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in 1935 went through numerous editions, the first in 1894 and the last, more than fifty
years later, in 1948. It used the classical approach which simply catalogued and
described the numerous reactions of the various organic functional groups. As was
traditionally done, it also separated aliphatic (Part 1) from aromatic (Part Il) chemistry.
By this time, of course, Ingold had written his definitive review, but not a word of the
theory is incorporated into this popular text book of the time. As described above, the
effect of substituents in directing electrophilic aromatic substitution reactions was a key
to the understanding of the electronic theory. The Kipping and Kipping text states very
clearly (p. 384) thatif one wants p-chloronitrobenzene, one must nitrate chlorobenzene,
but to obtain m-chloronitrobenzene, chlorination of nitrobenzene is required. No
explanation of the reasons for this is given although the importance of Crum Brown'’s
empirical rule as an aid in remembering these and similar facts is stressed (p. 382).

In 1952, one of us (KTL) studied introductory organic chemistry at University
College, London with E.D. Hughes, Ingold’s long-time collaborator. The textused was
Finar (Finar, 1951) and the use of curved arrows is introduced on page 15 for generation
of two charge separated resonance forms of carbon monoxide in a discussion of the
polarity of the C-O bond. However, presentation of reaction mechanisms is limited
and curved arrows seldom appear. In the section on aromatic chemistry, the electronic
theory of substitution is briefly reviewed (p. 413-421) and curved arrows are used to
show resonance effects of substituents. Some curved arrows are included in the
discussion of ester hydrolysis (p. 148).

In 1962 Morrison and Boyd's (1959) textbook, which at one time commanded 90%
ofthe American market, was used by the other of us (JAP) atthe University of Manitoba.
This book was heralded because it consistently used a mechanistic approach to the
learning of organic chemistry. This learning process was hung on a framework of
electronic theory and did not require committing a catalogue of organic reactions to
memory. However, the book did not use curved arrows consistently to describe
electron flow. For instance, in the first edition, curved arrows are used on p 113 for
an E2 elimination reaction as reproduced in Equation 11 - the arrow onthe right violates
the electron movement convention, which was not defined. Another example(p. 117,
Equation 12) may be compared with the currently accepted arrows in Equation 1 for
a proton transfer step.
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Another novel book (Cram and Hammond, 1959) emphasized reaction types
grouped by mechanisms as opposed to the usual functional group approach, but the
use of curved arrows was omitted for the generation of resonance forms. They were
used for chemical reactions and were introduced for nucleophilic substitution on p.
199, “in order to indicate the direction of flow of electrons in equations, curved arrows
are frequently added to the formulas”. Surprisingly, the next sentence reads, “The
arrows do notimply anything aboutthe detailed mechanism of the reaction, which may
be very complex”. The S,2 mechanism is shown (p. 199; Equation 13)

@™ N\ (= ®e (13)
NaOH + CHy~Cl — HO—CH; -+ NaCl

H,0 -~ CH;—Br —— CH;—OH + HBr (14)

and later (p. 203), in a section on solvolysis reactions the conversion of methyl bromide
to methyl alcohol is shown as reproduced in Equation 14. This is also an S, 2 reaction
but is stated to be very slow because of the weakness of water as a nucleophile. The
next two examples of solvolysis reactions in the book are S_1 reactions involving a
mechanism of rate-determining cation formation but no distinction is made at this point
between the two mechanisms. In fact, the details (and Ingold’s terms, 51 and S, 2) are
only introduced in the next chapter and, again curved arrows are not used for reaction
steps. Why the authors, who are internationally famous physical organic chemists, did
not take the logical step of using curved arrows to describe the individual steps of these
reaction mechanisms is not clear. The mechanism of acid catalysed ester hydrolysis
is not given, though the initial protonation step is shown (p. 304), albeit without curved
arrows.

In 1973, the mtroductory organic chemistry class at Dalhousie was using the third
edition of Morrison and Boyd (1973). In this text curved arrows are first introduced on
p. 157 in a rather elaborate style (Equation 15), which is similar to the style used in the

X7 | | | .o
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H =§He
Represented as

where arrows show the
direction of electron shift
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first edition (Equation 10), but now in accord with electron movement convention. The
next equation in the text shows less elaborate arrows, as would be used in a current text,
but with the lone pairs of electrons removed. The acid catalysed ester hydrolysis (p.
681) is still shown without arrows or lone pairs.

From 1975 until the present there has been a continuous stream of books, by more
than a dozen authors, published for use in the standard full year (two semester) course
in introductory organic chemistry. The standard of these books is uniformly high and
selection of one by a given University is a difficult task. During this period, the quality
of drawings, including the use of curved arrows and complete Lewis diagrams, has
continuously evolved and improved. The mechanistic approach as derived from
electronic theory is firmly entrenched.

Thus, a fundamental pedagogical tool in the modern approach to organic chemistry
had a difficult and contentious birth, followed by a long and confused upbringing over
a period of about 60 years, before it finally reached the sophisticated and elegant
presentations exemplified by Fig 1 (Ege, 1994).
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