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The detailed linear representation of reaction 
mechanisms (Recommendations 1988) 

Abs t rac t  - These r u l e s  d e s c r i b e  a system f o r  t h e  r e p r e s e n t a t i o n  of models 
of r e a c t i o n  mechanisms i n  a l i n e a r  form, us ing  s t anda rd  computer 
c h a r a c t e r s .  A model of t h e  r e a c t i o n  mechanism i s  desc r ibed  i n  a 
s u f f i c i e n t l y  d e t a i l e d  manner t h a t  most of t h e  important f e a t u r e s  can be  
r ep resen ted ,  and t h e  n o t a t i o n  can be  r e l a t e d  t o  t h e  convent iona l  
diagrammatic r e p r e s e n t a t i o n  of r e a c t i o n  mechanisms. The d e t a i l  g iven  
i s  however such t h a t  it i s  n o t  in tended  t h a t  t h e  r e p r e s e n t a t i o n  should 
be  used i n  speech. The model i s  desc r ibed  p r imar i ly  i n  terms of bond 
making and bond breaking  s t e p s ,  bu t  t h e  r e p r e s e n t a t i o n  a l lows  t h e  
encoding of much o t h e r  in format ion .  
s i n g l e  r e a c t i o n  s t e p s  o r  r e a c t i o n  sequences,  and should s p e c i f y  e x a c t l y  
how t h e  r eagen t s  a r e  conver ted  i n t o  t h e  products .  It i s  p r imar i ly  
designed f o r  thermal o rgan ic  r e a c t i o n s ,  bu t  i s  no t  i n  p r i n c i p l e  l i m i t e d  
t o  t h a t  f i e l d .  

It a l lows  t h e  r e p r e s e n t a t i o n  of 

CONTENTS 

Preamble 58 
1. Represen ta t ions  of P r i m i t i v e  Changes 59 
2 .  Represen ta t ions  of Elementary Reac t ions  69 
3 .  Represen ta t ions  of  S t r u c t u r e s  7 2  
4 .  Fur the r  Examples of  t h e  App l i ca t ions  of  t h e  Rules 7 7  
5 .  L i s t  of Symbols and Abbrevia t ions  78 
6 .  Table :  Comparison of A l l  Names Proposed i n  t h e  "System f o r  

Symbolic Represen ta t ion  of Reac t ion  Mechanisms? ( c f .  p.23) 80 
References 8 1  

PREAMBLE 
These r u l e s  c o n s t i t u t e  a system f o r  t h e  l i n e a r  r e p r e s e n t a t i o n  of models of  r e a c t i o n  
mechanisms i n  a form s u f f i c i e n t l y  d e t a i l e d  t o  enable  most of t h e  s a l i e n t  f a c t s  about t h e  
model of an a c t u a l  r e a c t i o n  t o  b e  r ep resen ted  i n  a way s u i t a b l e  bo th  f o r  convers ion  i n t o  and 
d e r i v a t i o n  from convent iona l  diagrammatic form, y e t  s u i t a b l e  f o r  computer s t o r a g e  and 
r e t r i e v a l .  It should be  emphasised t h a t  t h e  r e p r e s e n t a t i o n  i s  of a model; a t  no p o i n t  
does t h e  use  of a p a r t i c u l a r  example imply t h a t  we advoca te  t h a t  a p a r t i c u l a r  model i s  a 
c o r r e c t  r e p r e s e n t a t i o n  of t h e  mechanism of t h e  example r e a c t i o n .  The r e p r e s e n t a t i o n  i s  
based on t h e  concept of bond-making and bond-breaking s teps '  b u t  i s  cons t ruc t ed  i n  a way 
which a l lows  ex tens ion  t o  o t h e r  types  of t r a n s i t i o n  s t a t e ,  t h e  i n c l u s i o n  of d e t a i l e d  
p o s i t i o n a l  in format ion ,  and t h e  a d d i t i o n  of "ex t r a -k ine t i c "  in format ion  a p p l i c a b l e  both  
t o  an ind iv idua l  elementary r e a c t i o n  and t o  a r e a c t i o n  sequence. It has  been developed 
from a prev ious  scheme,2 and where p o s s i b l e ,  b rought  i n t o  c o m p a t i b i l i t y  with t h e  p roposa l s  
f o r  t h e  symbol iza t ion  of simple  reaction^.^ 
i s  conf ined  t o  t h e  d e r i v a t i o n  of simple speech /wr i t i ng  names, whi le  t h e  p re sen t  i s  
in tended  t o  be  a d e t a i l e d  r e p r e s e n t a t i o n ,  p r imar i ly  in tended  f o r  computer f i l i n g  and 
indexing .  

The b a s i c  conceptua l  u n i t  i s  t h e  "p r imi t ive  change" ("PC") a s  de f ined  i n  t h e  Glossary4 and 
Sec t ion  1 i s  concerned wi th  t h e  i d e n t i f i c a t i o n  and r e p r e s e n t a t i o n  of t h e  p r i m i t i v e  changes.  
These a r e  n o t  l i m i t e d  t o  t h e  obvious a r e a s  of bond format ion  ( a s s o c i a t i o n )  o r  bond breakage  
( d i s s o c i a t i o n )  though these  p a r t i c u l a r  p r i m i t i v e  changes provide  many of t h e  most commonly 
used u n i t s  i n  r e a c t i o n  models, and i n  p r i n c i p l e  t h e  r u l e s  should be  a p p l i c a b l e  t o  any 
r e a c t i o n  model which i s  based on d i s c r e t e  bond changes.  There i s  no r e s t r i c t i o n  t o  
r e a c t i o n s  involv ing  carbon atoms. Some a t t empt  has  been made t o  i n d i c a t e  conformat iona l ,  
spec t roscop ic ,  and sp in  changes,  and t h i s  could  be  f u r t h e r  extended, l ead ing  i n t o  t h e  
f i e l d s  of  photochemis t ry ,  s u r f a c e  chemis t ry ,  o r  e l ec t rochemis t ry .  In  some cases  ( e .g .  
va r ious  photochemical o r  e x c i t e d  s t a t e  p rocesses )  it would be  necessary  t o  d e f i n e  new 
P C ' s  be fo re  t h e  models could be adequate ly  r ep resen ted .  No a t t empt  i s  made t o  r e p r e s e n t  
r e h y b r i d i s a t i o n  d e t a i l s .  
l e t t e r s ,  p r e f e r a b l y  having some mnemonic v a l u e .  Changes of t h e  same gene ra l  type  begin  
wi th  t h e  same c a p i t a l  l e t t e r  ( e .g .  A f o r  Assoc ia t ion  between two atomic c e n t r e s )  
modified by lower case  l e t t e r s  i n d i c a t i n g  subd iv i s ions  of t h e  group ( e . g .  c f o r  
c o l l i g a t i v e ) .  The atoms on which t h e  change ope ra t e s  a r e  l i s t e d  i n  a s p e c i f i e d  o r d e r  
i n  t h e  pa ren theses  fo l lowing  t h e  change d e s i g n a t o r .  The n o t a t i o n  i s  analogous t o  t h a t  
used f o r  mathematical  f u n c t i o n s .  The r u l e s  t o  be  followed a r e  i n  Sec t ion  1. It must 
be  emphasised t h a t  t h e  l i s t  of PC's h e r e a f t e r  def ined  i s  n o t  t o  be  regarded as complete;  
new ones can be  added a s  necessary  t o  accommodate new mechanis t ic  i n s i g h t s .  

It must be  emphasised t h a t  t h e  l a t t e r  scheme 

P r i m i t i v e  changes a r e  des igna ted  by one l e t t e r  o r  a group of 

58 



Detailed linear representation of reaction mechanisms (Recommendations 1988) 59 

Elementary r e a c t i o n s 4  can be  regarded  a s  be ing  b u i l t  up from one o r  more p r i m i t i v e  
changes,  and a r e a c t i o n  mechanism c o n s i s t s  of one o r  more elementary r e a c t i o n s  which 
occur  s e q u e n t i a l l y  o r  i n  compet i t ion  a c t i n g  on one o r  more reagent  s p e c i e s .  Sec t ion  2 
d e t a i l s  t h e  r u l e s  by which p r i m i t i v e  change r e p r e s e n t a t i o n s  may be  combined t o  b u i l d  up 
a complete n o t a t i o n  f o r  an e lementary  r e a c t i o n .  

To w r i t e  down an elementary r e a c t i o n  i n  gene ra l  t h e  c o n s t i t u e n t  p r i m i t i v e  changes a r e  
w r i t t e n  i n  l i n e  (Rule 2 . 1 )  and two s e q u e n t i a l  elementary r e a c t i o n s  a r e  jo ined  wi th  a 
"+" s i g n  (Rule 2 . 2 ) .  The r e s t  of s e c t i o n  2 d e a l s  wi th  t h e  a d d i t i o n  of e x t r a  in format ion ,  
o f t e n  o p t i o n a l ,  which i s  r e l e v a n t  on ly  a t  t h e  l e v e l  of t h e  elementary r e a c t i o n  o r  r e a c t i o n  
sequence, and hence i s  w r i t t e n  a s  a s u f f i x  t o  t h e  elementary r e a c t i o n  n o t a t i o n .  This may 
inc lude  informat ion  on t h e  sequence of r e a c t i o n s ,  s t e r eochemis t ry ,  and sp in  m u l t i p l i c i t y  
changes,  and non-thermodynamic informat ion  on r a t e  l i m i t i n g  s t e p s  o r  d i f f u s i o n  c o n t r o l ,  
and f u r t h e r  in format ion  could  be  added a s  r e q u i r e d .  A t  p re sen t  no a t tempt  has  been made 
t o  d e f i n e  a s e t  of symbols t o  convey s te reochemica l  in format ion .  

When a mechanism i s  cons idered  it i s  app l i ed  t o  a s p e c i f i c  s u b s t r a t e  o r  group of s u b s t r a t e s ,  
It i s  t h e r e f o r e  necessa ry  t o  add t o  t h e  l i s t  of atoms i n  t h e  p r i m i t i v e  change r e p r e s e n t a t i o n  
i n d i c a t i o n s  as t o  r e l a t i v e  s i t e  i n  a molecule,  o r  even a s  t o  which of s e v e r a l  molecules i s  
involved .  Sec t ion  3 addres ses  these  problems. Rule 3 . 1  d e f i n e s  p o s i t i o n a l  i n d i c a t o r s  
w i t h i n  t h e  r e a c t i o n  c e n t r e .  Rule 3.2 i n d i c a t e s  how t o  name such c e n t r e s ,  and Rule 3 .3  
shows how t o  d i s t i n g u i s h  between d i f f e r e n t  molecules .  The r e s t  of Sec t ion  3 d e a l s  wi th  
s p e c i f i c  problems involv ing  e l e c t r o n  t r a n s f e r ,  p ro ton  t r a n s f e r ,  and d e l o c a l i s e d  bonding. 

Sec t ion  4 g ives  f u r t h e r  examples i n  a d d i t i o n  t o  those  used t o  i l l u s t r a t e  t h e  i n d i v i d u a l  
r u l e s ,  and s e c t i o n  5 provides  a t a b l e  of t h e  symbols used and an  index t o  t h e  r u l e  con- 
cerned  wi th  each. Sec t ion  6 provides  a comparison wi th  Ingold-type symbols and wi th  r e f . 3  
i n  t a b u l a r  form. 
The abbrev ia t ions  PC f o r  "p r imi t ive  change" and ER f o r  "elementary r e a c t i o n "  a r e  used i n  
t h e  t e x t  below. It i s  occas iona l ly  necessary  when i l l u s t r a t i n g  one r u l e ,  t o  u se  a 
symbol no t  def ined  u n t i l  la ter  i n  t h e  document; t h e  r eade r  should b e  a b l e  t o  l o c a t e  a l l  
key d e f i n i t i o n s  v i a  t h e  t a b l e  i n  s e c t i o n  5 .  

SECTION ISREPRESENTATIONS OF PRIMITIVE CHANGES 

Rule 1.1 general representation 

The p r i m i t i v e  change (PC) i s  r ep resen ted  i n  f u n c t i o n a l  n o t a t i o n  a s  

PC(P,Q,R ..... X) 

where PC d e f i n e s  t h e  o p e r a t i o n  which t akes  p l ace  on t h e  assembly of atoms P t o  X .  The 
d e t a i l e d  form of t h e  atom r e p r e s e n t a t i o n ,  h e r e  r ep resen ted  i n  g e n e r a l i s e d  form, w i l l  be 
def ined  la ter  (Sec t ion  3 ) .  Represen ta t ions  of operand atoms a r e  sepa ra t ed  by commas. 
Informat ion  on e l e c t r o n  involvement,  where r e l e v a n t  i s  added i n  square  b r a c k e t s  [ ] - 
see  Rule 1.10 below. I f  more than  one molecule i s  involved each i s  r e f e r r e d  t o  by a 
numeral i n  a po in ted  b r a c k e t ,  e . g .  <2> (Sec t ion  3 . 3 ) .  

Note. Where t h e  PC i s  a bond forming o r  breaking  ope ra to r  t h e r e  w i l l  normally be  only two 
=and atoms concerned, b u t  i f  t h e  PC r e p r e s e n t s  a mul t i - cen t r e  p rocess  then  more than  two 
atoms may b e  s p e c i f i e d  a s  operands.  
of convent iona l  bonds t h e r e  i s  no r e s t r i c t i o n  a s  t o  t h e  number of atoms s p e c i f i e d ,  bu t  
t h e  d e f i n i t i o n  of a p a r t i c u l a r  PC must be  e x p l i c i t  a s  t o  t h e  number of operands i t  
r e q u i r e s .  
f o r  which f u l l  r e p r e s e n t a t i o n  may be  over -e labora te  ( e . g .  r u l e  1 . l o ) .  

Likewise i f  t h e  PC does n o t  r e p r e s e n t  l o s s  o r  ga in  

I t  may be  convenient  t o  d e f i n e  compound P C ' s  f o r  a smal l  number of p rocesses  

Rule 1.2 a-bond formation 

Formation of a s i n g l e  cova len t  bond of 0 symmetry i s  r ep resen ted  a s  fo l lows  us ing  symbols 
beginning  with t h e  c a p i t a l  l e t t e r  "A". 

- RULE 1 . 2 . 1  A(P,Q) - A coord ina t ion  where P i s  t h e  atom provid ing  t h e  e l e c t r o n  p a i r .  
Both P and Q a r e  e l e c t r o n  p a i r e d  s p e c i e s .  Only one two-centre 
bond i s  formed. 

Example 1.2.1.1 Example 1 . 2 . 1 . 2  

NH3 + BF3 j NH3BF3 

A ( N , B )  A(O,H) 

CH3COO- + H+ -+ CH3COOH 

See a l s o  examples 1 .5 .1  
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RULE 1 . 2 . 2  Ar(P,Q) - A bond format ion  p rocess  between an e l e c t r o n  pa i r ed  spec ie s  and a - 
r a d i c a l .  
Q i s  a r a d i c a l .  
spec ie s  i s  e l e c t r o n  d e f i c i e n t  (e .g .  R3C+), P s h a l l  r ep resen t  t h e  
r a d i c a l  and Q t h e  o t h e r  r e a g e n t .  The l e t t e r  "r" i n d i c a t e s  t h e  
r a d i c a l  c h a r a c t e r  of bo th  a r e a c t a n t  and t h e  p roduc t s .  See a l s o  
examples 4 . 1  and 4 . 3 .  

The common c a s e  i s  t h a t  P provides  an  e l e c t r o n  p a i r  while 
In  t h e  l ess  common c a s e  where t h e  e l e c t r o n  pa i r ed  

Example 1 . 2 . 2 . 1  

CH3- + C6H6 + ( C 6 H 6 C H 3 ) '  

Ar(C,C) 

Example 1 . 2 . 2 . 2  - one s t e p  of t h e  " S  1" process  RN 

c ~ H ~ *  + N H ~ -  + C ~ H ~ N H ~ ;  

Ar(N,C) 

RULE 1 . 2 . 3  Ac(P,Q) - A bond format ion  where both  P and Q a r e  r a d i c a l s  (c  = c o l l i g a t i o n ) .  - 
The lower Cahn-Ingold-Prelog (C . I .P . )5  p r i o r i t y  group should b e  
w r i t t e n  as P .  

Example 1 .2 .3  

CH; + CH3* C2H6 

Ac(C,C) 

Rule 1.3 o-bond breakage 

Breakage of a s i n g l e  covalen t  bond of u symmetry ( t h e  converse  of rulel .2) i s  r ep resen ted  
by PC symbols beginning  with l e t t e r  "D". 

- RULE 1 .3 .1  D(P,Q) - H e t e r o l y t i c  d i s s o c i a t i o n ,  t h e  r e v e r s e  of A(P,Q), i n  which t h e  
e l e c t r o n  p a i r  i s  r e t a i n e d  by P .  

Example 1 3.1.1 

Me3CCR j Me3C+ + CR- 

D ( C R , C  

See a l s o  examples 1 . 4 . 1 . 1  e t c .  

- RULE 1 .3 .2  Dr(P,Q) - Dissoc ia t ion  of a r a d i c a l  s p e c i e s .  This i s  t h e  r e v e r s e  of Ar(P,Q). 
In t h e  usua l  ca se  t h e  atom P r e t a i n s  t h e  e l e c t r o n  p a i r  and Q i s  a 
r a d i c a l ,  o r  i f  t h e  e l e c t r o n  p a i r e d  product  i s  e l e c t r o n  d e f i c i e n t  i t  
i s  Q whi le  t h e  r a d i c a l  i s  P .  

Example 1 . 3 . 2 . 1  - The d i s s o c i a t i o n  s t e p  i n  t h e  " S  l l ' p rocess .  RN 

C ~ H ~ C H ~ C R '  j C ~ H ~ C H ~ .  + c i  

D r  (CR, C) 

See a l s o  examples 1 . 4 . 3 ,  1 . 5 . 2 ,  4 . 1  

RULE 1 . 3 . 3  Dc(P,Q) - The r e v e r s e  of 1 .2 .3 ,  i . e .  homolytic f i s s i o n  of an  e l e c t r o n  pa i r ed  - 
0 bond; bo th  products  P and Q a r e  r a d i c a l s .  P should have a 
lower o r  i d e n t i c a l  p r i o r i t y  t o  Q ,  a s  def ined  by t h e  C . I . P .  r u l e s .  

Example 1 . 3 . 3 . 1  

j 2 X e  CO. 3 Me C-0-OCMe 

Dc(0,O) 

3 

I f  i t  should be  u s e f u l  t o  spec i fy  t h e  sp in  s t a t e  of t h e  product  r a d i c a l  p a i r  t h e  symbol 
"Dc" could  b e  extended ( see  Rule 2 . 7 ) .  
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Rule 1.4 a-bond formation 

Formation of a s ing le  covalent bond of IT symet ry  uses Ap, with "p" t o  indicate  IT 
character .  

- RULE 1 . 4 . 1  Ap(P,Q) - Heterolyt ic  IT bond formation. The order of P and Q is defined 
as  i n  1 . 2 . 1 .  

Example 1.4.1.1 
+ - 

C6H5N=N-OH j C6H5N!N + OH 

AP(N,N) D(O,N) 

Note. Here, and i n  most IT-bond react ions,  it i s  d i f f i c u l t  t o  f ind examples i n  which a 
s i n g l e  PC can e x i s t  in  i s o l a t i o n  as  an elementary react ion (ER). An appropriate a-bond 
PC should therefore  accompany a l l  IT-bond changes. 
a re  combined i s  defined in  sect ion 2 ;  the  d issoc ia t ive  PC i s  an example of r u l e  1.3.1. 

RULE 1.4.2 Apr(P,Q) - One atom usual ly  Q ,  provides an odd electron,  the sequence of 

The sequence i n  which the two PC's 

- 
P and Q i s  as  i n  1 . 2 . 2 ,  of which t h i s  process i s  the Ti-bond 
analog. 

RULE 1 .4 .3  Apc(P,Q) - Both atoms provide odd electrons - the  IT-analog of 1.2.3. - 
Example 1.4.3.1 

j CH3-CH3 + CH2=CHZ 

A r  (H,C<l>) D r  (H,C<2>) Apc (2/C, C) 

Section 3 gives f u l l  d e t a i l s  of the s ignif icance of  the numbers i n  < > and before / .  
Brief ly  "n/" r e f e r s  t o  the atom numbered "n" i n  the diagram while <m> r e f e r s  t o  the  mth 
reagent molecule drawn. 

Rule 1.5 a-bond breakage 

Breaking of a s ing le  covalent bond of IT s y m e t r y  uses "Dp". 

- RULE 1 .5 .1  Dp(P,Q) - ( c . f .  1.3.1) Heterolyt ic  f i s s i o n  of a IT bond. 

Example 1.5.1.1 Example 1.5.1.2 

and the reverse process i s  
wr i t ten  D(C,H) Ap(C,2/C) 

and i t s  reverse  i s  wr i t ten  Ap(0,C) D(N,C) 

Note. In  both Rules 1 . 4  and 1.5 the same ru les  apply a s  i n  1 . 2  and 1.3 as  t o  the  placement 
of e lectron p a i r s  or  spin;  
current  u bond changes between the  same atoms (see r u l e  2.1.2) .  

Formation of a s ing le  covalent bond of 0 symmetry t o  one end of a IT system i s  represented 
a s  i n  1.5.1 above. In  the case where a s ing le  IT bond i s  involved the change i n  the  IT bond 
i s  spec i f ied ;  t h i s  c lear ly  dis t inguishes  the process from t h a t  represented by the  simple 
associat ion i n  examples 1 . 2 . 1 .  I f  the addi t ion is t o  the end of an extended IT system, and 
it i s  not necessary t o  specify the  extent  of the consequential IT bond changes the symbol 
'I$" should be suff ixed t o  the ER t o  indicate  t h a t  the formation of only one canonical form 
has been specif ied (see r u l e  3.4.3). 

- 
the  representat ion of IT bond changes is independent of any con- 

Example 1.5.1.3 

6 5  - 
NH + CH =CH-CH=CH-CH=O -+ H 3 N+-CH~-CH-CH=CH-CH=O 3 2  
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RULE 1 .5 .2  Dpr(P,Q) - ( c . f .  1.3.2) Homolytic d i s s o c i a t i o n  of IT bond t o  a r a d i c a l  and 
an e l e c t r o n  p a i r e d  product .  
r a d i c a l ,  and t h e  fragment ca r ry ing  t h e  s p i n  i s  normally Q 
( c . f .  1 .3 .2 ) .  

The p recu r so r  i s  n e c e s s a r i l y  a 

Example 1 .5 .2 .1  Example 1.5.2.2 

1 2  
2 Ck. + CH =CH2 j CH2CR-CH2. 

A r  (C,Ck) Dpr (C,2/C) 

and t h e  r e v e r s e  p rocess  Apr(C,Z/C) Dr(C,Ck) 

Me C-0- +a Me2C=0 + CH * 3 3 

Apr (C, 0) D r  (C,2/C) 

RULE 1 .5 .3  Dpc(P,Q) - ( c . f .  1 .3 .3)  Homolytic d i s s o c i a t i o n  of a TI bond t o  g ive  two 
unpai red  e l e c t r o n s .  
t han  Q. 

P should have a lower C . I . P .  p r i o r i t y  

Example 1.5.3.1 

Rule 1.6 three centre bonds 
There a r e  a number of p r i m i t i v e  changes which can only  be  d i s s e c t e d  i n t o  two-atom 
i n t e r a c t i o n s  i n  a very a r t i f i c i a l  manner. The u s e  of A and D symbols a s  above i s  t o  be  
avoided f o r  t h e s e  s i n c e  they  a r e  i m p l i c i t l y  a s s o c i a t e d  wi th  two-centre bond changes.  
The symbol "Us' (= union) i s  adopted f o r  3-cent re  bonds, wi th  "V" as i t s  r e v e r s e .  

RULE 1.6.1 U(P,Q,R) - Represents  t h e  format ion  of a t h r e e  c e n t r e  bond by a t t a c k  of 
an e l e c t r o p h i l e  (R) on a u bond P-Q. 

- 

Example 1.6.1.1 
H 

2 1  ,.-- I 

CH - C H ~ - C H ~  + H+ j C H ~ - C H ~ " O  ; -. 3 -. 
CH- 

- RULE 1 .6 .2  V(P,Q,R) - D i s s o c i a t i o n  of a t h r e e  c e n t r e  complex l eav ing  P and Q 
0 bonded, w i th  R e l e c t r o n  d e f i c i e n t .  

Example 1 .6 .2 .1  t h e  r e v e r s e  of 1 . 6 . 1 . 1  

V(C, 2/C,H) 

RULE 1 . 6 . 3  Up(P,Q,R) - Formation of an adduct from atoms P,Q (provid ing  e l e c t r o n s  from - 
a TI bond) t o  R .  

Example 1 .6 .3 .1  

2 \7 C 11: .+ Br Pr .+ Br- 
2 -  

H'L 1 2  

Up (C , 2  / C  ,Br) D(Br , Br) 

Note. 
r ep resen ted  a s  i n  Rule 1 .9 .  See example 1 .9 .2 .2 .  

Weaker a s s o c i a t i o n s  (e .g .  between molecular B r 2  and an  a romat ic  compound) can  be  

RULE 1 . 6 . 4  Vp(P,Q,R) - The r e v e r s e  of t h e  p rocess  desc r ibed  i n  1 .6 .3 ,  i . e .  d i s s o c i a t i o n  
of a IT adduct ,  where P,Q e v e n t u a l l y  a r e  IT bonded, and R i s  t h e  
e l e c t r o p h i l e  which h a s  l e f t .  

Example 1 .6 .4 .1  - t h e  r e v e r s e  of example 1 .6 .3 .1  

A(Br ,Br) Vp (C,2/C,Br) 

Note. This form of r e p r e s e n t a t i o n  could  be  expanded t o  a l low f o r  TI bonds from more than  
=cent res ,  t h e  numeral i n d i c a t i n g  t h e  number of c e n t r e s ,  each be ing  s p e c i f i e d .  

e .g .  Up3 (C ,2/C,3/C,M) f o r  t h e  format ion  of a a l l y l i c  IT bond t o  a me ta l ,  M. 
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Rule 1.7 insertions and extrusions 

"I" i s  t h e  symbol f o r  i n s e r t i o n ,  wi th  "X" f o r  t h e  r e v e r s e .  

- RULE 1 . 7 . 1  I(P,Q,R) - I n s e r t i o n  of Q i n t o  t h e  0 bond P,R. 

Example 1 . 7 . 1 . 1  

CH3 

CH2 + H-CH3 + LH2 

I ( c , c , €1) 1 
RULE 1 .7 .2  X(P,Q,R) - Ext rus ion  ( t h e  r e v e r s e  of  i n s e r t i o n )  of Q from between P and R 

which then  form a sigma bond. 

Example 1 . 7 . 2 . 1  

(CH2)n / CH2\ s//o * (CH2In q + so2 

CH2 
\ / \ o  \ 

11 j 
X(C,S,C) CH2 \c /  \ c /  

Note. I n s e r t i o n  i n t o  a IT bond (e .g .  CH2 + 0/ ] 'CH 2 ) and i t s  r e v e r s e  a r e  
0 

t r e a t e d  a s  a s p e c i a l  c a s e  of c h e l e t r o p i c  e l e c t r o c y c l i c  a d d i t i o n  and i t s  r e v e r s e ,  see 
examples 1.10.1.5 and 1.10.2.2 below. 

RULE 1 . 7 . 3  Ia(P,O,R,S) - An i n s e r t i o n  p rocess  i n  which t h e  i n s e r t i n g  reagent  provides  
two ad jacen t  atoms t o  t h e  product .  The i n s e r t i n g  reagent  i s  
Q-R and bonds a r e  formed between P and Q and between R and S .  

- 

Example 1 .7 .3 .1  - i n s e r t i o n  of a C=C i n t o  a B-H bond 

Ia(B,C,2/C,H) 

Note. 
example 1.10.8.2). 

This r e a c t i o n  can b e  cons idered  a s  having a p e r i c y c l i c  r e a c t i o n  mechanism ( see  - 

Example 1 .7 .3 .2  - i n s e r t i o n  of O2 i n t o  a C-H bond 

CH -CH3 + O2 + CH3-CH2-0-OH 3 

I a  (C ,O ,O,H) 

RULE 1 .7 .4  Xa(P,Q,R,S) - An e x t r u s i o n  p rocess  which ex t rudes  two ad jacen t  atoms Q,R - 
from between P and S ( t h e  r e v e r s e  of 1 .7 .3 ) .  

Rule 1.8 electron transfer 

The symbol T i s  r e se rved  f o r  e l e c t r o n  t r a n s f e r  of v a r i o u s  t y p e s .  

RULE 1 . 8 . 1  T(S,R) - - 

Example 1.8.1.1 

PhO- + IrC&62- 

T(O,I r )  

Represents  t r a n s f e r  of a s i n g l e  e l e c t r o n  from t h e  source  S t o  t h e  
r e c i p i e n t  R. I f  necessa ry  t h e  source  and r e c i p i e n t  may b e  des ig -  
na t ed  by o r b i t a l  des igna t ion  r a t h e r  t han  j u s t  t h e  element symbol, 
and t h i s  symbol w i l l  t h e r e f o r e  s u f f i c e  f o r  bo th  i n t e r -  and i n t r a -  
molecular  e l e c t r o n  t r a n s f e r .  I f  t h e  source  of r e c i p i e n t  i s  gene ra l ,  
o r  i f  i t  i s  not  necessary  t o  s p e c i f y  i t ,  t h e  symbol Q can be  used ;  
( eg ,  e s ,  ec )  may be  used f o r  f r e e  o r  s o l v a t e d  e l e c t r o n s .  See 
Rules 3 . 4 . 1 ,  3 .4 .2 .  A modified T symbol could b e  used t o  i n d i c a t e  
r a d i a t i v e  energy t r a n s f e r  a s s o c i a t e d  wi th  e l e c t r o n  t r a n s f e r .  

Example 1.8.1.2 

PhO' + I ~ C ! L ~ ~ -  
. -  - 

2 e + CH2=CH2 3 CH2-CH s o l v  
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Example 1.8.1.3 Example 1.8.1.4 

Ph-(CH2)2-CN7 Ph7-(CH2) 2CN 

( i n t r a m o l e c u l a r  e lec t ron  t ransfer )  

T (CN , Ph) 

\ *  
/"=O 

'c=o --Qj 
/ 

(see Rule 1.10 f o r  the designation of e lectron types, w = nonbonded, p = T I ) .  

Example 1.8.1.5 Example 1.8.1.6 
the e lec t ron  t ransfer  s tep  of the "S 1" process. RN 

- - 
C H NH ' + C6H51 j C6H5NH2 + C6H51'  6 5  2 

T(ec ,O) T(N,I) 

Rule 1.9 weak associations 
Elementary react ions may involve the  formation and d issoc ia t ion  of e n t i t i e s  held together by 
weaker forces  than the normal covalent bond, e .g .  ion pa i r  a t t r a c t i o n  o r  hydrogen bonding. 
Such processes a r e  normally rate-limited by d i f fus ion .  
unambiguously the pr imit ive changes involved i n  such react ions and therefore  the generic 
symbol "C" ( for  d i f fus iona l  combination) w i l l  be used, with Cw f o r  a second (weaker) leve l  
of associat ion i f  i n  a react ion two such l e v e l s  of weak assoc ia t ion  need t o  be dis t inguished,  
e.g. both "intimate" and "solvent separated" ion p a i r s .  
weakly, then form a covalent bond ( i . e .  two separate  elementary react ions)  the covalent bond 
formation s tep  i s  assumed t o  s t a r t  from the weakly associated intermediate; 
covalent d i ssoc ia t ion  i s  assumed t o  r e s u l t  i n  f r e e  fragments unless  a subsequent elementary 
process i s  wr i t ten  specifying the d issoc ia t ion  of (say) an ion p a i r .  
the  reverse  of C ,  i s  c a l l e d  P (Par t ing) .  

It may be d i f f i c u l t  t o  specify 

If  two atoms f i r s t  associate  

s imi la r ly  a 

This d i ssoc ia t ion ,  

- RULE 1 . 9 . 1  C(P,Q) - The formation of a weak assoc ia t ion  between P and Q 

Cw(P,Q) - The formation of a very weak associat ion 

- Dissociation of a weakly bound adduct of P and Q 

Pw(P,Q) - Dissociation of a very weakly bound adduct 

RULE 1 . 9 . 2  P(P,Q) - 

Example 1.9.2.1 - Elimination v ia  an ion p a i r  

ion pa i r  

A(B,H) D(C,H) + P(C,H) + D(X,2/C) 

I f  the ion p a i r  does not have time t o  d issoc ia te  before the  carbanion s p l i t s ,  the  P s tep  
does not happen and i s  omitted, the c lose  l inking of the processes being symbolised by 
"*" (Rule 2.21, 

i . e .  A(B,H) D(C,H) * D(X,Z/C) 

while the  P s tep  w i l l  a l s o  be omitted i f  the d issoc ia t ion  of the ion pa i r  i s  not k i n e t i c a l l y  
s ign i f icant  ( i . e .  a s  i s  comonly the  case,  i t  i s  complete before  the  carbanion i s  l o s t ) : -  

A(B,H) D(C,H) + D(X,2/C) 

Example 1.9.2.2 C H  + B r  @ B r  - B r  (n adduct) 

C(C,Br) 

The C pr imit ive change has two parameters: 
react ion model which e x p l i c i t l y  indicates  t h a t  more than one carbon atom i s  involved. 
A s  t h i s  mult iple  assoc ia t ion  i s  re la ted  t o  the delocal ised nature  of the reagent, the 
symbol $ can be appended (see r u l e  3.4.3) v iz .  C(C,Br):$. If both B r  atoms a r e  bonded t o  
the ring a f u r t h e r  PC i s  needed. 

i n  the  above case one might wish t o  wri te  a 

Example 1.9.2.3 - Rate l imi t ing  separat ion of the products of a thermodynamically 
unfavourable proton t r a n s f e r .  

CH3COO- + HOPh & CH3COOyHOPh + CH3COOH.-OPh 

\1 (1) (2)  

A(O<l>,H) D(0<2>,H) + P(0,H) :# CH3COOH + -0Ph 
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It should be noted t h a t  weak associat ions between reagents before a react ion or  between 
products a f t e r  a r e  not specif ied unless  they a r e  mechanistically s i g n i f i c a n t .  
ion pa i r  formation f o r  a h e t e r o l y t i c  dissociat ion needs t o  be specif ied,  example 1.3.1.1 
(solvolysis  of CMe C1) becomes example 1 .9 .2 .4 : -  

Thus i f  

3 
+ -  

CMe3C1 CMe3 . C 1  CMe3+ + C 1 -  

Rule 1.10 pericyclic processes 

Pericycl ic  react ions.  
can represent per icyc l ic  react ions,  and by introduct ion of a r b i t r a r y  ru les  it  i s  possible  
t o  obtain unique representat ions,  it i s  b e t t e r  t o  def ine spec i f ic  mult icentre  pr imit ive 
changes. 
used, with the suf f ix  "cy" t o  ind ica te  the concerted cyc l ic  nature  of the  e lec t ron  s h i f t s .  
A s ingle  pr imit ive change cannot of course represent a stepwise react ion.  
indicated i n  p a i r s  in  the same sequence as the A and D symbols. The sequence i n  which the 
atom symbols a r e  wr i t ten  i s  the  same as  the sequence of atoms around the electrocycle .  I f  
there  i s  a choice the atom with the lowest r e l a t i v e  posi t ional  number i n  the minimum 
s t ruc tures  i s  specif ied f i r s t ;  i f  ambiguity s t i l l  e x i s t s  then the f i r s t  atom wr i t ten  
should have lower C . I .P .  p r i o r i t y  than the second. See Rule 1.10.8 f o r  the r u l e s  f o r  
se lec t ing  the PC representat ion f o r  various e lec t rocyc l ic  processes. 
e s s e n t i a l l y  four  conunon types of per icyc l ic  reac t ions .  

While it i s  possible  t o  devise sequences of the above symbols which 

A s  f u l l  covalent bonds a r e  usual ly  formed and broken the A and D symbols a r e  

The atoms are  

There a r e  

- RULE 1.10.1 AAcy(P,Q,R,S) [n]  - Cycloadditions i n  which two  new U bonds a re  forned, 
with P forming a bond t o  Q and R t o  S,  P and S being 
i n  one molecule and Q with R i n  the  second. The port ion 
within the [ ] is the optional descr ipt ion of t h e i r  
s tereoelectronic  nature  by the designation of the  
o r b i t a l s  involved i n  conventional manner except t h a t  no 
subscr ipts  o r  Greek l e t t e r s  can be used. Thus use  p 
f o r  71, s f o r  0 ,  and w f o r  w (omega), with symbols 
s (suprafacial)  and a ( a n t a r a f a c i a l ) ,  on the l i n e .  
An arabic  numeral gives the number of e lec t rons  involved 

ior 

Example 1.10.1.1 

Diels-Alder react ion [ + I I + l i  7 
AAcy(C,C,4/C,2/C) t p 4 s  + p 2 s l  

Here atoms P and Q a r e  
molecules. 

Example 1.10.1.2 
Dipolar addi t ion 

Ph 
\.* 

1 

both C ,  but a r e  not ident ica l  since they must be i n  d i f f e r e n t  

Example 1.10.1.3 
Cheletropic addi t ion of 2 of @-N t o  CH2=CH 3 

AAcy(C,N,3/N,2/C) [p4s + p2sl 

Note tha t  the cheletropic  nature  i s  shown by use of the  same atom twice: 
defined a s  always having four  operands. 
which must be i n  the same molecule, happen t o  b e  ident ica l .  

the  AAcy PC i s  
In t h i s  case atoms 0 and R i n  the d e f i n i t i o n ,  

Example 1.10.1.4 Example 1.10.1.5 - Carbene addi t ion t o  C = o  

AACY(C,C,2/C,2/C) tp2s + p 2 s l  
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RULE 1.10.2 DDcy(P,Q,R,S) [n + m] - P s e p a r a t e s  from 0, R from S,  and P and S 
f i n i s h  up i n  one fragment Q , R  i n  t h e  o t h e r .  

Example 1.10.2.1 

The r e t r o  Diels-Alder 

DDcy (3/C ,4/C ,5/C ,6 /C) 

Example 1 .10 .2 .2  

r e a c t i o n  of 

s4 + p2] 

DDcy(C,S,S,2/C) [p2s + W ~ S ]  

Che le t rop ic  n a t u r e  i s  aga in  shown by S appear ing  twice. 

RULE 1.10.3 Acy(P,Q) [n]  - An e l e c t r o c y c l i c  r e a c t i o n  invo lv ing  n e l e c t r o n s  i n  which 
atoms P and Q become bonded. The atom wi th  t h e  lower 
l o c a n t  i s  w r i t t e n  f i r s t  ( s ee  above) .  

Example 1.10.3.1 c: - 0 
Acy(C,6/C) [p6s l  

A s  bonding between atoms 1 and 6 occurs  on t h e  same f a c e  of t h e  molecule i n  t h e  allowed 
( d i s r o t a t o r y )  r e a c t i o n  s ( s u p r a f a c i a l )  i s  used .  The cor responding  thermal ly  forb idden  
r e a c t i o n  is 

Acy (C ,6 / C  1 [ p6a 1 

RULE - 1.10.4 Dcy(P,Q) [ n ]  - E l e c t r o c y c l i c  r i n g  opening, t h e  converse  of r u l e  1 .10 .3 .  
The necessa ry  i'r bond swi tches  a r e  implied by t h e  va lue  
of "n". The atom wi th  t h e  lower l o c a n t  i s  w r i t t e n  f i r s t .  

Example 1 .10 .4 .1  

Dcy(3/C,4/C) [p2 + s2a l  ( conro ta to ry ,  i n  which v b o n d i n g  occurs  a n t a r a f a c i a l l y ,  
and t h e  e l e c t r o n i c  n o t a t i o n  r e f e r s  t o  t h e  r eagen t )  

The cor responding  forb idden  r e a c t i o n  would be  

Dcy(3/C24/C) [p2 + s2s I  

Example 1 .10 .4 .2  

Dcy(2/C,3/C) [ s ~ s ]  ( d i s r o t a t o r y )  
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- RULE 1.10.5 ADcy(P,Q,R,S) [n ]  - A s igma t rop ic  r e a c t i o n  i n  which P bonds t o  Q whi le  R 
b reaks  from S ,  and n is t h e  number and type  of e l e c t r o n s  
involved .  Note t h a t  t h e  convent iona l  [ i , j ]  n o t a t i o n  f o r  
t h e  r e l a t i v e  p o s i t i o n s  of t h e  atoms P,Q,R,S is  n o t  
needed i f  t h e  n o t a t i o n  c l e a r l y  i d e n t i f i e s  P,Q,R and S 
and t h a t  t h e  e l e c t r o n i c  n o t a t i o n  used does no t  involve  
commas bu t  + s i g n s  i f  s e v e r a l  o r b i t a l s  are s p e c i f i e d ,  
so avoid ing  confus ion  wi th  t h e  [ i , j ]  n o t a t i o n .  The 
atom wi th  t h e  lowes t  l o c a n t  i s  w r i t t e n  f i r s t .  

Example 1.10.5.1 
H H 

ADcy(C,H,H,5/C) [6s ]  (6 -e l ec t rons ,  s u p r a f a c i a l )  

The [1 ,5 ]  n a t u r e  i s  shown by t h e  same atom be ing  des igna ted  f o r  Q and R whi le  P and S a r e  
5 a p a r t .  

Example 1.10.5.2 Example 1.10.5.3 

3*l 
(Cope rearrangement) 

ADcy(C,6/C,4/C,3/C) [p2 + s 2  + p2] ADcy(C,6/C,4/C,O) [p2  + s2 + p2]  

Example 1.10.5.4 

( w i t t i g )  

ADcy(C,5/C,3/C,O) [6]  (desc r ibed  a s  a [ 2 , 3 ]  s igmat ropic  r e a c t i o n )  

Example 1 .10 .5 .5  - The above r e a c t i o n  can be  accounted f o r  by a two-step i o n i c  
mechanism which provides  a d i f f e r e n t  mechan i s t i c  model: 

&H-Ar 

CII-R 
\ 

P - A r  

/CH CH 

\CH' 'R 

RULE 1.10.6 ADAcy(P,Q,R,S,T,U) [n ]  - This i s  t h e  ''ene" r e a c t i o n  where two connec t ions  
a r e  formed and one broken. 
s p e c i f i e d  a r e  i n  t h e  same sequence a s  t h e  i n i t i a l  
A ' s  and D ' s ,  i . e .  atom P bonds t o  Q ,  as does T 
t o  U, whi le  R s e p a r a t e s  from S. 

Again t h e  atoms 

Example 1.10.6.1 
H 

<1> <2 > 

ADAcy(C<l>,C<2>,3/C<2>,H,H,Z/C<l>) [ p 2 s  + p2s  + S ~ S ]  
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RULE 1.10.7 DADcy(P,Q,R,S,T,U) [n] - Represents react ions which a r e  the reverse  of the  - 
above. 

Example 1.10.7.1 

.H H 

‘ 0  
I 

DADcy ( 4  /C , 3  10, 0, H , H ,  5 /C) [ 6  1 

Here the s te reoe lec t ronic  descr ipt ion 
specifying individual o r b i t a l  types. 

has been conventionally shortened t o  [6] without 

Example 1.10.7.2 - the  Cope el iminat ion,  considered a s  an e lec t rocyc l ic  process 

but i f  considered a s  an ionic process 

A(0,H) D(4/C,H) Ap(4/C,3/C) D(N,3/C) 

RULE 1.10.8 - The above ru les  f o r  e lec t rocyc l ic  processes can obviously be extended t o  
more elaborate  systems, with an A t o  represent each 0-bond formation, and 
a D t o  represent a breakage. An A should be wr i t ten  f i r s t  i f  there  a r e  
more associat ions than d issoc ia t ions ,  a D i f  the  reverse. If there  a r e  
both types the second symbol should be d i f f e r e n t  from the  f i r s t .  
Subsequent symbols follow i n  the  e lec t rocyc l ic  sequence defined 
impl ic i t ly  by these ru les .  

- 

Example 1.10.8.1 - simultaneous e lec t rocyc l ic  hydrogen t r a n s f e r  from di-imine t o  
an o l e f i n :  

N 3  

6 1 ADDAcy (C ,H , H  , N ,  2 / N  ,H ,H ,  2 /C) 

Example 1.10.8.2 - the  react ion of 1 .7 .3 .1 ,  using an e lec t rocyc l ic  mechanism: 

ADAcy (C ,H,H,B  , B ,  2/C) 

Rule 1.1 1 conformational changes 

Conformation changes can provide energy b a r r i e r s ,  and so may be pr imit ive changes which on 
t h e i r  own form elementary reac t ions ,  o r  they may be par t  of elementary react ions which a l s o  
involve other  pr imit ive changes. Designations can s t a r t  with the symbol R (= Rotation). 

RULE 1.11.1 Ra(A) - Conformational s h i f t  of a molecule s o  t h a t  A i s  i n  an ax ia l  - 
posi t ion i n  a r ing.  

RULE 1 . 1 1 . 2  Re(A) - Conformational s h i f t  so  t h a t  A i s  i n  an equator ia l  posi t ion i n  - 
a r ing .  

RULE 1.11.3 R(A,B) [n]  (n = 0, 60 ,  120, 180 e t c . )  - Rotation about a bond so t h a t  the  - 
atoms A, B ,  attached t o  adjacent l inked atoms, a re  a t  a dihedral  
angle of n .  
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SECTION 2.REPRESENTATIONS OF ELEMENTARY REACTIONS 

Rule 2.1 the combination of primitive changes 

P r i m i t i v e  changes r ep resen ted  as i n  Sec t ion  1 above can b e  combined, i f  they  a r e  conce r t ed ,  
by w r i t i n g  them success ive ly  on t h e  same l i n e .  No punc tua t ion  i s  needed between t h e  
p r i m i t i v e  change r e p r e s e n t a t i o n s ,  b u t  spaces  a r e  allowed t o  ass is t  r ead ing .  
of t h e  p r i m i t i v e  change r e p r e s e n t a t i o n  above i s  chosen so t h a t  t h e r e  i s  no confus ion  
between t h e  r e p r e s e n t a t i o n s  of success ive ly  w r i t t e n  p r i m i t i v e  changes,  even though no 
punc tua t ion  in t e rvenes .  
between "coupled" and " u n ~ o u p l e d " ~  p r i m i t i v e  changes,  even thou h t h e  ER inc ludes  no 
in t e rmed ia t e  of l onge r  l i f e  than  a molecular v i b r a t i o n  ( ca .  s , . ) ,  t h e  uncoupled 
p o r t i o n s  can b e  sepa ra t ed  by a p o i n t  ".". 
an elementary r e a c t i o n ,  and s p e c i f i e s  how t h e  r e a c t a n t s  a r e  trapsformed i n t o  t h e  p roduc t s .  

The format  

However i f  it i s  cons idered  t h a t  a d i s t i n c t i o n  should b e  made 

A sequence of P.C. r e p r e s e n t a t i o n s  r e p r e s e n t s  

RULE 2 . 1 . 1  - A sequence needs  t o  b e  def ined  f o r  t h e  o rde r  of w r i t i n g  of t h e  conce r t ed  
changes.  
proceed from l e f t  t o  r i g h t  a s  w r i t t e n ,  i . e .  a n u c l e o p h i l i c  a d d i t i o n  w i l l  
s tar t  wi th  t h e  a t t a c k  of t h e  nuc leoph i l e  and f i n i s h  wi th  subsequent 
changes e l sewhere  i n  t h e  molecule,  whi le  i n  an e l e c t r o p h i l i c  a d d i t i o n  t h e  
p r i m i t i v e  change f o r  t h e  bonding of t h e  e l e c t r o p h i l e  w i l l  be  a t  t h e  r i g h t -  
hand end of t h e  r e p r e s e n t a t i o n .  I f  t h e  sequence only involves  s h i f t  of 
sp in  i n  an uncharged system t h e  sp in  s h a l l  a l s o  move from l e f t  t o  r i g h t  
a s  w r i t t e n .  It i s  convenient ,  b u t  of no fundamental  importance,  f o r  t h e  
equa t ion  t o  b e  w r i t t e n  i n  t h e  same way, i . e .  arrows i n d i c a t i n g  e l e c t r o n  
s h i f t  should appear  t o  p o i n t  t o  t h e  r i g h t  on t h e  paper wherever p o s s i b l e .  

- 
I f  e l e c t r o n i c  charge  i s  moving i n  a mechanism t h i s  charge  should 

RULE 2.1.2 - When two bonds a r e  formed o r  broken between t h e  same atoms t h e  0 format ion  - 
should b e  w r i t t e n  f i r s t ,  o r  t h e  U d i s s o c i a t i o n  l a s t .  

Example 2.1.2.1 

2CH2 j C2H4 

A ( C , C<2 >) Ap (C< 2 > , C) 

Example 2 .1 .2 .3  
d imer i sa t ion  of n i t ro sobenzene  

A (N , N<2>) Dp ( 0 ,  N < 2  >) Ap (N<2> ,N) Dp (0, N) 

Example 2.1.2.2 
Example 2.1.2.4 - o x i d a t i o n  of a phosphine 

R R - - \c=& + 'C l'& + N 2  R3P + 0-0-H + R3P=0 + OH 
R'1 2 3 R' 

A(0,P) Ap(P,O) D(2/0,0) 
Ap (3/N, 2/N) Dp (C, 2/N) D(2/N,C) 

A similar r e p r e s e n t a t i o n  could be  used where a l igand-metal  bond i s  formed which involves  
bo th  u donat ion  and 71 back donat ion .  

See a l s o  example 2.7.2 

RULE 2.1.3 - When both  "r" ( r a d i c a l )  and "c" ( c o l l i g a t i o n )  terms occur  i n  t h e  same ER, - I I  I I  r terms are w r i t t e n  f i r s t  i f  t h e  r e a c t a n t  i s  a f r e e  r a d i c a l ,  l a s t  i f  
t h e  product  i s .  
See example 2.1.5.1 below. 
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RULE 2.1.4 - Where two r a d i c a l s  i n t e r a c t  t h e  above r u l e  does no t  d e f i n e  t h e  o r d e r  i n  - 
which t h e  P.C's a r e  w r i t t e n .  I f  one end of t h e  sequence involves  a 0 
bond format ion  i t  should b e  w r i t t e n  f i r s t  (example 1 .4 .3 .1  above) ,  lower 
p r i o r i t y  be ing  accorded t o  71 bond format ion ,  0 bond f i s s i o n  and r 
f i s s i o n  i n  t h a t  o r d e r .  
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- RULE 2.1.5 - I f  r u l e  2.1.4 does n o t  provide  an  answer, and t h e  system i s  n o t  i n h e r e n t l y  
change which l i n k s  two d i f f e r e n t  symmetrical ,  t h e r e  should be  a p r i m i t i v e  

f ragments .  
each f ragment ;  t h e  changes involv ing  t h e  lower p r i o r i t y  fragment should 
b e  w r i t t e n  f i r s t ,  and subsequent changes w r i t t e n  i n  t h e  d i r e c t i o n  of s p i n  
movement (2.1.1 above).  

The Cahn-Ingold-Prelog2 p r i o r i t y  r u l e s  should b e  app l i ed  t o  

Example 2.1.5.  +J + ,Q=. j b0 - 
A r  (2 / C ,4 / C < 2  >) Dpr (2 / C  , C) Apc (C , 0 )  

Rule 2.2 the sequence of elementary reactions 
The mechanism i s  w r i t t e n  a s  a sequence of E R ' s  which a r e  normally assumed t o  proceed from 
l e f t  t o  r i g h t ,  o r  downwards as r ead .  They a r e  sepa ra t ed  by a "+" s i g n .  I f  a t r u e  i n t e r -  
mediate i s  involved which however does n o t  have t i m e  t o  undergo d i f f u s i o n a l  e q u i l i b r a t i o n  
wi th  t h e  bulk  s o l u t i o n ,  t h e  E R ' s  which form and des t roy  it  are l inked  wi th  a "*" ( a s t e r i s k )  
r a t h e r  than  "+". Examples 1 .9 .2 .3  and 1 .9 .2 .4  d e s c r i b e  r e a c t i o n s  which may b e  more 
a c c u r a t e l y  des igna ted  wi th  a ' I * "  than  a "+". See a l s o  example 1 .9 .2 .1 .  

Rule 2.3 rate limiting steps 

The r a t e  l i m i t i n g  elementary r e a c t i o n  may where r e l e v a n t  beop t iona l lymarked  by t h e  
t r a d i t i o n a l  t r a n s i t i o n  s t a t e  symbol Y", which i s  s u f f i x e d  t o  t h e  r e p r e s e n t a t i o n  of t h e  
r e a c t i o n :  t hus  PC(P,Q):t. I n  t h e  absence of a s u i t a b l e  symbol i n  machine-readable 
r e p r e s e n t a t i o n s  t h e  "#" ("hash", "number", "square" o r  "sharp") symbol should b e  
s u b s t i t u t e d  f o r  "t" and p laced  i n  l i n e  ( i . e .  n o t  as a s u p e r s c r i p t ) .  See examples 3 .1 .4 .2 ,  
3 .1 .4 .3 ,  3.4.3.1 e t c .  

Rule 2.4 chain reactions 

A group of elementary r e a c t i o n s  which form t h e  propagat ion  s t e p s  of a cha in  r e a c t i o n  a r e  
enc losed  i n  d i s t i n c t i v e  b races ,  i . e .  1, t o  i n d i c a t e  t h a t  t h e  sequence can be  r epea ted .  
The molecule r e f e r e n c e s  <n>,  <n+ l>  e t c .  can be  used t o  i n d i c a t e  success ive  i d e n t i c a l  
p a r t i c i p a n t  molecules (e .g .  monomers). 

Example 2 .4 .1  - o l e f i n  polymer isa t ion  by t h e  r a d i c a l  mechanism 

R.  + CH2'CH2 j R-CH2-CH2* 

{Ar(C<n+l>, C<n>) Dpr(C,2/C<n+l>)) 

See a l s o  t h e  Sml r e p r e s e n t a t i o n  i n  t h e  Table and examples 2.5.1 and 4.1 

Rule 2.5 competitive reactions 

React ion  sequences which inc lude  a l t e r n a t i v e  r e a c t i o n  pa ths  can  b e  i n d i c a t e d  by appending 
t o  t h e  a p p r o p r i a t e  a l t e r n a t i v e  elementary p rocesses  a s e r i a l  number. 
which a r e  i n  compet i t ion  wi th  each o t h e r  a r e  given t h e  same s e r i a l  number. 

Elementary r e a c t i o n s  

Example 2.5.1 - ha logena t ion  of hydrocarbon 

Ck2; CH4; 

Dc (CI?, CI?) + 

{ A r  (H,CR) D r  (H,C<n>):l+Ar (Ck,C<n>) D r  (CI?,CI?) :2}+ 

Ac(CR,CR) :1+ 

Ac(C,C):2+ 

Ac (CI?, C) : 1 , 2  

cha in  t e rmina t ing  processes  compe t i t i ve  with each s tep 
of t h e  cha in  as i n d i c a t e d .  
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Rule 2.6 general use of suffixes 

Other i n d i c a t o r s  (e .g .  of s t e r eochemis t ry )  may be  inc luded  a f t e r  t h e  r e l e v a n t  e lementary  
p rocess .  These and t h e  above i n d i c a t o r s  s h a l l  b e  known a s  t h e  " su f f ix" .  They apply  t o  
t h e  elementary r e a c t i o n  as a whole, n o t  t o  i n d i v i d u a l  P C ' s  w i th in  i t .  
from t h e  s t r i n g  of P C ' s  by a co lon  ":". 
sepa ra t ed  by commas. 

They a r e  sepa ra t ed  
I f  t h e r e  a r e  s e v e r a l  s u f f i x e s  they  may be  

Rule 2.7 spin changes 

React ions  which are accompanied by a change of s p i n  m u l t i p l i c i t y  may b e  s u f f i x e d  by t h e  
symbol M. 
t h e i r  r e v e r s e  (1.4.3,  1 .5 .3 )  b u t  s i n g l e t  t r i p l e t  convers ions  a r e  a l s o  a s s o c i a t e d  wi th  
e l e c t r o n  t r a n s f e r s  ( r u l e  1.8.1) and even wi th  h e t e r o l y t i c  d i s s o c i a t i o n s .  The presence  
of a "c" i n  a PC r e p r e s e n t a t i o n  (e .g .  "Dc") t hus  impl ies  a p o s s i b l e  m u l t i p l i c i t y  change 
which may need t o  be  s p e c i f i e d  i f  t h e  fragments o r  r e a c t a n t s  a r e  sp in -co r re l a t ed .  

Such changes would normally occur  i n  c o l l i g a t i o n s  ( r u l e s  1 .2 .3 ,  1.3.3)and 

Example 2.7.1 Example 2.7.2 

+ N2 
R + -  

'C=N=N 
/1 2 3 

R R 

Ap (3  / C  , 2  / N )  Dpc (C , 2  / N )  D r  (2 IN, C) :M 

c f .  Example 2.1.2.2 which i s  t h e  s p i n  pa i r ed  d i s s o c i a t i o n .  I f  t h e r e  were no m u l t i p l i c i t y  
change (M) t h e  product  would be  i n  an  e x c i t e d  s i n g l e t  s t a t e .  

Example 2.7.3 

T(C,C) :M o r ,  more e x p l i c i t l y ,  T(C[w] ,C[p]) :M 

Example 2.7.4 Example 2.7.5 

D(N,C)  D(N,C) T(C[p] , c [w])  o r  D(N,C) :M 

Note. 2.7.2 and 2.7.5 a r e  of cour se  t h e  same r e a c t i o n ,  bu t  t h e  d i f f e r e n c e  i n  t h e  n o t a t i o n  
r e f l e c t s  t h e  d i f f e r e n t  canon ica l  form used as a s t a r t i n g  p o i n t  ( s e e  r u l e  3 . 1 ) .  See a l s o  
examples 2.1.2.2 and 4.5.  

Rule 2.8 diffusion controlled reactions 

I f  i n  any ER t h e  r a t e  i s  determined p r i m a r i l y  by a d i f f u s i o n  p rocess  i n  t h e  bulk  so lven t  
r a t h e r  than by t h e  a c t i v a t i o n  energy of i t s e l f  o r  of any o t h e r  ER, t h e  r e p r e s e n t a t i o n  may 
i nc lude  an a p p r o p r i a t e  C o r  P term ( see  r u l e  1 . 9 ) .  

Example 2.8.1 

CH3' + CH3* --) C2H6 

C(C,C)Ac (C,C) 

3 Here t h e  two CH - fragments could  f o r  example b e  genera ted  from two d i f f e r e n t  molecules 
of CII -N=N-CH 3 '  3 

Example 2 . 8 . 2  

I ~ c ~ ~ ~ -  + I r C R 6  2- I r C R 6  2- + IrCt6 3- 

c ( c t ,  c!L) T ( I r  , I r )  
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SECTION 3.REPRESENTATIONS OF STRUCTURES 

In  t h e  r u l e s  above t h e  g e n e r a l i s e d  symbols P,O e t c .  were used f o r  atoms. 
s u f f i c i e n t  i f  on ly  i s o - e l e c t r o n i c  s h i f t s  are t o  be  cons idered ,  bu t  of course  t h e  mechanisms 
do depend bo th  on t h e  chemical n a t u r e s  of t h e  atoms concerned and of t h e i r  ne ighbours .  
Atom d e s c r i p t o r s  must t h e r e f o r e  b e  de f ined ,  as must b e  t h e  chemical n a t u r e s  of t h e  r eagen t s .  

This may b e  

Rule 3.1 the minimal structure 

A mechanis t ic  model should be  app l i ed  on ly  t o  t h e  minimum s t r u c t u r e  i n  which it i s  meaning- 
f u l .  A l l  groups and atoms n o t  involved  i n  t h e  model should b e  d i sca rded .  The t e s t  of 
"involvement" i s  whether a t  any s t a g e  i n  t h e  mechanism t h e r e  i s  a s i g n i f i c a n t  change i n  
t h e  bonding of t h e  atom o r  group. 

RULE 3.1.1 - The minimal s t r u c t u r e  can b e  obta ined  by r ep lac ing  a l l  non-involved 
atoms o r  groups by a h y p o t h e t i c a l  i n e r t  un iva len t  group G .  
f o rma l ly  regarded  as a H atom f o r  t h e  purpose of numbering t h e  s t r u c t u r e  
( i . e .  it i s  n o t  inc luded  i n  t h e  C-chain o r  a s  a s p e c i f i c  s u b s t i t u e n t ) .  
I n  any machine-readable r e p r e s e n t a t i o n  t h e  minimum s t r u c t u r e ( s )  must b e  
s p e c i f i e d ,  though i n  t e x t  o r  speech they  may be  omi t ted  where t h i s  does 
n o t  g ive  r i s e  t o  ambiguity.  
p a r t i c u l a r  resonance s t r u c t u r e  should b e  s p e c i f i e d  (normally t h a t  lowes t  
i n  energy) see examples 2 . 7 . 2  and 2.7.4.  

- 
This can b e  

In  t h e  case of d e l o c a l i s e d  systems a 

Example 3.1.1.1 - t h e  minimal s t r u c t u r e  f o r  any sN1 o r  sN2 r e a c t i o n  of any a lky l  
h a l i d e  i s  CG3X. 

Example 3.1.1.2 - t h e  minimal s t r u c t u r e  f o r  a d d i t i o n  t o  any a lkene  i s  CG2 = CG2. 

Example 3.1.1.3 - t h e  minimal s t r u c t u r e  f o r  E l , E 2  e t c .  r e a c t i o n s  i s  C2G5X. 

RULE 3.1.2 - - 

RULE 3.1.3 - - 

RULE 3.1.4 - - 

The atoms i n  a s p e c i f i c  s u b s t r a t e  as would b e  used i n  d i s c u s s i o n  of a 
s p e c i f i c  example of a mechanism, are des igna ted  by t h e  normal IUPAC 
p o s i t i o n a l  numbers.' 

The atoms i n  a g e n e r a l i s e d  s u b s t r a t e  ( i . e .  t h e  minimal s t r u c t u r e )  are 
des igna ted  us ing  t h e  same convent ions  as a r e  recornended i n  t h e  
"Nomenclature i n  Organic Chemical Transformations",* 
p o s i t i o n a l  numbers a r e  w r i t t e n  as pos t - s lashed  Arabic numerals such as 
"3/0" o r  "2/C", t o  i n d i c a t e  t h e  oxygen atom a t  p o s i t i o n  3 o r  t h e  carbon 
atom a t  p o s i t i o n  2 , r e s p e c t i v e l y .  

i . e .  r e l a t i v e  

When a cha in  of atoms i n  a minimal s t r u c t u r e  has  t o  b e  numbered, t h e  
end wi th  t h e  h ighe r  atomic number, o r  i f  t h e  same atom i s  a t  bo th  ends ,  
wi th  t h e  h i g h e r  degree  of u n s a t u r a t i o n ,  i s  des igna ted  "1/". €!etero- 
atoms a r e  n o t  omi t ted  from t h e  numbering, even a t  t h e  end of a cha in .  

Example 3.1.4.1 

can be  regarded  a s  G-0-CG3 f o r  t h e  alkyl-oxygen f i s s i o n  r o u t e s  (but  see a l s o  example 
3.4.4.2) 

f o r  acyl-oxygen f i s s i o n  r o u t e s ;  t h e  
carbonyl  oxygen i s  then  0 and t h e  o t h e r  
one 310 
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Example 3.1.4.2 - v a r i o u s  ester h y d r o l y s i s  mechanisms; t h e  second molecule r e f e r r e d  
The r a t e - l i m i t i n g  s t e p  i s  t o  i s  e i t h e r  OH- o r  H20 as a p p r o p r i a t e .  

s p e c i f i e d  i n  some of t h e s e  examples a s  # ( r u l e  2 .3) .  It i s  n o t  
implied t h a t  t h e  des igna t ions  are t h e  on ly  p o s s i b l e  r e p r e s e n t a t i o n s  
of mechanisms which f a l l  i n t o  t h e  quoted Ingold-type c l a s s e s  
(e .g .  see a l s o  example 3.4.4.2.  See a l s o  t h e  t a b l e  i n  Sec t ion  6 
i n  which comparison i s  made wi th  t h e  system f o r  symbol i sa t ion  of 
s imple  r e a c t i o n  mechanisms)3, 

"A 1" (Table:  1.12) 

A(0,H) + D(O,C):# + A(0<2>,C) 

AL 

Note. 
of t h e  minimal s t r u c t u r e .  

There i s  no ambiguity as t o  which C-0 bond i s  broken s i n c e  t h e  a c y l  C i s  no t  p a r t  - 

Example 3.1.4.3 

"AAC1" (Table:  1.12) 

A(3/O,H) + D(3/0,2/C) : #  + A(0<2>,2/C) 

Example 3.1.4.4 

"A AC 2" (Table:  1 .8a )  

Dp(O,Z/C) A(0,H) + A(0<2>,2/C) + D(0<2>,H) 

+ A(3/O,H) + D(3/0,2/C) + D(O,H) Ap(0,2/C) 

Example 3.1.4.5 

l l A  AL 2" (Table:  1 .3)  

A(0,H) + A(0<2>,C) D(0,C) + D(0<2>,H) 

Example 3.1.4.6 

I I B  1" 

D(3/0,2/C) :# + A(0<2>,2/C) 

AC (Table: 1.10) 

Example 3.1.4.7 

I'BAL1" (Table:  1.10) 

D(0,C) :# + A(0<2>,C) 

Example 3.1.4.8 

I l B  AC 211 (Table:  1 . 7 )  

A(0<2>,2/C) Dp(O,2/C) + Ap(O,Z/C) D(3/0,2/C) 

See a l s o  examples 1.10.5.4,  1 .10 .7 .1  and 1.10.1.2 

RULE 3.1.5 - The p o s i t i o n  of hydrogen atoms, which do n o t  have normal l o c a n t s ,  i s  n o t  
s p e c i f i e d  except  when t h i s  may r e s u l t  i n  ambigui ty ,  when t h e  atom t o  
which t h e  hydrogen i s  a t t ached  should be  s p e c i f i e d ,  e .g .  H(C) means t h e  
hydrogen a t t ached  t o  1 / C ;  H(3/0) means t h a t  a t t ached  t o  310. 

- 

RULE 3.1.6 - A s u b s t i t u e n t  bu t  no t  a t e rmina l  h e t e r o  atom may b e  r ep resen ted  i n  a 
similar way t o  t h a t  g iven  i n  3.1.5 

- 

Example 3.1.6.1 - deca rboxy la t ion  of a f3-keto a c i d  

2 3 L  4 

0(4/C) i s  cons idered  t o  b e  %on-involved" and it i s  a s u b s t i t u e n t .  

E l e c t r o c y c l i c  mechanism:- 

DADcy(S/O,H,H,0,3/C,4/C) 

A two-step mechanism:- 

A(O,H) D(5/O,H) 
+ Ap (5/0,4/C) D(3/C,4/C) Ap (3/C ,2 /C) Dp (0,2/C) 

RULE 3.1.7 - When no ambiguity r e s u l t s  t h e  p o s i t i o n  of atoms o r  s u b s t i t u e n t s  need 
n o t  be  s p e c i f i e d  i n  d e t a i l .  

Example 3 .1 .7 .1  - i n  a D ,  Dp o r  Ap p r i m i t i v e  change t h e  s p e c i f i c a t i o n  of one 
atom by means of i t s  l o c a n t  w i l l  normally be  s u f f i c i e n t ,  
s i n c e  t h e  atoms are known t o  be  connected. 
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Example 3.1.7.1 - p inaco l  rearrangement 

1 2  3 4 
HO-CH~-CH(OH)-CH 3 

A ( 0 , H )  + A p ( 0 , 3 / C )  D ( 4 / C , C )  A ( 4 / C , 2 / C )  D ( O , C )  + D ( O , H )  

Example 3 . 1 . 7 . 2  - hydroxy dehalogenat ion  rearrangement 

*3 2 1 * 
HO- + CH -CH2-CH2CR j HO-CH2-CH2-CH + C&- 

A ( 0 , 2 / C )  D ( 3 / C , C )  A ( 3 / C , C )  D ( C a , C )  
3 3 

RULE 3.1.8 - The l o c a n t s  ass igned  t o  atoms i n  t h e  r eagen t s  a r e  cont inued  throughout 
atoms a r e  not renumbered 

- 
t h e  s e r i e s  of E R ' s  which d e f i n e  a mechanism; 
a t  each s t e p .  

Example 3.1.8.1 - F a v o r s k i i  rearrangement 

3 2 1  
HO-; CH3-CO-CH2Ck 

"Benzylic type" route : -  

A ( 0 , 2 / C )  D p ( O , Z / C )  + A p ( O , Z / C )  D ( 3 / C , 2 / C )  A ( 3 / C , C )  D ( C k , C )  

Cyclopropanone route : -  

A ( O , H ( 3 / C ) )  D ( 3 / C , H )  :$ + A ( 3 / C , C )  D ( C t , C )  

+ A ( 0 , 2 / C )  D ( C , L / C )  A ( C , H ) : 1  

+ A ( 0 , 2 / C )  D ( 3 / C , 2 / C )  A ( 3 / C , H )  :1 

Rule 3.2 indexing structures 

The minimal s t r u c t u r e s  of t h e  r e a g e n t s  must b e  s p e c i f i e d  i n  o r d e r  t o  make c l e a r  what i s  t h e  
framework which i s  be ing  modified by t h e  r e a c t i o n s  s p e c i f i e d .  A formula may be  w r i t t e n  ou t  
o r  desc r ibed ,  bu t  f o r  indexing  a s u i t a b l e  gene r i c  name might be  used .  
names should b e  w r i t t e n  b e f o r e  t h e  r e p r e s e n t a t i o n  of E R ' s  which ope ra t e  on them, and can 
only b e  omi t ted  when t h e  r eagen t s  a r e  c l e a r  from t h e  con tex t .  

A formula index of minimal s t r u c t u r e s  could  be  based on t h e  s o r t i n g  of t h e  s t r i n g s  of 
atomic symbols of t h e  cha ins ,  i n  t h e  o r d e r  def ined  by t h e  numbering s p e c i f i e d  i n  r u l e  
3 . 1 . 4 ,  wi th  minimal s u b s t i t u e n t s  e s s e n t i a l  t o  t h e  mechanism appended. 

Example 3 . 2 . 1  - t h e  minimal s t r u c t u r e  of example 3 . 1 . 7 . 1  would be  indexed a s  OCCC 0 ( 3 / C ) .  

The formulae o r  

Example 3 .2 .2  - t h e  "sN2" r e a c t i o n  of an a l k y l  h a l i d e  with OH- should be  r ep resen ted  

Alkyl h a l i d e ;  hydroxide ;  A ( 0 , C )  D ( X , C )  

and t h e  S 1 r e a c t i o n  
N 

Alkyl h a l i d e ;  hydroxide ;  D ( S , C )  + A ( 0 , C )  

( s ee  a l s o  any o t h e r  examples i n  t h i s  r e p o r t ) .  

Rule 3.3 reagent identification 

When it i s  n o t  c l e a r  which atom be longs  t o  which reagent  a numeral should b e  app l i ed  t o  
each reagent  and used i n  t h e  r e p r e s e n t a t i o n ,  enc losed  i n  < >. The minimal s t r u c t u r e s  
g iven  should be  quoted wi th  a p p r o p r i a t e  numerals,  o r  assumed t o  be  w r i t t e n  i n  s e r i a l  
o rde r .  The symbol <1> can  be  omi t ted  a s  redundant.  The sequence i n  which t h e  r eagen t s  
a r e  w r i t t e n  down i s  normally t h e  same a s  t h a t  i n  which each f i r s t  appears  i n  t h e  
r e p r e s e n t a t i o n  of t h e  r e a c t i o n .  
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Example 3.3.1 - t h e  Diels-Alder r e a c t i o n  

e thene  <1>; bu tad iene  < 2 > ;  

followed by t h e  mechanism a s  g iven  i n  example 1.10.1.1 which could  b e  expanded 

AAcy(C,C<2>,4/C<2>,2/C) [p4s + p2sl 

Example 3.3.2 - Cannizzaro r e a c t i o n  

HO-, HCHO, HCHO, H+ 

A(0, C < 2 > )  Dp (0, C<2>) 

+ Ap(O,C<2>) D(H,C<2>) A(H,C<3>) Dp(O,C<3>) + A(0<3>,H<4>) 

Rule 3.4 special treatment of electrons, protons and deiocalised systems 

A few s i t u a t i o n s  e x i s t  where it i s  e i t h e r  n o t  a c c u r a t e  o r  n o t  h e l p f u l  t o  use  t h e  s p e c i f i c  
chemical element n o t a t i o n s  a s  above f o r  a p a r t i c u l a r  r eagen t .  

RULE 3 .4 .1  - The s i t e  of an  e l e c t r o n  may be  r ep resen ted  by t h e  symbols e s  ( so lva ted )  
o r  eg (gas phase) o r  ec (conductor o r  semiconductor) where a p p r o p r i a t e .  

- 

RULE 3 .4 .2  - In  an  e l e c t r o n  t r a n s f e r  where t h e  source  o r  d e s t i n a t i o n  of a n  e l e c t r o n  i s  
unimportant o r  where a number of d i f f e r e n t  spec ie s  a r e  involved and it i s  
undes i r ab le  t o  s p e c i f y  a p a r t i c u l a r  one,  t h e  symbol "Q" can b e  used .  
This can  b e  regarded  a s  a "wild card"  o r  " joker"  - a symbol f o r  which 
t h e  u s e r  may s u b s t i t u t e  any more s p e c i f i c  symbol of h i s  own cho ice .  

- 

Example 3 .4 .2 .1  - t r a n s f e r  of an e l e c t r o n  t o  t h e  a romat ic  h a l i d e  A r X  i n  t h e  S 1 
process  from a v a r i e t y  of e l e c t r o n  sources .  RN 

T(Q,X)  

RULE 3 .4 .3  - The symbol $ should b e  s u f f i x e d  t o  a ER when d e t a i l s  of bond rear range-  
ment i n  conjugated  systems do n o t  need t o  b e  s p e c i f i e d  ( see  example 
1 .5 .1 .31 ,  o r  where a p a r t i c u l a r  rearrangement h a s  been s p e c i f i e d  only  
because  it i s  e s s e n t i a l  t o  t h e  outcome of t h e  ER (example 3 .4 .4 .1  below). 

Example 3 .4 .3 .1  - t h e  fo l lowing  two r e a c t i o n s  a r e  s i m i l a r ,  g iv ing  products  of which 
on ly  one canonica l  form i s  i n d i c a t e d .  

H 

M e 0  6 H 

and can b e  w r i t t e n  ( f i r s t  s t e p )  

A(0,2/C) Dp(L/C,N) :$ and A(0,4/C) Dp(4/C,3/C) : $  

The subsequent p ro tona t ion  s t e p s  a r e  

A(N,H) and Ap(3/C,2/C) Dp(2/C,N) A(N,H), r e s p e c t i v e l y  

The double bond s h i f t s  need only  be  w r i t t e n  ou t  i n  t h e  second case where t h e  r e a c t i o n  
outcome n e c e s s i t a t e s  i t ;  they  could however have been inc luded  i n  e i t h e r  ( b u t  no t  bo th)  
E P ' s  of t h e  r e a c t i o n  of 4-ch loropyr id ine .  See a l s o  example 1 .9 .2 .2  f o r  t h e  use  of "$" 
with  weak a s s o c i a t i o n s .  
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RULE 3.4.4 - I f  the reactant  i n  an ER is  delocal ised the  canonical form on which the - 
ER operates s h a l l  be t h a t  specif ied a s  the minimum s t ruc ture  
example 2 . 1 . 2 . 2  and 2.7.4). I f  the reactant  i s  the product of a previous 
ER the  form produced i n  the f i r s t  must be t h a t  operated on by the  l a t e r  
ER. 

(see 

Example 3.4.4.1 - the  iodination of an enolate  anion i s  
- 

H 2 C = F + J  + I2 
I 

H 

Ap(0,C) Dp(z/C,C) A(2/C,I) D(I , I )  

i f  the  most s t a b l e  canonical form i s  wr i t ten ,  but i f  the whole react ion including base 
catalysed enol i sa t ion  i s  wr i t ten  the f i r s t  s tep  gives the carbanion, which i s  then 
appropriate  f o r  the shor te r  representat ion of the second ER:- 

D(2/C,H) : #, $ 

+ A(2/C,I) D(I , I )  

However we can wr i te  the base-catalysed formation of enol a s  

D(2/C,H) Ap(C,2/C) Dp(0,C) :$ + A(O,H) 

Example 3.4.4.2 - the  f i r s t  s tage of the "A 1" e s t e r  hydrolysis  may well be AL 
carbonyl-0-protonation, not ether-0-protonation a s  assumed in  
example 3.1.4.2, i . e .  the  f i r s t  intermediate i s  as  drawn 

\ 

A(O,H) + D(3/0,4/C) Ap(3/0,C) Dp(O,C):# + A(0<2>,4/C) 

The l a s t  two PC's i n  the rate- l imit ing ER a r e  necessary t o  reach the  s tab le  canonical forms 
of the acid fragment, unless the shor te r  form - 

D(3/0,4/C):#,$ i s  used. 

Note. It can be argued t h a t  the simple addi t ion t o  the  end of a double bond need not 
spec i fy  the change i n  t h a t  bond ( c f .  r u l e  1,5.1), i . e .  tha t  one could nota te  

H+ + CH2=CI12 + CH3-CH2+ 

as  A(C,H) 

ra ther  than a s  

Dp(C,C) A(C,H) 

This seems chemically somewhat abhorrent s ince it appears t o  leave us with the s t r u c t u r e  
o r  canonical form 

+ 
CH =CH2 3 

which would not be normally considered the main contr ibutor  t o  the s t r u c t u r e .  
example 1.5.1.2 would apparently give r i s e ,  i f  no T-bond change were spec i f ied ,  t o  

Similarly 

+ I -  
I 

H3N- C --O 

which again is not a s ign i f icant  canonical contr ibut ion t o  the s t ruc ture  of 

+ I  - 
3 1  

H N-C-0 
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RULE - 3.4.5 - For r a p i d  hydron t r a n s f e r  s t e p s  t h a t  a r e  a t  equ i l ib r ium t h e  a c i d  (base)  
t h a t  donates  ( r e c e i v e s )  t h e  hydrogen i s  n o t  s p e c i f i e d ,  when it i s  n o t  
t h e  r e a c t a n t  under c o n s i d e r a t i o n .  This cor responds  t o  s p e c i f i c  a c i d  
(base)  c a t a l y s i s .  

Example 3 .4 .5 .1  - a c i d  c a t a l y s e d  e n o l i s a t i o n  of a carbonyl  compound 

CH3CHO; H+;  ROH 

<1> <2> <3> 

A(O,H<2>) + A(0<3>,H) D(2/C,H) Ap(Z/C,C) Dp(0,C) :# 

Bromination of t h e  enol  

Ap(0,C) Dp(L/C,C) A(Z/C,Br) D(Br,Br) + D(O,H) 

See a l s o  examples 3.4.3.2,  3.1.4.4 

SECTION 4.FURTHER EXAMPLES OF THE APPLICATIONS OF THE RULES 
(see also Table, Section 6) 

S e c t i o n 6  i n c l u d e s a l l t h e  r e a c t i o n s  inc luded  i n  t h e  p a r a l l e l  p roposa l s  of a System f o r  t h e  
Symbolization of Simple Reac t ion   mechanism^,^ 
[SHAr, SNlcb ( ca rbene ) ] .  The Symbolization and t h e  d e t a i l e d  l i n e a r  r e p r e s e n t a t i o n  h e r e i n  
cor respond q u i t e  c l o s e l y  i n  most cases. I n  o r d e r  t o  d e r i v e  t h e  symbol iza t ion  t h e  "p" 
terms i n  t h e  f u l l  name are ignored ,  and t h e  s u b s c r i p t  N i s  a p p l i e d  f o r  (X,C) terms o r  
E f o r  (C,X) te rms ,  terms n o t  involv ing  C n o t  be ing  g iven  s u b s c r i p t s .  Minor d i f f e r e n c e s  
i n  o rde r  on ly  appear  i n  1 . 5 ,  1.8 and 3 .3 .  Although t h e  o b j e c t i v e s  of t h e  r e p r e s e n t a t i o n  
are d i f f e r e n t  from those  of t h e  symbol iza t ion ,  compa tab i l i t y  h a s  been main ta ined  when- 
ever  p o s s i b l e .  

wi th  t h e  a d d i t i o n  of two e x t r a  p rocesses  

Example 4.1 

A group of e l e c t r o n - t r a n s f e r  c a t a l y s i s  mechanisms have been r e f e r r e d  t o  a s  Sml, Sm2, 
S 2 ,  SOEl where t h e  s u b s t r a t e  i s  reduced (R) o r  ox id i sed  ( 0 )  and t h e  r a d i c a l  form 
produced i s  sub jec t ed  t o  a n u c l e o p h i l i c  o r  e l e c t r o p h i l i c  s u b s t i t u t i o n .  The product  
i s  then  re -oxid ised  ( o r  reduced) as a p p r o p r i a t e ,  e i t h e r  r egene ra t ing  t h e  o r i g i n a l  
c a t a l y s t  o r  promoting a f u r t h e r  s u b s t i t u t i o n  by exchange of t h e  e l e c t r o n  with a 
f u r t h e r  s u b s t r a t e  molecule.  

ON 

The s t e p s  of t h e  SRNl  r e a c t i o n  are thus  ( i f  Y r e p l a c e s  X) 

T(Q,C) + Dr(X,C) + Ar(Y,C) + T(C,Q) 

o r  i f  one wishes t o  i n d i c a t e  t h e  
w r i t t e n  

subsequent cha in  n a t u r e  of t h e  p rocess  i t  can be  

T ( Q , c 
+ {Dr(X,C) + Ar(Y,C) + T(C<n>,C<n+l>):l)  cha in  

+ T ( c , Q ) : ~  t e rmina t ion ,  compe t i t i ve  wi th  e l e c t r o n  t r a n s f e r  t o  t h e  nex t  

i n  i t i a  t ion  

s u b s t r a t e  molecule 

I n  t h e  r e l a t e d  mechanisms g iven  below (4 .2  - 4.4) on ly  t h e  s u b s t i t u t i o n  s t e p  i s  
n o t a t e d ;  a f u l l  r e p r e s e n t a t i o n  can  b e  cons t ruc t ed  a s  i n  t h i s  c a s e .  

Example 4.2 

The S R E ~  p rocess  involves  e l e c t r o p h i l i c  a d d i t i o n  t o  a r a d i c a l ,  e . g .  H+ might d i s p l a c e  
D+ i n  an an ion  r a d i c a l  

Ar(C,H) + Dr(C,D) 

Note. This  i s  an  example of a "r" te rm i n  which t h e  f i r s t  atom d e s c r i p t o r  i s  t h a t  of 
t h e r a d i c a l ,  s i n c e  t h e  o t h e r  atom involved  i s  e l e c t r o n  d e f i c i e n t  ( r u l e  1 .2 .2 ) .  
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Example 4.3 

The SON2 p rocess  involves  t h e  p re l imina ry  ox ida t ion  s t e p  T(C,Q) followed by 
a s s o c i a t i o n  with a nuc leoph i l e  (Y) followed by l o s s  of X 

Ar(Y,C) + Dr(X,C) 

Example 4.4 

The SOEl p rocess  involves  d i s s o c i a t i v e  exchange of an  e l e c t r o p h i l e ,  e . g .  loss of a 
pro ton  from t h e  a-C of an  amine r a d i c a l  c a t i o n  

Dr(C,H) + Ar(C,D) 

- Note. 
e l e c t r o p h i l i c  o r  n u c l e o p h i l i c  p a r t n e r  occupies  t h e  same p o s i t i o n  a s  it would have in  
a D o r  A PC. 
e l e c t r o n  p a r t i c i p a t e s  d i r e c t l y  i n  t h e  bonding changes r ep resen ted .  

The orde r ing  of t h e  atom d e s c r i p t o r s  s p e c i f i e d  i n  1.2.2 i s  such t h a t  t h e  

The A r  o r  D r  ( e t c . )  r e p r e s e n t a t i o n s  apply  whether o r  n o t  t h e  odd 

Example 4.5 

A f u r t h e r  example which mixes i o n i c  and r a d i c a l  p rocesses  i s  one proposed mechanism 
f o r  a romat ic  s u b s t i t u t i o n  

+ 
A r H  + NO2 

T(C,N) + Ac(C,N) 

j ArH?  + N O 2 -  -+ ArHN02 
+ 

Example 4.6 

Processes  which involve  e l e c t r o n  t r a n s f e r  t o  o r  from t r a n s i t i o n  metal  o r b i t a l s  can  
be  r ep resen ted  by a T PC t o g e t h e r  wi th  o t h e r  PC’s. 

I1 Cu C R  + R’ j Cu’ + RCR 

T ( R , c ~ ” )  D ( C R , C ~ )  A(CR,R)  

Fe111(C5H5)2 + R ’  j Fe11(C5H5) (C5H4R) + H+ 

T(R,FelI1) A(C,R) + D(C,H) 

SECTION 5.LlST OF SYMBOLS A N D  ABBREVIATIONS 

Q 

G 

2 1  

< 2 >  

P (R) 

A 
A r  
Ac 
D 
D r  
Dc 
P 
U 

PC P r i m i t i v e  change 
ER Elementary r e a c t i o n  
P , Q , R , S  e t c . ( i n  pa ren theses ,  s epa ra t ed  by commas). Genera l i sed  

symbols f o r  atoms opera ted  on by PC 
A g e n e r a l i s e d  symbol f o r  an atom o r  group, which can b e  used 

Group. Used t o  i n d i c a t e  noninvolved s u b s t i t u e n t s  on a 

R e l a t i v e  p o s i t i o n  i n d i c a t o r  of fo l lowing  atom (he re  

S e r i a l  number of reagent  con ta in ing  atom immediately preceding  

Atom P which i s  a s u b s t i t u e n t  on atom R ,  e.g. H ( 3 / 0 )  t h e  

Assoc ia t ion  
Assoc ia t ion ,  r a d i c a l  
Assoc ia t ion ,  c o l l  i g a t i v e  
D i s s o c i a t i o n  
D i s s o c i a t i o n ,  r a d i c a l  
D i s s o c i a t i o n ,  t o  two r a d i c a l s  
( a s  i n  Ap) I n d i c a t e s  pi-bond involved 
Union, t o  form 3- o r  mul t i - cen t r e  spec ie s  

where t h e r e  are s e v e r a l  a l t e r n a t i v e s  

minimal s t r u c t u r e  

p o s i t i o n  2 )  

e . g .  3/C<2> means t h e  t h i r d  C i n  reagent  2 

hydrogen on 0 a t  p o s i t i o n  3 

p r eamb 1 e 
p r  e amb 1 e 

r u l e  1.1 

r u l e  3 . 4 . 2  

r u l e  3 .1 .1  

r u l e  3 .1 .3  

r u l e  3.3  

r u l e  3.1.5, 3.1.6 
r u l e  1.2.1 
r u l e  1 . 2 . 2  
r u l e  1 . 2 . 3  
r u l e  1 . 3 . 1  
r u l e  1 . 3 . 2  
r u l e  1 .3 .3  
r u l e  1 . 4 ,  1.5 
r u l e  1 . 6 . 1  
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V 
I 
I a  
X 
T 
C 
P 
R 
CY 
e s  , eg , e c  
[ I  

+ 
* 

. ( p o i n t )  
space 

I 

0 
< >  

C , N , B r  e t c  
C.1.P 
n 

L i s t  of Symbols and Abbrevia t ions  (contd . )  

Reverse of U r u l e  1.6.2 
I n s e r t i o n  of a s i n g l e  atom i n t o  a bond r u l e  1 . 7 . 1  
I n s e r t i o n  of two ad jacen t  atoms r u l e  1 .7 .3  
Ext rus ion  ( r e v e r s e  of I) r u l e  1 . 7 . 2  
T rans fe r  of a s i n g l e  e l e c t r o n  r u l e  1 . 8  
Di f fus iona l  combination (weak a s s o c i a t i o n )  r u l e  1 . 9  
P a r t i n g  ( r e v e r s e  of C) r u l e  1 . 9  
Ro ta t iona l  (conformat iona l )  s t e p s  r u l e  1.11 
( a s  i n  ADAcy) E l e c t r o c y c l i c  p rocess  r u l e  1.10 

A " f r ee"  e l e c t r o n  wi th  an  i n d i c a t i o n  of i t s  s i t e  r u l e  3 .4 .1  
Enclose o r b i t a l  o r  e l e c t r o n  informat ion  ( s e e  a l s o  

example 1 .8 .1 .4 ,  2 .7 .3)  r u l e  1.10.1 
They may a l s o  enc lose  conformat iona l  in format ion  r u l e  1 .11 .3  
(wi th in  [ 1 )  Conventional e l e c t r o n i c  des igna t ions  

t r a n s l i t e r a t e d  i n t o  t h e  Engl i sh  a lphabe t  when necessary  r u l e  1.10.1 
Coupling between consecu t ive  E R ' s  r u l e  2 . 2  
A s  +, bu t  where t h e  in t e rmed ia t e  does n o t  e q u i l i b r a t e  

wi th  bulk s o l u t i o n  r u l e  2 . 2  
Used f o r  l i n k i n g  "uncoupled" P C ' s  i n t o  an  ER r u l e  2 . 1  
Can b e  used ,  o r  omi t t ed ,  between P C ' s  i n  an ER o r  e l sewhere  

a s  d e s i r e d ,  o t h e r  t han  wi th in  a PC des igna t ion .  ( I t  i s  
recommended t h a t  PC r e p r e s e n t a t i o n s  should be  sepa ra t ed  by 
spaces  f o r  l e g i b i l i t y ,  b u t  t h a t  spaces  should  n o t  b e  used 
t o  d i v i d e  up t h e  parameters  w i th in  t h e  PC p a r e n t h e s i s .  
On no account must a PC des igna t ion ,  o r  a convent iona l  
chemical atomic symbol, be  s p l i t  by a space .  Spaces a r e  
a l s o  used conven t iona l ly  wi th in  "[  I " .  As spaces  have no 
s i g n i f i c a n c e  a s  t e rmina to r s  they can be  s t r i p p e d  b e f o r e  
s t o r a g e  of r e p r e s e n t a t i o n  s t r i n g s  i n  a computer, a s  i n  
t h e  t y p i c a l  r e p r e s e n t a t i o n s  g iven  i n  t h e  Table)  

Used t o  s e p a r a t e  a s u f f i x  from t h e  rest  of a ER r u l e  2.6 
Suf f ix  i n d i c a t i n g  r a t e - l i m i t i n g  s t e p  r u l e  2 .3  
( a s  s u f f i x )  Serial number of ER r u l e  2.5 
Repeat t h e  E R ' s  w i t h i n  t h e  b races  r u l e  2.4 
Suf f ix  i n d i c a t i n g  a sp in  m u l t i p l i c i t y  change r u l e  2 . 7  
S u f f i x  t o  i n d i c a t e  a d e l o c a l i s e d  system r u l e  3 .4 .3  
Used as s e p a r a t o r  i n  l i s t  of reagent  s p e c i e s  r u l e  3 .2  
Used as s e p a r a t o r  between atom r e p r e s e n t a t i o n s  i n  PC o r  

Can b e  used between E R ' s  o r  PC's as r e q u i r e d ,  b u t  s p l i t t i n g  
between s u f f i x e s  where t h e r e  i s  more than  one s u f f i x  example 2.5.1 

t h e  r e p r e s e n t a t i o n  of an ER between two l i n e s  i s  n o t  
recommended. New l i n e  i s  n o t  synonymous wi th  "+". example 3 .1 .8 .1  
Never the less  i n  a t a b l e  it may b e  convenient  t o  s p l i t  
an  ER between two l i n e s ( s e e  Table f o r  more examples) example 2 .5 .1  

R e l a t i v e  p o s i t i o n a l  i n d i c a t o r  r u l e  3.1.3 
Brackets  t o  enc lose  t h e  s e r i a l  number of a reagent  molecule r u l e  3 .3  
Brackets  t o  enc lose  d e t a i l s  of t h e  atoms a c t e d  on by a PC 

( i . e .  t h e  PC parameter l i s t )  r u l e  1 
Also b r a c k e t s  w i th in  a PC parameter l i s t  which enc lose  
supplementary p o s i t i o n a l  in format ion  r u l e s  3 .1 .5 ,  3.1.6 
Standard atomic symbols 

Cahn-Ingold-Prelog p r i o r i t y  r u l e s  ( r e f .  5 )  
A g e n e r a l i s e d  i n t e g e r ,  a s  i n  " the  n t h  molecule". 

- Note. 
r e s t r i c t e d  t o  t h e  p r i n t a b l e  A S C I I  c h a r a c t e r  s e t ,  wi thout  
s u p e r s c r i p t s ,  s u b s c r i p t s ,  a l t e r n a t i v e  type  f a c e s ,  e t c .  
Any mod i f i ca t ions  o r  ex tens ions  t o  t h e s e  symbols should be  
chosen from t h e  same c h a r a c t e r  s e t .  

The symbols used i n  t h e  r e p r e s e n t a t i o n  a r e  d e l i b e r a t e l y  
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SECTION 6.TABLE 

Comparison of all names proposed in the 'System for Symbolic Representation of reaction 
mechanisms' (ref. 3) with corresponding Ingold-type names and with the linear representation 
proposed in this document 

Example Number Ingold-type Name Proposed Proposed 
i n  r e f .  3 Representa t ion  Symbolization 

l . l a  

1 . l b  

1 .2a  

1.2b 

1 .3  

1.4 

1 . 5  

1 . 6 a  

1 .6b  

1 . 7  

1 .8a  

1.8b 

1 . 9  

1.10a 

1.10b 

1 .ll 

1.12 

1.13 

1.14 

1.15 

2 . 1  

2 . 2  

2 . 3  

2 .4  

2 . 5  

sN2 

SN2 ' 

SE2 

SE2 

SN2cA o r  A2 

none 

S C o r  SE2 coord E 

S i o r  SF2 E 

sEi' 

S A r  o r  Ad -E o r  BAC2 
N N 

none 

AAC 

SE2Ar 

S l o r B  1 N AL 
SN1 ' 

sE1 

SNlcA o r  A1 

none 

SE1(N) o r  SE1-X- 

none 

Ad3 

none 

none 

none 

none 

SUBSTITUTION MECHANISMS 

A ( X , C ) D ( Y  ,c) 

D(C ,X)A(C ,Y)  

A (Z  ,X) D ( C  ,X) Ap (C , 2  / C) 
Dp (3  /C , 2  /C) A ( 3 /C  ,Y)  D ( Z ,Y)  

ADDITION MECHANISMS 

A(X , C) Dp ( 2  / C  , C)  A ( 2  / C  , Y)  

Ia (x,c, 2 /c  ,Y)  

AAcy ( X , C ,  2/c , Y )  

A(X,C)  DP (2/c,  C) + A ( ~ / c  ,Y)  

Ap(C ,2 /C)A(C ,Y)  +A(X, 2 / C )  

Ae +  AND^ 
An + 'E~E 
A + %DDE 

AEDADE 

3/1/AEDADE 

AN + DIJ 

AN + Ae + D~ 

Ah + AN + Dh% + 

D + Dh 

% + DE 

DN + % 

N 

l / D N  + 3/% 

D + AE E 
Ae + DN + % 
A + D E +  % 

AN 
AnDE + AE 

N D + D +  

%% 
%D$ 

A N + %  
% + %  

cyclo-AA 

/Table con td . . . .  
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TABLE (Contd.) 

Example Number Ingold-type Name Proposed Proposed 

- 

in ref. 3 Representation Symbolization 

3.1 

3.2 

3.3 

3.4a 

3.4b 

3.5 

3.6 

3.7 

3 .a 
Carbene formation 

4.1 

4.2 

4.3 

4.4 

Homolyt ic aromatic 
substitution of Y 
by X 

none 

E2 or E2H 

E. 

E2cA? 

El 

El 

ElcA 

ElcB 

SNlcb 

sH2 

sH1 

none 

SHAr 

ELIMINATION IIECHANI SElS 

HOMOLYTIC MECHANISMS 

D ~ D ~  

A D ~ D ~  

DEPDE 

Ae + D ~ D ~  
Ae + AnDEDN 

D + DE 

n E  

N 
D N + A D  

A + D N + A D  n E  

A D  + D N  

D + DN 
n E  

E 

Ar (Y ,X)Dr (Y, C) +Ar (Z ,C)Dr (2,X) 

Dc (C , Y) +Ar (Z , C) Dr ( Z , X) 
{T (D ,Y) +Dr (Y, Ar +Ar (X ,Ar) 1 

Ar (C , X) Dpr (C ,2 /C) 
+Ar (Y ,C)Dr (Y , X )  

Ar (C,X) Dpr (C, 2/C) +Apr (C, 2/C) 
Dr(C,Y) 

ADR + ARD 

D + ARD R 
T + DN + A N  

% + ARD 

% + DR 

1. 

2. 
3. 

4. 

5 .  

6. 

7. 

8. 
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