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PREFACE TO THE THIRD EDITION

THE fourth impression of this book (1G56) was retitled Organic Chemistry
Volume One: The Fundamental Principles, and since then Volume Two:
Stereochemistry and the Chemistry of Natural Products (1956) has appeared.
The latter volume is, in effect, a continuation of the former, and so some
material that has been described in this volume (I) in a relatively elementary
manner, particularly Stereochemistry, has been dealt with far more fully in
Volume II.

Volume I has now been revised in order to bring it up to date, This
has meant rewriting many sections, and at the same time I have made some
additions which, I hope, will improve the value of this book. It may be
useful if I indicate briefly the more important changes I have made in this
new edition. Rewritten and expanded subjects include dipole moments,
resonance, S1 and Sz mechanisms, steric effects, tautomerism, hyper-
conjugation, organolithium compounds, stereochemistry, Diene synthesis,
carbohydrates, aromatic substitution, transition state, and heterocyclic
compounds. Additions include the use of isotopes, molecular diagrars,
molecular crowding, Ex and Ez mechanisms, inclusion complexes, con-
formation, ferrocene, cvcloalkynes, paracyclophanes, ortho-para ratio in
aromatic substitution, and cine-substitution,

In addition to these changes, I have added many mechanisms for various
reactions and at the same time have used the more recent methods of writing
mechanisms. I have also rewritten aromatic systems with double bonds.

Once again I wish to thank those reviewers, correspondents and many of
my students who have pointed out errors and have made suggestions for
improving the book.

I. L. FINAR,

October, 1957.



PREFACE TO THE SECOND EDITION

THE aim of this book has remained unchanged. Since I do not consider
the chemistry of natural products fundamental chemistry but rather the
application of fundamental principles, I have excluded almost completely
the study of natural products. It is my hope, however, to write a com-
panion volume in which I shall deal with further aspects of stereochemistry
and also with the chemistry of many classes of natural products.

In this second edition, I have taken the opportunity to correct various
errors in the text. I wish to thank those reviewers, correspondents and
many of my students who brought these errors to my notice, and also made
suggestions for improving the book.

In this edition I have used the alphabetical order of naming prefixes,
and I have described the older method on p. 784. The principal additions
include a more detailed account of molecular orbital theory, some further
aspects of stereochemistry, various heterocyclic compounds, and a number
of dyestuffs.

My original intention was to deal with molecular orbital theory in the
future companion volume. I came to the conclusion, however, that the
treatment of this subject is best dealt with in this book. I have therefore
given an elementary account of molecular orbitals in Chapter II, and I have
discussed their applications throughout the text alongside the resonance
theery so that the student can gain some knowledge of both theories. In
order to keep the size of this book within reasonable limits, I have used
smaller type for much of the additional matter.

It is impossible to express my indebtedness to those authors of mono-
graphs, articles, etc., from which I have gained so much information. I
can only hope that some measure of my gratitude is expressed by the
references I have given to their works.

1. L. FiNar.

1953



PREFACE TO THE FIRST EDITION

In this book my aim has been to describe the fundamental principles of
organic chemistry. Although the book has not been written with any
particular examination in view, nevertheless the subject matter covers most
of the organic chemistry required for the General Honours degree of the
London University. It also covers a large amount of the organic chemistry
of Part I of the Special Honours degree in chemistry of the London Univer-
sity, and a number of sections of this book should serve as an introduction
to Part II.

To many beginners organic chemistry may seem to consist of a large
variety of methods and reactions which appear to be isolated and, conse-
quently, only to be learned by heart. After many years’ experience of
teaching organic chemistry to degree students, I have found that the best
method of instruction is by the introduction of electronic theories as early
as possible, with a constant application of their principles. These electronic
theories give to organic chemistry a certain coherence that is soon appre-
ciated by the beginner, and thus facilitate his study in this branch of
chemistry. Stress has been laid on structural formule, properties of com-
pounds, and reaction mechanisms. Special attention has been given to the
systematic nomenclature of organic compounds. The alphabetical order of
naming prefixes was adopted by the Chemical Society in April, 1950. This
book was completed before this date and so this method has not been used.
The reader, however, should have no difficulty in locating a compound in
the index.

1t is my experience that only a fairly detailed study of the subject matter
enables the student to appreciate the problems involved. Too short an
account usually leaves the impression that *“ everything works according to
plan ”’. This is undesirable for those who are expected to acquire a certain
amount of factual knowledge and at the same time learn to think for them-
selves. I have therefore included detailed discussions on developments of
a straightforward nature and also of a controversial nature, in the hope of
encouraging the student to weigh up the evidence for himself. This will
also give him an idea of some of the problems being investigated at the
present time, and will show him that many *‘ facts * are subject to change.
Controversial material and the more advanced sections have generally been
printed in small type.

Only by reading original papers in which are described the “ whys and
wherefores "’ can the student hope to gain a more mature outlook. A
selected number of reading references have therefore been given at the end
of each chapter. Since summaries of various topics by workers in special
fields are of great value in extending the student’s knowledge, references of
this type have also been included. An account of the literature of organic
chemistry has been given in an appendix.

In describing methods of preparation of various compounds, I have given,
wherever possible, actual percentage yields (taken mainly from Organic
Syntheses). The student will thus be enabled to assess the value of a par-
ticular method. 'Where general methods of preparation have been described,
the yields have been indicated according to the following (arbitrary) scheme:

0-15%, very poor (v.p.); 16-30% poor (p.); 31-45% fair (f); 46~
609, fairly good (f.g.); 61-75% good (g.); 76-90%, very good (v.g.);
9I-1009%, excellent (ex.).

vii



viii PREFACE TO THE FIRST EDITION

At the end of each chapter there are questions designed to test the
student’s “ book knowledge ’ and to test the application of his book know-
ledge. At the end of the book there are also fifty questions chosen from
various . examinations—B.Sc. General and Special Honours of the University
of London, and the Associateship and Fellowship of The Royal Institute of
Chemistry. I should here like to thank these Examining Boards for per-
mission to reproduce these questions.

It is hoped that the method of presentation in this book will stimulate
the reader’s interest in organic chemistry and enable him to read with
understanding original papers and monographs covering specialised fields.

I should like to acknowledge the valuable help given me by Mr. K. Merton
in reading the manuscript and by Miss A. B. Simmonds, B.Sc., Ph.C,,

A.R.I.C., in reading the proofs.
I. T.. FINAR.

July, 1950.
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CHAPTER I
INTRODUCTION

HISTORICAL INTRODUCTION

ALTHOUGH organic substances such as sugar, starch, alcohol, resins, oils,
indigo, etc., had been known from earliest times, very little progress in their
chemistry was made until about the beginning of the eighteenth century.
In 1675, Lemery published his famous Cours de Chymie, in which he divided
compounds from natural sources into three classes: mineral, vegetable and
animal. This classification was accepted very quickly, but it was Lavoisier
who first showed, in 1784, that all compounds obtained from vegetable
and animal sources always contained at least carbon and hydrogen, and
frequently, nitrogeri and ‘phosphorus. Lavoisier, in spite of showing this
close relationship between vegetable and animal products, still retained
‘Lemery’s classification. Lavoisier’s analytical work, however, stimulated
further research in this direction, and resulted in much-improved technique,
due to which Lemery’s classification had to be modified. Lemery had based
his classification on the origin of the compound, but it was now found
(undoubtedly due to the improved analytical methods) that in a number of
cases the same compound could be obtained from both vegetable and animal
sources. Thus no difference existed between these two classes of compounds,
and hence it was no longer justifiable to consider them under separate
headings: This led to the reclassification of substances into two groups:
all those which could be obtained from vegetables or animals, 7.e., substances
that were produced by the living organism, were classified as organic; and
all those substances which were not prepared from the living organism were
classified as inorganic. i

At this stage of the investigation of organic compounds it appeared that
there were definite differences between organic and inorganic compounds,
e.g., complexity of composition and the combustibility of the former.
Berzelius (1815) thought that organic compounds were produced from their
elements by laws different froma those governing the formation of inorganic
compounds. This then led him to believe that organic compounds were
produced under the influence of a wvital force, and that they could not be
prepared artificially.

In 1828, Wohler converted ammonium cyanate into urea, a substance
hitherto obtained only from animal sources. This synthesis, however, had
very little effect on the belief in the vital force theory because it did not
‘start from the elements. Wohler had prepared his ammonium cyanate
from ammonia and cyanic acid, both of which were of animal origin.
Wohler himself appreciated this peint, but at that time no methods were
known for obtaining ammonia and cyanic acid from their elements. Thus
Wohler’s synthesis remained incomplete for the time being. It was not
until 1845 that the complete synthesis of an organic compound was carried
out. In that year Kolbe synthesised acetic acid from its elements. This -
synthesis was later followed by others, ¢.g., in 1856 Berthelot synthesised
methane, and so belief in a vital force disappeared. '

Since the supposed differences between the two classes of compounds have
been disproved, the terms organic and inorganic would appear to be no
longer necessary. Nevertheless, they have been retained, but it should be
appreciated that they have lost their original meaning. The retention of
the terms organic and irorganic may be ascribed to several reasons: (i) all

B i 4



2 ORGANIC CHEMISTRY

so-called organic compounds contain carbon; (ii) the compounds of carbon
are far more numerous (over 750,000) than the known compounds of a// the
other elements put together; (iii) carbon has the power to combine with
other carbon atoms to form long chains. This property, known as cateration,
is not shown to such an extent by any other element.

Hence organic chemistry is the chemistry of the carbon compounds.

This definition includes compounds such as carbon monoxide, carbon
dioxide, carbonates, carbon disulphide, etc. Since these occur chiefly in
the inorganic kingdom (original meaning), they are usually described in
text-books of inorganic chemistry.

ANALYSIS OF ORGANIC COMPOUNDS

The following is an outline of the methods used in the study of organic
compounds.
(1) Purification. Before the properties and structure of an organic
" compound can be completely investigated, the compound must be prepared
in the pure state. Common methods of purification are:

(1) Recrystallisation from suitable solvents.

(i) Distillation: (a) at atmospheric pressure; (b) under reduced pressure
-or #n vacuo; (c) under increased pressure.

(iii) Steam distillation.

(iv) Sublimation.

(v) Chromatography. This method is based on the differential adsorption
of the different components of a mixture on various adsorbents. Chroma-
togrdphy offers a means of concentrating a product that occurs naturally in
great.dilution, and is an extremely valuable method for the separation,
isolation, purification and identification of the constituents of a mixture. .

It is surprising how much information has often been obtained about the
properties and structure of a substance that has not been isolated in a pure
state. Even so, purification should always be attempted, since it is much
simpler to investigate a pure substance than an impure one.

(2) Qualitative analysis. The elements commonly found in organic
substances are: carbon (always: by definition), hydrogen, oxygen, nitrogen,
halogens, sulphur, phosphorus and metals.

(i) Carbon and hydrogen. The compound is intimately mixed with dry
cupric oxide and the mixture then heated in a tube. Carbon is oxidised to
carbon dipxide (detected by means of calcium hydroxide solution), and
hydrogen is oxidised to water (detected by condensation on the cooler parts
of the tube).

(i) Nitrogen, halogens and sulphur. These are all detected by the
Lassaigne nethod. The compound is fused with metallic sodium, whereby
nitrogen is converted into sodium cyanide, halogen into sodium halide, and
sulphur into sodium sulphide. The presence of these sodium salts is then
detected by inorganic qualitative methods.

(ii) Phesphorus. The compound is heated with fusion mixture, whereby
the phosphorus is converted into metallic phosphate, which is then detected
by the usual inorganic tests.

(iv) Metals. When organic compounds containing metals are strongly
heated, the organic part usually burns away, leaving behind a residue. This
residue is usually the oxide of the metal, but in certain cases it may be the
free metal, e.g., silver, or the carbonate, ¢.g., sodium carbonate.

As a rule, no attempt is made to carry out any test for oxygen; its
presence is usually inferred from the chemical properties of the compound.
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The non-metallic elements which occur in nafural organic compounds, in order
of decreasing occurrence, are hydrogen, oxygen, nitrogen, sulphur, phosphorus,
iodine, bromine and chlorine. Halogen compounds are essentially synthetic
compoupds, and are not found to any extent naturally. Some important
exceptions are chloramphenicol (chlorine), Tyrian Purple (bromine) and
thyroxine (iodine). In addition to these non-metallic elements, various metallic
elements occur in combination with natural organic compounds, e.g., sodium,
potassium, calcium, iron, magnesium, copper.

(3) Quantitative analysis. The methods used in the determination of the
composition by weight of an organic compound are based on simple principles.

(i) Carbon and hydrogen are estimated by burning a known weight of the
substance in a current of dry oxygen, and weighing the carbon dioxide and
water formed. If elements (non-metallic) other than carbon, hydrogen and
oxygen are present, special precautions must be taken to prevent their inter-
fering with the estimation of the carbon and hydrogen.

(ii) Nitrogen may be estimated in several ways, but only two are commonly
used. '

(2) Dumas’ method. This consists in oxidising the compound with copper
oxide, and measuring the volume of nitrogen formed. This method is
applicable to all organic compounds containing nitrogen.

(0) Kjeldahl’s method. This depends on the fact that when organic com-
pounds containing nitrogen are heated with concentrated sulphuric acid, the
organic nitrogen is converted into ammonium sulphate. This method,
however, has certain limitations.

(iii) Halogens may be estimated in several ways. One is the classical
method of Carius. The substance is heated in a sealed tube with fuming
nitric acid in the presence of silver nitrate. Silver halide is formed, and this
is estimated gravimetrically.

A simpler method for non-volatile compounds is to fuse the substance
with sodium peroxide in a nickel crucible, whereupon the halogen is con-
verted into sodium halide, which is then estimated as before.

(iv) Sulphur may be estimated by the methods used for the halogens. - In
the Carius method for sulphur, no silver nitrate is used. Organic sulphur is
converted into sulphuric acid (Carius method) or sodium sulphate (sodium
peroxide fusion). In both cases the sulphate is precipitated as barium
sulphate and weighed. :

(v) Phosphorys may be estimated by heating the compound with fusion
mixture and weighing the phosphate as magnesium pyrophosphate.

The Carius determination (no silver nitrate used, ¢f. sulphur) invariably
gives low results for phosphorus. Olivier (1940) found that exact results
were obtained by heating the organic compound mixed with calcium oxide
in a stream of oxygen. The phosphate was then estimated as above.

(vi) Oxygen is usually estimated by difference. All direct methods are
still not completely satisfactory, but recently Aluise and co-workers (1947)
claim to have evolved a satisfactory technique. The organic compound is
subjected to pyrolysis in a stream of nitrogen, and all the oxygen in the
pyrolysis products is converted into carbon monoxide by passage over
carbon heated at 1120°. The carbon monoxide is then passed over iodine
pentoxide, and the iodine liberated is estimated titrimetrically.

Quantitative analysis falls into three groups according to the amount of
material used for the estimation:

(i) Macro-methods which require about o-1-0-5 g. of material (actual
amount depends on the element being estimated).
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(ii) Semi-micro methods which require 20-50 mg. of material.
(i) Micro-methods which require 3-5 mg. of material.

Nowadays the tendency is to use method (ii) or (iii). ~Although all the
methods are simple in theory, their successful application (particularly when
using micro- or semi-micro methods) requires a great deal of technical skill.
These methods have become standardised, and are described in detail in
many books on practical organic chemistry. Improvements and new
methods for analysis, however, are always being published; e.g., chlorine and
sulphur may be determined by wrapping the sample of the compound in -
filter paper, igniting and lowering it into a flask filled with oxygen. The
acid gases -are absorbed in hydrogen peroxide; the sulphuric acid formed is
titrated with standard alkali, and the chloride is determined by titrating the
neutralised solution with mercuric nitrate (Mikl ef al., 1953). Fluorine,
chlorine and nitrogen may be determined by decomp051tion in a nickel
bomb (Brown et al., 1955).

(4) Empirical formula determination. - The empirical formula indicates
the relative numbers of each kind of atom in the molecule, and is calculated
from the percentage composition of the compound.

(5) Molecular weight determination. The molecular formula—this gives
the actual number of atoms of each kind in the molecule—is obtained by
multiplying the empirical formula by some whole number which is obtained
from consideration of the molecular weight of the compound. In many
cases this whole number is one. ,

The methods used for the determination of molecular weights fall into
two main groups: physical and chemical. The standard physical methods
are the determination of: (i) vapour density; (ii) elevation of boiling point ;
(iii) depression of freezing point. These methods are described fully in
text-books of physical chemistry. In addition to these standard methods,
which are used mainly for relatively simple molecules, there are also other
physical methods used for compounds having high molecular weights, e.g.,
rate of diffusion, rate of sedimentation, viscosity of the solution, osmotic
pressure, etc.

The chemical methods, since they are only useful in organic work, w111 be
here described in detail.

(i) Molecular weights of organic acids (method of silver salt). If the
basicity of the acid is known, then the molecular weight of that acid may be
determined from the analysis of its silver salt.  The silver salt is chosen -
because: (a) Most silver salts are insoluble in water, and hence they are
. readily prepared. (b) Most silver salts are anhydrous; this is a definite
advantage, since it does not introduce a possible source of error (i.e., the
determination of water of crystallisation). (c) All silver salts are readily
‘decomposed on ignition, leaving a residue of metallic silver,

The method of calculation is shown in the following example: o-70r g. of the
silver salt of a dibasic acid on ignition yielded o0-497 g. of metallic silver.
Caleulate the M.Wt. of the acid, given that the A.Wt. of silver is 108.

Since the acid is dibasic, its molecule can be represented by the formula H,A,
where A is that part of the molecule other than replaceable hydrogen atoms.
Hence the silver salt will be Ag,A, i.e., one gram molecule of it contains 216 g.
of silver.

There is 0-497 g. silver in 0-701 g. of Ag,A -

.- there is 216 g. silver in

0:701 X 216 )
— .of Ag,A = 7 8.
497 8. ot Ag; 3047 €
i.e., the M.Wt, of Ag,A is 304-7.

. the M.Wt. of acid H,A is (Agak _alig 4 2H) = (3047 — 216 + 2) = go7.



