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The Rules of Carbohydrate Nomenclat)ure, which 
follow, have been devised primarily for the English 
language. It is to be understood that minor alterations, 
especially in regard to word endings, may be desirable 
in adapting the rules to other langii‘i- 8 “e8. 

The rules are recommended for use whenever system- 
atic names for carbohydrates and their derivatives are 
required. 

Rule 1.-Carbohydrate nomenclature should follow 
the general principles of established organic nomencla- 
ture. 

Rule 2.-As few changes as possible will be made in 
terminology universally adopted. 

COMMENT.-ThiS principle is stated in the Introduction to  the 
International Union of Pure and Applied Chemistry Rules of 
Organic Nomenclature as published in “Nomenclature of Organic 
Chemistry, 1957” (Butterworths Scientific Publications); J .  Am. 
Chem. SOC., 82, 5545 (1960); Chem. SOC. (London), Spec.  Publ., 
KO. 14, 48 (1960). 

Rule 3.-The names “aldose” or “ketose” will be used 
in a generic sense to denote the respective character of 
the reducing, or potentially reducing, group of the 
monosaccharide or derivative thereof. In  an aldose, the 
carbon atom of the aldehyde function is atom number 
one; and, in a ketose, the carbonyl carbon atom has the 
lower possible number. 

For indicating the number of carbon atoms in the 
normal chain, the appropriate one of the following 
names will be used : triose, tetrose, pentose, hexose, 
heptose, octose, nonose, etc. 

Rule 4.-Configurational relationships will be de- 
noted by the capital letter prefixes D and L, which in 
print will be small capital Roman letters and which are 
pronounced “dee” and “ell” (not irdextro” and “levo”). 
Such symbols will be placed immediately before the 
sugar stem name and be employed only with compounds 
which have been definitively related to the reference- 
standard glyceraldehyde (see Rule 5 ) .  In  a definitive 
name, the configurational symbol shall not be omitted. 

If the optical rotational sign under specified condi- 
tions is to be indicated, this may be done by adding 
(dextro) or (levo),  which are italicized in print, or by 
adding (+) or (-). Racemic modifications may be 
indicated by the prefixes DL, (k). With certain 
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isomers, it may be desirable to employ the prefix meso-; 
see examples in Rules 23 and 24. 

Examples: 
D-Glucose or D-( dextro)-glucose or D-( + )-glucose 
D-Fructose or D-(levo)-fructose or D-( -)-fructose 
DL-Glucose or (&)-glucose 

Rule 5.-Carbohydrates having the same configura- 
tion of the highest numbered asymmetric carbon atom 
(but see Rule 22) as that of D-(dextro)-glyceraldehyde 
will belong to the D-configurational series; those having 
the opposite configuration will belong to the L series. 
The absolute configuration of D-(dextro)-glyceraldehyde 
is : 

HC=O 

H@oH 

C H ~ O H  

COMMENT.-FOT the conventions employed in the two-dimen- 
sional representations of carbohydrate configurations, see Chem. 
Eng. News, 26,1623 (1948). When more than one configurational 
cent.er is involved, the formulas may be written horizontally, in 
which case the top orienting group (carbon one) lies to  the ex- 
treme right and the Fischer conventions are thus altered. In  
making a configurational interpretation of formulas so written, 
it  is necessary to rotate the plane of depiction so that carbon atom 
one is a t  the top. 

HCOH HCOH 
13 I S  1 4  14 

HOCH 
HOCH 

15 
H O ~ H  

15 
H ~ O H  

14 
H ~ O H  

14 
I 

0 6 
~ H ~ O H  ~ H ~ O H  CHzOH ~ H , O H  

D D L L 

H H OH H 
HOCHz-C-C-C-C-CH 

6 60H 40H 3H 20H 11) 

0 
D-Glucose 

Rule 6.-The configuration of a group of consecutive 
but not necessarily contiguous asymmetric carbon 
atoms (such as )CHOH, )CHOCH3, >CHOAc, or 
)CHNH,), containing one to four asymmetric carbon 
atoms, will be designated by the appropriate one of 
these prefixes : 

Asymmetric 
Carbons Prefixes 

one glycero 
two erythro, threo 
three arabino, lyxo, ribo, xylo 
four allo, altro, galacto, gluco, gulo, ido, manno, talo 

Each is D or L, as D-talo or L-manno. The prefix, 
which is derived by omitting the last two letters from 
the name of the aldose having the same configuration 
as the group to which it refers, is to be uncapitalized, 
and will be italicized in print. It is inserted into the 
name as the final step, and immediately precedes the 
prefix denoting the number of carbon atoms in the chain. 

Examples: 
In each formula below, the principal function is a t  Y 

H x-c-Y 
OH 

OH 
x--CY 

H 
n-glycero- L-glycero- 

H H  OH OH OH H OH 
x-c-c-Y x-c--CY x-c-c-c-Y 

OH OH H H  H H H  
D-erythro- L-erythro- 

H OH OH H 

D-threo- L-threo- 

H H OH H OH H 
x-c-c-c-Y x-c-c-c-Y 

OH OH H OH H OH 
D-arabino- D-XylO- 

H OH OH H H H O H H  
x-c-c-c--c-Y x-c-c-c-c-Y 

OH H H OH OH OH H OH 
D-galacto- D-glUC0- 

H H O H H  

OH OH H OH 
HOCH2-C-C-C-C- 

D-gluco-Pentahydroxypentyl 

Rule 7.-Ketoses having the carbonyl group a t  car- 
bon atom number two will be named by means of the 
sui& “-ulose”; before this will be a prefix denoting the 
number of carbon atoms in the chain, which, in turn, 
will be preceded by the prefix denoting the configuration 
of the group of asymmetric centers present (see Rule 6). 

Ketoses having the carbonyl group a t  a carbon atom 
other than number two will be named by inserting the 
appropriate position-numeral immediately before the 
prefix denoting the number of carbon atoms in the chain. 

A sugar which is both a n  aldose and a ketose will be 
named by replacing the final “e” in the name of the 
(formally) parent aldose by the suffix “-ulose,” preceded 
by the appropriate position-numeral, and then adding 
the appropriate configurational prefixes. 

Ketoses having two ketonic carbonyl groups will be 
named by means of the suffix “-diulose”; before this 
mill be placed a prefix denoting the number of carbon 
atoms in the chain, which, in turn, will be preceded by 
the numerals designating the positions of the carbonyl 
groups and the prefix denoting the configuration of the 
group of asymmetric centers present (see Rule 6). 

Examples: 
(a) Permissible trivial names established by usage: 

D-Fructose for D-arabino-hexulose 
D-Psicose for D-ribo-hexulose 
D-Sorbose for D-xylo-hexulose 
D-Tagatose for D-lyxo-hexulose and the corresponding names 

for the L forms; sedoheptulose for D-altro-heptulose 
Names that cannot be used as definitive names, because 

they have incorrect structural implications: 
(b) 

Glycerulose (for 1,3-dihydroxy-2-propanone) 
D-Erythrulose or D-threulose (for D-glycero-tetrulose) 
D-Arabinulose or D-ribulose (for D-erythro-pentulose) 
D-Lyxulose or D-xyluloee (for D-threo-pentulose) and the corre- 

sponding names for the L forms 



CH20H 

I 
IICOH 

L O  

lit:OIi 

AH*OII 
n-erylhro- 
I’cn tu1 ose 
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CHzOH 

HOAH 

L O  
HAOH 

I 
HCOH 

I 
CIIZOH 

D-araban+ 
3-Hexulose 

n-erythro- D-arabino- 
I’cntosulose Hexos-3-ulosc 

(common name: 
D-arabinosone) 

( e )  

CHzOH 

Lo 
HO t: H 

H o  AH 

HbOH 

HO&H 

bHzOH 
L-gluco- 

Heptulose 

HC=O 
I 

C=O 
I 

HOCH 
I 

H ~ O H  
I 

HOCH 

€IO A H 

AHzOH 
L-gluco- 

Hcptosulose 
(common name: 

Lglucoheptosone) 

CHS 
I c--o 
I 

H(D-COCH~ 

CHzOH C=O 
I I 

I 
&O CHsCO-OCH 

I I 
6-0 HCOH HOCH CH~CO-OCH 

I 
C=O 

I I 
C&OH AH2OH CH2OI1 

H b O H  HCOH I h=O II&O-COCH, 

&=O HCOH I L 
I 
CIL 

glycero- erythro- D-lhreo- Tetra-O-acetyl- 
2,4-Ponto- 2,5-IIexo- 2,4-Hcxo- 1 ,R-dideoxy- 

diulose diulose diulose (not galacto-2,7- 
u-lhreo-3,5- octodiulose 

Ilexodiulose) 

Rule 8.--When an alcoholic hydroxyl group of a 
monosaccharide is replaced by a hydrogen atom, the 
compound will be named by attaching by a hyphen, 
hefore the sugar name, the appropriate numeral (iiidi- 
cating position), a hyphen, and the prefix LLd~oxy.”  
l’hc configuratioii of the sug:ir will he dcsigtiated, when 
necessary, as given ill Rule 6. 

CouuEw.--Trivi:tl ~inrncs, cstablishrd by usage, includc: D- 
fricosc (6-duoxy-o-galac.tosc) arid I.-rhaniriosc (6-deoxy-Lmari- 
lIl)St.) .  

ICsnmplcs: 

HqOH CH* I 
I 

II(’O11 I 
( ‘ i  1 “‘i 1 

3 - h o x y  - a - D - ribo - hexopyranose (see rules 15 snd 18) 
%-Deoxy-o-erythro-pc:ntosc (2-dcoxy-t)-ar:ibinose or, as coni- 

4-Deoxy-a-u-~lyccrc-pcntuloluraiiosc (SLY! llulcs 15 and 18) 
inonly tertncd, 2-dcox.-t)-ribost:: both incorrect) 

2-Deoxy-~-zylo-hexose 
6-Deoxy-1,2-0-isapropylidene-p-rAdofursnose 
2,6-Dideoxy-3-O-methyl-~-~-~~~hexopyranose 
2-Amin0-2-deoxy-a-~-gslactopyranose (common name : E- 

2-Amin0-2-deoxy-a-~-glucopyranose (common name: D 

2-Acetamido-2-deoxy-~-~-glucopyranose 
2-C hlorc-2-deoxy-a-~glucopyranose 
6Deoxy-6-iodo-a-~-galactopyranoae 

Rule 9.--When the hydrogen atom of an alcoholic 
hydroxyl group of a carbohydrate is replaced, an italic 
capital letter 0 (for oxygen) will be attached by a hy- 
phen directly before the replacement prefix. The 0 
prefix need not be repeated for multiple replacements 
by one kind of group. Similar principles apply to re- 
placement on nitrogen and sulfur (prefixes, N ,  5). 

(The prefix C may be used to indicate replacement on 
carbon, to avoid possible ambiguity.) 

galactosamine) 

glucosamine) 

I 
IlOCH 

I 
rroCr1 

HAOH 

AH@-COCsHb 
1,GDi-0-benzoyl- 

galactitol 

II I I  or1 11 
c ~ r ~ o c ~ ~ ~ - c - c - c - c - c ~ i i ~  

OH OH H 011 
5-0-Methyl- 1 -phenyl- 

D-gluco-pentitol 

H CHBO 
CH,O 

OCH3 H 

HC-4 
I 

CH3-AOH IIAOH 

HoH 
2,3,4-Tri-O-methyl-,8-~-arabinose 

CHzOH IIOCH 

HOAH CZIISAOH 

HO&H HoLH 

AHzOH &HzOII 
2-~lcttiyl-~,-ar~biriitol 4-1~thyl-i,-galactose 

2-I)ooxy-2-( N-mcth~lacc tamidota-Lgluco~)~ranosc  
3,4-l>i-C-methyl-2-0-met hyl-a-~-glucofurariose 

Rule 10.-When the hydrogen atom of an alcoholic 
hydroxyl group of a carbohydrate (see Rule 9) is re- 
placed by another atom or group, the name of the 
parent compound may be retained as the root for the 
substituted compound. In such names, the prefix (de- 
noting the substituent) will be attached directly to the 
root and not be spaced from it. 

COMMENT.--SCC Rule 16. 

3,8,4,6-Tctr~-O-nictl1yl-~-u-glucoso 
Hex&-acetylgalactitol 
Penta-O-propion yl-,%~-galactopyranosc 

Rule 11.-An ester formed from a sugar or sugar 
derivative by reaction with one or more of its alcoholic 
hydroxyl groups may be named by placing, after the 
sugar name and separated therefrom by a space, the 

Ex:implcs: 
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appropriate numeral (indicating position) and a hyphen, 
as prefix to the name of the group derived from an acid. 
Examples : 

a-D-Glucopyranose %acetate 
Methyl p-D-talofuranoside 2-benzoate 
CoMmm.-Naming of 0-acyl derivatives of carbohydrates 

may follow this terminology or Rule 9. 
Examples: 

(a) Esters of monobasic carboxylic acids 

glucopyranose 

L-mannopyranuronic acid 

(1) a-D-glucopyranose pentaacetate; penta-0-acetyl-a-n- 

(2) p-L-Mannopyranuronic acid 2-benzoate; 2-O-benzoyl-p- 

( 3) 2-Acetamidotetra-O-acet~~l-2-deox~-~-glucop~~anose 

(1) Methyl p-D-galactoside 2,3,4-triacetate 6-methanesulfo- 
nate; methyl 2,3,4-tri-O-acetyl-6-O-(methylsulfonyl)-p-~- 
galactoside 

(2) Methyl a-D-glucopyranoside 6-p-toluenesulfonate; 
methyl 6-0-(p-toly~su~fony~)-~-~-g~ucopyranoside 

(b) Esters of sulfonic acids 

(c) Esters of nitric acid 
( 1) Methyl 8-D-galactopyranoside 6-nitrate; methyl 6-0- 

(2) n-Mannitol 1,6-dinitrate; 1,6-di-O-nitro-~-mannitol 
(3) Methyl 4,6-O-ethylidene-p-~-glucoside 2,3-dinitrate; 

methyl 4,6-0-ethylidene-2,3-di-O-nitro-p-~-glu coside 
(d) Esters of polybasic acids are usually named by Rule 11 

(see Rule 25) 

nitro-P-n-galactop yranoside 

(1) (3-D-Glucopyranose 6-(dihydrogen phosphate) 
( 2 )  or-D-Glucofuranose 6-( disodium phosphate) 
(3) 
(4) 

a-D-Glucopyranose 6-( benzyl hydrogen phosphate) 
a-D-Glucopyranose 6-( benzyl methyl phosphate) 

Rule 12.-Class terms (excepting amine) such as ace- 
tal, alcohol, anhydride, ether, glycoside, ketone, sulfide, 
xyloside, and the like, which, when used singly, repre- 
sent no definite unsubstituted compound, are used as 
separate words. 
Examples: 

p-D-Idose 2,3,4,&tetramethyl ether 
Methyl a-n-mannopyranoside 
Ethyl p-L-xylofuranoside 
Ui-D-fructopyranose 1,2’: 2,l ’-dianhydride (see Rule 34) 

Rule 13.-When ethers of polyhydric alcohols, or 
derivatives thereof, are named as ethers, the name of 
the parent alcohol will be the first word, “ether” the 
last word, and the name of the appropriate radical (or 
radicals) will be the middle word (or words). 

CommNT.-The term “ether” does not apply to  compounds 
derived by substitution of the hydrogen atom of the hemiacetal 
hydroxyl group of the reducing or glycosidic carbon atom. 
Examples: 

H O C 7  HCOCH3 H O C 7  HYOH 

CHzOCH CHsOYH 
HyOCH3 HCOH 

HCO 
1 

CHpOCHj CH20H 
I I1 

HCO 
I 

I. p-D-Glucose 2,3,4,6-tetramethyl ether, or p-D-glucopyranose 
tptramethgl ether (synonym: 2,3,4,6-tetra-O-methyl-gDglucose) 

11. p-D-Glucopyranose 3-methyl ether (synonym: 3-0- 
methyl-4-D-glucopyranose) 

Rule 14.-When a prefix is attached to one of the 
words in a two- or three-word name, it modifies only 
the word to which it is attached and does not modify the 
remaining words in the name. But if a preceding word 

in this name is the name of a compound, numerals to 
indicate positions of substitution in it may be placed 
before the following word (see Rule 11). If necessary, 
parentheses should be used to avoid ambiguity. 

Unless otherwise specified (Rules 15 and 17), prefixes 
take an alphabetical order, regardless of the numerical 
prefix of each; a compound-radical name is treated as 
a unit. Thus, triacetyl and diacetyl are to be listed 
under acetyl. hnhydro and deoxy are subject to alpha- 
beting under “a” and “d,” respectively. 

example, CH30CH2C02CHs: methyl methoxyacetate. 
Examples: 

CoMMEST.-This is in conformity with established usage; for 

H H OCH3 H I! 

0 GCHa H OCHs &= CH30CHp-C- C- c-c- 

Methyl 2,3,4,6-tetra-O-methyl-a-~-glucoside 

Methyl 6-O-benzoyl-~~-~-glucopyranoside 

Ethyl 2,3,4-tr~-0-acetyl-6-O-(pheny~sulfonyl)-a-~-glucos~de 
Methyl 3-O-( 2-~hloroethy1)-(3-~-glucopyranoside 

Rule 15.-The anomeric prefix (a- or 0-), which can 
only be used in conjunction with a configurational prefix 
(D or L), will immediately precede the latter. The con- 
figurational prefix will directly precede the stem name 
(see Rule 6). 

COMMENT.-h the n-series, the more dextrorotatory anomer 
of a glycose is designated CY and the hemiacetal hydroxyl group 
(or derivative thereof) on the anomeric carbon atom is written 
to the right in the Fischer projection formula; the less dextro- 
rotatory anomer is designated p and its corresponding anomeric 
group is written to the left in the Fischer projection formula. 
The reverse holds for the CY and p anomers in the L series. 

The steric arrangement of the groups on the a - ~  anomeric car- 
bon atom is the same as that on the p - ~  anomeric carbon atom; 
that on the a-L anomeric carbon atom is the same as that on the 
p-D anomeric carbon atom. In a few accepted trivial names (see 
the third example below), the configurational prefix is understood 
and may be omitted. 

The significant point is the absolute configuration of the ano- 
meric carbon atom in relation to that of the configurational carbon 
atom (see Rules 5 and 22), the 01 forms being, in this respect, con- 
figurationally cis and the p forms trans. 
Examples: 

Methyl a-D-glucopyranoside ( [ a ]  % +158” in water) 
Methyl a-L-glucopyranoside ([a]% -158’ in water) 
Methyl p-cellobiopyranoside p: H O H z q q  

OCH HCOH 

HCOH 
I 

CHzOH 

HCO 
I 

CHiOH 
Ethyl p-D-galactofuranoside a-D-gluco-Heptulopyranose 

Rule 16.-In conformity with established practice, 
hyphens will be used in names to connect letters or 
numerals to syllables, or to separate different kinds of 
characters, such as Roman letters from Greek letters or 
letters from numerals. 
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The preferred style is to connect syllables directly (no 
hyphens). Hyphens may be inserted, however, for the 
sake of clarity. 

Examples: 
a-D-Glucose 
3-O-Methyl-p-~-mannose 
Penta-0-acetyl-a-o-glucopy ranose 
Methyl 2,3,6-tri-O-acetyl-a-~-glucopyranoside 
1,3:4,6-Di-O-methylenegalactitol (see Rule 31) 
2-0-Methyl-3,4-dimethyl-P-~-glucopyranose 

Rule 17.-The acyclic nature of a sugar or derivative 
containing an uncyclized CHO or CO group as the pri- 
mary function will be indicated by inserting the itali- 
cized prefix aldehydo or keto, respectively, immediately 
before the configurational prefix and stem name. 

Examples: 
aldehydo-D-Glucose pentaacetate 
3,6-Anhydro-aldehydo-~-galactose 
keto-D-Fructose pentabenzoate 
Penta-0-acetyl-aldehyde-D-glucose oxime 

Rule 18.-The size of the ring in the heterocyclic 
forms of monosaccharides (both aldoses and ketoses) 
may be indicated by replacing, in the sugar name, the 
letters “se” by “furanose” for the &atom ring, “pyran- 
ose” for the 6-atom ring, and “septanose” for the 7-atom 
ring. Likewise, for the glycosides (both aldosides and 
ketosides), the size of the ring may be revealed by re- 
placing the syllable “-side” by “furanoside,” “pyrano- 
side,” or ‘‘septanoside.” 

Examples: 
1,2-O-Isopropylidene-p-~-idofuranose 
Methyl 8-n-altro-heptulopyranoside 

Rule 19.-The root “glyc” (as in glycose or glycoside) 
will be used in a generic sense to denote any sugar or 
derivative thereof, rather than some specified sugar. 
Examples : 

Glycose 
Methyl glycoside 1 generic 
p-L-Glucose 
Methyl a-D-glucofuranoside 
Ethyl 5-D-altropyranoside 
Methyl 8-bfructofuranoside 
B-D-Fructose 

specific 

Rule 20.--6 glycoside is a mixed acetal resulting from 
the exchange of an alkyl or aryl radical for the hydrogen 
atom of the hemiacetal hydroxyl group of a cyclic form 
of an aldose or ketose. It is named by substituting 
“ide” as a suffix in place of the terminal “e” of the 
corresponding sugar name and placing before this word, 
separated by a space, the name of the organic substitu- 
ent. 
Exatnplrs: 

H C V l  HCOH 
HCOICHI] I I 

I 
HCOH I 

HCO II 
I 

CHzOH 
I 

CHzOH 

a-D-Glucopyranose Methyl a-D-glucopyranoside 

Methyl 2-amino-2-deoxy-a-~-glucopyranoside 

Rule 21.-If the hemiacetal hydroxyl group is de- 
tached from a cyclic modification of an aldose or ketose, 
the residue is a glycosyl (glycofuranosyl, glycopyrano- 
syl, glycoseptanosyl) radical. It is named by substitut- 
ing “yl” as a suffix in place of the terminal “e” of the 
corresponding sugar name. 

COMMENT.-A glycosyloxy radical is identical with a glycoside 
radical (see Rule 20). 

Examples: 

I------ 
HCBr 

I 
I 

CH3CO-OCH 

CH3CO-OCH 

H b - c O C H 3  
I 

HCO 
I 

CHzO-COCHS 
Tetra-0-acetyl-a-n-mannopyranosyl bromide 

a-D-Glucopyranosyl dihydrogen phosphate [or a-D-glUCO- 

p-D-Ghcopyranosyluronic acid benzoate (or 1-0-benzoyl-8-D- 
pyranose 1-( dihydrogen phosphate)] 

glucopyranuronic acid) (see Rule 27) 

HCS-CEN 

HCO-COCH3 HCO-COCHs 

CHBCO-0 H CHsCO-OCH 

HCO- COCH3 
F 

HCO-COCHs 
I 

I 
CHzO-COCH3 

HCO HCO 
I 

CHZO-COCH~ 
Tetra-0-acetyl-a-D- Tetra-0-acetyl-a-n- 

glucopyranosyl isocyanate glucopyranosyl thiocyanate 

u-Ribosylamine 5-( dihydrogen phosphate) 
.V-Methyl-6-O-methyl-/3-~-talofuranosylamine 
.~-Phenyl-a-n-glucopyranosylaniine 
‘~~-a-D-Glucopyranosylhydrox~l~niine 

Rule 22.-A monosaccharide containing more than 
four configurational asymmetric carbon atoms will be 
named by adding two or more prefixes, indicating the 
configurations of those asymmetric carbon atoms, to a 
root indicating the number of carbon atoms in the chain 
and ending with the suffix “-ose” for aldoses and 
“-ulose” for ketoses. 

The configurational prefixes employed are given in 
Rule 6. For the aldoses and 2-ketoses, the sequence of 
asymmetric carbon atoms will be divided into units, 
commencing, with a unit of four asymmetric carbon 
atoms, a t  the asymmetric carbon atom next to the func- 
tional group (see below). The order of citation of these 
prefixes will commence a t  the end farthest from carbon 
atom number one, and proceed along the carbon chain 
to the asymmetric carbon atom nearest to carbon atom 
number one. In  designating the anomeric ring forms 
of these aldoses and 2-ketoses, the anomeric prefix here 
(see Rule 15) will immediately precede the configura- 
tional prefix for that group of asymmetric carbon atoms, 
next to the functional group, which has one or more 
atoms involved in the ring. 
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Number of 
asymmetric 
carbons in c Prefixes to be used 

the sequence Order of selection Order of citation 

5 one 4-carbon + 
one 1-carbon 

6 one 4-carbon + 
one 2-carbon 

7 one 4-carbon + 
one 3-carbon 

8 two 4-carbon 
9 two 4carbon + 

one 1-carbon 
10 two 4-carbon + 

one 2-carbon 
11, etc. two 4-carbon + 

one 3-carbon, etc. 

Examples: 

HC=O 

HCOH 
I 

HCOH 

CHzOH 

one 1-carbon + 
one Pcarbon 

one 2-carbon + 
one 4-carbon 

one 3-carbon + 
one 4-carbon 

two 4-carbon 
one 1-carbon + 

two 4-carbon 
one 2-carbon + 

two 4-carbon 
one 3-carbon + 

two 4-carbon, etc. 

HOCH 

HCO 
I 

HOCH 

I I~ CH~OH 

C H 3 0 C j  YHZOH 

HOCH 
I 

I11 IV CHzOH 

CHzOH 
I 

1. D-glycero-D-ghco-Heptose 
11. Methyl 2-deoxy-~-glycero-~-~-guZo-octopyranoside 

111. Methyl kerythro-6-D-galacto-octopyranoside 
IV. D-e~ythrO-LgluCO-NOnUlOSe 

For other ketoses, the sequence of asymmetric carbon atoms 
will be similarly divided into units that commence with the group 
of three (or, if present, four) highest-numbered asymmetric carbon 
atoms that  are next to  the functional group. 
Examples : 

CHZOH CHzOH 

HFOH HFOH 

HCOHJ 
I 

T=O 

H O ~ H  H&OH 

I HO&H I ] 
HCOH 

I 
CHzOH 

V CHzOH 

VI 
V. D-Xylo-D-erythrO-4-OCtUlOSe 

VI. D-xylo-D-ribo-5-Nonulose or ~-ribo-~xylo-5-Nonulose 

For oxygen-ring forms of ketoses other than 2-ketoses, the 
ending (furanose, furanoside, etc.) will, when necessary, be 
immediately preceded by a pair of numerals identifying the two 
carbon atoms to which the oxygen ring is attached, the potential 
ketone group being cited first. When the potential ketone group 
of an oxygen-ring form is in the middle of the chain, the anomeric 
carbon atom has, as usual, the top vertical orientation, and 
numbering proceeds downward and toward the ring-forming 
hydroxyl group. 

Examples: 

VI I 1 ${OH 

9 
CHzOH 

VI11 - 
1 Hjo.l HYO 

101 
CHzOH 

IX 

OH H H HO-‘ 1 -E,C : A H  C-3C-zC--,CH20H OH OH 

111 
CHzOH 

X 
VII. Methyl fi-~-g~uco-~-g~ycero-3-octuloseptanoside 

VIII. Methyl fi-~-mannu-~-ery~hro-~nonu~o-4,7-furanoside 
IX. 7-Deoxy-fi-~-arabinu-1.-rzbo-5-deculo-5,9-pyranose 
X. a-ktaZo-~-gulo-6-Undecdc-6,9-furanose 

CoMMmT.--If the carbonyl group is, with reference to the 
asymmetric carbon atoms, in the middle of the chain, the sugars 
resemble the alditols (Rule 23) and dialdoses (Rule 24), in that 
some are meso forms, for which the names are written without 
D or L, and some have two equally correct names (see example VI). 

Rule 23.-Names for the polyhydric alcohols (aldi- 
tols) are derived from the names of the corresponding 
aldose sugars by changing the suffix “ose” to  “itol.” 
For nonmeso compounds, the same family-determining 
asymmetric carbon atom as that characterizing the 
name of the sugar is used. 

Examples: 
(a) Names requiring D or L: threitol, arabinitol, glucitol, 

iditol, mannitol, rhamnitol, and talitol 
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(b) Names used without D or L: erythritol, ribitol, xylitol, 

The names of meso forms can be used advantageously with D- 
or L- in naming derivatives which have become optically active by 
substitution: 2,3-O-isopropylidene-n-xylitol, and 1,2-0-benzyl- 
idene-L-gl ycero-D-ado-heptitol. 

(c) Cellobiitol, lactitol, and melibiitol 
(d) Equivalent names: 

allitol, and galactitol 

~-.krabinitol and D-lyxitol 
D-Glucitol and cgulitol 
u-Talitol and D-altritol 

(e) CHzOH CHiOH CHzOH 

HOLE HAOH HAOH 

HOCH I HCloH 
I 
I 

HCOH 
I 

hH20H CHzOH CHzOH 
D-(dertro)-Threitol; t(levo)-Threitol; Erythritol 
D-( + )-threitol L( -)-threitol 

CHzOH 
I 

CH2OH 
I 

HOCH 
I 

HOCH HCOH 
I 

H b H  HCOH 

HO b H 

HCOH I HAOH 

I 
I 

HCOH 

HOCH 
I 

HCOH 

CHzOH I AHsOH 
D-glycero-D-ido-Heptitol D-er ythro-cgalacto-Octitol 

or or 
D-glycero-L-gulo-Heptitol D-threo-cgulo-octjtol 

(9) Some of the higher carbon polyhydric alcohols are meso 
forms and the names are written without D or L, but the 
prefix meso may be added to avoid ambiguity. 

CHzOH 

CH20H H d o H  

HCOH I HAOH 

HOCH I HOAH 
I 

HbOH HOCH 
I 

HCOH 

HCOH I HhOH 

I 
HOCH 

I 
CHzOH 

I 
CHzOH 

meso-glycero-ido-Heptitol nieso-erythro-manno-Octitol 

Rule 24.-Dialdehydes formed from aldoses having a 
terminal -CH20H group by oxidation of this group 
only to -CHO may be named by attaching the suffix 
“dialdose” to a root indicating the number of carbon 
atoms in the chain and then adding prefixes indicating 
the configurations of the asymmetric carbon atoms. 

Examples: 
(a) HC=O 

HC=O HAOH 

HC=O HOCH I HObEI 

HOCH HCOH 

HObH HOCH 

I 
I 

HCO H 

HCOH 

I 
I 

I 

HC=O I H L O  Hb=O 
tthrco-Tetrodialdose ribo-Pentodialdose D-gluco-Hexodialdose 

(b) Names requiring D or L: threo-tetrodialdose, arahino- 
pentodialdose, gluco-hexodisldose, zdo-hexodialdose, manno- 
hexodialdose, and talo-hexodialdose. 

(c) Names of meso forms are used without D or L (the prefix 
meso- may be inserted for clarity): erythro-tetrodialdose, 
mho-pentodialdose, rylo-pentodialdose, allo-hexodialdose, and 
meso-galactc-hexodialdose. 

The names of meso forms can be used advantageously with D 
or L in naming derivatives which have become optically active by 
substitution. 

(d) Equivalent names: 
D-arabino-Pentodialdose and n-lyzo-pentodialdose 
n-gluco-Hexodialdose and Lgulo-hexodialdose 
D-tab-Hexodialdose and D-altro-hexodialdose 
7 

(e) HC(OCH3)2 H C O i  I 
I 

HCO-COCHS 

11 
I 

H ~ O C H ~  

1 C(CH3)2 

I 
HOCH 

H C O A  

HCO Hkod I I 

HC(OCH3)z 
I11 

I. Tetra-0-acetyl-D-gluco-hexodialdose bis( dimethyl acetal) 

111. Methyl 2,3-0-isopropylidene-~-~-gulo-hexodialdo-l,5-pyr- 

Rule 25.-Aldonic acids, formed from aldoses by oxi- 
dation of only the hemiacetal or aldehydic carbon atom 
to -CO-OH, may be named by substituting “onic acid” 
as a suffix in place of (‘ose” of the corresponding aldose 
name. Acid chlorides, amides, esters, lactones (see 
comment, Rule 28), nitriles, salts, and the like, are 
named in the conventional manner. 
Examples: 

11. 1,2-0-Isopropylidene-a-n-xylo-pentod~aldo-l,~furanose 

anoside 6-(dimethyl acetal) 

(a) Permissible names established by usage: cellobionic acid, 

(b) Methyl tetra-0-acetyl-L-arabinonate or methyl karabin- 
lactobionic acid, and melibionic acid 

onate tetraacetate 
Barium D-gluconate 
Penta-0-acetyl-o-gluconic acid or n-gluconic acid penta- 

Penta-0-acetyl-n-galactonic acid monohydrate or D-galac- 

~-Glucono-1,4-lactone or D-glucono- y-lactone 
D-Gluconic 1,4-lactone or D-gluconic ylactone 
~-Glueono-1,5-lactone or D-glucono-&lactone 
D-Gluconic 1,S-lactone or D-gluconic &lactone 
2,3,4,6-Tetra-O-methyl-~-altronolactone or 2,3,4,G-tetra-O- 

2-Amh~o-2-deoxy-~-gluconic acid 

acetate 

tonic acid pentaacetate monohydrate 

methyl-caltronic lactone 

Examples illustrating combination of Rules 11 and 25: 
Sodium D-gluconate 6-( dihydrogen phosphate) 
Sodium D-gluconate 6-( sodium hydrogen phosphate) 
Sodium n-gluconate 6-( disodium phosphate) 

Rule 26.-When a secondary alcoholic hydroxyl 
group of an aldonic acid is oxidized to a carbonyl group, 
the compound will be named by means of the suffix 
LLulosonic acid” attached to a root designating the num- 
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ber of carbon atoms in the chain, which is in turn pre- 
ceded by the appropriate numeral indicating the posi- 
tion of the ketonic function when other than 2 (see 
Rule 7). The configuration of the acid will be desig- 
nated as given in Rule 6. 
Examples: 

CO-OH 
I 

CO-OH c=o 
I I 

CO-OH C=O HOCH 

HCOH I HLoH 
I 

c=o I HOAH HAOH 

CHzOH 1 CHzOH I CH,OH 

HCOH 

D-glyCW0-3- L-threo- D-arabino- 
Tetrulosonic acid Pentulosonic acid Hexulosonic acid 

a-D-arabino-Hexulopyranosonic acid (common name: 2-keto- 

B-~-arabino-Hexulopyranosono-l ,Plactone 
Methyl a-D-arabino-hexulopyranosidonic acid 
Methyl 8-D-arabino-hexulofuranosidonamide 
Ethyl (methyl a-D-arubino-hexu1opyranosid)onate 
Sodium (ethyl a-n-arabino-hexu1ofuranosid)onate 

Rule 27.-Uronic acids, formed from aldoses having 
a terminal -CH20H group by oxidation only of this 
group to -GO-OH, will be named by substituting 
((uronic acid” as a suffix in place of “ose” of the corre- 
sponding aldose name. The hemiacetal or aldehydic 
carbon atom is carbon number one, and the syllable 
“ur” has the significance of “w.” 

Acid chlorides, amides, esters, lactones (see Comment, 
Rule 28)) nitriles, salts, and the like, are named in the 
conventional manner. 
Examples: 

D-gluconic acid) 

a-D-Mannopyranuronic acid 
Tetra-O-acetyl-8-D-talopyranuronic acid (or p-D-talopyran- 

uronic acid tetraacetate) 
Methyl p-bgalactopyranuronate 
Sodium a-bglucofuranuronate 
Ethyl tetra-0-benzoyl-a-D-idofuranuronate 
3-O-Methyl-~-~-ribofuranurono-5,2-lactone 
a-n-Mannopyranurono-6,2-1actone 
2-O-Ethyl-p-~-glucopyranurono--y-lactone 
2,3,4-Tri-0-acetyl-1-bromo-l-deoxy-~-~-g~ucuron~c acid 
a-D-Glucopyranuronic acid l-(dihydrogen phosphate) or a-D- 

Rule 28.-If the glycoside radical (see Rule 20) of an 
aldose glycoside possesses a terminal --CHZOH group, 
and, if this group of the glycoside is oxidized to a car- 
boxyl group, the product will be named by substituting 
“uronic acid” as a suffix in place of the terminal “e” of 
the parent glycoside name. The glycosidic hemiacetal 
carbon atom is carbon number one, and the syllable 
“ur” has the significance of “w.” 

Acid chlorides, amides, esters, lactones (see Com- 
ment), nitriles, salts, and the like, are named in the con- 
ventional manner. 

CoMMExT.-Parentheses are suitably inserted where it is 
necessary to  distinguish between an ester alkyl group and the 
hemiacetal alkyl group of a glycoside of a uronic acid. In number- 
ing lactones, the first number refers to the position of the carbonyl 
carbon atom. 
Examples: 

glucopyranosyluronic acid dihydrogen phosphate 

Methyl a-n-mannopyranosiduronic acid 
Ethyl tri-0-benzoyl-or-D-idofuranosiduronir acid 
Methj-1 a-~-glucopyranosidurono-6,3-lactone (or -y-lactorie) 
Ethyl3-O-ethyl-p-~glucopyranosidurono-6,2-lactone (or 6- 

lactone) 

Ethyl (methyl 8-L-ga1actopyranosid)uronate 
Sodium (bornyl a-D-glucofuranosid)uronate 
Butyl (propyl tri-0-acetyl-P-D-talopyranosid)uronate 
Methyl (ethyl 2,3,4-tri-0-methyl-a-~-galactosid)uronate 

Rule 29.-Dicarboxylic sugar acids (aldaric acids), 
formed by the oxidation of aldoses at both terminal 
carbon atoms, will be named by substituting “aric 
acid” as a suffix in place of “ose” of the corresponding 
aldose name. 

Examples : 
(a) Permissible names established by usage: 

deztro-Tartaric acid for L-threaric acid 
meso-Tartaric acid for erythraric acid 

(b) Names requiring D or L: threaric acid, arabinaric acid, 
glucaric acid, idaric acid, mannaric acid, and talaric acid 

(c) Names used without D or L: erythraric acid, ribaric acid, 
xylaric acid, allaric acid, and galactaric acid 

The names of meso forms can be used advantageously with D 
or L in naming derivatives which have become optically active by 
substitution (see Rule 23b). 

(d)  Equivalent names: 
Lyxaric acid and arabinaric acid 
L-Gularic acid and D-glucaric acid 
Talaric acid and altraric acid 

Rule 30.-The “glycosides of ortho ester structure” 
may be named as the ortho esters, with the carbo- 
hydrate group given as the first term in the name. 

Examples: 

A I 

I 

I 
CHzO 

HCO-COCHs 

HCO-COCH3 

D-Ribose 1,2-(methyl orthoacetate) 3,4-diacetate 

It is to be noted that this compound may also be named accord- 
ing to Rule 31 as 3,4-di-O-acetyl-1,2-0-( l-methoxyethy1idene)-n- 
ribose. This latter system appears to be the best one for assign- 
ing an accurate name t o  the following compound: 

(b) 
CHpO-COCH3 

I 
H 6 * & C  I HJ 

c1 
3,4,6-Tri-O-acetyl-l,2-0-( l-chloroethy1idene)-a-D-glucose 

CoMMEhT.-These two examples contain the asymmetric car- 
KO bon atom marked with *, and so two forms are possible. 

recommendations are made a t  present for their differentiation. 

Rule 3 1.-Cyclic acetals formed by the reaction of 
carbohydrates with aldehydes or ketones may be named 
in accordance with Rule 9 with bivalent radicals as 
prefixes, such radicals to follow the nomenclature set 
forth in International Union of Pure and Applied Chem- 
istry (I.U.P.A.C.) Rule 56.1. In representing more 
than one cyclic acetal grouping, the numeral pairs are 
separated typographically when the exact placement of 
the acetal groups is known. 
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Examples: 

r 0 F H 2  
CHzOH CHz HOCH 

I 
I O  AH H 7 ° 1  I 

H Y o l  ““FHAC HCO HZ 
HCOH CH2 

CHzOH I &H20 _I 
I I1 

2,4-O-Methylenexylitol 1,3 : 4,6-Di-0-methylene- 
D-mannitol 

111. 1,2-O-Isopropylidene-a-~-glucofuranose 
IV. 4,6-O-Ethylidene-a-~-glucopyranose 
V. 1,2 : 3,4-Bis-O-( 1-methy1propylidene)-a-n-xylose 

VI. Methyl 4,6-0-benzylidene-a-~-glucopyranoside 
VII. 1,2-0-(2-Chloroethylidene)-a-n-glucofuranose 

VIII. 1,2-0-( 1-Chloroethy1idene)-a-D-glucopyranose triacetate 
CommNT.-It is to be noted that in Examples Iv to  VIII, in- 

clusive, new asymmetric centers are introduced a t  the carbonyl 
carbon atom of the aldehyde or ketone that has reacted with the 
sugar. A 
differentiating nomenclature for such isomers is not here at- 
tempted. 

Rule 32.-In naming acetals formed between alcohols 
(or thiols) and the carbonyl carbon atom of the acyclic 
forms of aldoses or ketoses, the name of the sugar will 
be the first word, “acetal” (“dithioacetal”) the last 
word, and the name of the appropriate radical (or radi- 
cals) will be the middle word (or words). Derivatives 
containing the hemiacetal function are named in an 

In V, tTvo such new centers have been introduced. 

analogous manner. 
Examples: 

HC(OCZHE,)Z CHzOH 
I 

C(OCzH6)2 
I 

I 
HCOH 

H o  AH HOCH 

HbOH HbOH 

HCOH I H b o H  

AHzOH AHzOH 
D-Glucose D-Fructose 

diethyl diethyl 
acetal acetal 

SC& 
1 
I 

HCOH 

HOCH 
I 

HCOH 
I 

HCOH 
I 

CHzOH 

HCOCzHj 

D-Glucose diethyl 
monothioacetal 

OCzHj 
I 

HCOH 

HCO-cOCsH~ 

C6H,CO-dH 
I 

HFO-COCEHj 

H CO-COC,H, 

CHz0-COCoHj 
2,3,4,5,6-Penta-O-benzoyl- 
n-glucose ethyl hemiacetal 

HC(SC2Hj)z CHzOH 
I 

C(SCzHs)z 
I 
I 

I 
HCOH 

HbOH HCOH 

HbOH HhOH 

HObH HOCH 

I 
CHzOH bHzOH 

D-Glucose D-Fructose 
diethyl diethyl 

dithioacetal dithioacetal 
SCzH5 

HAOCH3 
I 

HCOH 
I 

HOCH 
I 

HCOH 
I 

HCOH 
I 

CHzOH 
D-Glucose S-ethyl 0- 

methyl monothioacetal 
SCzH5 
I 

HCOH 
I 

HCO-COCH, 

CH,CO--OAH 

CHSCO-0 A H 

H AO-COCH, 
I 

CHz0-COCHa 
2,3,4,5,6-Penta-O-acetyI-n- 
galactose 8-ethyl monothio- 

hemiacetal 

Co!mENT.-In the last four examples above, carbon atom 
number one has become asymmetric and two forms are possible. 
N o  recommendations are made at  present for their differentiation. 

Rule 33.--hn intramolecular anhydride, formed by 
the elimination of the elements of water from two 
hydroxyl groups of a monosaccharide molecule (aldose 
or ketose), is named by attaching by a hyphen before 
the sugar name the prefix “anhydro”; this, in turn, is 
preceded by a pair of numerals identifying the two 
hydroxyl groups involved. Anhydrides of sugar acids, 
alcohols, lactones, and the like, are named similarly. 

CoMMExT.-The substances usually known as sugar an- 
hydrides, glycose anhydrides, or glycosans (whose formation in- 
volves the reducing group), as well as the anhydro sugars (whose 
formation does not involve the reducing group) are not here 
differentiated in treatment. The names “levoglucosan” (for 1,6- 
anhydro-p-D-glucopyranose) and “sedoheptulosan” (for 2,T- 
anhydro-p-D-altro-heptulopyranose) are established by usage, but, 
except for this, names of glucosan type should not be used. 
Examples: 
3,6-Anhydro-aldehydo-~-glucose 
3,6-Anhydro-p-~-glucofuranose 
2,3-Anhydro-4-0-methyl-a-~-mannopyranose 
1,7-Anhydro-n-glycero-p-~-gulo-heptopyranose 
1,6: 3,4-Dianhydro-p-~-talose 
Methyl 4,6-di-O-acetyl-2,3-anhydro-a-~-alloside 
2,5-Anhpdro-~-gluconic acid 
3,6-Anhydro-~-gluconic l,.l-lactone or 3,6-anhydro-~-glucono- 

1,4 : 3,6-Dianhydro-n-glucitol or 1,4 : 3,6-dianhydro-~-gulitol 

Rule 34.--Xn intermolecular anhydride, formed by 
condensation of two monosaccharide molecules with the 
elimination of the elements of two molecules of water, 
will be named by the word “dianhydride” placed after 
the names of the two parent sugars. The position of 
each anhydride link is indicated by a pair of numerals 
showing the positions of the two hydroxyl groups in- 
volved; the numerals relating to one sugar (in a mixed 
dianhydride, the second sugar named) will be primed. 
Both pairs of numerals will immediately precede the 
word “ dianhydride.” 
Examples: 

1,4-lactone 

(see Rule 23) 

OH H 

I 

H H 
Di-n-fructopyranose 1,2’ : 2, l  ’-dianhydride 

Di-p-D-fructofuranose 1,2’: 2,3’-dianhydride 
p-D-Fructofuranose p-D-threo-pentulofuranose 1,2’ : 2,l ’-dianhy- 

Di-D-ribofuranose 1,5’: 1 ’$-dianhydride 

Rule 35.-h oligosaccharide is a compound which, 
on complete hydrolysis, gives monosaccharide units 
only, in relatively small number per molecule (in con- 
trast to the high-polymeric polysaccharides). 

CommsT.-Most of the naturally occurring oligosaccharides 
have well-established and useful common names (cellobiose, lac- 
tose, maltose, melezitose, raffinose, stachyose, and sucrose) which 
were assigned before their complete structures were known. 
Rational names mag now be assigned as follows. 

Disaccharides.-A nonreducing disaccharide may be named as 
a glycosyl glycoside, and a reducing disaccharide as a glycosyl- 
glycose, from its component parts. A reducing disaccharide ma) 
also be named according to  the sgstpm described below for the 
tri- and higher oligo-saccharidm. 

dride 
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Examples: 
(a )  Nonreducing 

Sucrose: p-D-fructofuranosyl a-D-glucopyranoside or a-D- 
glucopyranosyl P-D-fructofuranoside 

a-Lactose: 4-O-~-~-galactopyranosyl-a-~-glucopyranose or 
0-8-D-galactopyranosyl-( 1 4)-a-~-glucopyranose 

(b) Reducing 

(c) Derivatives of reducing disaccharides 
I. Methyl a-lactoside: methyl 4-O-~-~-galactopyranosyl-a- 

D-glucopyranoside or methyl o-p-n-galactopyranosyl-( 1 - 
4)-a-~-ghcopyranoside 

11. ~-Amino-~-deoxy-~-~-(~-~-ga~actopyranosy~)-~-~-g~uco- 
pyranose or 0-&D-galactopyranosyl-( 1 +. 4)-2-amino-2- 
deoxy-a-D-glucopyranose 

111. 3-0-(4O-Methyl-a-~-galactopyranosyluronic acid)-a-n- 
glucopyranose or 0-(4-0-methyl-a-~-galactopyranosyl- 
uronic acid)-( 1 + 3)-a-~-glucopyranose 

IV. 3-~-(2-Am~no-2-deoxy-~-~-g~ucopgranosy~)-a-~-g~uco- 
pyranuronic acid or 0-( 2-amino-2-deoxy-~-~-g~ucopyra- 
nosy1)-( 1 + 3)-a-~-glucopyranuronic acid 

V. 6-0-( Methyl tri-0-acety 1-p-D-mannopyranosy1uronate)-tri- 
0-acetyl-a-n-altropyranosyl bromide or 0-(methyl tri-0- 
acetyl-p-D-mannopyranosy1uronate)-( 1 +. 6)-tri-O-acetyl-a- 
D-altropyranosyl bromide 

VI. 4-0-( Methyl 4-O-methyl-a-~-glucopyranosyluronate)-a-D- 
xylopyrnnose or 0-( methyl 4-O-methy~-a-~-g~ucopyranosy~- 
wonate)-( 1 +. 4)-a-~-xylopyranose 

VII. Phenyl 2-amino-2-deoxy-3-0-(ethyl B-n-glucopyranosyl- 
uronate)-p-D-galactopyranoside or phenyl 0-(ethyl 8-D- 
glucopyranosy1uronate)-( 1 + 3)-2-amino-2-deoxy-P-~-gal- 
actopyranoside 

Tri- and Higher Oligo-saccharides 
(a) Nonreducing 

Raffinose: O-a-D-galactopyranosyl-( 1 +. 6)-a-~-glucopy- 

Gentianose: 0-p-D-glucopyranosyl-( 1 +. 6)-c~-~-glucopy- 
ranosyl 8-D-fructofuranoside 

ranosyl i3-D-fructofuranoside 
(b) Reducing 
Beginning with the first nonreducing component, and following 

Rule 21, the first glycosyl portion with its configurational pre- 
fixes is delineated. This is followed by two numbers which indi- 
cate the respective positions involved in this glycosidic union; 
these numbers are separated by an arrow (pointing from the 
glycosyl carbon atom number to the number for the hydroxylic 
carbon atom involved) and are enclosed in parentheses inserted 
into the name by hyphens. The next disaccharide linkage is 
treated similarly (and so on), and the last portion of the name 
delineates the reducing sugar unit. 

Examples: 
a-Cellotriose : 

CHzOH CHzOH 

I I 

CHzOH H OH 
O-p-D-Glucopyranosyl-( 1 +. 4)-0-@-~-glucopyranosyl- 

(1 + 4)-a-~-glucopyranose 

a-Maltotriose: 0-a-n-glucopy ranosyl-( 1 +. 4)-o-a-~-gluco- 
pyranosyl-( 1 +. 4)-a-~-glucopyranose 

H OH Y QH 

C H ~ O H  
O-a-D-Glucopyranosyl-( 1 + 6)-O-a-D-glUCOpyrrtnOSyl- 

(1 -+ 4)-a-~-glucopyranose 

TO-OH TO-OH Y PH 

I I 
CO-OH H OH 

0-( a-D-Galactopyranosyluronic acid)-( 1 + 4)-0-( a-D-galacto- 
pyranosyluronic acid)-( 1 + 4)-a-~-galactopyranuronic acid 

Reducing, branched 
By inserting one glycosyl substituent in brackets, i t  is dis- 

tinguished from the second glycosyl substituent. 

CHzOH 

CHzOH $H2 

H bH H 6 H  

o-a-D-Glucopyranosyl-( 1 -+ 4)-0- 
[a-D-glucopyranosyl-( 1 + 6) ]-a-~-glucopyranose 

Synonym : 4, 6-di-O-( a-~-g~ucopyranosy~)-~-~-gtucopyranose 

APPENDIX 
CONVENTIONS REGARDING SYMBOLS FOR REPRESENTING 

COMPLEX CARBOHYDRATES 
In 

( 1) 

abbreviated, structural representation of complex carbo- 
hydrates, the following symbols may be convenient. 

Radicals derived from monosaccharides.-For trioses to 
hexoses, the first three letters of the name are used; an exception 
is that “glucose” is denoted by G. The first of the three letters 
is capitalized. 

Examples: 
Galactose, Gal; fructose, Fru; ribose, Rib; 2-deoxy-~-erythro- 

pentose, 2-deoxyRib 
(2) Furanose, pyranose, and septanose forms.-If neces- 

sary, the first letter of the syllable, italicized and uncapitalized, is 
used as suffix to denote the ring form. 

Examples: 
Idofuranose, Idof; mannopyranose, Manp 

(3) Uronic acids.-The suffix “A” (for “acid”) is added to 
the symbol for the parent monosaccharide. 

Examples: 
Galactofuranuronic acid, GalfA; mannopyranuronic acid, 

ManpA 
(4) 2-Amino-2-deoxyaldoses.-The suffix “N” (for “nitro- 

gen”) is added to the symbol for the parent monosaccharide. 
The N-acetyl derivative is denoted by the suffix NAc. 

Examples: 

lactose, GalXAc 

(Rule 4) are not to be omitted when established. 

2-Amino-2-deoxy-~-glucose, GN; 2-acetamido-2-dcoxy-n-ga- 

( 5 )  Configurational series.-The configurational symbols 
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Example: Examples: 
barabinose, bAra Xylan 

p-D-xylp-( 1 + 4)-(8-~-Xylp),-( 1 + 4)-p-D-xylp-( p-D-Xylp),- 
( 6 )  Positional numerals and anomeric prefixes.-These are 3 

t 
which is substituted thereby. 1 

added a t  the appropriate places, the former being separated by 
arrows pointing from the glycosyl group to the hydroxyl group 

@-D-XJ’lp-( 1 4 4)-(@-D-xylp)z 
(7) Joining of symbols.-Symbols formed as above are joined (1 -+ 4)-8-D-xylp 

by hyphens. Inulin 
~-Fruf-(2 + l)-(~-Fruf)35~-.- (2 + 3)-~-Gp- 

(8) Arrays.-Polydirectional arrays may be used. (1 + 1)-(~-Fruf),-(2 + l ) - ~ - G p  

ADDENDUM TO “DEFINITIVE RULES FOR THE NOMENCLATURE OF NATURAL AMINO ACIDS 
AND RELATED STJBSTANCES”‘ 

This rule was proposed by Dr. H. B. Vickery who was largely responsible for the original report. The rule has 
been approved by the Committee on Nomenclature, Spelling, and Pronunciation of The American Chemical Society 
and by the Council of The American Chemical Society in March, 1962, on a tentative basis for a t  least one year. 
It was previously approved by the Kational Research Council Subcommittee on Biochemical Komenclature and 
informally approved by the National Research Council Committee on Nomenclature and by the Division Committee 
on Carbohydrate Nomenclature of The American Chemical Society. 

AA-11. A Rule for Naming a-Amino Acids which Have 
Two or More Centers of Asymmetry 

Names of a-amino acids which have two or more 
centers of asymmetry and in which a hydrogen atom is 
attached to each asymmetric carbon atom may be 
formed with use of the prefixes of carbohydrate nomen- 
clature to define the configurational relationships. The 
small capital letter prefixes L~ or D~ are placed immedi- 
ately before the name of the parent a-amino acid or its 
radical. The subscripts must invariably be inserted in 
order to show that the capital letter prefix refers to the 
configuration of the a-carbon atom (carbon atom 2). 
The carbohydrate name prefix is italicized in print. 

The four optically active 3-hydroxy- 
aspartic acids may be formulated according to the 
Fischer conventions and named as follows: 

Examples : 

COOH COOH COOH COOH 

HeN--LH H z N - - L H  H--LNHa 

H O - L H  H- b --OH H - L O H  H O - L H  

LOOH LOOH b 0 O H  LOOH 
erythro-3- erythro-3- threo-3- threo-3- 

Hydroxy-La- Hydroxy-De- Hydroxy-LB- Hydroxy-DB- 
aspartic acid aspartic acid aspartic acid aspartic acid 
(related to  (related to [related to  [related to  

meso-tartaric meso-tartaric ( -)-tartaric (+)-tartaric 
acid) acid) acid ] acid] 

L,-Threonine was so named in order to define the 
configurational relationships of both asymmetric cen- 
ters. Its diastereomer hitherto called L,-allothreonine 
may accordingly be named L,-erythronine. 

The formulas of the two pairs of enantiomorphs are 
as follows: 

COOH COOH COOH COOH 
I 
I 

CHs 
L,-Threonine D.-Threonine L.-Erythronine Dt.- 

H2N-C-H I H-C-NHZ I HZN- J- H H-C-NHt 

H - L O H  HO- L -H H0-C-H H-C-OH 
I 
I I 

CHI 
I 

CHI 
I 

CHI 

(derived from (otherwise L.- Erythronine 

(1) J .  Am. Chm. Soc., 82, 5575 (1960). 

proteins) allothreonine) 

Since the configurational relationships of both 
asymmetric centers of hydroxyproline are known,2 the 
isomers may be formulated and named as follows: 

YOOH YOOH FOOH YOOH 

erythro-4- eTythTu-4- thTeo-4- threo-4- 
Hydroxy-La- Hydroxy-n,- Hydroxy-La- Hydroxy-D.- 

proline proline proline proline 
(derived from (otherwise 

bproline) 
proteins) allohydroxy- 

Similarly for the four isomers of isoleucine3: 
COOH COOH 

I 
H--CNH2 

I 

I 
rH I I 

COOH 
I 
I 

&HI GH5 

H2N--CH H- NHz HzN--CH 

CHS-CH H - L C H ,  H-C-CH3 CH3-C-H 
I 

CzHs 
erythTo-Lg erythTc+Dp threo-L.- threo-De- 
Isoleucine Isoleucine Isoleucine Isoleucine 
(derived (otherwise 

from balloiso- 
proteins2) leucine) 

Note that these formulations imply the acceptability 
of a precedence convention according to which a smaller 
alkyl group is preferred to a larger. Alternatively, the 
formulas may be regarded as being written with the 
longest possible hydrocarbon chain. 

The configurational relationships of the hydroxy- 
lysines have not a t  present been c~nf i rmed,~  but the 
isomers may be formulated and named as follows: 

CZH5 
I 

(2) The formulation is baaed upon the assignment of configuration by  A. 
Neuberger [ J .  Chem. Soc., 429 (1945)l and by L. Benoiton, M. Winitz, S. M. 
Birnbaum. and J. P. Greenstein [ J .  Am.  Chem. Soc., 79, 6192 (1957)], and 
recently confirmed by the studies of E. Adams and A. Goldstone [ J .  B d .  
Chem., 256, 3504 (1960)l. 

(3) The formulation is baaed upon the assignment,of the absolute con- 
figuration by  J. Trommel and J, H. Bijvoet [Acta Cryat . .  ?, 703 (1964)l who 
employed X-ray crystallographip methods, and alao upon the studies of f .  
P. Greenstein, L. Levintow, C. 0. Baker, and J. White [ J .  Biol. Chem., I@, 
647 ( l e a l ) ]  and of W. S. Fonea [ J .  Am.  Chem. Soc.,  76,  1377 (1954)l. 

(4) B. Witkop [Ezperzenlza, 1%. 372 (1956)l assigns the structure ervthro- 
E-hydroxy-L,-lysine t o  the amhogitid from proteins, but this assignment haa 
not been confirmed by other invesii@ora. 


