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Nomenclature of regular double-strand (ladder and 
spiro) organic polymers (IUPAC Recommendations 
1993) 

Abstract 

Structure-based and source-based nomenclature ru l e s  a r e  extended t o  
regular  double-strand (ladder and sp i ro)  organic polymers. A double- 
s t rand  polymer i s  defined a s  a'polymer the  molecules of which a re  
formed by an uninterrupted sequence of r ings  with adjacent r ings  
having one atom i n  common (sp i ro  polymer) o r  two o r  more atoms i n  
common ( ladder  polymer). The structure-based nomenclature r e s t s  
upon the  se lec t ion  of a preferred cons t i tu t iona l  repeat ing un i t  (CRU) 
of which the  polymer i s  a multiple.  Rules a re  a l so  provided f o r  
denoting subs t i tuents  and end groups. The source-based nomenclature 
i d e n t i f i e s  t he  s t a r t i n g  monomer(s) from which the  double-strand 
polymer i s  prepared with addi t ion of an appropriate p re f ix  "ladder-" 
o r  rrspiro-rr. 
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1. INTRODUCTION 

In 1976, the IUPAC Commission on Macromolecular Nomenclature published rules 
on the nomenclature of regular single-strand organic polymers (Ref. 1). A regular 
single-strand polymer is one the molecules of which can be described by constitu- 
tional repeating units with only two terminals composed of one atom each. 

In 1985, the Commission jointly with the IUPAC Commission on Nomenclature of 
Inorganic Chemistry published rules on the nomenclature €or regular single-strand 
and quasi-single-strand inorganic and coordination polymers (Ref. 2). A quasi- 
single-strand polymer is one the molecules of which can be described by 
constitutional repeating units connected to the other identical constitutional 
repeating unit (or to an end group) through a single atom at one terminal and 
through two atoms at the other terminal. 

In 1985, the Commission also published rules on source-based nomenclature for 
copolymers (Ref. 3)  which by definition are polymers derived from more than one 
species of monomer (Ref. 4 ) .  

In this report, both the structure-based and source-based nomenclature rules 
are extended to regular double-strand (ladder and spiro) organic polymers. Double- 
strand biopolymers, however, such as DNA are not considered here. Rules for quasi- 
single-strand coordination polymers, resembling spiro polymers yet not covalently 
bonded, are not included. 

2. DEFINITIONS 

2 . 1  Regular polymer 

2 . 2  Constitutional unit 

2.3 Constitutional 
repeating unit 

2.4  Ring 

2 . 5  Ring system 

2 . 6  Double-strand polymer 

A polymer the molecules of which can be described 
by only one species of constitutional unit in a 
single sequential arrangement (Ref. 4 ) .  

A species of atom or group of atoms present in a 
chain of a polymer or oligomer molecule (Ref. 4 ) .  

The smallest constitutional unit whose 
repetition describes a regular polymer (Ref. 4 ) .  

An arrangement of atoms bound to each other in 
a cyclic manner (a closed chain). 

A single ring or a combination of rings linked 
one to another by atoms common to both. 

A polymer the molecules of which consist of 
an uninterrupted sequence of rings with adjacent 
rings having one atom in common (spiro polymer) 
or two or more atoms in common (ladder polymer). 

Examples : 

. . .  “‘m::: 
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. . .  . . .  
. . .  . . .  

. . .  . . .  . . .  . . .  

NOTE: P a r t i a l  ladder (imperfect ladder,  block ladder)  polymers (Ref. 5), 
i n  which the  sequence of r ings i s  in te r rupted  and a bivalent  const i -  
t u t iona l  repeating uni t  can be iden t i f i ed ,  a r e  not double-strand 
polymers. They a re  named a s  s ingle-s t rand polymers. 

Example : 

I I I I I I I I  
. . .  . . .  
. . .  

On the  other  hand, occasional i r r egu la r  deviat ions from i d e a l i t y  
can be ignored i n  constructing graphical representat ions f o r  double- 
s t rand  polymers and i n  assigning corresponding names. 

Specif ic  examples of double-strand polymers: 

a .  cons t i tu ted  of repeatedly fused carbocycles 

b. cons t i tu ted  of repeatedly fused o r  sp i ro  carbocyclic systems 

0 0 0 
. . .  

9 . .  

. . .  
(ii) 

4 . .  

. . .  . . .  
(iii) . . .  . . .  

c .  cons t i tu ted  of repeatedly fused heterocycles 
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d. cons t i tu ted  of repeatedly fused o r  sp i ro  heterocycl ic  systems 

* . .  

. . .  

0 0  0 0  ... 
( v i i i )  

. . .  d b  

Reviews on double-strand, ladder,  and sp i ro  polymers published i n  the  
l i t e r a t u r e  (Refs. 5-7) have not addressed t h e i r  nomenclature i n  any de ta i led  
fashion. 

3. STRUCTURE-BASED NOMENCLATURE 

3.1 Fundamental principles 

This nomenclature r e s t s  upon the  se lec t ion  of a prefer red  constitutional 
repeating unit (CRU) (Refs. 1 and 4 )  of which the  polymer is a multiple;  
t he  name of the  polymer is the  name of t h i s  repeat ing un i t  pref ixed by 
I1poly". 
es tabl ished pr inc ip les  of organic nomenclature (Ref. 8 ) .  For double-strand 
polymers, t h i s  un i t  usually i s  a te t rava len t  group denoting attachment t o  
four  atoms. 
may be hexavalent o r  octavalent.  

The uni t  i t s e l f  is named wherever possible  according t o  the  

Since some of these attachments may be double bonds, t he  uni t  

In  using t h i s  nomenclature, t he  s teps  t o  be followed i n  sequence a re  the  
same a s  those f o r  regular  s ingle-s t rand polymers: 

(1) identify the  prefer red  cons t i tu t iona l  repeating un i t ,  

(2) orient t he  cons t i tu t iona l  repeating u n i t ,  
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(3) name t he  cons t i tu t iona l  repeating uni t ,  and 

( 4 )  name t he  polymer. 

Iden t i f i ca t ion  and or ien ta t ion  must precede naming of the  polymer. 

3.2 Identification of the preferred constitutional repeating unit 

Examples given i n  Section 2 above have i l l u s t r a t e d  the  repeating nature of 
t he  cons t i tu t iona l  un i t s  within each polymer s t ruc ture .  
t o  break the  same s t ruc tures  i n t o  cons t i tu t iona l  repeating un i t s  a r e  
i l l u s t r a t e d  below. 

Some of the  ways 

or 
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( v i i )  O r $ X : Q  

( v i i i )  

To allow construction of a unique name, a s ing le  preferred cons t i tu t iona l  
repeating un i t  must be se lec ted .  

RULE 1. 
(aromatic r ings,  i . e . ,  those having a chemistry typ i f i ed  by benzene (Ref. 9 )  
a r e  broken only when no other  r ings a re  present)  by observing the  following 
c r i t e r i a  i n  decreasing order of p r i o r i t y :  

The polymer chain i s  in te r rupted  by breaking a non-aromatic r ing  

(1) minimize t he  number of f r e e  valences of t he  cons t i t u t iona l  repeating 
un i t  , 

( 2 )  maximize t he  number of most preferred hetero atoms i n  the  r ing  system, 

(3) retain t he  most preferred r ing  system, 

( 4 )  choose t he  longest chain f o r  acyc l ic  cons t i t u t iona l  repeating uni t .  

Seniority o f  ring systems (Ref. 8 ,  Rule C-14.1) i s  decided by applying the  
following c r i t e r i a ,  successively,  u n t i l  a decis ion i s  reached: 

(1) A heterocycle i s  sen ior  t o  any carbocycle, regardless  of t he  number 
of r ings 

H 

r;"l senior to 

( 2 )  For heterocycles,  t he  c r i t e r i a  a re  based on the  nature  and pos i t ion  
of t he  hetero atom (Ref. 8,  Rule B-3.1) 
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3.3 

( 3 )  Larger number of r ings 

/ \ d \ / 
senior t o  

(four rings) (three rings) 

( 4 )  Larger individual  r ing  a t  f i r s t  point of difference 

seniorto (JJ 
(616) (6,5) 01 seniorto 

(5) Larger number of atoms i n  common among r ings  

For fu r the r  ru l e s  and addi t iona l  d e t a i l s ,  Ref. 8 (chapter C-0.14) needs 
t o  be consulted. 

Orientation of the constitutional repeating unit 

RULE 2. 
breaking the  r ing  i s  or iented i n  such a way t h a t  t he  lowest f r e e  valence 
locant is  a t  t he  lower l e f t .  

The acyc l ic  cons t i tu t iona l  repeating un i t  t h a t  r e s u l t s  from 

1,4:3,2- 2,3:4,1- 

I f  t he re  i s  a fu r the r  choice, t he  acyc l ic  un i t  i s  or ien ted  t o  give the  
lower locant  number on the  occasion of t he  first d i f fe rence .  

Example : $$). HC' i s p r p d  pq 
1,2:3,1- 1,3:3,2- 
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RULE 3 .  I f  t he  preferred cons t i tu t iona l  repeating un i t  contains a r ing 
system with a f ixed  numbering of locants  (Ref. 8), i t  is or ien ted  (e .g . ,  
by ro ta t ion)  i n  such a way t h a t  t he  lowest f r e e  valence locant  i s  a t  the  
lower l e f t  and next locants  i n  the  ascending order  proceed i n  a clockwise 
d i rec t ion .  

Example : 

is preferred to and 

Whenever or ien t ing  the  r ing  with the  lowest f r e e  valence locant  a t  t he  
lower l e f t  r e s u l t s  i n  an anticlockwise d i rec t ion  of locants ,  t he  
or ien ta t ion  i s  changed t o  the  next lowest f r e e  valence locant  a t  t he  
lower l e f t  t o  preserve the  ascending order of locants  i n  the  clockwise 
d i rec t ion .  

Example : 

is preferred to 

RULE 4 .  I f  t he  preferred cons t i tu t iona l  repeating uni t  cons is t s  of a r ing 
system and acyc l ic  subunits,  i t  is or iented i n  such a way t h a t  t he  r ing  
system is on the  l e f t  s ide  and the  acyc l ic  subunits a r e  on the  r igh t  of t he  
r ing  system. The r ing system i s  or iented according t o  RULE 3. 

Example : $:{) is preferred to 

0 0 
n n 

3.4 Naming of the preferred constitutional repeating unit 

RULE 5 .  
i . e . ,  from l e f t  t o  r igh t .  
un i t  i s  based on the  longest chain with the  lowest f r e e  valence locant  a t  
t he  lower l e f t  with respect t o  the  l e f t  parenthesis .  
system i s  formed according t o  the  pr inc ip les  of naming carbocyclic and 

The preferred cons t i tu t iona l  repeat ing un i t  i s  named a s  drawn, 
The name of an acyc l ic  cons t i tu t iona l  repeating 

The name of a r ing  



1570 COMMISSION ON MACROMOLECULAR NOMENCLATURE 

heterocyclic ring systems. The names are followed by an appropriate suffix, 
e.g., "2,3:5, 6-tetrayltt, "2,3:9-triyl-lO-ylidene", t12,3-diyl:6,7Adiylidene". 
The free valence locants are always placed just in front of the corresponding 
ending and are cited in the order: 

lower left,upper 1eft:upper rightflower right 

(i.e., in a clockwise direction), the left locants being separated from 
the right locants by a colon. 
(broken ring fragments) are cited in the order: upper rightflower right, 
preceded by the corresponding locants (the locants refer to the ring 
system positions where the acyclic subunits are attached). 

Then the names of acyclic subunits 

NOTE: Locants are placed immediately before that part of the name to 
which they relate, e.g., ethane-lI2:2,1-tetrayl (not 1,2:2,1- 
ethanetetrayl) or buta-1,3-diene-lr4:3,2-tetrayl (not lr3-butadiene- 
1,4 : 3,2-tetrayl) (Ref. 10) . 

Examples : 

poly (ethane-lf2:2,1-tetrayl) 
(not ethane-l,2 : 1 2-diylidene) 

poly (naphthalene-2,3: 6,7-tetrayl-6,7-dimethylene) 

3.5 Naming of the polymer 

RULE 6. 
name of the preferred constitutional repeating unit in parentheses or 
brackets. 

The polymer is named with the prefix "poly" followed by the 

3.6 Polymers constituted of repeatedly fused or spiro carbocycles 

The constitutional repeating unit resulting from a ladder or spiro polymer 
consisting of a repeating carbocycle is a tetravalent acyclic group. 

Examples : 

poly(butane-lf4:3,2-tetrayl) 
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poly (pentane-l,5: 3,3-tetrayl) 
(the longest straight chain is preferred) 

poly(buta-1,3-diene-ll 4:3,2-tetrayl) 
(when an aromatic ring is broken, double bonds are fixed and 
free valences in the total constitutional repeating unit are 
minimized) 

3.7 Polymers constituted of repeatedly fused or spiro carbocyclic systems 

The constitutional repeating unit resulting from a ladder or spiro polymer 
consisting of a repeating polycarbocyclic (multi-ring) system is a 
tetravalent group or a combination of a tetravalent (multivalent) cyclic 
group with one or two bivalent (multivalent) acyclic groups. 

Examples : 

1. a 1 not D+ 2 1  

n n 

poly(bicyclo[2.2.l]heptane-2,3:5,6-tetrayl) 
(the preferred two-ring system is 5,s not 4,5) 

poly (1,2-dihydrocyclobuta[b]naphthalene-l, 2:5,6-tetrayl) 
\ 

poly[ ~7,12-dihydro-7,12-dioxobenz[a]anthracene-3,4:9,lO-tetrayl)- 
9,lO-dicarbonylI 
(unless there is no choice, the aromatic ring is not broken) 
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4. 

5. 

0 

poly [ (lr3-dioxotrispiro [ 3.1.1.3.1.11 tridecane-2,2 : 10,lO-tetrayl) - 
10 , 1 0-dimet hylene I 

3.8 Polymers constituted of repeatedly fused or spiro heterocycles 

The constitutional repeating unit resulting from a ladder or spiro polymer 
consisting of a repeating heterocycle is viewed as a tetravalent 
(multivalent) acyclic carbon group in which some carbon atoms are replaced 
by hetero atoms. 
way that hetero atoms have lowest locants and that the hetero atom of 
highest seniority (Ref. 8, Rule B.l) has lower locant than that of next 
seniority. 
nomenclature. 

The constitutional repeating unit is oriented in such a 

The constitutional repeating unit is then named by replacement 

Examples : 

1. 

poly (l-azabuta-l,3-diene-l, 4 : 3,2-tetrayl) 

poly(l,3,5,7-tetraoxaheptane-l, 7:4,4-tetrayl) 
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4. 

5. 

poly (2,3-diazabutane-1, 4:3,2-tetrayl) 

3.9 Polymers constituted of repeatedly fused or spiro heterocyclic systems 

The constitutional repeating unit resulting from a ladder or spiro polymer 
consisting of a repeating heterocyclic ring system is a combination of 
a tetravalent (multivalent) ring system group with one or two bivalent 
(multivalent) acyclic groups. If there is a choicer the constitutional 
repeating unit is oriented in such a way that the acyclic subunit with the 
terminal atom of higher seniority is at the upper right. 

1. 

2. 

poly (1,4-dithiin-2r3:5r6-tetrayl-5r6-dicarbonyl) 
(the carbocyclic ring is broken in preference to the heterocyclic 
ring to keep the hetero atoms in the ring system) 
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3. 

4. 

poly(7H-phenoxazine-2,3-diyl:7-ylidene-8-yl-7-nitrilo-8-oxy) 

aromatic ring to minimize the number of free valences; the 
citation of bivalent groups preserves the order "upper right, 
lower right" in preference to the seniority of hetero atoms) 

(the heterocyclic ring is broken in preference to the carbocyclic 

{c<: O-CHZ, 6c ,cH2-0 lo\ 9c / CH2-CH2) 

0-&H2/ \6H2-8  \CH2-CH2 

poly(2,4,8,10-tetraox~spiro[5.5]undecane-3,3: 9,9-tetrayl-9,9- 
diet hylene ) 
(all hetero atoms are in the ring system) 

\ ' n  

poly( [1,4]benzodioxino[2,3-b]phenazine-2,3:9-triyl-10 (12H)- 
ylidene-9-imino-10-nitrilo) 
(the number of preferred hetero atoms is maximized in the ring 
system; the locants "2,3: 9-triyl-10 (12H) -ylidene" are 
preferred to " 2 , 3 :  10-triyl-9 (7H)  -ylidene" (lower locant for 
indicated hydrogen) to preserve the clockwise order of locant 
citation) 

poly [l, 3-dioxa-2-silacyclohexane-2,2: 5,5-tetrayl-5,5- 
bis (methyleneoxy) ] 
(fixed ring numbering decides the orientation) 
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7. not 

poly (lH-perimidine-l,2 : 6,7-tetrayl-7-carbonyl) 
(lower free valence locant is at the lower left) 

8. 

9. 

pOly[ (9, 9~,10,12,13,14,15,17,17a,18-de~~hydr0-1,7,11,16-tetramethy1- 
9,18-d~oxo-10,17:12,l5-diepoxyphenanthro[lr2-a]pentacene- 
3,4 : 13,14-tetrayl) -13,14-dicarbonyl] 

poly[ (hexahydrobenzo[l,2-d:4,5-dr lbis[l,3ldioxole-2,2:6, 6- 
tet rayl) -6,6-diethyleneI 
(fused ring system is preferred to spiro ring system, because 
of larger number of atoms in common among rings) 



1576 

11. 

COMMISSION ON MACROMOLECULAR NOMENCLATURE 

poly [ (2,3,5,8,10,1l-hexahydro-5,8-dioxobenzo[lmn] diimidazo- 
[2 , 1-b: 1 , 2' -jl [ 3,8 I phenanthroline-2 , 2 : 11 , 11-tetrayl) - 
11,ll-diethylene] 
(fused ring system is retained intact and spiro ring broken) 

3.10 Substituents 

Substituents that are clearly part of the constitutional repeating unit 
are denoted by means of prefixes affixed to the name of the subunit to 
which they are bound. 

Examples : 

1. 

2. 

poly(l,4-diphenylbuta-lr3-diene-lr4:3,2-tetrayl) 

poly[ (1, 4-dimethyl-7-azabicyclo[2,2.l]heptane-2,3:5,6-tetrayl)- 
5,6-dicarbonyl] 
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3. 

poly[ [ [3' ,5-dimethyl-2-(2r-oxo-lr-oxabutyl)benzene]-lr 3' :4',3-tetrayl]- 
3-methylene] 
(for a quasi-acyclic constitutional repeating unit which includes 
path along a ring, the acyclic part with primed locants is 
treated as a substituent on the ring) 

4. 

5. 

OH 
n 

poly[ [3- (acetoxymethyl) -6-carboxybenzene-l,2:4, 5-tetrayll- 
4 5-dimethylenel 
(for substituted structures, free valences have preference over 
substituents when competing for low locants) 
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3.1 1 End groups 

RULE 7. 
name of the polymer. 
attached to the left side of the constitutional repeating unit as drawn 
and named by the preceding rules; the end groups attached to the right 
side are designated by w and a). The designations and names of 
the end groups proceed in a clockwise direction starting from the lower 
left: a, a' , W, W' . 

End groups are specified by prefixes cited in front of the 
The ends designated by a and a' are those 

Examples : 

1. 

a, a' -dihydro-a, a' -dihydroxypoly (2,4-diphenyl-l, 3,5-trioxa- 
2,4-disilapentane-l,5:4,2-tetrayl) 

2. 

a, a' :a, a'-bis (naphthalene-lI8-diyl)poly (naphthalene-4,5: 8,l-tetrayl) 
(in order to preserve the ascending order of locants in the 
clockwise direction, the lowest possible free valence locant of 
the constitutional repeating unit placed at the lower left is 
4 rather than 1) 

4. SOURCE-BASED NOMENCLATURE 

For many polymers, the structural identity of all the constitutional 
repeating units and of their sequential arrangement is not known, yet some 
indication is available as to their general characterization such as ladder or 
spiro polymers. 

At times, it is also useful to identify the starting monomers especially for 
such complex polymers as double-strand polymers, the synthesis of which is often 
a multi-step reaction involving condensation, cyclization, and crosslinking. 

It may also be useful at times to provide both source- and structure-based 
names for the same polymer. For a couple of examples below (6 and 11)' 
references within this document are given t o  the corresponding constitutional 
repeating units and their names. 
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The source-based nomenclature identifies the starting material(s) from 
It is derived from the which the ladder or spiro polymer is prepared. 

nomenclature system for copolymers (Ref. 3). The system is based on the 
following principles: 

1579 

A homopolymer is described by the prefix "poly" followed by citation 
of the name of the monomer used. For monomer names consisting of 
two or more words, and for names containing substituents, parentheses 
or brackets are used. 

A copolymer, including a polymer obtained from two complementary 
monomers, is described by the prefix "poly" followed by citation in 
parentheses or brackets of the names of the monomers used. For 
monomer names consisting of two or more words, and for names 
containing substituents, additional parentheses or brackets are 
used. The monomer name5 are linked through a connective (infix) 
l l-alt-l l  Il-per-ll, or Ir-CO-11 

NOTE: ' I -  CO- " is used for cases where it is not possible to 
establish alternating or periodic structure. 

The specification of the type of structure in a polymer is shown 
by an italicized prefix "ladder-" or llspiro-ll preceding "poly" . 
No seniority rule is provided for the order of citation of the 
monomer names. 

Semisystematic or trivial names for monomers, which are well 
established by usage, are allowed. 

Examples : 

1. 

2. 

3. 

4. 

5. 

6. 

7 .  

8. 

9. 

10 * 

ladder-poly (methyl vinyl ketone) 

ladder-poly (1 4-diphenyldiacetylene) 

ladder-poly(2,5-dichloro-3,6-dihydroxy-p-benzoqu~none) 

spiropoly[dispiro[3.1.3.1]decane-2,8-b~s(carbonyl chloride) I 

ladder-poly[ (pyromellitic dianhydride) - a l t -  (lr2,5,6-tetraamino- 
anthraquinone)] 

ladder-poly[ (1,4,5,8-naphthalenetetracarboxylic acid) - a l t -  (1,2,4,5- 
tetraaminobenzene) ] 

NOTE: For the corresponding structure-based representation, see 
example 8 in Section 3.9. 

ladder-poly [pyromel l i ton i t r i le -a l t -  [ 9,9-bis (4-aminophenyl) fluorenel I 

1adder-poly[(1,2,4,5-tetramethylenecyclohexane)-alt-p-benzoquinone] 

ladder-poly [ (2,5-diaminoterephthalic acid) - a l t -  (2,5-dicyano- 
terephthaloyl chloride)] 

ladderpoly[(2-~inylbutadiene)-co-(tetramethylene fumarate cyclic 
dimer) ] 
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11. spiro-poly (1,4-cyclohexanedione-co-pentaerythritol) 

NOTE: For the corresponding structure-based representation, see 
example 4 in Section 3.9. 
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