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Introduction

In 1952, the Subcommission on Nomenclature of the
IUPAC Commission on Macromolecules published! a re-
port on the nomenclature of macromolecules that includ-
ed a method for the systematic naming of linear organic
polymers on the basis of structure. A later report? dealing
with steric regularity utilized this system of nomencla-
ture. When the first report was issued, the skeletal rules
were adequate for most needs; indeed, most polymers
could at that time be reasonably named on the basis of
the substance used in producing the polymer. In the inter-
vening years, however, the rapid growth of the polymer
field has dictated a need for modification and expansion
of the earlier rules. This report presents an updating of
those rules. Necessarily, a great many changes in detail
were required, since it is desirable that organic polymer
nomenclature adhere as much as possible to the Definitive
Rules for the Nomenclature of Organic Chemistry.3:4

These rules are designed to name, uniquely and unam-
biguously, the structures of linear regular organic poly-
mers whose repeating structures can be written within the
framework of ordinary chemical principles; stereochemis-
try is not considered in this report. As with organic no-
menclature, this nomenclature describes chemical struc-
tures rather than substances. It is realized that polymeric
substances ordinarily include many structures, and that a
complete description of even a single polymer molecule
would include an itemization of terminal groups, branch-
ing, random impurities, degree of steric regularity, chain
imperfections, etc. Nonetheless, it is useful to think of a
substance as being represented by a single structure that
may itself be hypothetical. To the extent that the polymer
structure can be portrayed as a chain of regularly repeat-
ing structural or constitutional repeating units (the terms
are synonymous), the structure can be named by these
rules; in addition, provision has been made for including
end groups in the name.

In this report, the fundamental principles and the basic
rules of the structure-based nomenclature are given first,

(1) International Union of Pure and Applied Chemistry, Physical Chemis-
try Division, Commission on Macromolecules, Subcommission on No-
menclature, “Report on Nomenclature in the Field of Macromole-
cules,” J. Polym. Sci., 8, 257 (1952).

International Union of Pure and Applied Chemistry, Physical Chemis-
try Division, Commission on Macromolecules, Subcommission on No-
menclature, “Report on Nomenclature Dealing with Steric Regularity
in High Polymers,” Pure Appl. Chem., 12, 645 (1966).

International Union of Pure and Applied Chemistry, “Nomenclature of
Organic Chemistry.” Sections A, B, and C combined, Butterworths,
London, 1971.

International Union of Pure and Applied Chemistry, ‘“Tentative Rules
for the Nomenclature of Organic Chemistry. Section E. Fundamental
Stereochemistry,” IUPAC Inform. Bull., No. 35, 38 (1969). Alsc pub-
lished inJ. Org. Chem., 35, 2849 (1970), and elsewhere.
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accompanied by detailed extensions and applications. An
appendix is included containing a limiting list of accept-
able source-based names, along with the corresponding
structure-based names, of common polymers. The Com-
mission sees no objection to the continued use of such
source-based names where they are clear and unambig-
uous, but prefers the use of the structure-based nomencla-
ture detailed in these rules.

Fundamental Principles

This nomenclature system rests upon the selection of a
preferred constitutional repeating unit® (abbreviation:
CRU) of which the polymer is a multiple; the name of the
polymer is simply the name of this repeating unit prefixed
by poly. The unit itself is named wherever possible ac-
cording to the Definitive Rules for the Nomenclature of
Organic Chemistry.® For single-strand polymers, this unit
is a bivalent group.

In using this nomenclature, the steps to be followed in
sequence are (1) identify the CRU, (2) orient the CRU,
and (3) name the CRU. Identification and orientation
must always precede the selection of the name of the
polymer.

(1) Identification of the Constitutional Reneating Unit

There are many ways to write the CRU for most poly-
mer structures. In simple cases, these units are readily
identified:

—f(leCHz?n—
CH,
The CRU’s are:
—CHCH,— —CH,CH—
| and |
CH, CH,

In more complex cases, it is often necessary to draw a
large segment of the chain and from it choose all of the
possible CRU’s. For example, in the polymer

-OCIHCHQO([]H CHQO(|3H CHQO(‘JHCHZOC|HCH20?H CH,-

F F F F F F
The CRU’s are:
-O(,?HCHZ- -CH,0CH- ‘(IJHCH.ZO-
|
F F F
-CHQ(leO- - CIHOCH_,- —OCHQ(‘}H-
F

To allow construction of a unique name, a single CRU
must be selected. The rules following have been designed
to specify both seniority among subunits, i.e., the point at
which to begin writing the CRU, and the direction along
the chain in which to continue to the end of the CRU.
The preferred constitutional repeating unit will be one
beginning with the subunit of highest seniority (see Rule
2). From this subunit, one proceeds toward the subunit
next in seniority. In the preceding example, the subunit of
highest seniority is an oxygen atom and the subunit next
in seniority is a substituted -CH2CHa~, unit. The parent
CRU will therefore be either -OCH2CHg- or -CH2CH20-.
Further choice in this case is based on the lowest locant

(5) International Union of Pure and Applied Chemistry, Macromolecular
Division, Nomenclature Commission, ‘“Basic Definitions of Terms Re-
lating to Polymers” IUPAC Inform. Bull. App., Neo. 13, 1 (1971).
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for substitution, so that the CRU is
-O(|3HCH2- rather than -OCHZ(IJH-

F F

or

-CH-ZCIIHO— rather than *leHCHQO-
F F

(2) Orientation of the Constitutional Repeating Unit

The CRU is written to read from left to right. In the
above example, the preferred CRU is therefore

-OClHCHZ—
F

(3) Naming the Constitutional Repeating Unit .

The name of the CRU is formed by citing, in order, the
names of the largest subunits within the CRU (Rule 1.21).
In the example, the oxygen atom is called oxy and the
-CH3;CH;- (preferred to ~-CHz- because it is larger and can
be named as a unit) is called ethylene; the latter unit
substituted with one fluorine atom is called 1-fluoroethy-
lene. The CRU in question is therefore named oxy(1-fluo-
roethylene), and the corresponding polymer is

—(-O('DHCH.Z},I—
F

poly[oxy(1-fluoroethylene))

The rules that follow are essentially directions for the
selection of the CRU in a given polymer.

Rule 1. The Bivalent Constitutional Repeating Unit

Regular single-strand polymer chains can usually be
represented as multiples of a bivalent repeating unit
which can itself be named. The name of the polymer is
poly(bivalent constitutional repeating unit). In those cases
in which a choice is possible between a bivalent and a
higher-valent CRU, the bivalent unit is always selected.
The principle of minimizing the number of free valences
in the CRU supersedes all orders of seniority. (See also
Rule 2.12.)

—CH=CH— is preferred to =CH—CH=

—CH CH—, CH—CH=
is preferred to
N N
H H

1.1. The Generic Name

Linear polymers of unspecified chain length will be
named by prefixing poly to the name, placed in parenthe-
ses or brackets, of the structural repeating unit of the
polymer, i.e., the smallest unit of which the polymer is a
multiple. If the name of the repeating unit is “ABC,” the
corresponding polymer name is

—+ABCH—
poly(ABC)

Where it is desired to specify chain length, the appropri-
ate Greek prefix (deca, docosa, etc.) may be used in place
of poly. For a single-strand polymer, the CRU is a biva-
lent group and is named within the restriction of direc-
tional citation by the IUPAC organic nomenclature rules.3-4
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1.2. Simple Constitutional Repeating Units

1.21. The CRU may contain one or more subunits.
Among the possible subunits or combinations of adjacent
subunits, the largest possible bivalent group, based on
main chain atoms and rings only, is to be named (see also
Rule 2.11). When the largest bivalent group includes the
entire CRU its name, prefixed by poly, is the name of the
polymer.

_<.CH:2'),¢_
poly(methylene)

—OCH,CH,—
poly(oxyethylene)

The name of a CRU or any subunit has no relationship
to the manner in which the unit was prepared; the name
is simply that of the largest identifiable unit and any lo-
cants for unsaturation, substituents, etc., are dictated by
the structure of the unit.

—CH=CHCH,CH,—

poly(1-butenylene) (not poly(2-butenylene), which gives a higher
locant to the double bond, nor poly(vinyleneethylene), which
identifies less than the largest unit in the CRU)

1.22. Identification of the preferred CRU rests on (a)
the kinds of atoms or rings in the main chain or (b) on the
location of substituents when there is only one kind of
main chain atom or ring. Orientation of the CRU in case a
is determined by the rules of seniority given in Rule 2; in
case b, lowest locants (except when fixed numbering
applies; see Rule 1.24) are given to substituents in alpha-
betical order (Rule 2.42).

—-(-(llHCHQCHQ-}n—
D

poly(trimethylene-d1)

poly(3-bromo-2’-chloro-p-terphenyl-4,4"’-ylene)

After the CRU and its orientation, reading left to right,
have been established, the CRU or its constituent sub-
units are named to include as many as possible, in order,
of (a) the main chain atoms or rings and (b) the substitu-
tents within a single name (see also Rule 3.1).

—-((IEH%—
CH,

poly(ethylidene) (not poly(methylmethylene))

—tCHCHy—

poly(1-phenylethylene) (not poly(benzylidenemethylene) or poly(1-
phenyldimethylene))

0o O

I
—C—C—CH,—CHy¥

poly(1,2-dioxotetramethylene) (not poly(succinyl), since substitu-
ent positions 1,2 are preferred to 1,4, and identification and orien-
tation of the CRU precede formation of the name)
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0 0
—OCCH,CH,Cy—

poly(oxysuccinyl) (not poly[oxy(1,4-dioxotetramethylene)], since
succinyl is an approved name?®)

i1
—CCH,C(CHypr

poly(1,3-dioxohexamethylene) (not poly(malonyltrimethylene)
because the six-carbon chain is the largest unit that can itself be
named)

Unsaturation in an acyclic repeating unit is indicated
wherever possible by the use of an unsaturated bivalent
group name rather than a saturated multivalent group
name. This procedure will lead to a name for the group
having the minimum number of free valences (see Rule’
2.12).

—CH=CH¥»
poly(vinylene) (not =XCH—CH3¥= poly(ethanediylidene))

1.23. If, after identification and orientation, the CRU is
found to contain one or more acyclic bivalent groups hav-
ing more than two hetero atoms in the main chain, these
groups may often be advantageously named by replace-
ment nomenclature.® The main chain of the group is
named and numbered as though the entire chain were an
acyclic hydrocarbon and the hetero atoms named by

means of prefixes ‘“‘aza” “oxa’”’ etc., with locants to fix
b b
their pOSitiOIlS.

12 3 4 5 67 8 9
—éOCHZCHZNHCHZSCHZCHZNH-O»n—

replacement name: poly(l-oxa-6-thia-4,9-diaza-1,9-nonanediyl-
1,3-cyclohexylene)
systematic name: poly(oxyethyleneiminomethylenethioethylenei-
mino-1,3-cyclohexylene)

See Rules 2.14 and 2.32 for other examples of the use of
replacement nomenclature.

1.24. Bivalent groups having fixed numbering retain
that numbering in naming the CRU (see also Rules 2.22
and 2.41).

A

n

NS
poly(2,4-pyridinediyl)

For most acyclic and monocarbocyclic bivalent groups,
preference in lowest numbers is given to the carbon atoms
having the free valences. In other families of compounds,
notably the polycyclic hydrocarbons, bridged hydrocar-
bons, spiro hydrocarbons, and heterocyclic ring systems,
numbering is fixed for the ring system. Free valences in
groups are numbered as low as possible, consistent with
the fixed numbering. Since direction through the bivalent
group is a requisite parameter in naming polymers, the
same fixed numbering is retained for either direction of
progress through the group in generating the polymer

'S,

poly(2,7-naphthylene) (not poly(7,2-naphthylene) or poly(3,6-
naphthylene))
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H
C
HC£|>CH
—GHC\g/CH'}—
H
poly(tricyclo[2.2.1.02-6Jhept-3,5-ylene)

poly(2H-furo[3,2-b]pyran-2,6-diyl)
H

N N
¢

7 CH

\ /4 \ é/ .
H2 H; H,

poly(5-oxaspiro[3.5]non-2,7-ylene)

Rule 2. Bivalent Constitutional Repeating Units
Having Two or More Subunits

Many regular single-strand polymers can be represented
as multiples of bivalent repeating units, such as ~ABC-,
that consist of a series of smaller subunits, -A-, -B-, and
-C-. The prototype name of the polymer is poly(ABC),
where (ABC) stands for the names of A, B, and C, taken
in that order. This rule is concerned with the seniority of
subunits in identifying the preferred CRU for a given
polymer structure.

2.1 Seniority of Subunits and Direction of Citation

2.11. Polymers having CRU’s containing two or more
subunits are named with the prefix poly followed in pa-
rentheses or brackets by the names of the largest possible
subunits cited in order from left to right as they appear in
the CRU. The CRU is written from left to right beginning
with the subunit of highest seniority and proceeding in a
direction defined by the shorter path to the subunit next
in seniority.

(fl\ B (C) )]

1
—0C —@»C. Cr—

poly(oxyterephthaloythydrazoterephthaloyl) (not poly(oxycar-
bonyl-1,4-phenylenebicarbamoyl-1,4-phenylenecarbonyl))

2.12. The principle of minimizing the number of free
valences in the CRU supersedes all orders of seniority.
Wherever possible, the CRU in a linear polymer should be
a bivalent group. The starting point for the unit is at a
single free valence adjacent or nearest to the subunit of
highest seniority and citation will be in the direction of
the shorter path toward that subunit or subunit combina-
tions of highest seniority.

CHfﬁ<:>=CHCH2
{ . NH )

poly(methylidyne-4,2-piperidinediylidene-1,4-cyclohexanediyli-

dene-2-ethanyl-1-ylidene)

For citation of the first subunit, the order of seniority
among the types of bivalent groups is (1) heterocyclic
rings (see Rule 2.2), followed by (2) chains containing het-
ero atoms (see Rule 2.3), (3) carbocyclic rings (see Rule

Macromolecules

2.4), and (4) chains containing only carbon, in that order.
This order is unaffected by the presence of rings, atoms,
or groups that are not part of the main chain, even though
such substituents could be expressed as part of a trivial
name for a bivalent group.

i N NH—<:>—CH
e

poly(4,2-pyridinediylimino-1,4-cyclohexylenebenzylidene)

2.13. Choice of direction along the main chain of the
CRU is determined by the shorter path, counting ring and
chain atoms individually, from the subunit of highest se-
niority to the subunit next in seniority.

CH—’\IH

poly(4,2-pyridinediylbenzylideneimino-1,4-cyclohexylene)
The possible paths between subunits of first and second
seniority necessarily involve subunits of lesser seniority.
Except in cases where two paths are of equal length (see
Rule 2.14), the number rather than the nature of the
atoms involved is the determining factor.

CH, OCH,
L
N
H n

\

poly(3,5-pyridinediylmethylene-3,4-pyrrolediyloxymethylene)
(not poly(3,5- pyrldmedlylmethyleneoxy 3,4-pyrrolediylmethy-
lene), in which the longer -CH20- path between rings is followed)

Where a ring constitutes all or part of a path, the shortest
continuous chain of atoms in the ring is selected.

poly(3,5-pyridinediyl-3,8-acenaphthylenylene-3,4-pyrrolediyl-3,7-
acenaphthylenylene) (heavy line denotes path followed)

2.14. When the choice of path-determining direction of
citation involves paths of equal length to subunits of equal
seniority in the normal order of precedence, the choice of
path depends upon the kind of subunits in the paths
themselves. This condition applies to chains typified by
the following generalized structures, where A, B, and C
are subunits in that order of decreasing seniority, sepa-
rated by paths of differing lengths x and y that contain
units of lower seniority than C:

-C-y-B-x-A-x-B-y-C-
-B-y-A-x-A-y-B-
-B-y-A-x-A-x-A-y-B-
The choice of direction is from a subunit A to the nearest
part of a path x having highest seniority, or, if two paths x
are identical in every respect, to the nearest part of path y

having highest seniority, etc., until some point of differ-
ence is encountered. (See also Rules 2.24 and 2.32.)
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Examples of direction of citation based on the constitu-
ent parts of paths of equal length:

| S~ %CHQOCHZNHCHZO—@—CHZ
N? .

poly(3,5-pyridinediyl-1,4-phenylenemethyleneoxymethyleneimi-
nomethyleneoxy 1,4- phenylenemethylene) (choice of path from
heterocyclic'ring to O determined by position of phenylene)

~¢OCH,0CH,NHCH,CH,SCH,NHCH,CH,)—

poly(oxymethyleneoxymethyleneiminoethylenethiomethylene-
- iminoethylene) or poly(1,3-dioxa-8-thia-5,10-diazadodecamethy-
lene (choice of path from O to S determined by position of NH)

, N O—(CHy),
.N/ .

poly(3 5-pyridinediyl-1,3- cyclohexyleneoxytrlmethylene) (a por-
tion of a cyclic structure is senior to carbon chain of equal length)

Where substituents control the choice of CRU, the order
of seniority is that given in Rule 2.42,

SCH,CHCH,SCH,CH,CH,)7-

&
poly{thio(2-chlorotrimethylene)thiotrimethylene]
—SCH,CH,SCH;CHCH,CHCH, ;-

1|\IH2 (IJOOH

poly[thicethylenethio(4-amino-1-carboxypentamethylene)) (di-
rection determined by alphabetical order)

—('SCHZCHZS(IJHCHZCHz(llHCHQ);—
COOH  NH,

poly[thloethyleneth10(4 amino-1-carboxypentamethylene)] (di-
rection determined by lowest locants takes precedence over al-
phabetical order)

—(S(IJHCHZSCHQCHZ(]]HCH2(IZH)-,,—
I Cl Br

poly[thio(1-iodoethylene)thio(5-bromo-3-chloropentamethylene)]
direction determined by the lower locant in the first cited sub
unit after beginning the CRU)

2.2 Heterocyclic Rings

2.21. Bivalent CRU’s having two or more subunits that
include a heterocyclic ring system in the main chain are
named by citing first the heterocyclic ring bivalent group
of highest seniority and proceeding by the shorter path in
descending order of preference to (a) another of the same
heterocyclic ring (see Rule 2.24)

(R eIe)

poly[3,5-pyridinedivimethylene-3,5-pyridinediyl(tetrahydro-2H-
pyran-3,5-diyl)]

(b) the heterocyclic ring next in seniority (see Rule 2.23)

GHON N S
L T

poly(2,6-morpholinediyl-3,5-pyridinediyl-2,8-thianthrenediyl)
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(¢) the senior acyclic bivalent group containing a hetero
atom in the main chain (see Rule 2.31)

o)

poly(3,5-pyridinediylmethyleneoxy-1,4-phenylene)
(d) the senior carbocyclic ring system (see Rule 2.41)

=

IN/

poly(3,5-pyridinediyl-1,4-phenylene-1,2-cyclopentylene)

and (e) the senior acyclic bivalent group containing only
carbon in the main chain (see Rule 2.42)

Z | C—0—CH,
\N .
poly(3,5-pyridinediylcarbonyloxymethylene)

2.22. Consistent with the fixed numbering of heterocy-
clic rings, the points of attachment to the main chain of
the CRU should have the lowest permissible locants.

o

poly(2,4-piperidinediyloxymethylene)

(@)

poly(4,2-piperidinediyloxymethylene)

Where there is a choice, the point of attachment at the
left side of the ring should have the lowest permissible
number.

H
N
3 4 5] CHQ
2 1
N—N n
poly(4H-1,2,4-triazole-3,5-diylmethylene)

2.23. Among heterocyclic ring systems, the descending
order of seniority is (a) a ring system with nitrogen in the
ring; (b) a ring system containing nitrogen and a hetero
atom other than nitrogen as high as possible in the order
given in Rule 2.31; (¢) a ring system containing the great-
est number of rings; (d) a ring system having the largest
individual ring; (e) a ring system having the largest num-
ber of hetero atoms; (f) a ring system containing the
greatest variety of hetero atoms; and (g) the ring system
having the greatest number of hetero atoms highest in the
order given in Rule 2.31. This order is that followed in
Rule B-2 of the TUPAC Rules.®

n

poly(4,2-pyridinediyl-4H-1,2,4-triazole-3,5-diylmethylene)

Further examples of the application of seniority in hetero-
cyclic ring systems are
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. S
No/l\f)N 71 >
- [

furazan thiazole
phenoxazme
phenazme carbazole
N N
Xy > N
WL Y NSC T A
2 32N IN
cinnoline quinazoline phthalazine
H
N. N N
Nl/s 51 TE > r 1\2‘ > |6 1\2 >
ng; N 12N O
purine pyrimidine  pyridine
$
S 24
(3 SOGH GRS
pyrrole furan thiophene
phenoxathiin

When two heterocyclic subunits differ only in degree of
unsaturation, the senior subunit is that having the least
hydrogenated ring system.

poly(3,5-pyridinediyl-2,4-piperidinediyl)

Among assemblies of identical heterocyclic rings, the
ring of highest seniority is that having lowest numbers for
the points of attachment between the rings within the as-
sembly consistent with the fixed numbering of the parent
ring.

gplﬁ[}(S,B’-biquinoline)-6,6’-diy1] (not poly[(G,G’-biquinoline)-3,3’-
1y

poly[(2,3’-bipyridine)-4,5’-diyl] (not .poly[(3,2’-bipyridine)-5,4'-
diyl] or poly[(4,3’-bipyridine)-2,5’-diyl)]

Further choice is based on the number and kind of subst-
ituting groups (see Rule 2.42).

poly[(4-chloro-3,3’-bipyridine-5,5’-diyl)methylene]

2.24. When the CRU contains two identical rings of
highest seniority or more than two such rings of highest
seniority separated by identical paths, the direction of
citation is determined by the shorter path to the subunit

Macromolecules

of second seniority. Further choice is based on the shorter
path from that subunit to the subunit of third seniority,
etc., as indicated in the order of seniority in Rule 2.21.

(@\;CHZ—@ - @ CH,CH, @Cm):

poly(4,2-piperidinediylmethylene-4,2-piperidinediyl-1,2-cyclo-
pentyleneethylene-1,2-cyclopentylenemethylene) (numbers in rings
show order of preference in formation of name)
2.3. Hetero Atoms in Chains

2.31. Complex bivalent CRU’s in which the senior sub-
unit is a hetero atom or an acyclic chain with a hetero
atom in the main chain are named by citing first the het-
ero atom of highest seniority and proceeding by the short-
er path in descending order of seniority to (a) another het-
ero atom of the same kind; (b) the hetero atom next in se-
niority; (c) the senior carbocyclic ring system (see Rule
2.41); and (d) the senior acyclic bivalent group containing
only carbon in the main chain (see Rule 2.42). For the
most common hetero atoms the descending order of se-
niority is O, S, Se, Te, N, P, As, Sb, Bi, Si, Ge, Sn, Pb,
B, and Hg; other hetero atoms may be placed within this
order as indicated by their positions in the periodic table.

o)

I
—¢NHCCH,SiHy(CH,);5

poly[imino(1-oxoethylene)silylenetrimethylene]

I
—éOCHQNHcsA@——CHZCHm—

poly(oxymethyleneiminocarbonylthio-1,3-phenyleneethylene)
—ONHCH,NHNHCH >+

poly(oxyiminomethylenehydrazomethylene)

Parentheses must be used in some cases to prevent am-
biguity.

|
—8—Ch

poly[thio(carbonyl)] (“carbonyl” is enclosed in parentheses to dif-
ferentiate the structure from

S
I
—Cr
poly(thiocarbonyl))

The direction of bonding in unsymmetrical single-atom
radicals (e.g., =N— or —N= for nitrilo) is indicated by
the endings of the names of the adjacent subunits in the
CRU.

<N=CHCH=CH—©—CH=CHCH=N—©>»

poly(nitrilo-2-propen-3-yl-1-ylidene-1,4-phenylene-1-propen-1-yl-
3-ylidenenitrilo-1,4-phenylene)

—OCN=CHCH.CH=NCs—
poly(oxycarbonylnitrilo-1,3-propanediylidenenitrilocarbonyl)

Direction in a bivalent group such as azoxy
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0 0
_ t
-—N=N— or —N=N-—

is indicated by the prefixes ONN or NNO, respectively, in
that order of seniority.

0
oo
—OCH N=NCH ¥

poly[oxymethylene-ONN-azoxy(chloromethylene)]

The unsymmetrical bivalent group -N=N-—-NH-, desig-
nated ‘“‘diazoamino” under the IUPAC Organic Rules,? in
the present directional nomenclature for polymers is
called “azoimino.”

Among hetero atoms of the same kind, the hetero atom
of highest seniority is the one most highly substituted,
with the order of substituent seniority being that given in
Rule 2.42.

|
—(SOQ——Q S—CH,—S—(CH,)s%

poly(sulfonyl-1,4-phenylenesulfinylmethylenethiotrimethylene)

—NCH,NH | NXp;
H, 7~

poly[(methylimino)methyleneimino-1,3-phenylene)]

2.32. If the CRU contains two or more hetero atoms of
highest seniority or more than two such hetero atoms sep-
arated by identical paths, the direction of citation is de-
termined by the shorter path to the subunit of second se-
niority. Further choice is based on the shorter path from
that subunit to the subunit of third seniority, etc., as in-
dicated in the order of seniority in Rule 2.31.

(x) (y)

| —_—
—6OCHQOCHZOCHQNH4©~CH2NHCH2>"—

poly(oxymethyleneoxymethyleneoxymethyleneimino-1,3-phenyl-
enemethyleneiminomethylene) or poly(1,3,5-trioxa-7-azahepta-
methylene-1,3-phenylene-2-azatrimethylene) (the shorter path x
between the NH group and the ring has been taken)

2.4. Carbocyclic Rings and Carbon Chains

2.41. Constitutional repeating units in which the senior
subunit is a carbocyclic ring system are named by citing
first the carbocyclic ring of highest seniority and proceed-
ing by the shorter path, in descending order of seniority,
to (a) another of the same carbocycle; (b) the carbocyclic
system next in seniority; and (c¢) the acyclic bivalent
group appearing earliest in the alphabet. Carbocyclic ring
system seniority is based on complexity, with the ring sys-
tem of highest seniority being that containing the largest
number of rings. Further order of seniority is based on (a)
the largest individual ring at the first point of difference;
(b) the largest number of atoms common to the rings; (c)
the lowest locant numbers at the first point of difference
for ring junctions; and (d) the least hydrogenated ring.
The basis for further choice is found in Rule C-14.1 of the
TUPAC Rules.? The direction of citation in CRU’s having
two or more carbocycles of highest seniority is determined
in a manner analogous to that of Rule 2.32.

poly(2,7-naphthylene-1,4-phenylene-1,3-cyclohexylene)
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Examples of the application of seniority rules in carbo-
cyclic ring systems:
(a) Largest number of rings:

8
is senior to I

fluorene

benzocyclooctene

(b) Largest individual ring at the first point of difference

H,
¢
is senior to

naphthalene indene

(c) Largest number of atoms common to the rings:

H, H, H,
Cc—C C—CH,
/9 1\ /1 2 . .
H,Cs. Cs I is senior to
T 6/ \4 3
—¢ C—Ch,
H, H, H, biphenyl

spiro[4.5]decane

(d) Lowest locant numbers at the first point of difference

for ring junctions:
' is senior to
anthracene

e

phenanthrene

(e) Lowest state of hydrogenation:

© is senior to @ is senior to O

More than one numbering method may be in use in cer-
tain ring systems, such as the spiro hydrocarbons. Gener-
ally, in a specific ring system, a ring with unprimed lo-
cants is senior to one with primed locants. Points of at-
tachment to the main chain of the CRU receive lowest
permissible numbers.

H, H, H, H,

54N 7% N\

) l/sc\lo DS/CH— CH, _CH2>_
c—C »

H H H H,

poly(2,8-spiro[4.5]decyleneethylene) (repeating unit named by
IUPAC Rule A-41)

g B &
‘(o—}cl.-/s g\c/l\ZCH"
\6___5/ \3/
c=C
H H H

poly{oxyspiro[3.5]nona-2,5-dien-7,1-ylene-4-cyclohexen-1,3-ylene)

CHQCH2>—

poly(2,6-biphenylyleneethylene)
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oy

poly[(5’-chloro-1,2’-binaphthy!-4,7’-ylene)methylene]

poly[(3-chloro-4,4’-biphenylylene)methylene(3-chloro-1,4-phenyl-

ene)methylenel (not poly[(3’-chloro-4,4’ blphenylylene)methy
lene(2-chloro-1,4-phenylene)methylene]; the substituent in the
preferred ring determines the direction)

2.42, When equal paths lead through two of the same
acyclic subunits, choice of direction is determined, in de-
scending order, by (a) the acyclic chain with the largest
number of substituents

(|31
—'{-O(']CHZNHCCHQ-)H—

Cl
poly{oxy(1,1-dichloroethylene)imino(1l-oxoethylene)]
(b) the chain having substituents with lowest locants

—-{S(llHCHZO—(fHCHﬁr
Cl cl

poly(thio(1-chloroethylene)-1,3-phenylene(1-chloroethylene)]
and (c) the alphabetical order of substituents

fO—CHcHQ—O—CHQCIHj—
C.H,

poly{1,3-phenylene(1-bromoethylene)-1
ethylene)]

Rule 3. Substituents

3.1. Substituents to acyclic or cyclic subunits in the
main chain of the CRU are included within the trivial
name of the subunit wherever such name is approved by
the IUPAC Organic Rules® (see also Rule 1.22).

—~OCH)

1,3-cyclohexylene(2-butyl-

poly(oxybenzylidene)

poly(oxyoxalyl)

3.2. Substituents along the main chain other than those
included in the name of a subunit are denoted by means
of prefixes appended to the name of the subunit to which
they are bound. In bivalent groups not having numbering
fixed by other criteria, lowest locants appear at the left
side of the bivalent group as written in the CRU (see also

Rule 2.14).
O
Br

Cl

pdly[ (6-chloro-1-cyclohexen-1,3-ylene)(1-bromoethylene)] (not
poly[(6-chloro-1-cyclohexen-3,1-ylene)(2-bromoethylene)])

Macromolecules

Functional derivatives clearly a part of the CRU are
named as substituents to the appropriate subunit by the
use of prefixes.

—+OCHY~
CH,COOCH;
poly[oxy[2-(methoxycarbonyl)ethylidene}]
N02

NNH NO,

0]

I I

-(NHCHZNHC —C

poly[iminomethyleneiminocarbonyl{2-{(2,4-dinitrophenyl)hydra-

zono]-1,3-cyclopentylene]carbonyl]

3.3. Salts and onium compounds of polymers are named
by placing the appropriate prefix or suffix together with
the name of the CRU in the enclosed part of the polymer
name,

—CHCHA—
COO™Na*

poly(sodium 1-carboxylatoethylene)
CH,

|
—ﬂTI*—CHZCHZ)n—

CH;, Br~
poly[(dimethylimino)ethylene bromide]

Certain substituents are frequently expressed as part of
a trivial name. The subunit thus named can itself be fur-
ther substituted without altering the original trivial name.

0O 0
I I
—OCCHCH,C
Cl

poly[oxy(2-chlorosuccinyl)]

The same (in this case, doubly bonded oxygen) substitu-
ents not expressed in a trivial name have no special se-
niority.

0

I
—NHCCH)-

SCH;
poly[{imino[1-0xo-2-(phenyithio)ethylene]]

i
—(NHC|HC —CKCHchZ?H}
Cl Br

N02

poly[imino(1-chloro-2-oxoethylene)(4-nitro-1,3-phenylene)(3-
bromotrimethylene)]

Substituents in unknown positions in specific subunits
are named in the usual way but either without locants or
with an x locant.

0

0
—{NH—Q—NH@CHA)—;

CH,

poly[imino(methyl(or x-methyl)-1,3-phenylene)iminomalonyl]
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NH

poly(x-imino-1,2-cyclopentylene) (the x is required to differen-

tiate this structure from
—(NH—U'),T

poly{imino-1,2-cyclopentylene))

I
—OCOCH,CH,¥~
o

+ CH;

-H
poly[oxycarbonyloxy(methylethylene)] (position of the methyl not
stated)

3.4. End groups may be specified by prefixes placed
ahead of the name of the polymer. The end group desig-
nated by o is that attached to the left side of the CRU
written as described in the preceding rules; the other end
group is designated by w.

1,C @ CH2>' Cl

a-(trichloromethyl)-w-chloropoly(1,4-phenylenemethylene)

The Commission acknowledges its debt to the Committee on
Nomenclature of the Division of Polymer Chemistry of the Ameri-
can Chemical Society, whose efforts resulted in a general updat-
ing and extension of the 1952 IUPAC Polymer Rules.! The updat-
ed rules appeared in Macromolecules, 1,193 (1968),

Appendix A: Recommended Trivial Names for Common
Polymers

The Commission recognized that a number of common
polymers have semisystematic or trivial names that are
well established by usage; it is not intended that they be
immediately supplanted by the structure-based names.
Nonetheless, it is hoped that for scientific communication
the use of semisystematic or trivial names for polymers
will be kept to a minimum.

For the following idealized structural representations,
the semisystematic or trivial names given are approved for
use in scientific work; the corresponding structure-based
names are given as alternative names. Equivalent names
for close analogs of these polymers (e.g., other alkyl ester
analogs of poly(methyl acrylate)) are also acceptable.
Where the semisystematic name is an obvious source-
based name, the polymer referred to is that derived from
the indicated source.

—{CH,CH,)rm

polyethylene
poly(methylene)

—((IJHCHz?n—

CH,

polypropylene
poly(propylene)

P
—(Cl)—CHﬁn—

CH,

polyisobutylene
poly(1,1-dimethylethylene)

Nomenclature of Organic Polymers

—CH=CHCH,CH, ¥~

polybutadiene
poly(1-butenylene)

—((|3=CHCHZCH2),,—
CH,

polyisoprene
poly(1-methyl-1-butenylene)

—CHCHym

polystyrene
poly(1-phenylethylene)

—«I?HCHz)r

CN

polyacrylonitrile
poly(1-cyanoethylene)

—((fHCHz')r
OH

poly(vinyl alcohol)
poly(1-hydroxyethylene)

—CHCH, =~

OOCCH;

poly(vinyl acetate)
poly(1l-acetoxyethylene)

—((fHCHz?r

Cl

poly(vinyl chloride)
poly(1-chloroethylene)

i
—((fCHz?r
F

poly(vinylidene fluoride)
poly(1,1-difluorcethylene)

—CF:CFp—

poly(tetrafluoroethylene)
poly(difiuoromethylene)

—«(\——CHm—
0.0
he
C.H;

poly(vinyl butyral)
poly[(2-propyl-1,3-dioxane-4,6-diyl)methylene]

—é(llHCHf)n—
COOCH;,

poly(methyl acrylate)
poly[1-(methoxycarbonyl)ethylene]

T
~C—CHa-

COOCH;

poly(methyl methacrylate)
poly[1-(methoxycarbonyl)-1-methylethylene]

157
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—tNH(CH,)sNHCO(CH,),CO¥%—

poly(hexamethylene adipamide)
poly(iminohexamethyleneiminoadipoyl)

—NHCO(CH,)s—

poly(e-caprolactam)

—OCH;7~
polyformaldehyde
poly(oxymethylene)
poly(phenylene ox1de
poly(oxy-1,4-phenylene)
*{OCHQCHZOOCOCO}
—OCH,CH ¥
poly(ethylene oxide) poly(ethylene terephthalate)
poly(oxyethylene) poly(oxyethyleneoxyterephthaloyl)

poly[imino(1-oxohexamethylene)]

We are grateful to the International Union of Pure and Applied Chemistry for permission
to print this document, which was originally published as Appendix No. 29 to the
IUPAC Information Bulletin.

Synthesis and Properties of Thermally Stable Ladder Polymers
Containing the 1,4-Pyrazine Ring Obtained from
Polyheterocyclizations of Tetramines and Tetraketones in
Poly(phosphoric acid) and m-Cresol

K.Imai, M. Kurihara, L. Mathias, J. Wittmann, W. B. Alston, and J. K. Stille*
Department of Chemistry, University of Iowa, Iowa City, Iowa 52240. Received November 10, 1972

ABSTRACT: The synthesis of ladder polyguinoxalines in m-cresol and poly(phosphoric acid) from reactions of
the tetramines 1,2,4,5-tetraminobenzene, 1,2,5,6-tetraminonaphthalene, and 1,2,5,6-tetraminoanthraquinone with
the tetraketones pyrene-4,5,9,10-tetrone and anthracene-1,2,5,6-tetrone generally give higher molecular weight
polymers than the reaction carried out in other reaction solvents. Polyquinoxalines prepared from 1,2,5,6-tetrami-
noanthraquinone have good solubility in acid solvents such as methanesulfonic acid, and can be solubilized in
basic dimethyl sulfoxide by their reduction with dithionate. Black films with a metallic luster can be cast from
solution. Polymers prepared from pyrene-4,5,9,10-tetrone had better thermal stability than the other ladder poly-

mers.

Research directed toward the synthesis and characteri-
zation of polymers containing the quinoxaline ring has
shown that the utilization of the reaction of a 1,2-dicar-
bonyl with an aromatic o-diamine as the polymer forming
reaction has produced high molecular weight materials.1-3
The reaction is quantitative, and provides nearly perfect
quinoxaline ring formation; these features have made it
valuable as a polymerization reaction both from the van-
tages of achievement of high molecular weights and ther-
mal ‘stability gained through the complete ring closure to
give this aromatic nucleus. The reaction solvent, m-cresol,
has been shown to be particularly valuable in the synthe-
sis of high molecular weight linear polyquinoxalines from
the reaction of aromatic tetramines with bisglyoxals or
bisbenzils. These polymers have excellent thermal stabili-
ty and mechanical properties; especially attractive is their
outstanding adhesive strength.

Ladder polymers containing the phenazine, or in gener-
al the 1,4-pyrazine ring fuzed to other aromatic ring sys-
tems, should exhibit better thermal stability than their
linear counterparts. Theoretical studies by application of
a Monte Carlo model on ladder polymers containing six-
membered rings indicate that the double-stranded poly-
mers are more stable than the single-stranded model.4
This has been confirmed in studies of thermal stabilities

(1) J. K. Stille, Encycl. Polym. Sci. Technol., 11, 389 (1969).

(2) A.M. Berlin, Usp. Khim., 39, 158 (1870).

3) P. M. Hergenrother J. Macromol Sci., Rev. Macromol. Chem., C6, 1
(1971).

(4) M. M. Tessler, J. Polym. Sct., Part A-1, 4, 2521 (1966).

of ladder polymers containing a variety of structural
units.5.6

Earlier studies” on ladder polymers containing the 1,4-
pyrazine unit, obtained from the reaction of aromatic
tetramines with suitable aromatic tetraketones, revealed
that they had about the same thermal stability in air as
the single-stranded polyquinoxalines, as shown by thermal
gravimetric analysis (TGA), but had much better stability
in an inert atmosphere. The polymerization reactions car-
ried out in hexamethylphosohoramide were slow, however,
requiring a week to produce material having intrinsic
viscosities greater than one. In addition, the resulting
polymers had poor solubility in most solvents. The pres-
ent study was undertaken to discover better reaction sol-
vents and ways of improving the solubility of the resulting
ladder polymer.

Results and Discussion

Two aromatic tetraketones, pyrene-4,5,9,10-tetrone (1),
and anthracene-1,2,5,6-tetrone (2) and three tetramines,
1,2,4,5-tetraminobenzene (3), 1,2,5,6-tetraminona-
phthalene (4), and 1,2,5,6-tetraminoanthraquinone (5)
(see Chart I) were employed in the polymerization reac-
tions. Tetramine 4 was specifically synthesized for the
preparation of ladder polymers to provide angular irregu-
larities in the chain in anticipation of imparting improved

(5) C. G. Overberger and J. A. Moore, Fortschr. Hochpolym. Forsch., 7,
113 (1970).

(6) W.DeWinter, Ind. Chim. Belge, 35, 1097 (1970).

(7) J. K. Stille and E. L. Mainen, Macromolecules, 1, 36 (1968).



