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Nomenclature of Quinones with Isoprenoid Side-Chains 

Recommendations (1973) 1 

IUPAC-IUB COMMISSION ON BIOCHEMICAL NOMENCLATURE (CBN) ~ 

The biologically active quinones with iso- 
prenoid or phytyl  side-chains include 
members of the vitamins K and E and 
coenzyme Q families. The various trivial 
names given these substances as they were 
discovered and investigated do not reflect 
the close chemical relationships among 
them. Particularly confusing has been the 
use of numerical subscripts as series num- 

At its meeting in April 1961, the IUPAC Commis- 
sion for the Nomenclature of Biological Chemistry 
appointed a Subcommittee,  consisting of K. Folkers, 
D. E. Green, O. Isler, C. Martius, R. A. Morton, and 
E. C. Slater, to report on the standardization of the 
nomenclature of the quinones with an isoprenoid side 
chain. The Subcommittee met once in April 1963, and 
otherwise carried out its activities by correspondence. 
In June 1964, it reported to the IUPAC-IUB Commis- 
sion on Biochemical Nomenclature, which adopted 
the report, with minor modifications, at its meeting in 
September  1964 and published it as Tentat ive Rules 
in 1965. 3 

The present Recommendations differ from the 1964 
Tentat ive Rules ~ principally in the deletion of the 
alternative Proposal II (see 3.1) from the latter. Com- 
ments on and suggestions for future revisions may be 
sent to any member of CBN (see footnote 2). 

Reprints of these Recommendations and of other 
Recommendations of the IUPAC-IUB Commission on 
Biochemical Nomenclature (see footnote 2) may be 
obtained from W. E. Cohn, Director, NRC (USA) 
Office of Biochemical Nomenclature, Biolbgy Divi- 
sion, Oak Ridge National Laboratory, Box Y, Oak 
Ridge, TN 37830 {USA). 

O. Hoffmann-Ostenhof (Chairman),  W. E. Cohn 
(Secretary), A. E. Braunstein, B. L. Horecker, W. B. 
Jakoby, P. Karlson, B. Keil, W. Klyne, C. Libbecq, 
E. C. Webb. 

The 1966 "Tentat ive Rules" replaced Rule V-4 of 
the "Rules for the Nomenclature of Vitamins" (or. 
Amer. Chem. Soc. 82, 5581, 1965), and were published 
in IUPAC Information Bulletin No. 25, February 
1966, page 24, and also in Arch. Biochem. Biophys. 
l l8 ,  505 (1967) and in several other journals. 

bers (e.g., vitamin K2), as indicators of the 
number of isoprene units (e.g., coenzyme 
Q~), and to show that a side-chain in a 
vitamin E is the same as in a vitamin K 
(e.g., E2 and K2). 

An inspection of the chemical structures 
involved (Table III) indicates that there 
are three types of quinone nuclei (1,4- 
naphthoquinone, methyl-substituted 1,4- 
benzoquinone, methyl- and methoxy-sub- 
stituted 1,4-benzoquinone) and two types 
of side-chains (phytyl or derived phytyl, 
multi-isoprenyl). On reduction, the qui- 
nones yield the corresponding hydroqui- 
nones, and each of these has an isomer 
formed by ring closure; these are known as 
chromenols and chromanols, respectively. 
The interrelationships are shown in Fig. 1. 

These recommendations are concerned 
solely with the naturally occurring com- 
pounds of these types and with those 
compounds formed (e.g., by cyclization) 
from them, with respect to (a) designation 
of the length of the isoprenoid side chains, 
(b) trivial names for each group of qui- 
nones, and (c) designation of individual 
members of each group. 

RECOMMENDATIONS 

1 Designation of Length of Side-chains 
1.1 The number of isoprene units, not 

the number of carbon atoms, is chosen as 
the basis of side-chain designation. 

1.2 An isoprene unit is designated 
"prenyl." ° The hexahydrotetraprenyl side- 
chain (cf. Table III) is termed "phytyl ."  s 

1.3 The oxygen-containing ring of a 
chromenol or chromanol incorporates three 

~"Prenyl" is 3-methyl-2-buten)/l (IUPAC Rule 
A-3.5). 

~"Phytyl"  is (E)-(7R,11R)-3,7,11,15-tetramethyl- 
2-hexadecenyl (IUPAC Rule A-75.1). 
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TABLE I 

Quinoid nucleus Side chain 4' ~- 6 Class n a m e  Abbreviation 

2,3,5-Trimethylbenzoquinone 
2,3-Dimethylbenzoquinone 
2,3-Dimethoxy-5-methylbenzoquinone 
2-Methylnaphthoquinone 
2-M ethylnaphthoquinone 

M ultiprenyl Tocoquinone 
Multiprenyl Plastoquinone PQ 
Multiprenyl Ubiquinone Q 
Multiprenyl Menaquinone* MK 
Phytyl Phylloquinone K 

* It is realized that menaquinone has sometimes been used to designate the parent quinone, 2-methyl-l,4- 
naphthoquinone (menadione). 

CH3 CH 3 

O OH 
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CH s 
HO... ] /R 
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OH 

Hydroquinone Chromanol 
FIGURE 1. 

of the five carbon atoms of the first prenyl 
of the corresponding (noncyclized quinone 
or hydroquinone.  The number  of intact  
prenyls to be designated is therefore re- 
duced by one to reflect the actual  number  
of prenyls remaining. 

2 Trivial Names for Groups of Quinones 
2.1 Because it is against IUPAC prac- 

tice to designate chemical compounds  by 
terms such as vi tamin X or coenzyme X, 
and because the cyclized forms of the 
quinones and hydroquinones cannot  easily 
be designated in such terms, the trivial 
names vi tamin E2, vi tamins K~ and K2, 
and coenzyme Q are replaced by appropri-  
ate chemical  names.  

2.2 Because it is desirable to retain 

links with the older names, the chemical 
names or abbreviat ions recommended have 
been selected with tha t  in mind. 

2.3 The group names shown in Table I 
are recommended.  

2.4 The corresponding hydroquinones, 
chromenols', and chromanols  are named by 
replacing the suffix "quinone"  with "qui- 
nol," "chromenol ,"  and "chromanol , "  re- 
spectively, e.g., ubiquinone becomes ubi- 
quinol, ubichromenol, and ubichromanol. 

2.5 It is realized that  some confusion 
may arise from the fact that  6-(3-hy- 
droxy-3, 7 ,11,15-te t ramethylhexadecanyl)-  
2,3,5-trimethyl-l ,4-benzoquinone, the qui- 
none form of a-tocopherol, has been re- 
ferred to as a- tocoquinone in the litera- 
ture. Usually, however, the name of c~-toco- 
pherylquinone has been used. It is recom- 
mended that  this compound be named 
a - t o c o p h e r o l q u i n o n e .  Similarly, the anal- 
ogous compounds  formed by oxidation of 
/3-, 3`-, and 6-tocopherol should be named 
/~-, 3'-, and 6-tocopherolquinone, respec- 
tively. 

2.6 A reduced and cyclized tocopherol- 
quinone, a chromanol, is a toeopherol .  The 
tocopherols may also be regarded as meth-  
ylated tocols (toeol is 2-methylbenzopy- 
ran-6-ol or 2-methyl-6-chromanol) .  When 
the side-chain is triprenyl rather  than sub- 
s t i t u t e d  phy ty l ,  such ch romano l s  are 
termed toeotrienols, the triene referring to 
the three double bonds in the side-chain. 
(See 3.2}. The oxidation of these to the 

6 Although by IUPAC Rules A-54 and C-71, govern- 
ing assemblies of identical cyclic units, the prefixes 
ter-, quater-, . . . .  novi-, and deci- might seem more 
appropriate, the traditional terms tri-, tetra-, 
. . . .  nona- and deca- are used for the multiprenyl 

side chains. Because of the single locant preceding the 
side-chain term, this designation is unlikely to be 
mistaken for multiple substitution by independent 
prenyl groups. 
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1,4-benzoquinone form yields tocotrienol- 
quinones. 

2.7 The abbreviat ions for tocopherol, 
tocopherolquinone,  tocotrienol and toco- 
t r ienolquinone are, respectively, T, TQ, 
T-3, and TQ-3. Each  is prefixed with the 
appropr ia te  Greek le t ter  or numerals ;  7 
thus, for example:  

a- tocopherol  a - T  
j3-tocopherolquinone ~-TQ 
7,8-dimethyltocotri-  7,8-T-3 (or PQ-3-al; 

enol cf. 3.2 and 
Table  III) 

2,3,5-tr imethyltocotr i-  2,3,5-TQ-3 
enolquinone 

2.8 The hydroquinones may be abbre- 
viated by the addit ion of H2 to the abbrevi- 
at ion of the quinone.  If an abbreviat ion of a 
chromanol  or chromenol  is required, it is 
suggested that  the suffixes al and el, re- 
spectively, be added to the abbreviat ion of 
the quinone (e.g., PQ-3-a/ for plasto- 
chromanol-3).  

3 Designation of Indivudal Members of 
Each Group 

3.1 In its earlier deliberations, ~ the 
Commission recognized that  there were 
two schools of thought  concerning the des- 
ignation of the individual  members  of each 
group of quinones.  One school considered 
tha t  the links with vi tamin E, coenzyme Q, 
and vi tamin K are re ta ined sufficiently by 
the name tocoquinone and by the ab- 
breviat ions Q and K (or MK) ,  and pro- 
posed tha t  the different members  should 
be designated -quinone-n (abbreviat ion X- 
n), where n is the number  of intact  isoprene 
units in the side-chain. The  other  school 
considered it necessary to retain E, Q, and 
K as a part  of the name and to designate 
the numbe r  of isoprene units by the lower 
subscript  n, as was the practice in the 
coenzyme Q series. 

The  Commission favors the first pro- 
posal, summar ized  in Table  II. In many  

' The Greek-letter prefixes for the tocopherols are 
defined in the CBN 1966 reference given in footnote 3 
and in a 1973 revision of that document {Arch. Bio- 
chem. Biophys. (1974) 165, 6-8, following). The latter 
includes the stereochemical description and designa- 
tion of the tocopherols; it also recommends against 
the use of Greek letters in the names and abbrevia- 
tions of the tocotrienols and their quinones. 

TABLE II 

Name Abbreviation 

Tocoquinone-n 
Plastoquinone-n PQ-n 
Ubiquinone-n Q-n 
Menaquinone-n MK-n 
Phylloquinone K 

cases, n may be omi t ted  from the abbrevia- 
tion, especially in chemical  equations.  

3.2 According to these recommenda-  
t ions,  5 , 7 , 8 - t r i m e t h y l t o c o t r i e n o l ,  also 
known as a-tocotr ienol  and ~'~-tocopherol, 
may be designated t ococh romano l -3 .  It is 
r e c o m m e n d e d  t h a t  5 ,7 ,8 - t r ime tby l toco-  
trienol be used when the relationship with 
tocols and toco-enols (with vi tamin E ac- 
tivity) is relevant,  and tocochromanol-3 
when the relat ionship with the quinones 
with isoprenoid side-chains (K and Q se- 
ries) is more impor tant .  Similarly,  7,8- 
d i m e t h y l t o c o t r i e n o l ,  also known as 7- 
tocotrienol and rl-tocopherol, may be desig- 
na ted  p l a s t o e h r o m a n o l - 3 .  

3.3 Saturat ion of one or more (but not 
all) of the double bonds in a mul t iprenyl  
side-chain should be indicated in the fol- 
lowing way: 

a. The  isoprene units are designated by 
Roman numerals  (I, II, III, etc.) s tart ing 
from the quinone or chroman nucleus. 

b. Additional hydrogen atoms are indi- 
cated by the prefixes dihydro, te t rahydro,  
hexahydro,  etc., with the Roman numerals  
of the units that  are reduced, e.g., II- 
d i h y d r o . . . ;  I, II, I I I -hexahydro.  • .. 

c. These abbreviat ions may be abbrevi- 
ated if necessary (e.g., in tables) to II-H2; I, 
II, III-H~, etc. 

Note. Arabic numerals  should not be 
employed for the units, because such 
numerals  are generally employed for indi- 
vidual atoms. 

SUMMARY AND EXAMPLES 

The  recommended  trivial names (under- 
lined) and abbreviat ions for some natura l ly  
occurring quinones of the vi tamins  E and 
K and coenzyme Q series and related 
compounds are displayed in Table  III. 
Older and superseded names are listed in 
smaller  type (and marked by a double 
asterisk) for convenience; their  use is not 
recommended .  
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