuCLLH,0 CuBr,L,H,0 Assingnment
3420 sh © 3420 sh 3460 m 3460 m 3360 m 3350 m  O-H Stretching
3530 m 3533 m
3060 m 3066 m 3070 m 3060 m 3060 m 3060 m 3050 m 3060 m 3070 m 3070 m 3066 m 3066 m  C-H Stretching
1610 m 1610 m 1630 m - 1633 m 1630 m 1630 m  "H bending
1695 s 1615 s 1665 s 1665 s 1645 s 1700 s 1660 s 1660 s 1660 s 1650 s 1690 s 1695 s C-O stretching
1570 s 1605 m 1590 s 1590 s 1590 s 1580 s 1590 s 1590 s 1605 s 1595 s 1600 s 1600 s C=C and C=N
1550 s 1566 m 1566 m 1566 m 1570 m 1570 m 1560 m 1560 m 1570 s 1566 s 1570 s 1570 m stretching of the
990 s 1030 s 1015 s 1015 s 1015 s 1025 s 1020 s aromatic ring
615 m 660 s 670 m 670 m 650 m 640 m 640 m 1020 s 1030 s 1025 s 1030 s 1030 s pyridine ‘breathing
590 s 640 m 635 m 635 m 615 m 610 m 615 s motion
610 m 615 s 615 s 595 w 595 w 590 m 640 m 645 m 640 m 655 s 655 s pyridine deformation
590 m 590 m motion
560 w 505 m 505 m 500 w 500 w 595 w 615 s 630 s 625 s 615 s 615 s
L5300 w 580 w 480 w 590 m 605 m 595 m 590 m 590 m
480 s 425 m 425 m 425 w 420 w 425 m 495 w 485 w 485 w 485 w - M-N or M-O
420 w 415 w 415 w - - 405 s stretching
410 w 400 w 400 w — — - 425 m 450 s 435 s 450 s 450 s ring deformation
270 s 325 m 240 m - - - 405 s 425 m 425 W 433 w 415 m
415 m 415 'm 415 m 400 m
: 400 m
- 310 s — 330 m - M-X stretching

ANIANYAJTALADYZ 40 NOILDVYALNI
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water respectively and its easy removement suggests water of crystallization. In
the Cu (II) complexes the water is retained after heating at 110°C, which indi-
cates that it is coordinated to the metal. The presence of water in the above
complexes is further confirmed by a band at 1630 - 1610 cm!. Small shift to-
wards higher frequencies of the most stretchings of the pyridine ring was obse-
rved in all complexes prepared and this is common in the pyridine complexes®.

The ligand exhibits a strong absorption at 1690 cm~!, assingned to the car-
bonyl stretching and is expected to shift to lower frequencies when the oxygen
is coordinated to the metal and to remain unchanged or to shift to slightly hi-
gher frequencies in the case of N-only coordination!=*%. Thus, in the complexes
of Cr (III), FeCl;, Mn (II), Co (II) and Ni (II) the vC=0 is lowered by 30 -
60cm~!(see Table II), while in the other complexes it appears unchanged or at
little higher frequencies (ca. 10cm~'). The observed decrease in the v C=0
frequency upon complexation is explained by the synergic effect of simulta-
neous N, O coordination. This is a good indication of the formation of N, O
chelate complexes. Where the band at 1690cm~! remains unchanged or is shi-
fted to higher values it is assumed that the ligand in the complexes is
monodentate!~3.

The out of plane bending motion of the carbonyl group is not observed in
the free ligand and this is possibly due to the overlapping by the strong ben-
ding motion of the pyridine ring at 590 cm~! 4,11.

The strong band at 900 cm! of the free ligand is assigned to the breathing
motion of the pyridine ring and is shifted by 20 - 40 cm™!' towards higher
frequencies in all the complexes (see Table II), consistent with N-coordination!—
4, 12, 14

The band at 605 cm™! in the free pyridine is assingned to the deformation
motion of the ring and is shifted to higher frequencies in its complexes with the
first row transition metals'®. The shifting is characteristic of the stereochemistry
of the complex!® and of the element’s group in the periodic table's. In the free
2-acetylpyridine the two bands at 615 and 590 cm™! are assingned to the de-
formation motion of the pyridine ring®. In all the complexes prepared a new
medium intensity band is appeared at ca. 640 cm™' and this may correspond
to those at 615 and 590cm™' of the free ligand, which colapse to one and shift
to higher frequencies due to coordination. . :

The free ligand does not show any bands in the region 550 - 400 cnr!.
The appearance of a weak band at ca. 500 cm™! in the spectra of the comple-
xes may be assingned to the M-N or M-O stretching motions*.

The free picolinaldehyde and 2-benzoylpyridine shows bands at 440 and
445 cm! respectively assingned to the deformation modes of the ring, which a-
re shifted to higher frequencies by ca. 10 - 20 cm~! upon complexation?. In the
spectra of the complexes of Cr (III), Ni (II) and Cu (II} a strong band appears
at ca. 450cm~! assigned to the deformation motion of the pyridine ring, which
becomes active due to complexation. For the same reason the medium to
strong intensity bands in the region 430 - 400 cm~! are most possibly due to
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the deformations of the pyridine ring, because a band of this kind appears at
402 cm~! in the spectrum of the free pyridine, which is shifted to higher
frequencies by ca. 20 cm™! upon complexation®.

The tentative assingnement of the M-X stretchings in the far ir spectra is
based on the comparison of the spectra of the chloro and bromo analogs of the
same- complex, where possible, and are included in Table II. In the complex
MnL,Cl, the strong band at 325 cm~! appears at 240 cm! in the spectrum of
the bromo analog and they are assingned to Mn-Cl and Mn-Br stretchings re-
spectively. The complex NiL,Cl, shows a strong band at 310 cmr! which is
absent from the spectrum of the bromo analog and is assingned to Mn-ClI
stretching. The same is true for the complex CuL,Cl, (OH,), which shows the
Cu-Cl stretchlng at 330 cm™!

Electronic spectra

(a) UV region: The ligand exhibits an intence absorption at ca. 37590 cm!,
which shifts to lower frequency (red shift) with increasing solvent polarity and
is assingned to m* — n transition of the ring?. A bathochromatic (red) shift is
also expected for this transition when the N atom of the pyridine ring is metal
coordinated’. As Table 3 shows this occurs in all the complexes investigated,
implying nitrogen coordination in all of them.

A second weak band at ca. 30770 cm™! which undergoes a hypsochromic
(blue) shift with increasing solvent polarity is assingned to an n* «— n transi-
tion of the carbonyl group® Coordination through the carbonyl group should
cause a large hypsochromic shift of this transition, while non involvement of
the carbonyl group in coordination must leave this transition unaffected®. Thus
in the copper (II) complexes where the carbonyl group is supposed to be free (-
from the ir data) this transition appears at the same frequency as in the free li-
gand. The iron (III) complexes exhibit strong charge trannsfer transitions in
this region preventing the obserbation of the m* — n band. In all other comple-
xes a shift to higher frequencies by ca. 776 to 977 cm™' is observed (see Table
3) indicating C=0 involvement in coordination, as also was concluded from
the ir spectra.

(b) Visible and near ir regions: The visible and near ir spectral data are given
in Table IIL. In the Fe (III) complexes the strong absorption at ca. 29411cm™!
is assingned to charge transfer of the ligand - metal type. This band prevents
the observation of the (d-d) transitions in the visible region, a common pheno-
menon for Fe (IIT) complexes™ '". Similarly, the d-d absorption spectrum of the
Mn (II) complex was not observed, due to the low intensity of the bands> 7.

The [CuL,Cl, (OH,)] complex, in methanol, shows two bands at ca. 12739
and 6645 cm~!. These two bands are usually found in trigonally distorted
octahedral complexes of Cu (II) and are assingned to the 2E — ’E and ’A, —
2E ' transitions respectively!”.

The complex [CoL,Cl,], in methanol, exhibits two absorptions at ca. 19047
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TABLE IIl: Electronic spectral data (cm™)

Compound n* — 1 n* «— n d —d assingnement
L 37590 30769
CrL,Cl, 37313 31746 38461 “Tig (P) — *Ay
- 27397 “Tig (F) — *Ay
12738 Ty — *Agg
CoL,Cl, - -4H,0 36036 31545 19047 “Tyg (P) — “Tyg
7905 4T2g — ATIg
NiL,Cl, 36036 31545 25316 Ty (P) — Ay
14598 Ty — Ay
7911 Tyr — Ay
CuL,Cl, (OH,) 35971 30769 12739 E, — E
‘ 6645 A, — E

and 7905 cm~! assingned to the transitions ‘T, (P) — T,, and *T,, respective-
ly in an octahedral environment? 7 18, ) :

The complex [NiL,ClL,], in methanol, show three bands at ca. 25316,
14598 and 7911 cm™, assingned to the 3T;, — Ay, 3T}, — 3A,, and °Tp, —
3A,, respectively in octahedral environment'”.

The octahedral Cr (III) complexes usually show three absorptions at ca.
14000, 25000 and 37000 cm~' assingned to the transitions “Tp, «— “Ag,
‘T \((F) — *A,, and *T(P) — *A,, respectively!”. In distorted complexes the
first transistion is analyzed in two absorptions of lower intensity and the one of
them in lower frequencies!’. The third transition is characterized by very low
intensity and in many cases it does not show up because it is obscured by the
intense UV bands of the ligand. The complex [CrL,Cl,] Cl, in methanol, shows
a strong band at 27397 cm! and two others of lower intensity at ca. 38461
and 12738 cm! assingned to the transitions ‘T, (F) «— *T,,, Ty, (P) — %Ay
and *T,, — *A,, respectively.

From the comparison of the 2-acetylpyridine complexes of the first row

transition metals with those of 2-benzoylpyridine!~® the following two brief con-
clusions can be drawn:
(a) The carbonyl oxygen of 2-acetypyridine participates more easily in complex
formation than the corresponding group of 2-benzoylpyridine, thus forming N,
O chelates with the most elements of the first transition series. This, most pro-
bably, is due to the higher electron density which the methyl group induces on
the carbonyl group. In the case of 2-benzolpyridine the oxygen atom of the
carbonyl group is less basic due to electron withdrawing from the benzene ring.
(b) The ligand: metal ratio is higher in the most of the 2-acetylpyridine comple-
xes than the corresponding complexes of the 2-benzoylpyridine and this, most
probably, is due to the smaller molecular volume of the first, and thus more
molecules of it can be accomodated around the central metal atom.
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Tepidnyng

*Epeiethfnoav af i8iotnteg dg dotov Tob drokataotdtov 2-GkeTvAonLPdivn TPOg
10 16vta Tfig mpdtng oepdc TdvV otouxsiov petantd®oewg kol nopeokevdodnodv a
§€fic véa oodumioka: CrL,Cl,;, CrL,Br,, MnL,Cl,, MnL,Br,, FeL,Cl,. 2H,0, FeL,Br,.
2H,0, CoL,Cl,. 4H,0, CoL,Br,. 4 H,0, Cu (OH,) L,Br; (L= 2-dxetvAomopidivn).

‘H Sopn tdv napackevachiviov counioxov EEnynon katdény otouxeloxd®v ava-
Aboeav, perprioemv dywyudttog, fig nayvntikig adtdv émdextikdtntag tév fiek-
tpoviek®dv kai Odmepbfpov gacudtov. Tehikdg ovykpivoviar ai ididtnteg thig 2-
dxetvlomopidivne ué éxeivag tiig 2-Bevfovromupidivng.
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MODEL STUDIES OF THE FIRST HYDRATION SHELL OF N,
N-DIMETHYLACETAMIDE USING CNDO/2 VIEWED IN THE
LIGHT OF NMR SPECTROSCOPIC AND OTHER EXPERIMEN-
TAL EVIDENCE

RAYMOND G. JONES* and M.G. PAPADOPOULOS
Chemistry Department University of Essex Wivenhoe Park Colchester CO4 3SQ Essex, England

Abstracpt

CNDOY/2 calculations on the hydration of N, N-dimethylacetamide invol-
ving up to three water molecules have been used to evaluate the most likely po-
sitions of the water molecules in the first hydration shell. Calculated electron
densities and bond order parameters have been examined in a comparison with
experimental data. The model proposed can be seen to be compatible with the
barrier to rotation about the central C-N bond and viscosity measurements.
Carbon-13 chemical shift data correlate in part only and additional inter-
molecular effects must be invoked to explain the results qualitatively.

Key words: CNDO/2, N-dimethylacetamide, Hydration, First-Shell, NMR, proton, carbon 13
viscosity, energy barrier. .

r (C,-O) interatomic distance
<(OCN) interbond angle
P (CN) bond order calculed for C-N bond

D deshielding

S shielding

E, activation energy for rotation about C-N bond
E; total energy

r. . equilibrium interatomic distance

AF, stabilisation energy

Introduction

The properties of mono- and di-substituted amides in aqueous solutions
have been the subject of a number of interesting papers in which viscosities, '»2
- densities!, volume changes's?, heats of mixing? phase diagrams?® and ultrasonic
absorption® have been measured as a function of the mole fraction of water.
The use of amide-water mixtures as binary solvents or reaction media in che-
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mical rate' and equilibrium studies has been suggested as sufficient reasons to
justify a critical look at the physical properties of such solutions.

Viscosity and volume changes show maxima at low and specific mole ra-
tios which have led to suggestions that stoichiometric compounds or complexes
are formed!. Low temperature phase diagram work has been presented to con-
firm this premise?. The emphasis in previous work has been on probing the
extent of molecular association or hydrogen bonding and on possible changes
in the water structure. It was not expected by these authors' that a clear mo-
lecular interaction mechanism could be inferred from viscosity, or similar, mea-
surements alone. _ .

The subject of this present paper has been to present some new data asso-
ciated with, N, N-dimethylacetamide water mixtures in an attempt to provide a
more detailed picture of the intermolecular interactions. Three approaches have
been made in following changes in approximate barriers to rotation about the
central C-N bond, considering the carbon-13 chemical shifts of the four DMA
carbons and in calculating the total energy in a «united-molecule» approach
using the CNDO/2 program.

Carbon-13 nmr has been used to examine the intermolecular interactions in
N, N-dimethylacetamide water mixtures and the results show some compatibili-
ty with viscosity studies®. Barriers to internal rotation in simple amides have
been determined using proton nmr but the quantitative nature of the results is
in doubt eépecially where single parameter methods have been used because of
the long-range coupling between protons which broadens the peaks®. However,
the simplistic approach provides an indication in trends of* results which,
though lacking in. accuracy, are distinctive and in keeping with the qualitative
picture emerging from .alternative approaches described above.

The CNDO/2 program has been applied in a critical way to specifically
chosen configurations involving up to three water molecules for each DMA
molecule.

Similar work has been described for formamide-water interactions’, associa-
tion between water and purine® bases and hydration of peptides’.

Experimental

The amide was obtained commercially and purified by distillation at
reduced pressure. ’
Activation Energy E,.

The experimental activation energies, E,, identified with the barrier height
restricting rotation about the central C-N bond. of the amide, have been obtai-
ned from measurements of the rate of internal rotation at a series of temperat-
ures, for samples containing the amide and water in different mole ratios.

The spectra were obtained using a Varian A60A nmr spectrometer with a
variable temperature controller. The effect of overlap of the components of N-
methyl doublets was not taken into account and the approximate values for E,



MODEL STUDIES OF THE FIRST HYDRATION 293

thus obtained came directly from the best straight-line through the seven points
of each Arrhenius plot. The errors quoted are twice those given in the original
paper and further undetermined errors arising from the approximate method
employed would be expected to require exceedingly cautious use of these data
in absolute terms. However, the changes observed between samples were outsi-
de the measured error, as shown in Table I,and the relative values are of more
interest here than the absolute ones.

TABLE I: The trends in activation energies assoctated with the restricted internal rotation about
the central C-N amide bond in acet-N, N'-dimethylamide and four mixtures including water.

Composition E, (KJ mol~1)
DMA 51.0 + 3.0°
DMA (H,A) 740 + 3.3
DMA (H,0), 73.2 + 37
DMA (H,0), 72.7 + 3.4
DMA (H,0), 745 + 40

Errors were estimated from extreme gradients of the Arrhenius plots.

Approximate activation energies have been obtained from a single parameter analysis of variable
temperature H nmr spectra®.

Carbon-13 chemical shifts.
The details of these results have been reported in a more general context in
another paper®.

Theoretical

Models for the DMA/water: interaction.

Past evidence from viscosity and phase-diagram studies, at low temperat-
ures, of amide-water mixtures has been interpreted in favour of the stability of
particular compexes even at room temperature?, It has been suggested that two
water molecules can associate strongly with the two unshared pairs of electrons
on the carbonyl oxygen in N, N-disubstituted formamides and acetamides, and
in N-substituted pyrrolidones. The viscosity data, however, distinguished
between the acyclic and cyclic amides because the former show viscosity maxi-
ma for 3:1 water-amide mole ratio while the latter exhibit maxima for 2:1 mole
ratio. This distinction may well hint at the spatial arrangement or the strength
of attachment of the third water molecule for the N, N-disubstituted amides’.
The location and orientation of the third water molecule remains a controver-
sial issue. The evidence which has been obtained here suggests that a predomi-
nantly six-centred electrostatic interaction
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—_ + —

O-C-N

H-O-H

+ — +
is more likely than the weaker interaction between ‘the water molecule and the
sterically obstructed lone .pair electrons on the disubstituted nitrogen!. The
experimental v1sc051ty curves are skewed towards thigher :mole ratios and this
has been interpreted as suggesting that higher «womplexing ratios (>3:1) also
occurl, Possible sites for solvation of the amides iby water have been suggested
which 1nvolve the alkyl groups1 The number of potentidl sites for water asso-
ciating with amide is therefore likely to be at least six but it ‘will be shown that
these are not energetically equivalent. The models wikiich have been investigated
are shown in Figure 1.

Basis of the calculations.

CNDO/2 parameters. The CNDO/2 method (complete neglect of differen-
tial overlap) developed by Pople and Santry is adequately described in stan-
dard texts®.

The main concern in this work has been with ground state energies of inte-
racting «amide» and water molecules as a basis for jprediction of the «first hy-
dration shell» characteristics. The difference in emengy between the calculated
values when the molecules are well separated amd at an equilibrium distance
associated with a minimum energy has been taken as a measure of stabilisation
of the complex (AE, in Table II) and identified with an enthalpic dissociation e-
nergy!®. In some cases no such minimum was observed (Table II). Illustration
of three representative curves obtained by plotting E, against an appropriate in-
teratomic distance are given in Figure 2.

The calculated dipole moments provide a test of the molecular eigenvectors
and hence of the electron density on each atom. This latter parameter is par-
ticularly relevant to the carbon-13 measurements since significant correlations
have been observed in other systems which indicate that C-13 chemical shifts
are linearly dependent on electron density!!. The. parameter recorded in Table
II is nett atomic charge since we are primarily interested in the changes which
take place. Further, it is possible to use the population matrix (generated from
the eigenvectors) in the output from the program to obtain a measure of bond
order!?, (Table IIT) and seek to correlate this with the changes in the activation
energy E, (discussed later).

The calculations were carried out by first choosing interatomic distances
and inter-bond angles in accord with values listed in the literature!®. These di-
mensions were kept fixed for DMA throughout the calculations since any at-
tempt to take account of changes leads to a hopelessly complicated model. The
parameters used were as follows: (planar skeleton).
r(Cl-0) 0.121 nm, r (CI-N) 0.135 nm, r (C2-N) 0.145 nm, r (C3-N) 0.145 nm,
r (C1-C4) 0.155 nm, r (C-H) 0.111 nm, <(OCN) 125.5°, <(0 C1 C4) 117°,
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FIGURE 1: Schematic diagrams representing the adopted models for DMA/water interactions:
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<(C1 N C2) 120° <(Cl N C3) 120°, <(HCH) 109°28’, =(CCH) 109°28’
H,0 r(OH) 0.10 nm, <(HOH) 104°.

‘TABLE II: Total energies E, in Hartress* and nett atomic charges p calculed for the models in
Figure 2 using the CNDO/2 program. Equilibrium distances r. in nanometers and stabilisation e-
nergies in Hartrees® AE; determined for the same models.

A B C D E

Model Te . E, AE, forr =1,

1 03511
2 0.1009
3 0.0942
4 —0.0898

Amide - — —

H,0 - - - 0 —0.2708
H 0.1354
H 0.1354

0.4305D

0.1019D+

0.093358+
—0.09318

0.3654D

0.09335+

0.09285+
—0.09338

I ' 018 ~85.287 0.027

A WN

I 0.25 —85.280 0.016

BW N =

1 a 018  —105.198 0.056
b 0.18

0.4980D

0.1020D

0.09208
—0.0960S

HW N =

IV a 0.30 —105.149 0.037
b 0.30

0.3615D

0.0996S

0.06778
—0.0918S

BN =

-V 0.18 —85.284 0.021 0.4254D
0.10058+
0.0928S

—0.09298

BW RN -

0.4358D

0.1010—

0.0678S
—0.0950S

VI a 0.18 —125.061 —
b 0.30 ’
c 0.30

BN -
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Table II {continued)

297

A B C D E
VII 0.225 —85.267 0.001 1  0.3522D+
2 0.1017D+
3 0.1059D
4 —0.0900—
VIII 0.225 —85.266 0.001 1 0.3513D+
2 0.1106D
3 0.0950D+
4 —0.0901—
IX 0.425 —85.266 0.001 1 0.3531D+
2 0.0849S
3 0.0948D+
4 —0.0894—
X r= 0.50 —85.261 No 1 0.3519D+
minimum 2 ) 0.1011D+
3 0.0945D+
4 —0.0898—
XI 0.225 —85.268 0.003 1 0.3534D
2 0.0999S
3  0.0973D
4 —0.0917S
X1I a 0.18 —125.048 — 1 04292D
b 0.30 2 0.0960S
¢ 0.30 3 0.0865S
4 —0.0937S
X111 a 0.300 —125.036 — 1, 04251D
b 0.300 2 0.0984S
c 0.180 3 0.0870S
4 —0.0939S
XIV a 0.225 —125.040 — 1 0.3589D
. b 0.30 2 0.1007—
¢ 0.30 3 0.0800S
4 —0.0922S
XV a 0.225 —125.088 — 1 0.491D
b 0.30 2 0.1129D
¢ 0.30 3 0.0934S+
4 —0.0964S
XVI a 0.225 —125.060 — 1 03673D
b 0.18 2 0.1099D
c 0.18 3 0.1052D
4 —0.0938S
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Table II (continued)

A B C D E
XVII a 0.225 —125.067 - 1 04310D
b 0.225 2 0.1126D
c 0.250 3 0.1060D
4 —0.0937S
XVIII a 0.180 —125.089 1 0.4964D
b 0.180 2 0.1040D
c 0.225 3 0.1046D
4. —0.0964S

Footnote to table 2.

The lower case letters a, b, ¢, where appropriate, refer to the relevant water molecules in the
schematic diagram of Figure 1.

* Nett atomic charge, p= 4-calculated electron density on the atom.

+ 1 Hartree = 627.7 Kcal mol~! = 2604 KJ mol™!

+ Small deviations from the corresponding neat amide value only. ie. Aq>0.0010

TABLE III: Bond order parameters calculated for the C-N bond in Amide-water systems. Mo-
dels I, II and III. .

Model 1 Model 11 " Model 1iI
r P (CN) r P (CN) r P (CN)
0.18 nm* 1.07 0.25 nm* 1.143 ' 0.18 nm* 1.040

0.25 nm 1.19 0.35 nm 1.130 0.35 nm 1.1233

P(CN) for DMA = 1.12

P (CN) = Py
P;; are the elements of the population matrix generated by the CNDO/2 program
*rg in each case.

Discussion

The choice of models shown in Figure 1 was constrained by computer time
and by chemical intuition based on earlier arguments. Models I, IIT and V were
suggested by the charge distribution both in DMA and-in water, involving six-
centre electrostatic interactions. Model V bears some relationship to the sugge-
stion made that the water can hydrogen bond to the nitrogen through its lone
pair and is justfied by the potential energy minimum observed at an equili-



MODEL STUDIES OF THE FIRST HYDRATION 299

brium distance of 0.18 nm (compare modékI in Figure 1). Models II and IV
portzay the conventional hydrogen bonding; situation and it is significant to no-
te that the stabilisation energy in these cases is less than in the corresponding
models above although no emphasis is laid! on absolute differences because of
earlier qualifications.

Models VII to X represent situations which are less likely on energy groun-
ds but which do have small stabilisation energies shown in Table 2 and repre-
sented schematically for model VII in Figure 2:.Model XI showed no minimum
probably because of unfavourable steric interactions.

The other models shown in table I represent: combinations of the basic mo-
dels which are likely. No attempt was made to;extend the calculations to molé
ratios greater than 3:1 mainly because of computing time but also because the
experimental results suggest 3:1 to be a significant ratio.

The nett atomic charge is reported for the models studied in Table I and
the effect of the change at a particular carbon compared with its environment
in the isolated amide is recorded as a shielding, S, or deshielding, D, effect. The
carbon nuclei C1, C2 and C3 were observed to be deshielded when water was
added to the amide. The fourth carbon nucleus was not affected over the con-
centration range studied®.

Earlier evidence accumulated by other workers has been interpreted- in
favour of stable amide-water complexes even at room temperature?. These con-
clusions are at variance with the results here since the more stable configura-
tions chosen cannot explain alone the results observed. A dynamic system is
more compatible with the chemical shift and energy: barrier data. Hydrogen
bonded systems exist on a time scale of the order of 10-° seconds in the case
of carboxylic. acids (dimers)'* falling to 10-1° second§ for weaker varieties'®,
The calculations suggest that model I is more stable than model II by some 30
KJ mot~! although it should be emphasised that first this difference’is probably
exaggerated and second that it is an enthalpy difference. An additional and ve-
ry important factor arises from entropy considerations. The closer approach
and more restricted configuration of the water in model I must mean that the
entropy change associated with that model (compared with the separate DMA
and- water molecules) is more negative than in model II (—10 to —20 ev)'.

" Consequently the free energy difference between models I and II will be
less than the enthalpy difference (since AG = AH - TAS) and so the ratio of
the two configurations at equilibrium may well be nearer unity than suggested
by enthalpy alone although it is not possible to estimate it quantitatively.

This is an important point because it may mean that no one configuration
dominates the equilibrium. The free energy change for models such as VII the-
refore may well be small or even positive and thus reduce the probability that
these models contribute at all through specific interactions. The entropy change
for model VII would be expected to be less negative than for model II. Refe-
rence to Table II at this point indicates that model I does not explain the che-
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mical shift data for C2, C3 or C4 through electron density changes alone. It is
necessary, in the context .of the chosen :medels, to invoke gontributions from
models such as VII and VIII to explain -the direction .of the chemical shifts .of
C2, C3 and C4 relative to DMA when water is added. Models XVII and
XVIII predict the correct direction of chemical shifts for C1, C2 and C3 in the
3:1 mole ratio case. The C4 carbon .chemical shift can be made to conform by
including analogous models. These arguments omit contributions to the scree-
ning constant from Vander Waals interactions and anisetropy effects.

It should be noted that altermative sites for water molecules not involving
DMA for example (H,0), dimers, cannot be discounted and may well account
for the small chemical shifts observed when water is added. The reasoning un-
derlying this conclusion is based .on ‘the sensitivity .of carbon-13 chemical shifts
to electron density changes. The measured chemical shift change for a change
in electron density by one unit in aromatic compounds has been reported to be
150 ppm per electron’!. Preliminary calculations for a limited number of carbo-
nyl containing compounds in this work suggest a higher sensitivity 2200 ppm
per electron.

Model I predicts a change in electron density for C1 compared with neat
DMA of 0.08 eclectrons or a deshielding amounting to ~16 ppm. The
appropriate figures for models II and VII are ~2.2 ppm and ~Q.2 ppm re-
spectively. Thus, either model II must be heavily weighted or if model I is incl-
uded with comparable weighting there must be alternative sites for the water
molecule which have little .or no effect on the C1 chemical shifts. This is a hi-
ghly complex problem because of the many contributions to the screening con- -
stant and no really satisfactory conclusions can be drawn from from C-13 da-
ta. :

The barrier to rotation about the C-N bond.

The barrier to rotation about the ceatral C-N bond in DMA has been
shown to increase when water is added {Table 1) and that the increase is maxi-
mised for a mole ratio close to 1:1. The previous discussion led to a conclusion
that model I is at least important in the dynamic model and it is tempting to
suggest that such an association would sterically inhibit rotation about the CN
bond. This would be even more likely if the water molecule moved to the posi-
tion illustrated by model V.

A’ bond order parameter has been calculated (Table III) from the popula-
tion matrix generated by the CNDQ/2 program and normalised in the cases of
ethane, ethylene and acetylene to the values 1, 2 and 3 respectively. It is clear
that the approach of the water molecule in the configuration described by mo-
del I acts to decrease this bond order parameter for the CN bond and thus to
reduce electronic contributions to the barrier to rotation. The same parameter
determined for model II showed an increase compared with neat DMA and
therefore restricts the intramolecular rotation. The nett’ result of these inte-
ractions, could conceivably lead to an overall increase in the barrier to rotation
but it could be argued that the barrier should continue increasing for mole ra-
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FIGURE 2: Total Energy calculated using CNDO/2 for interacting Amide-Water molecules as
a function of interatomic distance in some of the models where minima were obse-
rved.
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tios beyond 1:1 when water is added to DMA, unless_the steric interactions in
a «dayered» structure of alternating amide and water molecules are dominant.

Conclusions

The models shown to-be stable by the CNDO/2 calculations are as follows.
The most stable involves the interaction between parallel amide and water mo-
lecules with a minimum energy when 0.8 nm apart. There are two possible. si-
tes for water on the amide according to this model but transient stacking or
layering may lead to an apparent 1:1 ratio.

The next most stable involves the conventional hydrogen bonding situation
between the water protons and the amide carbonyl oxygen atom. There are
two sites per amide molecule again here, and each water molecule is capable of
hydrogen bonding to two amide oxygens, or one amide and one water oxygen.
The evidence from other work (carbon-13 chemical shifts viscosity) suggesting
a first hydration shell of three water molecules is therefore compatible with the-
se CNDO/2 results. The concept of electron density has been used to discover
which changes are likely to occur in the change distribution of the N, N-
dimethylacetamide when it interacts with water. The calculations show, in a-
greement with carbon-13 chemical shift data, the greater sensitivity of C1 in
comparison to C2, C3 and C4. The correlation between electron density and
chemical shift which was sought did not emerge, not surprisingly perhaps, on
detailed examination. However, no account has been taken of other con-
tributions to the screening constant which may involve anisotropy and Van der
Waal’s factors. The dominant factor in determining trends in activation ener-
gies can be interpreted to be steric in character and the picture where water
and  amide molecules alternate in parallel does explain the insensitivity of E,
beyond the mole ratio 1:1. The overall picture can best be thought of as a dy-
namic equilibrium between the different models and measurements made at the
radiofrequency end of the electromagnetic spectrum reflect a time average of
the environments of the amide molecule weighted according to their relative
stabilities. . :

The use of liquid phase data in examining the trends of the CNDO/2 resul-
ts can be justified because the importance of molecular interactions in the
liquid phase requires some attempt at an explanation not wholly based on
speculation. The systems most likely to prove of greatest intrinsic interest do
not lend themselves to vapour phase study or study in other conditions which
may be regarded as aesthetically desirable.

epidnym

To npoypaupe CNDO/2 ypnowonomdnke yio thv uerérn tfig GAAnAeni-
dpaong tob N, N-Siueboloakstamdiov (AMA) g 1 péxpt 3 uépa H,O. Tovo-
Mxka peretifnkav 18 povtéha mov 1 émAoyn touvg Eyve ué Paon guoika xai
AMULKE KPLTTpLaL.
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Ol MAektpovikég mukvoTnTeg Kai ) ta€n 100 Seouod C-N nov droloyiotn-
kav pé v Ponben 100 CNDO/2, éetdotnkav o€ oyéon ué ta nelpauarma
dedopéva.

T6 povtého mod mpoteivetar &Enyel ta mewpduata tfig nepiotpoeiic yopw
Gn6 10 deoud C-N, 100 EEmdovg kai pepikég ano Tig ynuikés uetatonicelg TV
4 13C 100 AMA.

ITiotebovpe 611 mepioodtepo moAvnhokeg GAANAemidpdoeic 100 AMA pé
10 H,0 n.x. GAAnAenidpaon tod AMA pé peyaidvtepo dpiBuo popiwv H,0, 6a
gdwvav mAnpéotepn anewkovion kai Epunveia t@v nelpapatik®v dedopévov. Té-
10101 SU®G Broroylopoi, TPOG TO MAPOV TOLAGYLOTOV, Elvar GvEQLKTOL
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APPLICATION OF NMR SPECTROSCOPY TO STRUCTURE DE-
TERMINATION OF SYNTHETIC DYES: PART I - CERTAIN CA-
SES OF SPIN COUPLING OF N*H PROTONS TO «¢-CARBON
PROTONS

DEMETRIOS BOROVAS
Research and Development Department, «VIOCHROM» S.A.,
Aniline Dyestuff Industry, Aegaleo, Athens, Greece.

Summary

Trphenylmethan, oxazine, thiazine and diazacarbocyanine dyes, do not show NMR
N*H absorption and spin-spin coupling of a-carbon protons of N-alkyl groups in tri-
fluoroacetic acid. Such peaks and spin couplings, useful in structure elucidation of the
dyes, was observed when the dye was in the reduced form.

Introduction

Cationic dyes of triphenylmethane, oxazine and thiazine type, that contain
amino groups in their molecule, do not show any NMR, N*H peaks and spin
coupling of a-carbon protons to N*H protons even in TFA.L? It is obvious
that there is no direct protonation of the amino group, as the positive charge is
delocalized throughout the chromophoric system, and it is not localized on the
nitrogen. It is apparent that such N*H absorptions and spin-spin couplings of
a-carbon protons, could be very informative in the structure determination of
the dyes. Valuable information can be obtained concerning the structure of the
chromophore and the substituents that belong to it, if the o-carbon protons
could be recognized.

If instead of the dye, the reduced form is used, the charge is localized on
the nitrogen and there is direct protonation of the amino group in TFA. In that
case N*H absorptions are observed, as like N*H - a-carbon proton spin-spin
couplings. The difficulty of the leucobase isolation, can be overcome by
reducing the dye in the NMR tube by small amounts of zink powder and ta-
king the NMR spectra, without previous isolation of the leucobase.

Experimental Part

Trifluoroacetic acid, Merck spectrophotometric grade Merck zink
powder were used.

The spectra were recorded on a Varian T-60 spectrometer (measured probe
temperature 35°C).
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Commercial samples of dyes were purified by recrystallization and purity
was checked by TLC chromatography.

TMS was used as reference.
Reduction Procedure:

Samples of 20 to 25 mg of the dye, were dissolved in the NMR tube in 0,3
ml TFA. Very small amount of zink powder was then added carefully into the
tube till the samples were completely decolorized. The tube was then left for
some time, till an excess of zink powder was settled, before the spectra were ta-
ken.

Results and Discussion

Proton NMR spectra of malachite green leucobase in TFA, shows a broad
peak of N*H at 575 Hz, a pattern of aromatics between 460 and 410 Hz (1), a
singlet at 340 Hz, which belongs to the proton of the central carbon atom, and
a doublet at 200 Hz (IIa). This doublet belongs to the protons of the four men-
thyl groups which are spin-spin coupled to the N*H proton. If the N*H peak is
irradiated, spin-spin decoupling takes place, and the doublet collaplses to a sin-
glet (IIb). If instead of the leucobase, the colour base of malachite green is dis-
solved in TFA, the proton NMR pectrum is quite different. There is no N*H
peak, and the four N-methyl groups give only a singlet. When the colourbase is
reduced in the NMR tube with zink powder, the expected pattern of the leuco-
base is obtained.

" In the case of oxazine dyes (III, X=N), and thiazine (III, X=S), when R,
R,, R, and R, are methyl groups, they appear as a sharp singlet when the dye
is in the oxidized form. In the reduced form however, a broad N*H peak ap-
pears at 536 Hz, while the N-methyl singlet, splits in a doublet. Irradiation of
the N*H peak, collapses the doublet to a singlet.

When R,, R,, R; and R, are ethyl groups, the a-carbon protons appear as
a quartet (IVa) between 185 and 225 Hz, because of spin-spin coupling to the
methyl protons of the ethyl group. In the reduced form, a broad N*H peak ap-
pears at 475 Hz, which is far downfield from aromatics and can be easily inte-
grated, and a second split appears in the quartet of the a-carbon protons (IVb),
not so clear though as in the case of methyl substituents. This second splifting -
desappears, when the N*H peak is irradiated (IVc).

Quite interesting is the case of another family of dyes for synthetic fibers.
These dyes, known as diazacarbocyanine dyes, have a chromophore of the ge-
neral structure:

Q-CH = N-N-Ar
I
R
where Q is a heterocyclic or a heteroaromatic radical, and Ar is a substitued
or unsubstitued aryl. R can be hydroze of alkyl group, and usually it is a me-
thyl group.
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The proton NMR spectra or these dyes in TFA, besides of aromatic, hete--
roaromatic patterns, show a N-methyl peak at around 200 Hz, when R is a
methyl group (V). When the dye is reduced in the NMR tube with zink
powder, a broad N*H, peak appears at 500 Hz, which is far downfield from a-_
romatics and can be easily intergrated (VI). s

|
o0,

/

The N-methyl peak splits in a very clear triplet (VIa), which collapses to a
singlet (VIb), when the N*H, peak is irradiated.

It is apparent that reduction splits the chromophore between the two nitro-
gen atoms, indication that there is double bond character between them. J val-
ues were always at the range of 5 Hz.

VI
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TepiAnyig

’Ewapﬂoyﬁ THS NMR QACLATOPWTOUETPIAS TTOV TPOCAIOPIOUG THG OLVTALEWS
TV TLVOETIKDY Xpw;tatcuv Mspog I, Mepixéc mepintddoels omiv ovlebéews Ty
N*H mpwroviwv ué td mpwriovia 100 a-dvpaxoc.

Xpopate tfig katnyopiag 1o TpLpaivoiousdaviov, 6Ea(;1vng, Bemt;wng Kai
dwaloxapumnokvavivng d&v mapovcidfovv N*H droppoégnon oté NMR ¢douoa
tovg 6¢ TPLPBoPooLIKd OED EmEldh 1O TPwTOVIO SV elvar vtomiopévo 616 G-
fwto, GAAG koTaveunuévo of Ao 10 poplo. Ltiv dvnyuévn dumg uopen &u-
pavitetor N*H dnoppognon kebmg kol ovlevEn tdv oniv 1@v N*H pé d
npwTOVIe. T0D a-GvBparog t@v VnokataoTaT®V TV duivopddwv. ‘H évionion
kol 6AokAfipoon t@v N*H mpwotoviov, dtweg kai 1| dvayvapion 1@v npmTto-
viov 1od a-8§vOpakog elvar moAvTiua oToLyEin Y1 TOV Tpocdiopiond Tiig Soudig
700 xpopoeopov. I'd 11 Affyn NMR @aopdtov AEVKOEVOCEDV TEPLEYPAPETAL
pio anAn teyvikn dvayoyfg 100 ypoduatog otov coinive t00 NMR ué ckévn
Wevdapybpov, ywpig vi xpedletar dnoudveon tfig AEVKOEVOGEWG.
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H EINIAPAZH TOY AIAAYTH KAI THE YI'KENTPQIHE ITIE
ITAPAMETPOYX ITYPHNIKOY MAI'NHTIKOY XYNTONIZMOY
IIPQTONIOY (‘H-NMR) TQN MONOYAPOZYIYPIAINQN

XAPIKAEIA IQANNIAOY-ETAZINOIIOYAOY
Kévtpo Hupnvikdv "Epevvdv «Anuokpizogr
Ayia Iapaoxevy "Atuxijs

Hepidnyn

*Avodvovtar kai oyxolidlovial 16 edopota NMR tdv tpidv povoiidpoEunupidi-
viov o¢ CDCl,, DMSO-d; xai CiD Ol petofolric tdv ynuikdv petatonicewv mov
nopatnpodvial katd v GAAayn SweAvtn kel thv petaPolrn tfic cvykévipoong dosi-
Aovtar o GAAniemdpdaoeig Saddtn-6iadvtod nod uetatornilovv ti¢ icoppomnieg tavto-
uépelag fi/ kai adroovvdeanc. “H dEaptnon dnd v ovykévipoon kol 10v Srahdtn GA-
Aaler v oepd Eupaviong opicuévov npwtoviov, kaoi, & aitiag tfig moAvnAokdtnTag
TV pooudtov, uropel va 60nynoer of AavBoouévn drddoon TtAV AmoppoPhHcE®V.

"ATo TV peAétn tdv gacudtov 'H-NMR tfig nopdivng kai 1dv nepayod-
yov g &xel mpokvyel 61t | eOon 100 dodvtn Ennpedlel Eviovo TV MMkt
uetatomion kai of uikpotepo Pabud tic otabepég ovlevtng Tdv mpwmioviwv
100 &tepokvkAikob Soktudiov. Ol petafolég otic pacuotikds mapauéTpovg
npokalodvton 4o eldikég GAANAemdpdoelg TdV Hopi®v 610 didAvun Tov £0-
voolv Opiopéveg koatavouss 1ol fAektpoviokod @optiov o1 daktOALO.

Ot povoisdpokvmupidiveg elvar 6teoBacikoi xatodvteg?. L& kardotaon dw-
Adpatog Veiotoviar o8 0o tavtouepels LopeEg, TV dudikh kol v étepoa-
popatikfi. Of icoppormieg 2-98pofvmupdivn (1) =2-mopwdovn (2) kai 4-
b8poEumupdivy (3) = 4-mupdovn (4) elvar petartomiouéves mpog Td deEid’,
&vd 1 iooppomio 3-08poEunvpdivy (5) = 3-tupdovn (6) elvar petatomiopévn
npog 10 dprotepd®. "Etor of douég nov dmkpatodv 610 SrdAvua glvan of 2, 4
kai S,

IMopatnpioaue Ot 16 @douoata tdv povobidpolunupdiviv Ennpealovat
and v @von 100 doAvtn kai dnd v cvykévipaon. Iapaxdtm oxohaloue
1i¢ UETOPOALG TOV PAOUATIKDV TOPAUETP®OV CLOYETICOVTAG Tig U TiG pOPIakE
aAAnAemdpdoelg puéca o1o didAvua.

'Anotehéopata kali Zyoha

a. Aralbuara dueBvlocovipolerdiov kai yAwpogopuiov
T& un mohkovg SwAvteg ol ¥EpoEunupidiveg adtocvvdEovtar ué decuo
0dpoyovov?:
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n “Ydpokumopdivny = ("YdpoEunvpidivn) 4 '

Ol younAgs tuég tiig ymuikfic uetatoniong tod NH/OH nov Exovv mapo-
wpnOel otig 2- xai 4-0dpofvnvpidiveg Epunvedovior cav Evdeitn Evrovng ue-
tatomong tiig icopporniag npdg ta dpiotepd. Of Tiudg mOV HETPTCAME GE YyA®-
pogopuikd StéAvpa 0,5 M efvor 13,75 & ye v 2- kai 13,13 & ya v 4-
08poEomopidivn, o& moAd koAl ovupwvio pg tiv BiAoypagias. Ltiv nepi-
ntoon tfig 2-0dpotvnupidivng, Sedouéva dno IR, UV kol petpriocelg &Eachévn-
ong dmepRyov Seixvooy 81t 10 n elvar 2257, "0 SakTOAMOC GTO Siuepéc, Ué THY
Tovtoypovn (concerted) peta@opd @V dvo mpwrovievd umopel va Bewpndel
odv pecopepng tiig audikfic (7) xai tfig &repoapwuotikiic Soufic. "EE altiog
Tfic &vépyewag pecouépelag 6 V8poyovikdg Seopdg etvor 6md todg otadepdte-
povg yvmoTovg. '
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‘H anoppéonon NH/OH tiig 3-08potvnvpidivig 610 yAmpopdputo elvar
otd 10,33 6. L& ocOykplon ué 1d 2- kai 4-napdynye adtd GnodnAdvel wikpoTe-
po Pabud BdpoyovikoDd Secuod dnradn wwkpotepng Extaong adrocvvdeomn.

To DMSO-d; oynuartifer ioxopd 9dpoyoviko decud pé tig povoiidpofvmo-
pdiveg kal mapeunodiler v avtocOVdeoty tovg. “H ynuiki petatoémon tod
NH/OH o1ta dwAvuate dweborosovreolediov napouéver otabepn katd tiv
apaioon amo 4 M &wg 0,025 M (11.4 & via v 2-58poEvnupdivy, 9,7 & yua
v 3-08ponvpdivn kai 10,4 8§ ywa v 4-0dpokumupdivn). ‘H napatnpoduevn
anoppognon 69eiretal 610 npatdévio NH/OH 10 Secucopévo dnd tov doAv-
0 mov fidn Gno tijv cvykévipwon 4 M elvar o€ mepicoein hg mpdg o SaAv-
0. :

"EE dAAov 10 SwueBuroaovAgoleidio, &E altiag tfic ueydAng tov dinAektpr-
xfic otabepic (e= 45)°, otaBeponoiel THv nopodoviky popen dnwg npokvnTeL
dno v odykpron tdv eacudteov ¢ DMSO-d; xai o¢ CDCIl, (e= 4,81): To
npoonuo tfic ovvolikiig dapopikiic peratomong X Ad (CDCl, - DMSO-d)
v B3poyovev tod daxtvAiov elvar Betikd (ITivaxag I). Meplopiopoi SroAvtd-
tag Ogv émtpénovy thv xpnoiuonoinen &vog tedeing umn moAkod. diaAddt &-
nwg 6 tetpayrwpavipaxas (e= 2,24) yia onuelo dvagopdc. Ol dmuépovg Ad
elvan &rmiong Beticég ué éaipeon v AS t@v npwrtoviov H-2 xai H-6 tfig 4-
08povnvpidivig mov elvar dpvnrich. Adto 0& propodoe va drododel of peta-
BoAéc mov mpoxaAobvtar ot payvntikh dvicotponio o &{dTov Kabdg & Se-
ouog Vépoydvou petakd popimv tod Stadvtod dvrikabictatar, uepikd, dnod de-
ouo duAvtn-SaAvtod.?

Mua Sedrepn Evdeitn &t 10 DMSO-d, otaBeponotel v moptdoviks uopen
elvar | yevixyy abEnon tiig mpodonong ué v &paimon (Zxfua 1). Ttig 2- xai
3-08potvnupidiveg ol xaunvlreg dpaiwong tdv H-4, H-6 xal H-4, H-5, avti-
otouya, dtastavpavovrat. v nepintwon tiig 3-H0poEvmupdivng i dvtiuetd-
Oeon tdv dV0 VOpoYOVEOV 61O @aoua yivetar dvriAnntd dnd v Hopen TAOV
dofevdv dxpoiov kopuedv (Zxfina 2). I'é 10v Onoloyioud tdv ynuIKdv ue-
tatonice®v of mopdymya tiig mupdivng dmapyovv otiv Biloypagia Tipig
npooletikdv napauétpov mod Exovv mpoxOyel drd nukva dwAduata Syuebo-
Aocovigokediov. I dpod SwaAvpata tiic Wiog ovykévipmong 10 H-4 elva
Ayotepo Bopakicuévo and 10 H-5 610 yAwpopdpuwo kai 610 Bevioiio of dv-
1ifeon ué §,11 ovuPaivel o1o Suevrocovigoteidio (Mivaxag I). “Onwg elval
@avepd aro 1@ Sedopéva pog, 6tav 1 &Eaptnon and TV ovykévipwor kai TOv
SwAvtn 8ev AauBdvovtar dnoyn xotd tOv Vokoyioud 1 dnodoot tdv drop-
pooficemv elvor AavBoouévn'®. Ol tiudg tév otabepdv ovlevtng otd DMSO-
d¢ xai o¢ CDCl, (Ilivakag 1) ovppovodv {xavomontucd ué tig Tués Tiig
BiBloypapiact*. "H dAlayn tfig ovykévipaong O&v tig énnpedlel

B. Bevioiikd daAvuara

®daopota NMR povolidpoEvuruptdivéiv ot Bevloho dév dvagépovral ot
Biprioypagia mbavov & altiag tfig meproptopévng Sahvtotntag. Xpnowo-
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Ovaia xai AwAdtng 8 ppm LAS In,
H-2 H-3 H-4 H-5 H-6 ppm 23 24 25 26 34 35 36 45 46 56

2-88pokvropidivn

CDCl, — 6,590, 7,465 6,275 7,360 - - — — - 940 1,15 055 6,60 2,10 6,40

DMSO-d, - - 6,290 17,390 6,130 7,325 0,555 — - - . 940 1,10 0,60 640 2,00 6,40
CeDs - 6,450 6,775 5425 6,640 2400 — - - 920 1,30 1,10 640 2,10 6,50

3-08pokumopidivn ) ‘ :

CDCI, 8,295 - 7,294 7,247 8,100 - - 2,80 045 030 - — - 8,50 1,25 4,75

DMSO-d, 8,105  — 7,145 7,185 8,000 0,501 -— 2,80 0,70 -0,15 - - -~ 8,35 1,75 4,65
CiDs 8,200 — 6,915 6,582 7,871 1,368 -— 2,80 0,70 0,15 - - ~ 835 145 4,65

4-58poEumupidivny ) ’ -

CDCly - 7,590 6,440 - 6,440 7,590 - 1,00 - — - — - - —_ - 7,00

DMSO-d 7,670 6,150 — 6,150 7,670 0420 7,00 - - —~ - - -  _— - 100

* To Gfwto auiedyvutor pé td npatovia H-2 xoi H-4. "H Aenti) b nod npokdnter dnd v ovLevEn adt év elvar dpati &newdn) 10 tetpanodo tod dLh-
o émitayhver Ty drokotdataan TdV ropnvik@dv tov tAnGuoudv. “Etor, & tpimhadiacudg dnd 10 I 3/, 100 “N xatadiyel ot dndsy Siedpvvon TdV xopu-
QdVE, .

vLE

NOTNOdONISV.LS-NOAINNVOI- ‘HO
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EIK. 1: ‘E&dptijon 1@y ynuikdv u T 7p fwp t00 O Afov dno v ovykévipwon of dieAvuara DMSO-ds.
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+——ppu
7,2 7,0 7,3 7,1
T T T T T T ¥ T
A B
4
EIK. 2: stpuﬂarma (avw) Kax €ouorwpcva dnd ov Snodoyiotii (kdrw) pdopara 1iis dpeouc ¢ tjg 3-Udpod Sivng o€ dradvpara DMSO-dg.
Etpog d i i

17 0,3 Hz. A: Zvykévipwor 0,3 M. H-2: 8,150 5,H4 71656 I-l5 7,205 6, H-6: 8,0356. B: Zvyxévipwon 4,2
M. H-2: 33506 H4 729.fc5 H5 7,242 6, H-6: 8,135 4.
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now@vrag v maAukt texvikn Fourier kataypayoue gaouota ovykévipoong
10-2 M. ‘H SwAvtotnra tiic 4-08pofunupdivng slvar mold yaunidtepn anod
avto T0 O6pro kai d&v TNV peAethoous.

To Bev{oMo danAomoiel &vivnmolakd 10 @doua tiig 3-08poEvmupidivng
(Zxiina 3). 10 yAwpoeoputo kai 1o dtuebBviocovApoteidio 16 @douata evat
10D tonov ABCD. ‘O A6Y0g (Vs-v3) /Jap elvor ot 100 MHz, 1660 uixpdg
(<0,5), hote 1| mepoxn AB va uty pnopel va Sdoel kappd TAnpogopia xwpig
eldikn &nekepyaoia. "Aviifera 010 Beviohikd Sidhvpa 10 phoua elvor oyedov
npdTNg taEng. I'evikd mapatnpodyus, 611 o8 oyfon ué todg GAAovg SaAvreg, 6-
Ao 16 Tpwtovia ToD mupdivikod daktvAiov @V 2 xai 3-08po&vnvpdivéy na-
povotaovv adEnuévn Bwpdxion.

_ To Pevloho dviikel otovg Aeyouevoug diokoeldelg diaAvteg mov 6 popia
Tovg TapepBidiloviar odv Sickol dviueca otd udpla tfig dadvduevng odaoiog,
idig Stav elvor xai adth dpopatiks, ot pia Switatn xatd &ninedal?. "Amnoté-
Aeopa tiig ddtatng avdriig elvar 1 adEnon tiic poyvntikiic depdxiong exeivov
@dv mpotoviov mov Bpiokovtar o1 {ovn Betikiig dwpdriong tod Peviohikod
daktvAiov (kovtd otov dEova Ektng taEng). Mé mohika popra 16 Bevioiio no-
povoldlet kai pia dAANAEniSpacn &AAov tomov!d. To dpvntikd dxpo tod dinod-
Aov 100 dwAvtod dnwbsitar dnd n-vépog tod Bevlohiov kai teivel va dnogd-
yelL tov daxtoio. “EE aitiag tfig ueyding molnoiudtntag o1 &ninedo tod Sa-
ktohiov, dupavileton wia & Enaywyfig dimoAikh pont mod AAANAEmMSPE Ed TV
Simohikn) ponfy t0% dwAvtod. “H dAAnAeniSpaon Sindhov - Enayouévov dind-
Aov umopel va mapovoiaotel otig povotidpoEunvpidiveg. & dwwhvpata doka-
viov 7 dwmoAikd pomn u tiig 2-08pofvmvpidivng elvar 1,95 D kai tfig 3-
03poEumupdivng 2,00 D, To dpvntikd dxpo tob Simdrov elvar 16 Gtopo tod
6Evyovov. Of dataeg 9 xai 10 Snov onuetdvovrar ol A8 (CDCIL,-C4Dg) ot
ppm, &lval oOpewveg kai pé todg Yo Tpdmovg dAANAsniSpaong kai Sikatolo-
yobv 1i¢ nopatnpodueveg petatonicels. "Avaloya nopadeiypata dvapépovtol
otmv Biprioypapio yid N-peBorapidia’® kol N-peBvloraktdueg!®. Ol otabepig
o0GevEng 010 PevioAo 8iv mapovoidfovv GEeg Adyov dagopig anod tig dvri-
OTOLXEG TINEG 010 YAmpoedputo fi 1o SpueBulocovieoteidio deixvovrag &t ol
Tavtouepels doués 2, 4 xoi 5 &mkpatodv kai otodg Tpelg SraAvreg.

<_ <

690 140 379  _OH
.850 - >=0 665 2095
.720 : .229 |

9 10
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TMewpapatikd pépog

Oi 08pokvnupidiveg dyopastnkav &nd v Aldrich, dvaxpvotoAldnkay
ano yAwpopodpuo kol 1| kabapottd tovg EAEyxOnke dnd 10 onuelo THEEmg
xai 10 gdopa 'H-NMR. Ol devtepiwpévor Soddteg frav tiig Stohler. ‘H Enpo-
nta 1o Sevtepiwpévov SiueBviosovigotetdiov (DMSO-d,) peta 10 dvorypa
100 pnovkaAod Eacpariotnke ué v npochikn poplak®v koéoKkivev kai thv
ooAogn of Enpaviiipa. "Ecotepikd onuelo dvagopds yid ) METPNOT TOV XN-
Wk@v petatonicewv frav 10 tetpoucdvorooiiavio (1% o106 SidAvua).

I'a M AMyn eacudtov ypnotuonotibnke 10 gacpotopetpo XL-100-15
tfi¢ Varian pé ovoveyfi capoon (CW) yé deiypata nokvotepa éno 0,1 M xai
ugé maAuwchy texvikl Fourier (FT) 11a dpaié deiyuota. Tomkég tiusds otabepdv
6 TV moAuikn dxtivoBoinom fitav pulse width, PW=23 us (naiudg 90°),
pulse delay, PD=10 s xai data length, DL= 8092. ®@¢spuoxpaocia deiyparog xa-
0 v uétpnon: 33°C.

‘H &Eopoiwon 1dv gacudtov Eytve @no 1ov dnoloyiott 100 GLGTHUATOG
XL-100-15. Xpnowonotinke Eva npoypaupo mov Aoyapidler tig mopnvikeg
uetapaocelg o cvotiuata dAANAemidpaviov topnvikdv oniv (uExpt 6 oniv ug
I=1/2)"7. Té npdypapua d&v nepthaypavet dnavainntixn npoosyyion. Of ipdg
tdv Onoloywopévev napauétpov Exovv dkpifeia ythiootod tod ppm ya Tig
xmuikeg petatoniosig kai dékatov tod Hertz yd tig otabepsg ovlevEne.

Summary

The proton NMR spectra of the three monohydroxypyridines in CDCI,,
DMSO-d; and C(Dy are analyzed. The solvent and concentration effects on the
chemical shifts are discussed in terms of solute-solvent interactions which per-
turb the tautomeric and/or self-association equilibria. The concentration and -
solvent dependence changes the order of appearance of some protons and, due
to the complexity of the spectra, may lead to erroneous assignments.

BipAoypaopia

1. (a). Mosher, H.S.: «The Chemistry of the Pyridines» in Heterocyclic Compounds, Elderfield,

R.C. ed., Vol 1, p. 397, Wiley, (1950); (b) Briigel, W.: Elektrochem. 66, 159 (1962); (c)

Dorie, J.-P, Odiot, S. and Martin, M.L.: C.R. Acad. Sci. Paris 274, 2022 (1972); (d)

Aksnes, D.W. and Kryvi, H.: Acta Chem. Scand. 26, 2255 (1972).

Zioudrou, C., Stassinopoulou, C.I. and Loukas, S. Bioorganic Chem., in press.

Beak, P., Fry, F.S., Lee, J., Steele, F.: J. Am. Chem. Soc. 98, 171 (1976).

. Vogeli, V., and von Philipsborn, W.: Org. Magnetic Res. 8§, 551 (1973).

Coburn, R.A., and Dudek, G.O.: J. Phys. Chem. 72, 1177 (1968).

Cox, R.H., and Bothner-By, A.A.: J. Phys. Chem. 73, 2465 (1969). |

. Hammes, G.G., and Spivey, H.O.: J. Am. Chem. Soc. 88, 1621 (1966).

. Bellamy, L.J. and Rogasch, P.E.: Proc. Roy. Soc. (London), A257, 98 (1960).

. Merck Index (1976). Merck, Rahway, New Jersey USA. "OAgg ol ipég diniextpixiic orade-
pdg dvagépoviar atovg pf devtepiopévovg SLOADTES.

. Gil, V.M.S.,, and Murrell, J.N.: Trans. Faraday Soc. 60, 248 (1964).

WEEAALBWN

—_
(=]



320 CH. IOANNIDOU-STASINOPOULOU

11
12.

13.
14.
15. s
. Moriarty, R., and Kliegman, J.M.: Tetrahedron Letters 1966, 891.
17.
18.

Zangler, M., and Simons, W.W.: Anal. Chem. 46, 2042 (1974).

Ronayne, J. and Williams, D.H.: Solvent Effects in PMR Spectroscopy, in Ann. Rev. NMR
Spectroscopy, Mooney, E.F.: ed.,, Vol. 2, p. 83, Academic Press, 1969.

Schneider, W.G,: J. Phys. Chem. 66, 2653 (1962). :

Albert, A., and Phillips, J.N.: J. Chem. Soc. 1956, 1294. i

Hatton, J.V., and Richards, R.E.: Mol. Phys. 5, 139 (1962).

Ferguson, R.C., and Marquardt, D.W.:'J. Chem. Phys. 41, 2087 (1964).
Kitzinger, J.P., and Lehn, J.M.: Mol. Phys., 14, 133 (1968). -



Chimika Chronika, New Series, 8, 321-336 (1979)

FLOUR ASH CONTENT OF TWO MEXICAN VARIETIES
WHEAT: YECORA AND SIETTE GERROS o

STYL. TEGOPOULOS, JOHN PROTONOTARIOS, MARY LAZARAKI and TRIAD, ALEX-
10U ;

The consequent works have been performed in one of the laboratories of the Ministry of Com-
merce.

Abstract

.Greek legislation controls the wheat flours quality from its ash content, for
fixed «extraction rate». Since the year 1977, two soft Mexican wheat varieties
—Yecora and S. Gerros— have begun to be cultvated in Greece.

Certain wheat flour-mill owners expressed, during 1978, some complaints
about higher ash content of flours, produced by the above mentioned Mexican
varieties, in comparison with the Greek old ones.

Our laboratories have undertaken to research the problem in question and
to suggest the proper solution.

In fact we have collected 55 samples, from about all Greek regions in whi-
ch wheat is cultivated. These samples of wheat were milled at our laboratory
flour-mill; its milling products and by-products were subjected to analyses in
respect of the moisture, the ash and the starch.

From their results, it is clear seen that the complaints of the wheat flour-
mill owners were exaggerated and the flour ash content must remain at the sa-
me limits, as previously.

Introduction

Two types of flours produced from Greek soft wheat and characterized as
T55 and T70, must fulfill, among the other physical and chemical constants,
the term of the ash content. It must amount to 0,45% and 0,50% correspon-
dingly, for an «extraction rate» of 57% for the first type and 70% for the se-
cond one and on 13,5 - 14,5% moisture basis.

The Experimental of the work

For the performance of the work, in question, our laboratories have col-
lected, : i
21 samples of Yecora wheat variety
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20 samples of S. Gerros wheat variety
11 samples of Greek soft wheat variety and
4 samples of Greek durum wheat variety

The above samples are representative of about the whole area, of Greek
country, cultivated with wheat.

Our laboratories are supplied with a laboratory flour-mill made by BUH-
LER BROTHERS UZWIL-SWITZERLAND, Model MLU-201, in which the
milling process has taken place.

After preparatory work proceedings for cleamng the wheat samples, they
were tempered in order to absorb the necessary moisture for milling, about
15%.

The duration of tempering amounted to 40-60 seconds. After tempering,
each sample was left to rest about 24 hours, for the uniform distribution of the
moisture. Afterwards, it was milled by the following conditions:

1. Distance adjustment between break rolls,

50 10 8
Bl = —— mm, B2 = ——mm and B3 = — mm
100 100 . 100
2. Distance adjustment between smooth rolls,
7 3
OnCl = —mmtill C3 = — mm
100 100 -

3. Sieve coverings,

I. Break rolls compartment
upper part: wire sieves
No 30 34 40
lower part: silken sieves
8xx 9xx 9xx

II. Smooth rolls compartment ,
upper part from left: two wire sieves
No 30 30
directly down of them: three silken sieves
9xx 10xx 10xx
and even down of them also three sﬂken sieves

9xx 10xx 10xx

The mill was adjusted in such a way to yield 3 kilos per 80-90 minutes. A-
fter a number of tests, the above yleld was found to be rather the optimum, for
this variety of wheat.

Our laboratory flour-mill produced six flour qualities, the brans and the
shorts. All these products and by-products were subjected to analyses as re-
gard the moisture and the ash.

The brans, the shorts as well as the total flour, taken by mixing the above
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six qualities, were subjected to analyses of the starch content, in order to con-
trol the perfection grade of milling process.
~ The results are calculated on 14% moisture basis flour, produced from
wheat on 15% moisture basis. ) '
We also enumerated the percentage of vitreous kernels, at wheat in the ini-
tial condition and before tempering it.
The table I gives this percentage of the whole number of wheat samples.
The Fig. 1 gives the diagram of our laboratory flour-mill

" The results

The products of milling process, the results of their analyses and the corre-
sponding calculations for three representative samples, are stated in tables II,
III, and IV.

We have also drawn, in the Fig. 2, the relative plots which correspond to
column 13 and 14 of the three tables.

The steps on the extraction rate cooridinate were fixed by the successives
additions of the six milled flours parts in order to increase ash content.

TABLE 1: Number of vitreous kernels

Yecora Vitreous S. Gerros Vitreous Greek soft Vitreous
sample kernels sample kernels sample kernels -

No . % No % No %

1 70 3 62 la 48

2 78 5 88 2a 60

4 84 7 78 3a 20

6 86 10 88 4a 10

8 90 11 78 S5a 42

9 90 14 74 6a 40

12 86 16 82 Ta 48

13 76 19 24 8a 20

15 88 21 74 9a 38

17 78 22 62 10a 26

18 52 24 72 1la 24
20 56 25 58
23 70 .. 28 52
25 74 31 76
27 77 32 70
29 94 34 90
30 92 . 37 90
33 98 38 84
35 96 40 . 90

- 36 .94 41 76
: 39 78
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TABLE II: SAMPLE No 37 S. GERGOS

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Weight Moisture Weight on Ash Ash on Total Starch  Flour Column 9 Total ash Extract- Extract- Ash content
as it is % dry basis  after dry ash % weight  from-to  from-to ion* ion* % ®

temper-  basis on 14% % %  column 10,
Initial After ing % moisture from-to 13
tempering % basis column 12

WHEAT 3080 11,7 15,5 2602,6 1,11 1,31 .
Cl 570 14,3 488,5 0,35 0,41 2,00 568,03 568,03 2,00 18,55 18,55 0,35
Cc2 654 13,7 564,4 0,35 0,41 2,31 656,28 1224,31 4,31 21,43 39,98 0,35
B2 270 14,1 2319 0,41 0,48 1,11 69,35 269,65 1493,96 542 8,81 48,79 0,36
Bl 290 144 248,2 0,48 0,56 1,39 288,61 1782,57 6,81 9,43 58,22 0,38
B3 70 13,4 60,6 0,64 0,74 0,45 70,47 1853,04 7,26 2,30 60,52 - 0,39
c3 366 12,3 321 0,63 0,72 2,31 373,26  2226,3 9,57 12,19 72,71 0,43
SHORTS 336 11,8 296,4 2,34 2,65 7,85 43,44 344,65 257095 17,42 11,26 83,97 0,68
BRAN 440 12,7 384,1 3,74 4,28 16,44 18,92 446,63 3017,58 33,86 14,59 98,56 1,13

TOTAL 2595,1 . 33,86

% Ash content of Wheat from calculation = 1,31%

Wheat weight on 15% moisture basis = 3061,88

* From wheat on 15% moisture basis

To flour on 14% moisture basis -
Losses = 0,29%
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TABLE III: Sample No 35 Yecora

! 2 3 4 5 6 7 8 9 10 11 12 13 14
Weight Moisture Weight on  Ash Ash Total Starch  Flour Column 9 Total ash Extraction Extraction Ash content
as it is % dry basis afterr on dry  ash % weight  from-to  from-to % * % * % *
temper-  basis on 14% - from-to column 10,
Initial  After tem- ing % moisture column 12 13
pering % basis
WHEAT 3360 10,3 15,4 2842,6 1,37 1,62 - 46,05
Cl 776 14,8 661,1 0,38 0,45 2,97 768,73 768,73 2,97 i2,99 22,99 0,39
c2 740 14,6 632 0,41 0,48 3,03 734,89  1503,62 6 21,98 4497 ° 040
Bl 355 15,1 3014 0,53 0,62 1,87 66,39 350,47  1854,09 1,87 10,48 55,45 0,42
B2 250 15,1 212,2 0,54 0,64 1,36 ’ 246,75  2100,84 9,23 7,38 62,83 0,44
B3 62 14,3 53,1 0,75 0,88~ 047 61,74  2162,58 9,7 1,85 64,68 0,45
C3 307 13,9 2643 . 0,86 1,00 2,64 307,33 246991 12,34 9,19 73,87 0,50
HORTS 311 13,2 269,9 3,210 3,70 9,99 3425 313,84 2783,75 22,33 9,38 83,25 0,80
BRAN 479 14,3 B 410,5 491 573 23,52 18,98 477,33  3261,08 45,85 14,27 97,52 1,41
TOTAL 2804,5 4585

% Ash content of Wheat from calculation = 1,63%
Wheat weight on 15% moisture basis = 3344,2

* From wheat on 15% moisture basis

To flour on 14% moisture basis

Losses = 1,34%

9ce
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TABLE IV: SAMPLE No 5a SOFT

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Weight Moisture Weight on Ash Ash Total - Starch Flour Column 9 Total ash Extraction Extraction Ash content
as it is % dry basis after on dry ash % weight, from-to - from-to % * % * % *

’ temper-  basis " ) . on 14% . from-to column 10,
' Initial ~ After tem- ing % . moisture column 12 13

** pering ’ . % basis
WHEAT 2320 12,3 150 « 1972 1,52 1,79 3530

Cl1 609 . 14,0 523,7 0,31 0,36 1,88 - 609,0 609,0 1,88 26,2 26,2 0,31
Bl 355 144 303,9 0,37 0,43 1,31 353,4 962,4 3,19 15,2 41,5 0,33
B2 214 14,1 183,8 0,44 0,51 0,94 68,56 2137 1176,1 4,13 9,2 50,7 0,35
C2 382 - 13,6 - 330,0 0,51 0,59 1,95 - 383,7 1559,8 6,08 16,5 67,2 0,39
B3 53 -~ 133 45,9 0,62 0,71 0,33 53,4 1613,2 6,41 2,3 69,5 0,40
C3 107 124 93,7 1,53 1,75 1,64 108,9 1722,1 8,05 4,7 74,2 047
SHORTS 158 . 11,6 139,7 3,84 4,34 6,06 27,55 162,4 1884,5 14,11 7,0 81,2 0,75
BRAN 364 13,1 316,3 5,65 6,50 20,56 20,70 367,8 2252,3 34,67 15,8 97,1 1,54

TOTLA 1937 34,67

% Ash content of Wheat from calculation = 1,79
Wheat weight on 15% moisture basis = 2320

* From wheat on 15% moisture basis

To flour on 14% moisture basis

Losses = 1,8%
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FIG. 2: Ash change as a function of extraction (column 13 and 14 of tables 2, 3, 4)-
1. Siette Gerros, 2. Yecora, 3. Greek Soft, 4. Greek durum.
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Each sample wheat gives one flour curve, similar to the above, so we have:
21 plots of Yecora, 20 of S. Gerros, 11 of Greek soft and 4 of Greek durum.

From these plots we find the values for some fixed extraction rate, on the
basis of which we draw up the tables V, VI and VII. The table VIII states the
mean values, of ash for the. marked extraction and for every variety, taken
from the three aforesaid tables.

The four curves of the Fig 3 have been plotted from these mean values,
which are the final ones to study the change of ash as a function of the ex-
traction. Furthermore, we are forming, from the table VIII, the differences
between ash values for the marked extractions of flours of the following pairs.

Yecora minus Greek soft '

S. Gerros minus Greek soft

These values, for every one pair, are stated in Table IX, from which we are
finaly constructing the two curves of the Fig. 4. "

TABLE V: % ‘Ash content of flour wheat: YECORA

Sample Extraction %
‘No 20 30 40 50 60 70 75
1 0,401 0,402 0,406 0,416 0,431 0,465 0,522
2 0,360 0,364 0,358 0,366 0,382 0,402 0,414
4 0,370 0,374 0,382 0,388 0,420 0,450 0,470
8 0,360 0,365 0,373 0,386 0,398 0,431 0,490
8 0,380 0,380 0,380 0,388 0,408 0,441 0,472
9 0,341 0,347 0,366 0,369 0,390 0,432 0,490
12 0,360 0,362 0,368 0,377 0,392 0,422 0,454
13 0,400 0,408 0,417 0,429 0,442 0,462 0,476
16 0,360 0,366 0,373 0,385 0,402 0,429 0,452
17 0,360 0,366 0,373 0,386 0,405 0,443 0,476
18 0,362 0,354 0,359 0,368 0,384 0,416 0,448
20 0,410 0,412 0,416 0,427 0,460 0,498 0,542
23 0,428 0,432 0,434 - 0,442 0,460 0,490 0,880
25 0,428 0,434 0,441 0,452 0,476 0,512 0,544
27 0,348 0,354 0,363 0,376 0,397 0,432 0,468
29 0,388 0,391 0,398 0,410 0,440 0,494 0,530
30 0,384 0,390 0,396 0,414 0,446 0,490 0,516
33 0,400 0,402 0,408 - 0,415 0,432 0,480 0,520
35 0,388 0,400 0,395 0,407 0,428 0,474 0,510
36 0,390 0,392 0,398 0,412 0,436 ° 0,486 0522
39 0,368 0,370 0,373 0,384 0,404 0442 0471
Total 7,966 8,063 8,163 8,396 8,823 9,589 10,315

M.V. 0,379 0,383 0,3887 0,3998 0,420 0,456 0,491
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TABLE VI: % Ash content of flour wheat: S. GERROS

Sample Extraction %

No 20 30 40 50 60 70 75.
3 0,371 0,373 0,375 0,385 - 0,403 0,450 0,520
5 0,406 0,421 0,439 0,461 0,490. 0,540 0,570
7 0,379 0,384 0,397 0,426 0,471 0,510 0,544

10 0,391 0,399 0,412 0,431 0,454 0,516 0,546

11 0,410 0415 0424 0,441 0,470 0,513 0,550

14 0,371 0,373 0,380 0,394 0,423 0,476 0,520

16 0,429 0,439 0,452 0,471 0,495 0,531 0,560

19 0,376 0,382 0,393 0,403 0,425 0,472 0,516

21 0,379 0,382 0,407 0,431 0,468 0,524 0,560

22 0,360 0,366 0,375 0,389 0,414 0,466 0,500

24 0,390 0,392 0,398 0,412 0,434 0,490 0,550

26 0,383 0,390 0,398 0414 0,442 0,498 0,550

28 0,321 0,330 0,342 0,358 0,382 0,424 0,452

31 0,340 0,343 0,352 0,370 0,402 0,450 0,490

32 . 0,292 0,296 0,304 0,320 0,360 - 0413 0,466

34 0,296 0,306 0,320 0,338 0,360 0,398 0,422

37 0,350 0,350 0,350 0,364 0,384 0,418 0,442

38 0,421 0,424 0,430 0,440 0,462 0,500 0,540

40 . 0,436 0,440 0,446 0,464 0,494 0,534 0,570

Total 7,101 7,205 . 7,394 7,712 8,223 9,123 9,867

M.V. 0,373 0,379 0,389 0,406 0,433 0,480 0,519

TABLE VIH: % Ash content of flour wheat: greek soft

Sample Extraction %"

No 20 30 40 50 60 70 75
1o 0,328 0,334 0,340 0,348 0,358 0,410 0,516
2a 0,306 0,319 0,335 0,352 0,372 0414 0,508
3¢ 0,322 0,327 . 0,335 0,344 0,365 0,440 0,450
4a 0,310 0,312 0,317 0,329 0,346 0,406 0,508
S5a 0,310 0,312 0,327 0,344 0,366 0,410 0,470 .
6a 0,310 0,315 0,322 0,331 0,344 0,390 0,472
Ta 0,309 0,316 0,326 0,340 0,360 0,422 0,496
8a 0,321 0,324 0,333 0,344 0,360 0,404 0,500
9a 0,330 0,336 0,345 0,360 0,386 0,445 0,560 .
102 0,300 0,304 0,312 0,325 . 0,344 0,378 0,430 -
11a 0,360 0,361 0,364 0,374 0,393 0,430 0,496 .
Total 3,518 3,554 3,656 3,789 3,995 4,549 5,406°

M.V. 0,320 0,323 0,332 0,344 0,363 0413 0,491
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TABLE VIII: Ash mean values %, taken from tables j, 6, 7

331

Wheat variety Extraction %

20 30 40 50 60 70 75
Greek soft 0,320 0,323 0,332 0,344 0,363 0413 0,491
Yecora 0,379 0,384 0,388 0,399 0,420 0,456 0,491
Siette Gerros 0,373 0,379 0,389 0,406 0,433 0,480 0,519
Durum 0,548 0,581 0,618 0,661 0,720 0,805 0,861

0.62

*/, Ash cgn-éc nt
N

0.50 -

0.82p

0381

0341

+

4 50

v/ Extraction

°

¢ 3

-

80

FIG. 3: Ash change as a function of extraction 1. Siette Gerros, 2. Yecora, 3. Greek soft, 4.

Greek durum.



TABLE IX: Ash difference values

Extraétion %

Varieties

difference

v , 220 30 40 060 70 ' 71 72 73 14 15 % 1B
Yecora minus . » ]
Greek soft 0,059 0061 0056 0055 0057 0,043 0032 0,018 0017 0,009 0 —0,012 —0,025 =0,030
S. Gerros minus ’ . ) '
Greek soft 0,053 0056 0057 0062 0,070 0067 005 0,044 0,044 0037 0028 0014 -0,004 —0,017
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Discussion

The study of the curves of Fig. 3 gives the consequent results:

1. The content in metallic salts of the endosperm of the two Mexican varieties
is, in fact, appeared rather a little increased, in comparison with the Greek soft.
2. The three curves, corrésponding to the soft flours, are almost similar in sha-
pe, and show that the ash content increases little up to an extraction of 60%
and a little more between 60% and 70%. Thereafter the curve of Greek soft ri-
- ses much more steeply than the other two. This causes a markedly greater rise
in mean ash content, to Greek soft flour, which has as result the sort meeting
of this curve with the other two ones, and before 80% extraction.

This means further, that brans are mixed with clear flour much faster than in
the case of the other two Mexican varieties.

So, in this short range of extraction between 70 and 80%, namely just be-
fore entering in the region of the clear bran, it compensates the initial differen-
ces of ash content.

3. All the three curves of soft flours lie much lower than the durun one.
4, So, for an 75% extraction we are taking a flour with a content of ash

for Yecora 0,491%
for S. Gerros 0,518%
for Greek soft 0,491% and
for Greek durum © 0,860%

while for an extraction 70% the percentage of ash content is as following:
for Yecora 0,456%
for S. Gerros 0,480%
for Greek soft 0,413%
for Greek durum 0,805%

Thus the difference between the above values and the percentage 0,50% is
more than clear. In addition it must be sdid that this percentage is the permit-
ted limit of the Greek soft flours for the 70% extraction.

5. If we now pass to the other flour type T55, we are observing from the same
diagram of Fig. 3 following: )

The elevation of the ash values for the accepted extraction of 57% are for-
med as consequently

for Yecora flours 0,414%
for S. Gerros flours 0,423% and
for Gr. soft flours 0,358%

Inversely, upon any flour, including such a sum of mineral salts, that gives
an ash content of 0,45%, we are taking the following extraction- values
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for Yecora 69%
for S. Gerros 64,5% and
for Gr. soft " 73%

namely an average extraction value of about 68% for mixed grists of the above

three varieties.

6. The above conclusions become more apparent, from the table 9 from Wthh

we notice at first that the difference of the ash value of the two mentioned

pairs, remains almost constant, inside the errors experienced, up to 60% ex-

traction.

" There after Fig. 4 suggests the steep falling of the two curves from which

the first arives to zero at a 75% extraction and the second one at about 77%.
Therefore, we recognize from all the above, that the same resuits and con-

clusions are also valid to the T55 flour type as to the T70 type.

Final Conclusions

The stated observations and remarks, inferred from the study of the curves
of Fig. 3, and in general the whole range of our experiments, heve led us to the
following decisions and results:

1. The complaints of the wheat flour-mill owners were not ‘based on reliable
observations and experiments, and for this reason, we can say they were e-
xaggerated, and

2. Some modifications must take place either to the elevation of the ash for the
admitted extraction, or to the elevation of the extraction, while the permitted
values of the ash content must be kept to remain at the same limits.

All the above are valid for the two flour types.

MepiAnyn

Iepiextiotng eis téppa t@v Melikavikdv nowkilidv oitov Yecora xal Siette
Gerros.

‘H "EAAnvikr) vopobBesio EAéyyel v mowdtnte tdv dAevpwv ék oitov, Pa-
oel tfig mEPLEKTIKOTNTOG TV elg téppa dd kobwpiopévo dplo drododocsmc.
*Amo 10 Etog 1977 Exovv dpyioel va koAlepyobvtor gig thv “EAAGSe dvo mot-
Kidieg parakod Mefikovikod oitov - Yecora xoi Siette Gerros.

Mepkoi dAevpoPopfyavor EEgppacav nopanove katd 0 Etog 1978 dd
SynAfv meplekTikdtnTe £l TEEPR 1MV 80 GVOTEP® TOIKIMAY Gitov &v ovy-
kpioel pé tig Amo MoAL®V €TAV kaAlepyovueves notkidieg ‘EAAnvikod poda-
kob oitov. Ta épyootipd peg Exovv dvardper thv diepgdvnon kai Adowv tod
npoPAfuatos. Ipdyuatt, cvykevip@bnoav 55 deiyuoato Gnd SAec Tic ortona-
paywyés meproxés tiic 'EAAGSog kail ékmovicous Thv mapovoo usAétn. Ta
deiypata oitov dréclnkav elg tov &pyootnplakd pag udro &ig 8¢ 10 mpoidvia
kol dnompoidovia dAécemg mpocdiopicOnoav 7 téppa, 1o Guvlov kol 1| dypa-
oio.
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And 16 dmoteléopata eivar cagpég 81t ol Sapaptopie TV dAevpoPloun-
yovov fioav drepPorikic kai 1 meplekTikdTng TOV GAedpv el Té@pa cvvap-
thoel tfig drodocewg 0a npémel va mapaueiver eig 1@ adtd Spa dg kol npon-
YOLUEV®G.
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ALBUMIN MICROPARTICLE PHARMACEUTICAL COMPOSI-
TION CONTAINING DNA-DAUNOMYCIN COMPLEX

D. ITHAKISSIOS
Nuclear Research Center «DDemocritos»
Aghia Paraskevi Attikis, Greece

To the Editor:

I have attempted to develop a new pharmaceutical preparation for an anti-
cancer drug consisting of a DNA-drug complex entrapped in an albumin
microsphere matrix. Sirice the diameter of these particles can be made to vary
from less than 1 pum up to 70 pm, the microparticles can be made to localize
specifically in marrow, liver, spleen or lung (1). During biodegradation of the
albumin particle the DNA-drug complex should be slowly released into the
blood circulation. Because of the DNA carrier the complex should show higher
affinity for tumor cells and other ‘cells endowed with higher endocytic activity
than the surrounding tissues. After intralysosomal digestion of the DNA the
drug will become free to diffuse from the lysosomes and to reach other compo-
nents or the extracellular space (2).

I have put this theoretical model to an experimental test using the antibiotic
daunomycin (3) which has considerable clinical usefulness, particularly in the
treatment of acute leukemia, but which is cytotoxic, as are all the main anti-
cancer drugs, and in addition which produces severe cumulative dose-
dependent cardiotoxicity (4). Here I report the results of the preliminary experi-
ments carried out to investigate first the feasibility of preparation of such par-
ticles and second the retention of the antimicrobial and antitumor activity of
daunomyecin released from microparticles and dissociated from the carrier.

Human serum albumin microparticles containing DNA-daunomycin com-
plex were prepared at room temperature by adding dropwise 2 ml DNA-
daunomycin solution containing 5.08 mg human serum albumin into a rapidly
stirred continuous phase composed of 200 ml of the dewatering agent n-
butanol, 2.4 ml of the crosslinking agent formaldehyde (35% by weight in wa-
ter) and 200 ml castor oil. The dispersion was mixed for two hours at room
temperature (20-25°C) to crosslink the protein matrix. The DNA-daunomycin
complex, with a ratio of 11.7 to 1 on a weight basis, was made by mixing one
volume of the daunomycin solution, 20 mg/ml, with 100 times its volume of
the DNA solution, 2.34 mg/ml, which was heat denatured by autoclaving at
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120° C for 15 min and cooling rapidly. Both solutions were made in 0.15 M
NaCl. Immediately after mixing-a reduction of fluorescence at 580 nm indica-
ted the formation of the complex (2). The resulting solid microparticles were
collected by vacuum filtration. Residual oil was removed by washing repea-
tedly first with n-heptane and then with ether. Dried microparticles were sized.
More than 75% had diameters of 15-65 um and contained more than 65% of
the original drug complex as estimated using radioiodinated DNA. For the in
vivo and in vitro studies microparticles with diameters 10-25 um were used.

The daunomycin complex released from albumin microparticle preparations
did not inhibit bacterial growth of Staphylococcus albus compared to control
cultures incubated without the complex, whereas 1.5 - 2.0 pg of the drug obtai-
ned after digestion of the carrier inhibited bacterial growth by 45-55%. This in-
dicates that the activity of daunomycin is reduced by complexing which may
be advantageous for reducing the toxic effects of the drug until its release at
desired sites (2).. The experiment was conducted by incubating at 37°C for six
hours 0.5 ml of the supernate from a suspension, 1 mg/ml, of microparticles in
deionized water with 4 ml bacterial suspension in BactoDextrose Broth (Difco).
Bacterial growth was estimated by turbidimetry at 660 nm. The drug carrier
was digested by pancreatic deoxyribonuclease prior to addition, to the culture.

The cytostatic. activity of albumin microparticles containing DNA-
daunomycin complex was evaluated in vitro using human KB cells and in vivo
using tumorous mice (3). In the first study increasing amounts, 5-200 pl, of a 1
mg/ml suspension of microparticles in deionized water were added to 5 ml of
nutrient medium containing about 10° KB cells. The nutrient medium was ma-
de by mixing 80 volumes of a solution containing 0.5% hydrolysate of lactal-
bumin, 0.1% Difco yeast extract, and 0.5% glucose with 20 volumes of calf
serum. The mixture was incubated at 37° C for 48 hours and the cell protein
nitrogen was determined by the method of Oyama and Eagle (5). A 50% inhi-
bition of cell growth, compared to controls incubated with corresponding a-
mounts of microparticles containing DNA but no drug, was found using 50-
100 W of microparticle suspension.

In the second study suspensions of microparticles 10 and 80 mg/kg were
randomly injected into the tail vein of R111/Rho female mice implanted with
adenocarcinoma TM. The injections started immediately after implantation and
the treatment was repeated every second day for five times. Implanted control
mice received saline injections. Ten days after the last dosing animals were
sacrificed (CO,) and the solid tumors were removed and weighed. The percen-
tage inhibition of ‘the tumor weight was calculated from the equation:

C-T
‘percent weight inhibition = ‘T x 100 where

1
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C = average weight of control tumors
T = average weight of treated tumors.

A group of twelve animals per dosing was used. The results of the study
showed that tumors in mice receiving the lower dose weighed 10-30% less than
the controls and tumors in those receiving the higher dose weighed 29-55% less
than the controls.

The experimental results reported here encourage further investigation of
preparations of albumin microparticles containing DNA-drug complexes. It is
expected that use of these preparations will decrease the number of dosings
required for treatment; it will maintain better control of the amount of drug cir-
culating in the blood; it will decrease the toxicity of the drug; and it will increa-
se specificity of tissue localization.

Dionyssis S. Ithakissios
Nuclear Research «Democritos»
Aghia Paraskevi Attikis, Greece
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