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System for Classification of Structurally Related -
Carbohydrates’

Horace 5. Iabell

A gyatam ik E:cemnt.ad for tha classifiention of structyrally and configuraticoally related

cathohydrates, b axhatano: is assi

configuration, By inspect

pode number that defitics the sbrictur: Sod

ion of the code numbers, or by & punched-card tephnigue, groups

of atructurally related carbohydrate derivatives oan be selegted readily from 2 heterogenecus

ool bection.

he atructures, eonfigurationy, and conformations of pyrénode and furanode

derivatives are discumsed, and classificstlons are made on the basie of a few fundmmental

Elrustured,

Certain anbiguous snd objectionabla Festurva ln the elesaification of pyranose ring

eonformations in the €1 aod 1C estegories of
denoted the chelr conformation &i datk the o gnd the o afdofianose

Beeves are pointed out, In this er, {11
¥ oae sevica ity Which bhe roferenes

up ettached to aerbon 5 of the ring is it the equatorisl position.  Bimilarly, O2 denotes
%2 cI:l.:a.ir confgrmation in both seclea o which the referenoe group attached to parbon b of
the ring 18 in the axfal position. Xylese and sorbose are classffied ke glososa; lyxoae and
toee like manncse; arabinose and fruetoae ke galaotoas; mand ribose and paicoae like
Because the desgnations are independens of the ¢ or L series, they avoid the arro-

neong elaaeifeation of anantiomorphe in different conforraftions.

1. Introduction

During the past several yegrs the infrared abaorp-
tion spectra. of & large group of carbobydrate de-
rivativee hava been measured st the Burean with
the object of providing reference spectra and data
for structurslly related mnterisls. A classifiention
system was devised to show the structure and con-

puration of the compounds by means of numbers
suitable for coding and separsting by punched-card
tachniques. Altho the systemn was develeped
prima g’efur comparing infrared absorption specira,
it can used for classitving structurally related
carbohydrates for any purpose.

The code numbers are assigned by means of a key
outlined in tables 1 and 2, A decimpl point i= in-
sarted after the second digit to separste E?Elms that
provide broad generic classification from those thot
show definite structure; For example, a-p-plo-
copyranoge js piven the code number 10.2110.
Reading from left to right, 1 shows that the suh-
stanee i3 & monosaccharide; ¢, that the hydroxyl

upe are predominantly unsubstituted; 2, that it

8 primary 6-corbon structure; 1, that it has the
glucose configuration; 1, that it has & C1 pyranose
ring with an axial glycosidic group, snd ¢ that the
glycosidic hydroxyl is not subatituted. The code
mumbers for all a-p-glucopyrancse struclurss will
have the .211 eequence. h structural grouping
has a characteristic sequence of numbers. Hence
by inspection of the numbers, or by punched-card
tachnigue, groups of structurally ang configuration-
ally ted carbohydrate dertvatives ean be readily
selected. The classifications are nof intended for
geners]l pomenclature snd no changes ara proposed
in the rules for naming carhohydrates. In suhse-

| The Wik m i iy pobesibom wee rad b the Ofice of Waval
Hesparoh kg L) Ply'ﬁmﬂll thet investigstlon of ¢l BtrHiore, sonfiqorethomn,
il el et b el v ol e au%ll;s:nd thwedr derivatives by Indrared shoorptom
IehquraTsded (I EQ B dheaticatmn gyotem hare has

heenuﬂdmmrgthihwapumnhbmtmmr dertratives.
‘The ppectra and refersws nimbary will appear in fostheoming poblbetions,

quent. paragraphs the atruetural elemoents invalvad
in clessification will be coosidered in order, and
directions will be given for assigning code numbere.

2. Components of the Code Number

2.1. Type of Carbohydrate

The first digit in the code number divides the
carbohydrates into groups of inerensing complexity:
1 signifies & monosaccharids; 2, & disaccheride; 3, an
oligosaccharida; 4, a polysaccharide composed of one
type of unit; and 5, a polysaccharide rompozed of a
variety of unita. Suobatances in types 1 to 4 are
given definitive code mumbers but no attempt is
made to classify substances iu 5, beyond coding the
Btructural units present.

2.2. Major Substitoent

The second digit is as=i to show subetitution
oft the palyol strocture, on half or more of the
hydroxyls are free, the classification number is 0
wzimn more than helf of the hydroxyls are substitute

the yumber corresponds #o the substituent present in -

predominating amount. If two classifications are
possible, the one with the lower number is used.

2.3. Corbon Skeleton

The first digit to the right of the decimal point
defines the skelaton of the fundamantal earbon chain.
Aleohols, aldoses, aldonic acids, uronic acids, etc., are
classified &s primary; ketowes and related compounds
as secondary. Cyelitolz and higher sugars are in-
cluded in 8 miscellaneons gronp, 9. The sldo-
heptoses are placed in two groups designated ss Ta
and 7h. Substances in the 7a proup have like con-
figurations for the two configuretijonel uaits given n
the gonventionz] ACS name [1j; ? those in the 7h

* Figurea [n brocketd Inad [sals (he Misratine raterences at tha e of i feyger.
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TArLE 1. Clasasficafion key For eode numbers

Cerde |1, Typeofesrbohrdrate | 3 Major sabeditizent %, Coarlun skalaton 4, Configurstion 5. Characteristic onlt | & Subrdlioent oo oadn |-
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TamLE 2. Numbers for subaltfuent groupr end auziliary strucfurda

Cade Hobetibeent group Cuda Rubetiteent: groop C ol Substitnent graup | Cude Anxillary steu chure

1] Nne,

bL1] oH n]in an * 1nne] lanwearin eadare, 50 Mitrepen declvadites. o Carboxrlho eeid.

1 ath A1 Phwaphate. 51 Amning. 71 Carborylic eatey

17 | O-Ethyl, 32 | Nitrgte, a7 | Aostamide. 72 | CarbexFle

15 [ ) exFl, i ] Holiate, 53 Ml brooarl, 7 Carbozylio 5]t

M O-Benzyl 55 =Toarl. 54 :E'Mm.“ Fdrazive derivas | T Carbex

TE.

11 FPhentl. a5 G-Moasl, 55 Oxkme, 75 Corboxylc rglt.

14 -Trityl. ) 54 ™ Onio derlvative.

1t | Hemaests] iy 57 v

1y | Ahehzdcl % 1 ™

b 1] CarbvrryHe doxber 4 Lin othor than 0 or M. B Crolie derivatives, 1] Troxy.

H - Anetyl, 11 F!nme:. 8l 1oprepyvildena, T Ieoxyaming,

b O-Brneny] 12 Chiorida, a2 Byl . 7] Deoxyacetammn,

b 44 Bromlde, a3 I-Metiwx yethyldens,

H [T Tod|da, '] I-Melwaybenryikdens. r

b 5 Mercanial (%) Ethykna oxide, HE

b 15 i3 Bukrkae exide

prg w 87 | Anrykens cxhie [ r) Oltslcnnlc sabeemi of rrydalllze.

[ 1%

- 15 BE Heoxxhane oalde, B Salt of erysta]izatipa.

b ' L] -] o] WateT of crywtalllzatin.
group have unlike configurations. Thus & o»- TaBLE 3. CPagetfication of configuration
glycero—o—gluco-aldoheptose or an L-giyeero-L-plues-
aldoheptose is classified Ta, whoress a Ferd-L- Tealatad

Abbototros Abkppenija | L e
gluco-sldoheptose or &n L-glyeero-p-gliuco-aldoheptosa
is classified 7b. The first pair of compounds as gcmﬁmh:n g CobEgurazion|| 3 |Contenration|| & |Coafiorstion
well a3 the second pair are anantiomorphie, and for ! 2 =
evaluation of infrared abscrption, do not require : E—ﬁmnm“' ]| Eyloes. 1 w 3| Glucom
.1 Euil: -1 1N AT,
separate code numbers, 3| Ababanoee, || § | Fromome. | 3| Galaeios.
+ | Elmba, 4 | Felenss, A Talies
; . § | G
2,4. Conliguration 8| a2
& | Allogs, o
The second digit to the right of the decimal signi-
fiea the confipuration of the main structural unit.
2.5. Siructure

Configurationz listed in table 1 are assigned numbers
1 to & according to the scheme outlined in tabla 3.
No distinetion is made between p and 1 modifica-
tions because enantiomorphie substences give like
uhau?tiﬂn. Racemic subatances are grouped under
0, end compounds not covered elsewlhere ara classifiad
under 8. DBecsuse the pentoses and hketohoxoses
have one less asymmetric carhon than the aldo-
hexozes, each cen be considerad to he rolated to two
aldobexnses that differ in the confi tion of the
terminal asymmetric carbon. Ono the basis of sim-
ilarity in properties, the pentoses and ketchexoses
are classified under configurations 1 to 4 rather then
& to § [3].

The digit third to the right of the decimal repre-
senta the characteristic structure of the subsiance,
FProducte contaning snomeric forms in aquilibriom,
s, for example, amorphous sugars and materials not
subject to specific classification, are represented by
0; pyrenose snd furanose structures by 1 to 6

fycimls by 7; open-chein aldehyde and ketone
ﬁerivnt.ivcs ¥ 8; and aldonic acids by 9 regardless of
whether they are present gs the acid, ealt, ester,
amide, or lactone.  Assignment of code numbers for
the pyranose and furanose derivatives requires
review of zome problems of nomenelature and ideas
of configurationslly related carbohydrates {see sec-
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tion 4). Briefly, however, pyrancses are classified
aeeording to ring conformation and the position of
the glycosidic group with respect to the plane of the
ring. Pyranoses a and ¢ have, respectively, nxiel
and eguatorial glyeoeidic groupe? All furanose
derivatives are represented by &,

2.6, Main Functional Group

The figures oceupying the fourth and fifth positions
to the right of the (gemmal in the code number show
the character of the main functional group, usuaslly
the glycosidic group. DBecauge there are more than
10 common substituents, two spaces are allowed for
this steuctural festure. The numhbers given in
table 2 are used to describe substitution not onky of
the main functional group, but alse of otler parts of
the molesula, se descn in section 3. The
numbering system can be readjusted to fit any
collection of carbohydrate dervatives.

The numbers reprezenting the subsiituent groups
are used with structures u% diverse type. us a
methyl group when used in conjunction with strue-
tures 1 to & {(column 5 of table 1) represents &
glycoside; with 7, an ether; with 8, an acetal; and
with 9, an ester. Aﬁ)p]icatiﬂn of the system can bhe

&8

geen from the examples that follow:
Examples Code

Mathyl e-p-xvlopyrsooeide_____________ 10. 11111
Wlethyl e-p-giucopyranoside..__________| 1% 21111
o-D-Glugopyranoee 1-acetata ___________ 10 21121
Methyl p-gluconmate_ __________________ 10. 21811
o-D-RAnnapyrancayAming . . uonen, L oan 1. 22151
p-Mennoeas phenylhydrasone_ __________ 10 22RE4
p-Mannonio phenylhyrdrezide___________ 10. 22854
p-Mannonic s-lactone________ .. ___.| 10 Z208&
1,5-Anhydro-p-p-altropyranosa__________ 10 27265
f=p=hannopyrance: 1 2-(methyl ortho-

Seabdte) o ____________________ 10 22283

Tha numbeis selecied by tha describad methods
conatitute the primary code number and are sufficient
for classifying simple zubstances. Various acheres
arce usnd f?:nr more: complicated substances,

3. Hepresentation of Complex Structures

Substitution on the main funstional group is shown
directly in the primary eode numhber. Suhstitution
on the carbon chain is indicated by the class number
and shown more specifically by nombers following
the 1:-rimml;{I eode number. The clasa number
suffices to show completa substitution by & single
aubatituent. “Thus 2,3,4,8-tetra-G-acetyl-a-n-glocose
is 122110, A partially substituted strueture is
shown by a group of pumbers to the right of the

rimery code number, The first number or num-
ts, given in parentheses, show the position of
¥ In acoord with the suppestion of Bartom, Haseal, Flizer, sl Frelox (2], the
B s ST o e T L L et

ﬁum are colar to Fhe mean plane of th Fing; thise connect ing eqoate-
risl gronrs aee direotsd cotward st s amell angle gbove or below (ba plene of the

ring

apbstituiion, the next number defines the substituent.
Soeveral substituents can be listed consscutively.

Examples Code
2,3,4,8 Tetra-O-atelyl-a-b-ghtease. | 12,2110
Methyl-a-p-glucopyrabase_ _ _ 10.2110{3111
g.gf-m i rdﬂtgﬂ_-n-p-lglum-.__ 12 2110{6)10
N protryli B-D-lyxopyran-
et denrnditi il i 16.1220¢2,3)41
Methyl f-p-gulactopyrancsids 6=
nitvata_________ ___________ 10,23211 {832
Z2-0-Methyl-G-0-trityJ-a-p-
Elucopyrangee_ .o ______.| 121121 I(AEILG

Auxilisry or additional structures are freated like
substituents. The main functional group is con-
sidered first, and the second {auxiliary structure) is
shown by suitable numbers following its position in
parentheses.

Examples Gl
EQxe-n-gngonte aedd... oo ___. 10, 2180{E TH
a-p-Glucofuranurone-y-lactone_______ 10,2 180{6} T2
Balt of e=p-glucopyranuronic acid__ __| 10211008175
Ester of methyl c-o-gluocopyraauronide. | 102111166371
2-Dheoyy-2-amino-se-p-glucop ¥ ranose_ _ lﬂ.ﬂllﬂ{ﬂ} g1
f=Dreoxy-L-mannopyranose_ _ ____ . .._| LRZ2L0(E)E)

Structures i the main functionsl group and
similar structures in auxiliery groups do not alwaya
have the same number, Thuys, tha gamma leetone
of sn aldonie acid is represented by .- - - 66, whereas
& gamme lactone }.u-esent ae an suxilisry proup is
indicated by 72 following the location given in
parentheses. The first number, 66, shows the
presence of the butylene oxidae ring in & structure
already defined, whereas 72 follewing the parentheses
reprosents s complete lactone strusture.  Ordinarily,
anhydrides involving the %E}'cusidic carbon do not
require nuwmbers defining the point of substitution;
thus fopglucopyranose 1B-anhydride iz 10.21288,
in which 63 shows tho presence of & hexylene oxide
r'zr? involving the main functions] group.
p-Fractofuranoee-1,2-anhydride 10.736(1,2)65, how-
ever, requires the numbers in parentheses, to locate
the oxide ring on, the earbon sheleton. In any cass
of ambiguity, positions of substitution should be
wiven.

Migosaccharides are represenied by 8 series of
numbers correspending to the units present. The
glvcosidic linkage is shown by an sstenigk at theright
of the eode numher for each unit. This shows that
the structore defined by the preceding number is
joined n glyeosidic linkage to another carbohydrate
unit. The parenthesez are followed by the code
nuniber for the next unit. The namea for the
oligosaccharides used here are ohtained by ACS
nomenclature rule 35 ). For convenience in
typing, hyphens arc used in the eode number instaad
of the arrows used in the names.
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Some examples ars
a-Cellortio=a:
ﬂ-n—Gluc;Tymnoayl—{lqi}ﬁ-ng]uuapymnsyl-

(1= }-a-D-glucopyranc=e iz 30.212*(1-4).212* {1-
43.2110.
ee-Maltotriose:
a-p-Glucopyranosyl-{1 —+4)-e-p-glucopyranosyl-
%—;L}u—u—gfumpj‘rmose is 30.211%(1-4).211%{1-
2110,

Raffincse:
a-p-Glalactopyrancayl-{1—8)-e-p-glucoprrano-

8yl-{1-+2)-g-p-fruetofurangeide iz 30.231*(1-6)
211%(1-2).7367.

Sucross:

2-D-Glucopyranosyl-f1 —2)-8-p-fructofurann-
gide is 20.211%(1-2).7367.

Lactose:
A-ov-Gslactopyrenoayl-(1—4}-a-p-glicepyranose
ia 20.232%(14).2110.
A brenchbed structure i represented by use of
braces. For example, o-pglucopyranosyl-(1-—4)-
[z-D-gelaciopyranoeyl-{1 —6)]-e-p-mannopyrancse is

30.211%(1-4)
i _E}}.znm.

Folysaccharides composed of one t}rg{sﬂf Btrue-
tural unit are represented by 4 in the first digit of
the code number and a sequenee of nurnhers showing
the skeleton, configuration, #nd structure of the
monczacchande mnit, followed by numbers showing
the pogsition, or positions of the plycosidie linkages.
For example:

amylose is 40.211*(1-4},

amylopactin is 40.211%(1-4}*(1-6),

dextran is 40.211*%(I-8)*(1-3)*(1-4}.

The numbers in parentheses for dextran show the
presence of lglquldlc Imkages at carbons 6, 3, and
4. The polymeric character of the substanee is
indicated by 4 at the left of tha coda number.

Hetero-polysaccharides are classified secording to
the various structuresn present. Thu= s polysac-
charide composed of w-p-galactopyrancse - units,
A-D-mannopjTancse units, and A-L-arabinofuranoze
units is 50.231*222* 136*. The examplez cowver
only o few of the many substances that can be ¢lassi-
fied ; others will be given in future publications.

4. Digcussion of Configuration and Con-
formation

4.1, Classificalion of Anomars

According to present nomencleture, when sn
anomeric pair of sugare or sugar derivatives belongs
in the p configurationsl series, the more dextrorota-
tory member 18 called alpha, #nd the less dextrorote-
tory, bata. If the substances belong in the L series,
the more levrorotatory member 13 called alpha.
Assignment of the substance to the ¢ or L series
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depends on tha configuration of the highest numbered
carbon in the confizurational unit. This carbon
is number 4 in the pentose series and number 5 in
the hexose sories. ing the alphs and beta names
on different rveference carbons resultz in a lack of
corrolation between the alpha or bete name and the
structira of the anomeric carbon, especially for the
pentoses, ketohexoses, snd furanoses [3, 4, 5. A
changs in the names ordinarily used for these sub-
stances is not desirable but for correlation of atrue-
turally related compounds a more fundamental
relatipnship must ba uzed. The stereomeric prob-
lems for furancse &nd pyrancse derivatives are
different; hence claseification of the two structures
will be treated secparatcly.

4.2, Classification of Furanose Strucinras

The dimensions and normal bond angles of the
atoma comprising the furanose ring are such that a
planar ring can be formed with little etrain. Al-
though very little is known concerning the conforme-
tion of furanose rings, intramolecular, and crysial-
line forces can cause distortion. Thus X-ray studies
have shown that the furanese ring in eryetalline
sncrosa 18 nonplenar [6]. There are faw furanose
atructures availzhle for study &nd ne means for pre-
dicting probable conformation. Hence for the pres-
ant it sesms desirable to consider the ring as sub-
stantially planar, with considerable flexibility. With
& plansr furenose ring the different configurations for
carbons 1 to 4 give 16 isomers, 8 in the » series, and
their & enantiomorphs in the o series. The § repre-
sentatives of either serica consiai of two modifica-
tions of each of 4 fundamental ring structurss, that
have, respectively, the mdo, arabe, fyro, and ribo
configurations. %e two modificetions of each of
thege, differing in the configuration of carbon-1,
can be classified as ¢ and t on the basis of & cis or
trang eonfiguration for the glycosidic group and the
hydroxyl on the adjscent ring carbon. Thiz pro-
cedure i applicable to all furanose derivatives and
nvoids the complications that srise in elassification
by conventional nomenclature.

Takle 4 shows that structurally related totroses,
pentoses, hexcosen, and higher sugars differ merecly
with respeet to R, the substituent group at-
tached to ecnrbon 4 of the ring. In the hexo-
furonoses, which have 5 ssymmetric carbons,
the different configurations of cerhon 5 giva rise
to two isomers for each of the ¢ and ¢ modifica-
tionz of the four fundamental ring confipuratione.
T emphasize configurational relationships the hexo-
furancses in tabla 4 have been given sysiematic
names baged on the configuration of tha grméﬁa
comprising the ring structure, in addition to the
convantional names. The systomatic names ars
presented to aid in the correlation of related stric-
tures and are not Eer{- ed as alternate nemes for
the substances. T tofuranchezoges differ from
the sldofuranopentozes in that the former have a
CH,OH group mn place of the h%'dl‘ﬂgﬁu of carbon-1
of the latter. Like the aldofursnopenioses, the
ketofuranohexoscs can be classified as ¢ or t accord-




TaBLE 4.

Furanose atrtectures &

o ] o
R ' R c R c ] t
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E-H.... L-Threimooses. ... ...... L-Erythroforaoeos _________._._ o {4
B=CH+AH..---...| =X rhfilnact __ oo | -Lyzofuranoss_ o _____ oA vabdnoluratoes . ______ DR B k] et

i
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IIJH Tt padone e b 2o AT ) Hipro-aldohexefurancss) . Dot tlu-aldobe 2o rar0ee). B

0OH L-Tdofuvanias  {L-pljesrs-Doapl- | L-Goloforancee  {cafweers- | s-Oalbotoioranees  {L-afpeere-p- | o Talohurancss (Dl

| mlibeburiuhir ATviaa) o Hm—abduhmhmngmj. rrabn-abdohexpfurencse) , dam:mﬁﬁm
I=—0H,0 Hﬂ!IJ—
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Ketosa [CHAOH oo exrbon on right. of formuls)

R=H___.____._..... LX ylulofuranose .. ... L Bitbotursnese . Lo eoo | B-XKFMlofurBmnee s b-Ribuloinremose,
R=CHDH. . _.___. b LTl I 15 I 2L it TR IFOmtofArnnes. «. o car- r——-1 o - | T=-Fibiosm,
= A1l of the componnde axat inen lorm, age member of which Is epresated hem-
¥ Thw prodoit, D-threoforances, lamh L-threafurarose eovdar coule -14.
+ The predoot, D-arrthrofurances, b8 ciamfied with L-ertbroforsncs under coda =20,

ing to & cis or a frand relationship of the glyeosidie
group with respect to the hydroxyl of the adjacent
ring carbon. There are few furanose derivatives,
and hehee for the present separats code numbers
are not given to the ¢ aad t modifieations. Classi-
fication of all furanoese derivativea in ﬂrnrgﬁfm:r ETOURS
makes comparisons possihle with tivaly fewr
compounds. .

4.3, Conformation and Closeification of Pyranose
Structures

tions and other avidence indicnte
that the atoms forming the pyranocase ring do not le
in a silﬁ plane thet the rinps can assurme
several shapes or confermations [7). It was found

X-ray investi

in 1937 that if the pyranose sugors are divided into |.

two gronpe, alpha when earbon 1 and carbon 5 have
like configurations and beta when they have unlike
configurations, then on bromine oxidetion there s
marked sitnilarity in the hehavior of the alpha
gagars on the one hand and of the bhata sugsrs on
the other. This shows that there is an important
gtructural difference in the alphsa and bete medifica-
tions, The difference was ascribed to the existence
of a strainle=s ring structure in which the alphs and
bets positions are not symmetrically located with
respect to the carbon-oxygen ring.  Several strainiess
ring forms (or conformations} seemed possible [3].
But 2t the time this work wae done there was no
satisfactory method for deciding which sbructure
Wi mtui[‘lry present. Subsequent work hy Hassel

and Otiar [9], Recves [10], and others [11) has
shown that the pyranose ring invaeriably assumes
one of two chair conformations, given in figure 1,
unle=s the ring is altered by bridging to a boat form,

Reoves [10] has given these two forms the designe-
tions (’1 and 1€} respectively. Thus “the Sachse
strainless ring chair {orm in which the sixth carbon

atom and the ring oxygen project on the same eide
of the plane formed by cerbon atoms 1,24, and 5 i

Marenol conlormotians

Secondary sonformalions C2

L— hapase 01 +

L —=hézosa 0F

Framae 1. Cenformations of the pyrenase ring.

Ively, the Tocotiom of bt mefereaon
us] carhon. A pofe

o e gt e Far
[: -] | EL [
tmmmwmﬁrﬂp reviper by 0.2 son. |BY.




designated 1, and its mireor image 107 This
definition is smbiguous, ingsmuch as the mirror
imape of & whole molecula in the Cl conformation,
likewise meets Reeves’ criterion for a Cl conforma-
tion. Unfortupately, “mirror image” wae used in
the definition in the sensa of the ring skelcton only,
but wae then applied to the whole molecule. Thia
led to a different classifieation for the v and L forms
of derivatives of galuctose and of arsbinose. To
avoid the term “mirror image™ in its speciel sensa,
M1 i3 uged in the present clageification to represent
the conformation of the pyranose ring in which
carbon 6 i In an equatorial position, and (02 4=
nsed to represent the conformation in which earbon
& 18 in en axial position. With this classification,
the mirror image of p-galnctopyrancse C1 is Lgalae-
topyranoss Cl and the “inverted” conformation of
the ring for either enantiomorph is designated by C2.
The twoe conformation= differ in that the groups
in axial anitions of one are in equatorial positions
of the other, and the reverse, '

Figure 2 shows the C1 structures for the aldo-
hexopyrancses of the p-confizurational scriee.* Table
5 lists the reference groupa atiached to the ring ac-
cording to whether they sre in axisl or squatorial
poasitions. On the loft side of the table, the 1
conformations are listed with their code numbers,
Opposite each of the U1 conformations is 8 C2 con-
formation with the seme srrangoment of referenca
E{uupa, except for the one attached to carhon 5.

he arranpement of the referonee groups common to
both substances is given in the conier of the table.
For example, either o-p-plucopyrancse Cl or a-1-
plucopyranose C1 has the a e & ¢ e conformation which
1B like tha saeeeq conformation of either g-r-
idopyranoss (02 or g-p-idopyrancse C2 except for
the arrangement of the groups at carbon 5. In the
clagsification system eode numhers —1 and .—2 are
given to subatances with the C1 conformation having
axial and equatorial glycosidic groups, respectively.
Code numbers .--3 and .—4 are given to substances
with the C2 conformation having axial and cqua-
torial glveosidie groups, respectively. Pyrancse de-
rivatives having a conformation other than the C1 or
C2 are given the code numher =5, regardless of
configuration &t the snomeric carbon.

Undoubtedly the conformation of the ring is not
the same for all pyranose derivatives and m some
caaes sevarsl conformations may exist. Thi may
account, as previously pointed out [3), for snomalous
values for the differences in molecolar rotations ob-
tainad by application of Hudson’s rules of moretation
[12]. Some sugar derivatives sdat that for stereo-
meric reasons are limited to certain conformations.
For exarnple, 14-anhydroglucopyranose requires a
boat-shaped ring in whick carbons 1 and 4 are
directed toward each other. However, the con-
pistent relationship found between the rates of oxi-

{ The L ks wre it given bocanse they we mi Imexgon and be
sttuctod feap £ dlagrama of Dgure L. e e be B

€1 oF NFmE condarrmation

o-allrg-

L=l |-

Fravrs 2. Fusdemerial pyrosose fypes.

TABLE 5. Arigl and sgualoricl poativena of raference groups

in aldoheropyranose slrcinres
1, or normal sonfsrme- | Chersater of rofar- | O2, or second coa-
tom %BIEDBB e DG ErUp format o =
ak car F equatortel) o p me carban & wsdal
Carbwon-
Code | Confguratlen Conflgoration | Code
1 2 B4
.l | cplen a & E n |l L}
13 | Bapluc. B & [ e v | weidps .5
2l | acmanad- Y & ] e | Pl .~ | N
.22 | Fmanndé- -] & ] " [ T Lk
3| agalnstor B | a| & | & |Maliree .
-kt | Bpalmifo- A B a A | acaltrd- T
Al atale- B & k| B | Sl .48
42 1 aadn- [ & a B | acalfe- -
5L | ek B B l ] a | Spluce- 12
52 | AH [ * B & |a T
1| .3 B -1 4 | #manme- -]
| A a B [} 8 | ccmamm0 , 4
2T weddire 'S 1 ] B | Smlecte -]
Lot | Radtre a a W L. . -31
_ &L | celios B BB n | Sdaln- -
-} § Brpdio- L} o B n | cefale- =55
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dation with bromine and the configuration of the
anomeric carbon in the aldohexopyrenose series is
evidence of the provalence of a common ring con-
formation in at lapst 10 f{out of a possible 16) aldo-
hexopyranoees studied by bromine oxidation [3, 4).
The relative stability of the two conformations de-
pends on & number of factora, particularly the tend-
ency of groups to talke an equatoris] rather
than an axial positicn [9, 10). Tha CH/OH proup
of the sldohexopyrancses haa a strong tendency to
assume the equatorisl position, and this accounts
for the fact that most aldchexopyrancses have the
C1 conformation.

The p oga forms of the pentoses and keto-
hexoees differ from those of the aldoheoxoses in that
at carbon 5 they do not bave & CHLOH group and
honce the ring-forming carbon i nonasymmetric,
Thus each pentose or ketohexose i@ structurally
related to two aldohoxomes. The relationship for
a-p-xyloae, B t-iypicnl pentoae, is shown in figare 3.
The atructure for «-p-xylopyrancse could be derived
by replacing the CHOH group of either a-p-glico-
pyranose of @-L-idopyranoss by hydrogen. The
conformation of a-p-xylopyrancse produced by this
hypothetical procedure would depend on the con-
formation of the parent haxose, o-p-Glucop 080
8} anld ﬁ-r.-idnpyr;nuaa 2 would eﬁd a orltﬂn of
o-p-xylopyrancse having equatorial hydrexyls at
carbona 2, 3, and 4, and en axial hydrexyl at carhon
1. But - lucopfyrmasa C2 and f-v-idopyranose
C1 would ::')i—gld a form of &-b-xylopyrancze having
axisl hydroxyls at earbonz 2, 3, and 4, and an
aguetorial hydroxyl at earbon 1.

Apparently the pentoses tend to assume the con-
formsation with the bhydroxyl of carbon 35 in an
equatorial rather than an axial position. In this
connection Isbell snd Frush wrote as follows in
1940 [5]: “As may be noted {rom & space model,
carbon 3 lies opposite the axygen of the ring and ite

Hey oH foH aH H
womgl - e
A-p=glusopyrandee C1 B dopyrancse cl

"

oH HE

a-p-fucoppranose gz O

v], |

el ] bH HE
a-p-aylopyranase G2

He oH
o0 =5y | Py rongse Ll

[+]

Frouss 8. Structerally releted hevoser and pentoses.

attached groups appear io he in a particularly
faworable position 10 influence the conformation of
the ring, Perhaps this acconnta for the unexpectadly
lerge influence of the confi tion of carbon 3 on
the relative reactivities of the alpha and bets meodi-
fications, Another cbeservation which may depend
on the effect of the configuration of carbon 3, is that
in the pentose series where the ring fortming carbon
is not asymmetric, sach pentose resembles the hexose
in which carbons 3 and & have opposite co Ta-
tions.” Thus xylose, lyxose, arabinoss, and ribose
derivetives regemble the corresponding denvatives
of glucose, mannoze, gulactose, and telose, respec-
tively, more closely than they resemhble the deriva-
tives of idose, gulose, altrose, and alloee [3, 4, 5].
Henee for eclassification purposes the sldopentoses
are E}:fn code numbera corresponding to thoze of
the -nsmed group of substances. For example,
the code number of a-pD-xylopyranoas {(a e 2 o) is
1110, whereas, the code number for the hypothetical
“Gnverted” or {2 conformsation (e a » &) i3 .1140.
The pyranose derivatives of the related ketohexoses,
sorbose, tagajose, fructose, and peicosa are likewise
given code numbera corresponding to the gucose,
mannosa, galactose, and talose configurations, re-
spectively.

The ketoses differ from the aldozes in that the
glyeosidic carbon has » CH2OH group in place of
the aldehydic hydrogen. The presence of thia group
preatly alters the equilibrium for the anomene
modificetionz in solution. Apparentiy the CH.OH
group tends (o assume an equstorial pesition anal-

us to that taken by the CHAOH group in the C1
dohexopyranoses, This accounts for the fact that
aquilibrium aclutions of fructose, acrhoze, tagatasa,
menncheptulose, gluecheptulose, and other ketoses
eoutain almogt exelusively the pyrencss modifieation
having an equetorial CHyOH group a6 carbon 2,

At present any sttempt to assign definite con-
formations to il pyrancse derivatives is pramature.
There s need, Lowever, for considerstion of the
apecial stereomeric factors associated wath the nng
conformation most likely to ba present in any sub-
stance. This is particularly true for the evaluation
of infrared sbsorption, becanse thin property is
extremely sensitive to the molecular strueture.
Henece some methed of classification is desirable. .
A definitive classification requires that the structures
of the compoynds shall have been established un-
equivacelly. As this is not true with pyrancse de-
rivatives in peneral, it is mecessary to make an
arhitrary classification. By comparison of the in-
frared speotra of eubetances clagsified in the srbitrary
manner, exceptional properties may be dissnvered
and ultimately explained in terms of conformation,
or of molecular structures st present unlkmown.
As & working hypothesie, m the absence of unequiv-
ocal evidence to the contrary, the Ol conformation
iz assumed as a first choiee and the 2 only me a
secohd choiwce. With provisionsl assi ents, in-
frared sbeorption and other dsta can be sxamined
for correlations based on either the 1 or the 2
conformation. .
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