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The co nformations of twen ty-four aldopyranos ides ha ve been st udied by a nal ys is of 
t he ij· infra red absorpt ion spectra. The m ost stable conformations of t welve of t he glycos ides 
had p reviollsly been assigned by Ree ves from a st udy of t heir instabilit y fa ctors; these 
conformations wer e aSSlim ed t o apply t o t he crystalline state, for whi ch the s pectra had 
been recorded . The compounds were class ified in to (a) co nfi gurat ionally an d (b) structurally 
r elated .groups, and. t he spectra were in tercompared . The analys is r evealed groups of 
absor pt lOll ba nds whi ch sh owed a co ncerted shift on change of a nomeric dispos it ion. 

Wi t h t hese groups of absorp tion bands t hus ident ifi ed , in tercomparison wit ll n ine of 
t he rem ain ing spectra afforded evidence t hat t he a nomer ic group (1) is ftx ial in methyl 
D-glycero-a-I,-gluco-heptopyrano ide, m ethyl D-glycero-a-L-manno-heptopyran oside, and methyl 
D-glycero-a-D-gulo-hep to pyranosid e; (2) i equ atori al in m etllyI6-deoxy-j3-L-mannopyr anoside, 
meth y I D-glyce1·o- j3-D-gulo-heptopyr anoside, a nd cyclo hexy I D-glyceTo-j3-D-gulo-heptopy ra no­
s id e; and (3) eit her i quasi or occurs as differen t (or mixed) axial and eq uatorial forms in 
methyl a-D-Iyxopranoside, methyl j3-D-lyxopranoside, and (possibly) a-D-methylgulopyra,noside. 

Tlu·ee of t he glyeosides were ava ila bl e as t heir crystallin e complexes with calcium 
chl oride. The spectra of t he e complexes were also exam in ed, a nd t he efTect of co-crystalli za­
t ion with ca lciu m chloride is pointed out . 

I. Scope and Purpose of the Project 

The shape or conformation of <1, molecul e gret1.tly 
influ en ces its rfLtes of refLction fLnd other proper ties. 
For this reaso n, detailed kn owledge of the co nforme1.­
t ions of py nwoid derivfLtives is des irable. Our 
prior pu blir.ations on th is su bj cct heLVe pres en ted 
fL system for nnming th e co nformat ions of pymnoid 
compounds [1,2].1 

Th e conformfLt ions of num erous m ethyl glycosides 
and ot her p,rmnoid deriv;1.tives have b een determin ed 
by R eeves from (a) a studv of ster eomeri c fe1.ctors 
and (b ) t he ty pe of com plex· formed in cuprHmmon ia 
solu tion. R eaction of cupnunmo nia with an 
aldopyranosid e m,1.Y somet imes CfLuse tlltemtion in 
the co nformation . H ence, e1.ssignments of confor­
mation based on the formation of copper complexes 
need confirmatioJl bv measurement of at least one 
relevant ph~Ts ical cJl tll"acteristic. 

The work h erein reported was primarily und er­
taken to provide infrared spectrograms of ald osides 
having the p~rmnoid ring, with the obj ect of dis­
covering correh1.tions that migh t be of value in con­
formationa l a nalys is . Jt seemed possible that the 
axial 01' equa torial di sposition of refer ence groups in 
the various llJolecules of glycop~Tranosides should 
give rise to differ ent v ibrations, and that it should, 
accord ingly, be feasible to identify cer tain bands in 
their spectm as being character ist ic of th e different 
ways of arrnnging the refer ence groups. The infrared 
spectra for 11. group of aldopyranosid es have, th ere-

I Figures in bra ckets indicate the li terature references at the end of t his paper. 
' l' he refere nces for table 1 are give n a t the end of Lhe table. 
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fore , b een recorded , ewd the bands have been com­
piled a nd then stud ied b\" statistic;1.1 a.nci comp~l,mtive 
methods . 

Prior publica tion s from om laboratol".\' on rehted 
topics have dealt wi th th e infrared a b orption spectrn 
of sugn,1" }1.Cete1 tes [3] a,nd of some cycli c acetals of 
s ug,(1" [4], e1.nd with a s.\'s tem fo r classif.ving carbo­
hydmte derivatives for compnl"H,tive purposes [5]. 
Th e }(cetals previously studied <1.1'e polycyclic and 
have fused or brid o·ed rings; th e conform at ions of 
s uch molecules tLre ' locked ." On th e other band, the 
py ranoid rino· of some unsubs tiLuted glycopyJ"iUlO­
sid es is flexible, ,wd the conforme1.tion adopted ma~' 
depend on the p h:vsical condition s; t ilus, th e confor­
mation 0 r the molecules in solution, particularly in 
t lte presence of a complexing ~1.ge n t , m ay be differ ent. 
from that of the molec ules in t he crystalline mn­
t erial. In the prese ) t study, the infr,(l"cd a bsorp tion 
spectm of compounds in the solid phase have been 
recorded , and a m ethod l ltls been developed for as­
signment of conforma tion from ,w alysis of the in­
fr ttl"ed absorpt ion spectn1. e1.nd comparison wi th th e 
spectm of glycos id es of known confol'mation .2 

2. Compounds Investigated 

T;1.ble 1 gives fL list of the compounds, t,h eir code 
numbers [5],3 predicted s table co nformntions, and an 
ind ex to the spectrograms; the serial number of a 
compound is t,h e same t1.S the Dumber of its spectro-

'The method of compa rison is being applied to other groups of stru cturall y 
re lated pyranoid sugar derivati ves. 

3 Code numbers a rc assigned according to a previously p ublished ciass ificalionl 
system [51, for use with pUJ1ched·card techniques . 



gram. The spectra wer e measured in the reg ion of 
5000 to 667 cm - I (sodium rh10ride optics) and in the 
region of 667 t o 250 cm- 1 (cesium bromide optics) . 
The spect rograms arc given together with fl, discus­
s ion of (a ) the struct ure of t he compounds and (b) 
some of th e outstand ing features of their spectra. 

H ence, in the presen t study, th e spectrum of which­
ever member was available was extlmin ed , and was 
consider ed to apply to the o th er enantiomorph. 

3. Reference Aldopyranosides of 
Known Conforma hon All of the compounds listed in tab le 1 ttre gl~rcos id cs 

of aldoses, and all have the p~Tttlloid rin g. As a 
common str uctural feature, all but olle of t he gl~-­
cosides have a glycos idi c methox.d group ; olle h~ls it 

gl~'cosidic c,vcloh exylox~r group. The gl~-cosides clif­
fer in r ega rd to oll e or more of the following fca­
t ures: (a) th e a or (3 a nomeric eonfig uratio ll at carbon 
atom 1, (b ) the configurations of the oth er carbon 
aLoms of thr p~·n\,lloicll'ing , (c) th e rmture and CO Il­
fig urat ion of the substituent, if ~Ln.\ · , at c~trbon atom 
5 of the p~T~tnoid ring, and (d ) the co nfig uration of 
carboll ~ltom 5 in those glycosid es in which this atom 
is asnnmetri c, 

Each methyl aldopy rnnos id e is t heoreticall,\' CltPft-
ble of assuming Itt le,tst on e of a vari et.v of difIorent 
conformations, depending on the condition s. From 
studies made by Reeves [6 to 8] , it would a pp ear I 
that two groups (A and B ) of metb,vl ,tldopyrano- .... 
sidos Cttll be distinguished. GI,n :os id es in gro llp A 
have Oll e of the two clmil'-forms . The members of 
gro up B exist either ( ~l ) as tl m ixt ure of th e two 
chair-forms or (b) as some other co nfo rmation . 

Tl'le ronformation selected b.\· Reeves as ])robab1.\· 
t h e most staN e is shown in table] for e~tch of t il ose 
gl~-cosid es ment ioned . t hltt he s tudircl. The co nfo r­
m ations ~lre indi ca ted bv the S\'stem devised by Is bell 
and Tipson [1 ,2] ; th e s.\Tmbof CA means "thtit chair 
conform~lt i o ll for w i1 irh the Cl Hll omerie group is 
axial ," and the s.vmb01 CE m ean s " tlllLt chair co n­
formation for wh ich the Cl an omeri c group is· eq ua­
t orial." The chair forms and nomell clature for the 
anomers of t he methyl ald op.n 'anosides a rc SllOWIl 
in figures 1 and 2. The infml'ed absorp t ion s pecLm 
of t h e sam e pol.vffiorphic modifica,t ion of two mem­
bers of ~1I1 en,lntiomorphi c pail' ar c indistinguishable. 

Jt seemed like1.v that , in the solid state, each indi­
vidual alclopyranosid e would exist in onl.\· one ('011- +1 
formation ; a, ncl t his co nformftt ion would pres umably 

CocJe' 

10.11111 
10. ]J 21 1 
10.2 1 I I I 
10.2 12 1 I 
10.4 1111 

10. 12511 

10. 125 1 I 

10.22111 
10.22 1 I I (6)80 
10.22211 (6)80 
10. 42J II 
10. 26511 99 

10. 26? 119899 

10.252 11 
10.361 11 
10. 3G? 11 9899 

10. 36211 
10. 36?1l9899 

10.36213 

10. 13411 
10. 1331 1 
10. 2311199 
10. 23211 
10. 231 II (6) 80 

be tho one it took as i t eJ'\'stlllli zed from solutio ll . 
As <L working h.\·pothes is, it was ~lss um ed t ha t the 
cO ll formftt ion of itn aldopyntllosid e in tll(' cr~rstflllin e I 

state is th e S~tme as the stable form predi cted by I 
Reeves. It would t hen be r easomlblo to expect thn,t \' 
examill ation of th e iufrared a bsorption spectra of th e 
sol id ph ase of t hose gl~'eo p .\Tanos id es of g roup A -I 
(each believed to ass ume ~t single c11<lir-conformflt ion ) , 
followed b.v a comp~lri so ll with t he spec tra of t he 
other group (B ) of alclop.vra,nosides, might pro vide 
('vidence regarding Lho conformations (in t he solid I 
plmse) of tho m emb ers of th e latter group (B ). 

~ 
T ABuI'; 1. Compounds measJl1 ed, stable confoT1nal£or/s, and index 10 speclrogmms 

Compound 

. M et hyl a-o-xylopyra nosi d r __________________ _ 
ylet hyl l1-D-xylopyra nosi de ____________ . ______ . 
Methyl a -D-glucopyronosidc _________ ... __ 
1VleL hyl ,B-D-gluco pyranosiclc ______ __ _ 
M cLh yl D-Jlycero-a-L-{j[Uco-hcptop yranoside __ _ 

~I et hyl a·D-lyxopyranosi de ___________________ _ 

i\1 cthyl l1-D-lyxopy ranosicJ e ________ . ___ ._. _. __ . 

l\1cthyl a-o-ma nn opyranosid e ________________ _ 
l\lc t hyl 6-c\eoxy-a-L-manllopyranosid c. _______ _ 
1Vlethy l 6-c\eoxy-,B-L-mannopyranosidc ____ ____ _ 
JVreth y l D-glycero-a-L-manl1o-hcptopyranoside __ 
:Methy l a-D-guloPYl'anoside, monoh yd rate ____ _ 

M ethy l a-Il-gulopyranosi de . " (CaC I, . 
3T120) . 

M ethyl l1· D·gu lopyranosidr ___ ____ ___ _________ _ 
M ct hyl D-glucero-a-D-gnZo-h eptop yran osi de ___ _ 
Methyl Il-glycero·",-D-gulo-heptopy ra nosid e . 

CaC!, . 1120 . 

Stabl c con form at ioll b 
1-----...,-----,-----,--------,,-----1 Spectro· 

Reference gra m 
Heeves' An olll cri c Hofrrencc Present 

assignment c disposition c assignm ent d 

1, 2 CA _____ .. __ _ 
1, 2 CA _. ___ ... __ . 

3 CA _ _. __ _ 
3 CA __ _____ . 
4 

5 CA,C r-; , _ .. __ . 

4 CA.CE ' ______ _ 

CA ____ ._. ___ . 
CA __ __ . _____ _ 

a ___________ _ 
e ___________ _ 
a ______ _ . ___ _ 
e. ________ _ 

(1,. __ ________ _ 

0 ___________ _ 

13 C A __ . 
13 C A __ 
14 C.'''-
14 C A_._ 

CA _ 

13 C A+ CE; non· 
chai r. 

13 CA+CE: non· 
clluir. 

13 CA ___ . ___ _ 
J3 CA _______ _ 

CA ___ . ___ . __ _ 
_____ . _________ .. _. __________________ _ C A_ _ ___ _ _ 
CA.CE _______ a,e _________ _ J3 CA+CE ; non· 

chair. 

AnOlllc ri c 
d isposition d 

(f ____________ _ 

e ____________ _ 
a ___ ____ _ 
e _ ________ . __ 
a ___ ______ _ 

(I+e ; a,e, or rt --

(1 ----- _______ _ 
a. __ __________ _ 
e _ ___________ _ 
Ct _____________ _ 

a+e ;a,e,orq __ _ 

9 CA . ___ . _____ . e ___________ _ 15 CA __ ___ .. ____ ,_ . _______ . __ .. 
4 C A __ _ ._. __ __ _ " __ . _________ _ 
4 

I 
2 
3 
4 
5 

8 
9 

10 
11 
12 

13 

14 
] 5 
16 

M ethyl D-gl!fcero·I1-D-gnlo-hept op y ranoside____ 1,4 - _________ • ___ . _ ._.___________ _________ _ _ ________ e. _______ ••• _.. 17 
M eth yl D·gl!fcero-I1-D-gulo-h eptopyranoside . 4 - ____ . _________ . -_. ___ . ___________ . ____ _ ____________ . ____________ ...... _ 18 

~2 CaCh . H,O. 
Cyclohexy l ll-glycero·I1-D·gulo-heptopyranoside_ 10 ________________ ______________ C A ___ .. ______ e_ _____________ J9 

------·1---------·1--------1------ 1----------1·---------1------
Methy la-L-arabi nopyra noside ___ . __ ____ _______ 2 C E _____ . _____ '- ___________ J6 C E. __ . ____ ___ '- ______ ._._.__ 20 
M ethy ll1-L-a rabi nopyranoside ____ ._ ___________ 2 CE . __________ a. __ _______ ._ lij C E ___________ " ______ . ____ ... 21 
M ethyla·D-galactopyranosidc, monohycl rate __ 1, II C A. __________ a _______ . ___ . 16 CA _____ ._. ___ " _____ .. _._____ 22 
Methyll1-D-galactopyranosid e. __ .___ __________ 1 C A. __________ e.___________ 16 CA _____ .. ____ , _____ . ____ .. __ 23 
Methyl ()-dcoxy·a·l.-galactopyranoside_________ 12 CA _____ . _____ " ____________ 16 CA _____ . _____ " ______________ 24 

<d 
I 

I 

t 
~I 
I 

.. \ 

• The t hird fi gure aftel· the POillt was inserted after thc prcscnt conclusions as 
t o conformation had b een roacbed. 

, Assignmcnt made b y R eeves [13 to 16] from consideration of instability factors . 
d Aftcr accepting several of Reeves' assignments (sec text) . 

b Nam ed by t he system of H . S. I sbell and R. S. 'l'ipson, Science 130, 793 (1959) ; 
J . R cscarch N B S 64A, 171 (1960). 
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• R eeves later suggested [Ann . R ev. Bioehem . 27, 15 (1958)] that the stabl e 
conformation may bc a mem bel' of the boat·skew cycle, 
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(1920). 
8. H . M. H ann, A. '1'. lI lerri ll , and ('. R. Hudson, J . Am. C hem. Soc. 57, 2100 

(1935) . 

a-D-C A 

;H:HO HO 

H H 

OCH H , 

,B-L-CE 

p o H H 

H OCH, 

a-L-CE 

p o HO H 

H OCH 3 

,B-D - CA 

H H ~
H H 

H3 CO 0 

H 

a-L- CA 

.B-D-CE 

~ OH H H 0 

H3 CO 

a-D-CE 

~ H H 
H 

0 
H,CO 

,B- L- CA 

FIGU R E 1. The f our geneml chair-forms oj the anomeric methyl 
aldopentopyranosides, and the enanti om01'ph oj each . 

(The co nfigurat ions at 02 and C3 are omitted.) 
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9. 1 r. . [sbell , TI S J . Research 8, 1 (1932) R P396. 
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15. R. ". Reeves, ,I.dvanccs in Carbohyd rate C hem. G, 107 (l951). 
16. R. 1<;. Recves, J .. I m. C hem. Soc. 71, 1737 (19-19). 

~o 
H 

L 
a-D-CA a -L-C A 

H 

,B-L- CE ,B-D-CE 

a-L-C E a -D-C E 

,B- D- CA ,B -L- CA 

FIG URE 2. The fom' general chair-jorlns oj the anomeric methyl 
6-deoxyaldohexopyranosides (R = CH3), methyl aldohexo­
pymnosides (R = CH, OH), and methyl aZdoheptopymnosides 
(R = CHOH-CH20H), with the enantiomorph of each. 

(The configW'ations a t C2, C3, and C4 (ancl at C6, if asymmetric) are omitted.) 



For compow1ds 1, 2, 3,4, 8, 9, 20, 21, 22, 23, and 
24 (see table 1), th e conformation predicted for each 
(by Reeves) as th e most stable of all possibilities 
was found by him to be that actually adopted in 
cuprammonia; these glycosides comprise group A. 
Compounds 6, 7, and 12 form group B. For the 
anomers of methyl D-lyxopyranoside (compounds 6 
and 7), Reeves at first predicted approximately equal 
stability for the CA and CE ('onformation of each, 
and his experimen tal r esults were in accord with the 
possibility of a mixture of the two conformations in 
cuprammonia ; but he later sugges ted [9] that each 
might actually adopt one of the conformations in 
the boat-skew cycle. As regards compo und 12 
(methyl a-o-gu lopyranoside), Reeves predicted ap­
proximately equal stabilities for the CA and CE 
conformations, but his experimental results indicated 
that. the CA conformation is adopted in cupram­
moma. 

In addition to the spectra of these 14 glycosides 
studied by Reeves, those of 10 aldopyranosides of 
hitherto und etermined conformation have been 
recorded and analyzed; conformations have now 
been assigned to 7 of these glycosides. As regards 
compound 14 (methyl iJ-D-gulopyranoside), R eeves 
predicted that the CA conformation would be t he 
most stable of all conformatio ns, but he did not 
examine the behavior of this glycoside in cupram­
monia. 

Barker and Shaw [10J have devised a way of pred ict ing 
the stab le cha ir-conformation of each p yra nosc, which 
involves the assumpt ion "that t he degree of distort ion in a 
molecu le is determin ed by the total amou nt of overlap of 
non-bon ded atoms, overlap between each pair being calcu­
lated separately and added together." However, whereas 
a sin gle, la rge overlap of x units might prohibit the adopt ion 
of a certain ideal conformation, a number of small overlaps 
(whose sum is equal to, or greater t ha n, x un its) might be 
accommodated by vcry slight depar t ure of t he conform at ion 
from ideali ty, so that, from the pract ical standpo int, t he 
conformation in quest ion is only slightly d istorted. For 
t his reaso n, the stable cha ir-conformations predicted by 
R eeves [6 to 8] have been used in the present study. 

4. Classification of the Glycosides into 
Configurationally Related Groups 

The 24 compounds were class ified into three 
groups; the members of each group have like con­
figurational features. 

4.1. Aldopyranosides of the xy 10 Configuration 

The members of this group of methyl aldopyr­
anosides have the following general formulas (I) 
for the two chair-conformations. 

1- CA 

HO 

H~RH OH 
R' 

H 

o 
HO R" 

1- CE 

Compounds 1 to 5 presumably have onelofithe 
above general structures, with the following sub­
stituents. 
1. Methyl a -D-xylopyranoside, R = H ; R' = H; 

and R" = OCH3. 

2. Methyl iJ-D-xylopyranoside, R = H ; R' = OCH3 ; 

and R" = H. 
3. Methyl a-D-glucopyranoside, R = CH20H; R' = 

H; and R" = OCH3 . 

4. Methyl iJ-D-glucopyranoside, R =CH 20H ; R' = 
OCH3 ; and R" = H. 

5. Met h y I D - 9 lye e r 0 01 - L - 9 l u C 0 - h e p to -
pyranoside (originally ca ll e d "methyl 
a-D-!3-galaheptopyranoside") , 

I 
R is HCOH 

I 
CH20H· R' = H· R" = OCH3 • and the mole-

cule is the mirior imag~ of that depicted. 

The following names (which have no offici al status) m ay 
be appli ed to compou lids 3 to 5. 
3. Methyl D-glycero-a-D-xylo-hexopy ranosid e. 
4. ]\If ethyl D-glycero-i3-D-:Lylo-hexopyranos ide. 
5. Methy l D-lhreo-a-L-xylo-heptopy ranos ide . 

It s hould be no ted t ha t, in t he CA confo rmation of com­
pounds 2 a nd 4, a ll reference groups are equato rial; in the CE 
confo rmation of these compo unds, a ll refere nce groups 
arc axial. 

4.2. Aldopyranosides of the lyx o Configuration 

Three of the members of t his gro up of configura­
tionally related methyl aldopyranosides have the 
D-lyxo or D-manno configuration and the following 
general formulas (II) for the two chair-conformations. 

PH RO 

H O H 
OH R' 

HO 
H R· ' 

H 

H~OH R 
H H 

OH R' 
HO 

. 0 
H R'I 

TI-CA TI-CE 

Compo unds 6 to 8, ·when in one of the chair 
conformations, have one of the above general 
structures, with the following subst ituents. 
6. Methyl a -D-lyxopyranoside, R = H ; R' = H; and 

R" = OCH 3 · 

7. Methyl iJ-D-Iyxopyranosicle, R = H ; R' = OCH 3 ; 

and R" = H . 
8. 1/fethyl a-D·mannopyranoside, R = CH20 H ; 

R' = H; and R" = OCH3 . 

(Purely for comparative purposes, compound 8 can 
be regarded as methyl D-glycero-OI-D-lyxo-hexopyrano­
side; the name has no official status.) 

Compounds 9 to 11 have the L-manno configura­
tion; the following general formulas (III) depict the 
two chair-conformations, which are essentially the 
mirror images of formulas II. 
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UHOH H 

HO 
H R 

R' 
H 

o 
HO R" 

ill -C A 

PHO HO 

H R 
H R' 

H OH R" 
HO 

ill-CE 

Wh en ex is t ing ill on e of t he chair conformations, 
compounds 9 to 11 have one of the above general 
structures, with the following substit ucnts. 

9. :Methyl 6-deoxy-a-L-mannopyranoside (metllyl 
a-L-rbamnopyranosidc ), R = CH3 ; R' = OCH 3 ; 

and R"= H. 
10. M ethyl 6-deoxY-!3-I.-ma ll nopyranoside (methyl 

!3-I.-r hamnopyranoside) , R = CH 3 ; R' = H ; and 
R"= OCH3 · 

11. ~1e t hyl D-glycero-a-I.-manno-hep topyran oside 
(origina lly callcd "methyl a-D-a-galahep to­
pyranoside") , 

I 
R is H COH 

I 
CH 20H ; R' = OCH 3 ; and R"= H. 

To emp hasize the co nfigurat ion a l relations hips, the follow­
ing unofficial na mes may be temporari ly applied: 

9. M ethy l 6-deoxy-L-glycel·0-a-L-lyxo-h exopyranoside. 
10. Methy l 6-d eoxY-L-glycel·0-I'l-L- lyxo-hexop ymnoside. 
11. Methyl D-th,·eo-a-L-lyxo-h eptopyranoside. 

Compounds 12 to 19 have the D-gulo conflguration; 
the following general formulas (IV) depict their chair 
conformations, which are closely related to formulas 
III . 

~
HOH R 

HO H 
H R' 

H 

,,0 
HO R 

PHO 
HR O 

H H " R' 

OH R 
HO 

I'i[-CE D[-C A 

12. M ethyl a-D-gulopyranoside monohydrate, 
R = CH 20H ; R' = H; and R"= OCH3. 

14. M ethyl !3-D-gulopyranoside, R = CH 20H ; 
R' = OCH 3 ; and R"= H. 

15. Methyl D-glycero-a-D-gulo-heptopyranoside (orig­
inally called "methyl a -D-a -glucoheptopyrano­
side" ) , 

R is H6 0H 
I 

CH 20H; R' = H ; and R"= OCH3 . 

17. .Methyl D-glycel'o-!3-D-gulo-h eptopyranoside (orig­
inally called " methyl {3-D-a-glucoheptopyrano­
side" ) , 

R is H 6 0H 
I 

CHzOH; R' = OCH3 ; and R"= H. 
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19. Cyclohexyl D-glycero-{3-D-gulo-heptopyranoside, 

R is H 6 0H 
I 

CH 20H ; R' = OC6H l1 ; R"= H. 
For compa ri. o n wi th compo ll nds 6 to 8, and 9 to 11 , t he 

fo llowing u noffi cial na mes may be tempo ra rily appl ied : 
12. Methy l D-glycel·o-I'l-L-Iyxo-h cxopymnoside, monohydrate. 
14. Methyl D-glycero-a-I.-lyxo-hexop y ranos ide. 
15. Methyl D-erythro-I'l-L-lyxo- heptopy ranos ide. 
17. Methyl D-erythro-a-L- lyxo-hepto pyranosid e. 
19. Cycloh exyl D-eryth'·0-a-L-lyxo-h eptopy ranos id e. 
Because t he a-I'l na mes a re relativ e, not absolu te, it wi ll be 
noted t hat, whenevel· C4 and C5 of a sugar have opposite con­
figurations, t he CA con fo rmation for t he s uga r wh en na med 
as a s ubst it uted L-aldopentopyranose is t he CE co nfo rmatio n 
when it is na med as a D-a ldo hexop y mnose. 

4.3. Aldopyranosides of the a rabi no Configuration 

This group of configLLrationally related glycosides 
consists of the methyl L-arabinopyranosides, t he 
methyl D-galactopyranosides, and methyl 6-deoxy­
a-L-galactopyranoside. The r elat ionship of the I.­
arabinopyranosides to t he D-galactopyranosides is 
tbe same as that of the I.-lyxopyranosides to the 
D-gulopyranosidcs. 

Compounds 20 to 23 may have on e of the following 
structures (V and VI), with the indicated substit­
uents . 

HH~OOH R 

H H 
R 

H 

HO R" 
o 

PHO 
HRo 

H R' 

HO 

OH R" 
H 

20. M ethyl a-L-arabinopyranoside, R = H; R' 
= OCH 3 ; and R" = H. 

21. M ethyl !3-I.-arabinopyranoside, R = H ; R' = H ; 
and R" = OCH 3 . 

22. M ethyl a-D-galactopyranoside, monohydrate, 
R = CH 20H ; R' = H ; and R" = OCH 3 . 

23. Methyl !3-D-galactopyranoside, R = CH 20H; R' 
= OCH 3 ; and R" = H. 

For purposes of comparison, compounds 22 a nd 23 m ay be 
temporar ily given the fo llowing unofficial na mes : 
22. M ethyl D-glycel·o-I'l-L-arabino-hexopy ranoside, monohy­
drate. 
23. Methyl D-glycero-a-r.-arabino-hexopyranosid e. 
Named in th is way, t he CE co nformation is t. he sam e as the 
co nformation t hat is called CA when they are named as D­

a ldohexopyranos ides. 

For compounds 20 and 21 , formula V represents 
the CA conformation and formula VI represents the 
CE conformation. For compounds 22 and 23 , named 
as D-aldohexopyranosides, formula V represents the 
CE conformation and formula VI represents the CA 
conformation. 

The possible chair conformations of compound 24 
are the mirrol' images of those dep icted above, with 
the following substituents. 



24. ).ifethy 1 6-deoxy-a-L-galactopynmoside (methyl 
a-L-fucopyranoside), R = OH 3 ; R ' = OOH 3 • an d 
R " = H. ' 

T he compo und may, fo r pu rposes of com p arison, be u noffi­
cially call ed methyl 6-deoxY-L-glycero-I'l-D-a1·abino-hexopymn­
os ide. Named in t his ,,·a.v, the co nformation V hav ing an 
ax ial (I'l-D) a nomeric g roup is classified as CEo named as a n 
a-L-hexopyranosid e, it is classified as CA. ' 

5. Discussion of the Spectra 

In the pl'esen t investigation , t he positions of the 
various ftbsorpt ion bands for eac h of 24 ft ldopyrano­
s ides have been determin ed . For reasons discussed 
Inte r, the r elftt ive in tensit ies of absorption wer e JI Ot. 

eXlwl ill ed in detail. 
The prcdi cted stable co nforl1l ftt ions of 14 of these 

glYr'osides [6 to 8] ftr e listed in tftble ] ; eleven of 
th ese were ftcce pted, b ut three (for compounds 6, 7, 
and 12) seelli ed open to q uestion. In order t hnt the 
conformation of these three and of eftch of the ] 0 
re ill a inin g glyros ides migh t be deten nined, t he prob-· 
lem then resolved itself in to ft seftr ch of t he infra.red 
absorp tion spectr a, of the 11 "known" g:l ~-cos i des for 
poten t iall)- dist in ct ive bftnds , foll owed by attempts 
to correlate t he posit ions of t hese bands with such 
conforill ationnl and structuraJ feat ures as ftxiftl or 
equ atoriftl di sposit ion of (ft) the glycosidic e-roup at 
0 1 or (b) t he reference group (if any) at 05 . The 
r esul tant fi ncl ing·s were then applied in H study of t he 
~pectrft of t l1(l glycos id es of unknow n co nfor;)) "tiOIl , 
III order to ass ign n, co nform ation to eac h (in th e 
soli d state). 
. The spectra were eXft lliined in the groups outlin ed 
ID k),ble 2. However, before proceeding to a detftil ed 
analvsis (see sect ions 5.3 and 5.4) , som e prelimin 'lrv 
studies were m ftde (in order to dete rmin e whi ch 
methods of approach were likely to be the m ost 
fr ui tful). . 

5 .1. Eff,ect of Calcium Chloride of Crystallization 

Gl~Tcosides 12, 15, an d ] 7 h cked th e following 
band s shown b~' t heir co mpound s wit h calcium 
chloride (group 1 of tftble 2) : 3226 to 3215 CI11 - 1 ; 

TABLE 2. Slnlclum l gmups studied 

Group Structnral feature 

Calcium chloride (of crystall ization) ____ _ 
arabi no; qala,cto configuration ____________ _ 
lyxo; manna; guJo configuration __________ _ 

4 xylo; (fluco configul'atioll ___ _____________ _ _ 
5 Pentopyranoside _____ ___________________ _ 
6 5-C-Methy l (6-dcoxy) grou p _____________ _ 
7 Hexopyranoside; 5-C-(hydroxymethyl) 

grou p. 
8 Heptopyranoside; 5-C-(1,2-dihydroxyeth-

yl) group. 
9 H yd rate ________ _____ ___________________ _ 

10 Cyclohexyl group, glycosidic _____________ _ 
11 Methoxyl group, glycosidic ______________ _ 

Compounds (serial 
numbers) in group 

13,1 6, 18. 
20.2 1; 22 to 24. 
6, i: 8 to I I ; 12, 14,15, 17, 19 

[13, 16,181. 
1, 2; 3 to 5. 
I, 2, 6, 7, 20, 21. 
9, 10. 24. 
3,4,8,12,14,22,23[131· 

5, 11 , 15, Ii, 19 [16,181. 

12, 13,16,18,22. 
19. 
1 to 12, 14, 15, 17, 20 to 24 

12 H yd a I · 3 113,16,181. r xy group, pnmal'y__ ______________ to 5, 8, 11 , 12, 14 , 15, 17, ]9, 
22,23[13, 16, 181. 

13 Hydroxyl group, secondary ______________ }1 to 12, 14, 15,17, 19 to 24 
14 PyrauOId rIng ________ ________ __ __________ 113,16, 181. 

1745 cm- 1; 1366 to 1364 em -I ; 1148 to ] 130 C Ill - 1 ; 

1117 to 1114 cm- 1 ; 1049 to 1044 cm- l ; 772 to 771 
em- I; and 655 to 643 cm- 1 . B eca use co-crystal­
lization with cnlcium chloride lll ters the spec·tr um , 
either by removal or displrtcc men t of certni n bands , 
only the spectra of the 21 compounds lacking calcium, 
chloride were in ter compllfed with r espect to th e 
other structural, confi guration:tl , ftn cl conform ational 
fefttures (groups 2 to 14 of table 2) . 

5.2. Preliminary Evaluation of Configurational and 
Constitutional Effects 

K uhn [11] record ed t he spectra (in t he ra nge of 
1250 to 667 cm- I ) fo r co mpounds 2, 3, 4, 8, 22 , and 
23. H e noted that" the difl'erence be twee n the 
ano rn eric form s s hows up very nicely ." I n table 1 
ftr e listed eigh t a nomeric pairs , na lll cl ~- 1, 2; 3, 4; 
6, 7; 9, 10; 12, 14; 15, 17 ; 20, 21; and 22,23. A 
c u rsOJ·~- inspect ion of th eir spectra revea led that 
K uhn 's r en1:1rk n,pplies to ltIl of these pltirs. 

\\Th en tJl(' two spectra for an a nomcric pair are 
compared, it is see n tha t (a) th ey havc cer tain bands 
"in common" a nd (b) eael l SllOWS cer tain bands that 
ar e "absent" from the oth er. \ \T ith til e inform at ion 
at h a nd, it was 11 0t kn ow n wh eLl ler th e abse nce of a 
band in one spectrum (ft nd it s presence in tll e other 
spectrum) is r eal or is actuall\" due to a shift to some 
other posit ion. If tll c "abse nL" ba nd liaS actually 
bee n sh if ted to a p os it ion matchitlg a ban d in th e 
other spectr um, it will temporaril~- be r egarded as 
being a band " commo n to t he two spcctra." 011 the 
other ha nd , if a ban d is sh if ted to a posi t ion not 
matched in th e oth er spect rum , it will be observed 
as b ein g "prese nt" as a d ist inguishing bane!. Hence, 
some b a nds that ma~- ftctuftlh- be ascribable to differ­
ent features ma)- be paired for the two spectra, and 
some bands (ill th e two spectra) that arc actually 
ascribable to th e same featv re may appear to differ­
entiate betwee n the two . 

Never th eless , if th e ba llds "different iating" the 
two members of one a nomerie pair are foun d to bear 
some relationship to t he bftnd s d ifferentiating the 
two members of a d~tferent a nomeric pair , it is reason­
able to asc ribe tllis to some infl uence that is opera-
ti ve in both instances. . 

For molecules as complex as those' of t he a ldopyranosid es, 
many of the observed bands can not yet be ass igned to partic­
ular vibrat io na l modes. Ass ign ments fo r s ome of t he bands 
are g iven in sect ion 5.5. H oweve r, we a re not here co ncerned 
with (a) which bands, a ri sing from vibmt ions locali zed in a 
funct ional g roup, are re lat ively indepen dent of the rpmain der 
of t he molecule, or (b) wh ich bands involve other parts of the 
molecu le (and arc, t herefore, someti mes perturbed in u nex­
pected ,,·ays w he n the molecu le is a l tered) . I nstead, in the 
p resent treatme n t , a band in two d ifferent spectra is regarded 
as "a band common to the two spectm" if it occupies approx­
Imately t he same position in t he spectru m, regard less of (a) 
whether It IS actually contrib uted by vibmtions w hi ch are of 
t he same nat ure in the two molec ules, or (b) t he relative 
in tensity in t he two spectra . In ou r a na lys is, a ll of these 
bands are gIven eq ua l we ight. 

Before proceeding to a detailed stud~", an eXftlTlL­
n.ation of effects possibl .\~ attrib table to configura ­
tlOn and co nstitution was under taken. Simultane-
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o sl." , an aUem pt was made to ascertai n wheth er 
a n.\' of th e differentiatin g band co Id be regarded 
as be in . indicative of the axia l or equator ial disposi-

( tion of t he anomcJ"ic g rOL'p. It \Va realized that, if 
the a nomeric gl·OU p of an a anome r is axial , tll e 
co nclusio n that tilr a nomrric gro p of its {3 anomer 
is eq L atorial mig ht not ll ece ar il." follow- the d is­
po ition might, for exa mple , be quas i ; an d vice versa. 
TJw["rfore, to avoid neon cio s bias Ul at might 
a rise from Lhe se of Lh e eustomar.\T a or (3 names, 
onl.,' t he assigned crillJ number of t hr above e ig ht 

I pairs of glycosicles we re L' seei whe ll makin g illtercom­
pariso ns of their specLral cha racLeri Lics. 

TJlOse of our compo 'nel s w hose stable co nform a­
Lions had been assig ned by Reeves [6 Lo 8) were all 
m ethyl glycos id es. ConsequenLI." , from the Lotal of 
24 aldopyranos icles listed in tablr ] , t he cycloh exyl 

~ glycoside (compound 19) was excluded in this part 
of the st dy. .M:orcover , in view of the efrecLs noted 
in section 5.1 , the th rec compo nd s containing cal­
cium chloride of crystallization (group 1 of table 2) 
were also excl dccl. 

Thc generalized imijariLies alld difrerences in the 
methyl ald opyr anos id es s t clied may be ummarized 
as follows. 

C1 C2 C3 C4 C5 

D ispos it ion C roup- SubsLiLuent 
of OCH3 confi gu rat ion 

a xylo H 
or e or lyxo or CIIa 
or q or aTabino or CH 20H 

or CnOH-CI-I 20I-{ 

No g l.vcos ide having th e ribo groL p-con figurat ion IS 

incl cled in this investigation. 

a. Effect of Change of Group-Configuration on Positions of 
Bands Common to Spectra (for Each Group-Configuration) 

By gro p-configuration is meant the configu ration 
of the glycos idc, regardless of its a nomeric form (sec 
gro ups 2, 3, a nd 4 of table 2) . I n Lhis a nal."s is, Lh e 
infrared spectra were examined for eigl l t a nomeric 

/ pairs (see above ) . The bands common to an.'T onc 
pair of a nome)"s were s.,'stematically compared 
with th e bands common to each and every other 
pair of co nfigurationally r elated an0111ers. The 
three pairs of m ethyl pentopyranosicles available. 
for study were Jlot configurationally related; each 
pair of pentopyranosid es was compared with th e 

~ related 5-C-substituLed derivativcs. For anyone 
a nomeric pair of pentop.,Tranosides, t hese comprised 
a nomeric pairs (and a fcw single anomers) of one or 
more of the follo wing derivatives: 5-C-meth.'Tl , or 
methyl 6-deox." aldoh cxop.,Tra n os ides ; 5-(,- (h ydroxy­
mcthyl ), or methyl aldoh exoP.'Tanosid es; and 5-0-
(1,2-dihydrox.vethyl ), or meLh.d aldoh eptoP.'Tano-

" sides. Three s eh configuratioJlal groups were 

available for stud.v', namel." , groups 2, 3, fllld 4 or 
table 2. Esse ntiall.,' Lh e same kind of proced re 
was adopted in cxami nin g each group , a nd so a 
descr ipl ion of the 111ethod sed will be exempliFlecl 
b.,' discL ion of it s application to group 2. 

For g ro p 2, tJle bands d~tfe)'entiating Ule a from 
thc {3 anome r of ll1rthd L-arabin oP.'Ta nosidc were 
tabulated a nd sl'l as id e for later evaluation (see 
ection 5.3), and those bands common to the Lwo 

an0111er were tabulated. Similarl.,-, tllC bands 
diffcrcnt ia tin g tJ1C a from Lhe {3 a nomer of methyl 
D-galaclop.n anoside wer e LabulaLed a nd set aside 
(sec secl ion 5.4), and t he ba nds common to these 
two anO lTl ers were tab laLed. It was then obse rved 
LhaL inU·oduclion oj the 5-0- (hydl'oxym ethyL) group 
in the 7Jentopyranoside, to afford the hexopyrallos id e, 
had resulted in the di87Jlay of a d~[lerent 8pectl'Um oJ 
bands . (Th e fac t that th e gro up-co nfig r a tio n wa 
enantiomorpili c ma.,' be ig nored ill t his conncct ion .) 
This observat ion is f rLher develo ped in sect ion 
5.2.c. 

In view of Ulis efreeL of s b sLitut ion at C5 of the 
pentoP.\Tanos ide , a fu r ther w innow ing of bands was· 

nder taken. Those bands differentiat in g tlte pe nto­
p."Tanosides from th e hexop.vranosides were scI, 
as id e for laLe r consideration (sec sec tion s 5.:3 and 
5.4 ), a nd the bands common to the two pentopy­
ranosides and the two hexop.vra llosid e were 
tab lated. Finall.,' , s ch of Lh e e ba lld s as wcr e 
also sllOwn b.,' thc sole 6-deoxyalcl o]l exop.n ·a ll os ide 
in this grou p ( ll amel.", compou lld 24 ) werc selected 
and tabulated. This afforded a table recordillg the 
bands shown by a ll the gl." cos id e (in this stud.v) 
Lhat have th e (trabino or galacto co nfig urations. 

In a s imilarrnanner, a table wa compiled of the 
band s shown b." a ll the members of group 3 (of 
table 2), and a not her tablc of th e balld s shown by 
all the m embers of grOL P 4 . T.he e tables recorded, 
for each g roup-configur aLion, t he bands t hat are 
shown regardless of a nomeric dis posit ion or of 
su bs titutioll (or nonsubsLitution ) at C5. 

I nspection of t hese three tables revea led thaI, 
a change in group-corifiguration Tesults in changes in 
the positions 0/ a number of bands, common Lo one 
co nfigurational group , relative to those commo n to 
anotller co nfigurational group. As a corollar.,' , a 
set of bands shown b.\' on e group-collfigurat ion may 
Len tativel." be regarded as eharaeteris t ic of t hat 
group-co nfiguratioll . 

Ill cidentall y, on in tc rcomparing t he t hree grou ps, it was 
noted that thc 21 glycosides comprising groups 2, 3, and 4 
have, aft er appli cation of t he winnowing described, only 
four bands in commo n, namcly, t hose at 2882 to 28+1 em- I, 
1368 to 1330 cm- I , 11 53 to 111l. cm- I , an d 1109 to 1087 
cm- I (see sec . 5.5) . These bands a re displ ayed regardless 
of the ano meric di spos ition or of substitut ion (o r non sub­
st it u t ion) at C5. 

b. Effect of Change of Group-Configuration on Positions of 
Bands Whic h Difhre ntia te Two Anomers 

The bands that difrcrentiate thc two members of 
each anomcric pair were tab laLcd; the.\- are listcd 
a nd clisc L'ssed in sections 5.3 and 5.4. Stud.\' of 
tJl ese tables revealed that , fo r the alclope nt opyran -
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osides, change from the xylo to the arabino con.fi~u­
Tation leaves the majority of the anomer-cl1ffcr­
entiating bands substantially unchanged in position 
(see sec. 5.3). For the 5-C-substituted ald~pento­
pyranosides , change from one confi~Ul'atlOn to 
another (e.g., of the aldohexopyranosld.e~ ) cat:ses 
changes in the positions of bands that dIfferentiate 
anomers. 

c . Effect (on the Spectra) of Various Substitutions at Carbon 
Atom 5 of Aldopentopyranosides 

In this analysis , bands shown by an anomeric pair 
·of aldopentopyranosides (group 5 of table 2) were 
first compared with those shown by 5-{'-substitu ted 
d erivatives (groups 6, 7, and 8) . It was found ~hat 
substitution at C5 of the aldopentopyranosldes 
caused shifts in the anomer-differentiating bands. 

However, intercomparison of the spectra of the 
5-C-substituted derivatives revealed that, for any 
one group-co11:figuration, change in the s bstituen t 
from the methyl to the hydroxymethyl or to the 1,2-
dihydroxyeth};l group did not cause profound shifts 
of anomer-differentiating bands. 

To summarize the observations in sect ions 5.2a, b , 
and c it is seen that, for the diagnostic purposes 
under' consideration , the spectra of the 5-C-substi­
tuted aldopentopyranosides of anyone group­
confiO'uration may be in tercompared, but they should 
not b~ intercompared with the spectra of their isomers 
havinO' a different group-configuration , nor with 
those bof the related aldopentopYl'anosides. On the 
other hand, intercomparison of the spectra of mem­
b ers of groups 6, 7, and 8 that have the same con­
figuration migh t afford fruitful results. 

5.3. Absorption Bands Possibly Indicative of the 
Axial or Equatorial Anomeric Group of the 
Methyl Aldopentopyranosides 

As the s tarti ng poin t in this series of analyses of 
spectra, we selected methyl ,B-D-xylopyranoside (com­
pound 2) because, if this compound a~opts. a chair 
conformation , the reference groups will mther be 
all axial (CE ) or all equatorial (CA). Its spectrum 
was compared with that of its ", anomer (compound 
1), in order to determine the effect (on the spec~rum) 
of changing the anomeric group from equatonal to 
axial , or vice versa. A similar comparison was now 
made for the anomers of methyl L-arabinopyranoside 
(compounds 20 and 21). 

Bands that are essentially the same for both ano­
m el'S of (a) the methyl D-xylopyranosides or of (b) 
the methyl L-arabinopYTanosides, or of (c) both con­
figurational groups, are given~ in table 3. It seemed 
reasonable to assum e tentatively that bands shown 
by all of these glycosides might be independent 01 
total configuration, whereas those shown by ~n e 
pair of anomers having the same group-configuratlOE 
might be a reflection , via shifting of bands, of an 
effect of the total configuration of that pail'. 

, For comparison, banels (in about tbe same positions) shown by cithm or boih 
anomers of methyl D·lyxopyranoside are also given in table 3. 

T A BLE 3. Bands (em- I) shown by both anomel'S of methyl 
D-xylopymnoside 01' by both anomel's of methyl L~ambinopy­
mnoside (01' by all fou1' compounds); and posttwnally C01'­

l'esponding bands of the methyl D-[yxopYl'anos'ides 

M ethyl D-xylop yranosides Meth yl L·arabino· 
pyranosides 

MethyID·!YXO­
pyrallosieles 

20 r---;-----I --
Pos~ibl y l1onconfiguration al bands 

2950 _____________ 2921 2941 2950 2924, 292'1 
2849 _____________ 2841 2857 2841 2841 2849 
14 73 _____________ 14fiG 1464 1466 1466 1471 
145L ____________ 1449 1450 1453 145fi 1451 
1410 _____________ 1418 1429 1422 1414 1429 

137fi _____________ 1379 1379 1376 1377 1383 
1368 _____________ 1362 1353 1352 1359, 1355 1353 
1271- ____________ 1269 126f\ 1269 1274 1280 
1242 _____________ .1247 1258 1245 1245, 1241 1235 
1192 _____________ ll95 1205 1192 1199 1211 

11"1 _____________ 1147 llfjG 1145 1151 11 60 
1119 _____________ 1119 1116 IU 9 1106, 110:] 11 06 
109L_" ________ 1091 1009 JOg9 1086 1089 
898 • ___ _________ • 897 877 883 &~O 885 
404 (:199':) ________ 400 (396?) 39 1 401 (398'!) 389 

Banci s possibl y alTected by configuration and conformation 

3390 _____________ 3390 
2967 ________________________ _ 
1344 _____________ 1342 
1316 ___________________ __ ___ _ 
1130 ________________________ _ 

1075 ________________________ _ 
1057 _______________________ _ _ 
lO44 _____________ 1042 
1015 _____________ lO07 
963 ______________ " 941 

3378 
2967 
1332 
1305 
1139 

1085 
1066 

991 
940 

____________ 3390 3413 
3003 2985, 2959 2967 
1342 ____________ 1335 
1:104 1319, 131l ___ ________ _ 
1135 1129 1126 

lO79 ____________ 1074 
1065 1062 ___ ___ _____ _ 
1042 ______ __ ____ 1044,1034 
1005 1015 __ ______ ___ _ 
944 ____________ 950 

_____________ ,,__ ____ __ ______ 9 17 923 _______________________ _ 
_________________ ____ ______ __ 779, 770 7S0 778 7/E 
629______ ________ (533'!) ______ ,,_ ___ 619 616 ________ __ " 
(571?)___________ (595'!) ____________ 593 __ __ ________ 592 

(M8'!) ---- -- --- --- } 54 1 { :::::::::: : (541'!) _______ __ __ _ 
55L _____________ 557 
528______________ 535 

(506" ) ___________ (516'!) 508 __ __________ 513 (521?) 517 
429 __________ ,,__ 426 425 (419?) __________ ___ ___ _______ _ 
_________________ _ ,, _______________ ,,____ 383 (385?) (3M'?) 
,, _________ __ __ __________ __________ ,,____ (371'1) (376'?) 375 
:358 ______________ ;lGn (350'!) 360 _________ ___ 364 (3,\2?) 351 

325 _____________ _ 
305 _____________ _ 

3:l0 
(308?) 
(288':) 

(314'!) 
293 

342 
(324?) 

31 I (304 ') 
277 

(337?) 
332 (325'!) 

(304'!) 
276 

(342'?) 

283 

tl. These bands were mentioned by S. A. Bark f'r , E . J. Bourne, R . Stephens, 
ancl D. H. WhitTen, J. Chclll. Soc. 1954,3468. 

In table 4 are given the bands shown by one 
anomer (but not the other) of the methyl D-xylo­
pyranosides and the methyl L-arabinopyranosides. 
If these "anomer-differentiating" bands have any 
relationship to the axial or equa torial disposition of 
the respective glycosidic m ethoxyl group, the results 
in table 4 indicate that (a) compounds 2 and 20 have 
the same an om eric disposition, and (b) compounds 
1 and 21 have the same anomeric disposition ; that is , 
in both instances, both are equatorial or both are 
axial. If the conformation predicted by Reeves 
[7 , 8] as being the most stable for anyone of these 
four compounds is accepted for the crystalline state, 
'the conformations of the other three may be deduced 
from the results in table 4. For example, if the 
anomeric group of methyl ,B-D-xylop:yran~side is 
equatorial and that of its a an.omer IS aXIal, the 
results indicate that the anomenc group of methyl 
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TABLE: ·L Bands (em-I) hown by only one anomer oj the 
m ethyl xylopyranosides and m ethyl arabinopymnosides, com­
pared with bands jor both anomel'S oj methyl lyxopyranoside 

M ethyl D·xy lopy ranos idcs 

2 

M ethyl L-arabino­
pyranoside 

20 21 

M e t h y l D-ly xo­
pyranosides 

-----------1----1---- 1-------
3448 ___________ _ ____________ 3400 ________ . __ _ 
_______________ _ ____________ 3279 ___________ _ 
3012 __________________________________ _____________ _ 
2 74 _______________________________________________ _ 
1433 ______________________ _______ _______________ ___ _ 
1385 ____________ ____________ .1 395 __________ _ 
1295____________ ____________ 1295 ___________ _ 
121 8_ ___________ ____________ 1227 ___________ _ 
1060___________ _ ____________ 1058 ___________ _ 
976____________ _ ____________ 973 ___________ _ 
645__ ___________ ____________ 646 ___________ _ 

m~~~~::::::::: :::::::::::: } 487 L :::::::: 
3333 ___________ _ 

2710 ___________ _ 

3741 ___________ _ 

437 ___________ _ 

• Sec footn ote to ta b le 3 . 

3322 
3236 
2801 
2695 

845, 838 
744 

713, 699 
678 
433 

3289 ___________ _ 

2882 ___________ _ 
1445 ___________ _ 

------- ]274- 1408, g~ 

J062 ___________ _ 
973 975 

485 ___________ _ 
467 463 

____________ 3367 
3226 ___________ _ 

2717, 2667 2703 
848 865 
744 ___________ _ 
685 697 
664 ___________ _ 

a -L-arabinopyranoside is equatorial and that that of 
its {3 anomer is axial. These conclusion are in 
complete agreement with R eeves' a s ignments (see 
table 1). It may be noted that the sole difference 
between methyl {3-D-xyloPYl'anoside-OA. [lnd methyl 
a-L-arabinopYl'anoside-OE lies in the configUl'ation 
of carbon atom 4_ 

PO H HHO 

H OCH, 

HO 

H OH H 

2-CA 

POH 
HH . O 

OCH, 

HO 

OH H 
H 

20- CE 

The con esponding bands of tbe methyl D-Iyxo·­
pyranosides are also given in table 4 . The resul ts 
suggest that, for each anomer thereof, either (a) a 
conformation having a quasi or a different kind of 
axial or equator ial anomeric group is adopted in the 
crystalline state, or (b) a mixture of th e OA. and OE 
conforma t ions crystallized togelhel'. These co n­
clusions al so agree with Reeves' predictions (see 
table I ), 

It should be noted that , in t his series of in te rcomparisons, 
th ere was no possibi li ty of band d isplacements att ribu table 
to the effect of it s ubstituent at ca rbon atom 5. Howe ver, 
displacements (to lower or highe r wavenumbers) ca used by 
t he differences in con fi gu ration might have been eit her (a) 
retained or (b) pa rtia lly or wholly elimin n. ted by t he a rb i­
trary procedure of t emporarily igno ring bands t hat ar e 
essentia ll y t he sam e for both a nomers of met hy l D-xylo­
pyranoside 0 1' of m ethyl L-a rabinopy ranos id e, or both. 

5.4 . Analysis of the Spectra of Groups of Con­
figurationally Related Aldopyranosides, Excluding 
the Aldopentopyranosides 

In this analysi , t'lVO potential sources of misinter­
pretation were a.voided. Firstly , in tercompal'isons 
were not made between the aldopentopyranosides 
an d (a) the 6-deoxyald ohe.xopyran osides, (b) t h e 
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alclohexopyrallosides, and (c) the aldoli ep topyrano-
ides, becau e of the band displacemen ts ca used by 

the various ubstituents at 05 of the aldopento­
pyranosides. On the other hand , it was ass umcd 
that change from a methyl substituent at 05 to 
ei ther a hydroxymethyl 01' a 1,2-dihydroxyethyl 
substitucnt would occa ion no change in conforma­
tion ; h ifts of bands have already beell discussed 
(ee sec. 5.2). Secondly, in tercomparisons were 
confin ed to intra-group study of gro ups of glycosides 
having the same configumtion for each member of 
one group . In this way, band shifts attributable 
to change of configuration did not come into con­
sideration, 

First of all, as a checlc on the significance of tl10 
results accruing from our method of comparing. 
absorption bands, the spectra of the anomers of 
methyl D-galactopYl'anoside (compounds 221 and 
23) were compared with that of methyl 6-deoxy-a-L­
galactopyranoside (compound 24). The results. 
are given in table 5; column 0 gives bands shown by 
the {3 a nomer bu t not by the two a anomers, and 
column D records bands shown by the two a anomers 
but not by the {3 anomer. It may be concluded 
that, assuming the validity of t he correlations, if the 
anomerie group of the a anomers is axial , t hat of the 
{3 anomer is eq uatorial , 01' vice versa. If the con­
formation predicted by Reeves [7] as being the most 

TABLE 5. Comparison •.• of absorption bands (cm- I ) shown by 
the m.ethyl D-galactopYl'anoSl:des (22 and 23) and by m.ethyl 
6-deoxy-a-L-galactopYl anoside (24 ) 

A B C D 

22 23 24 22 23 23 22 24 

--------------------------
3390 ___ ____ 33.\6 3367 3521 3559 3300 2924 2915 
323(\ ____ __ _ 3257 3247 2882 2 99 1285 2646 2710 
2959.. _____ 294] 2950 131 6 1321 1250 1462 1464 
2857(·!) __ __ 2865 284 1 [1274 12611 981 .1 355 1348 
1449 _______ 1445 1433 b 1222 b 1220 ' 888 1242 1245 

I '. 
14.14 _______ 1429 1416 1149 1144 412 1138 1136 
.1403 _______ 1408, 1397 1391 575 585 1074 1079 
1372 _______ 13S3 1364 (505?) 510 1015 1005 
1339.. _____ 1333 1330 - - -- ---- 964 96;~ 
130L _____ 1 2~5 1300 (' 822 810 

1259 _______ 12(\1 1259 673 (i81 
1196 b _____ 1182 d 11 96 532 530 
lIAO _______ 1155 1161 3 2 382 
1120 _______ 1124 1120 ----- ---
1094.. _____ 1107 1100 

1080 b ______ 
" 1082 d 1086 

1064 _______ b 1057 d 1049 
1034 " _____ 1033 1026 
922 , ______ ' 938 9W 
868 , ___ ___ 0 870 867 

787 , ______ 0784 766 700 ________ 727 717, 709 
(629'1) _____ 637 639 
458 ________ 460 442 
426 ________ 426 424 

(36??) _____ 3GO 355 
314 ________ 3 18 325 
(29m _____ (301 ,!) 293 

tl K ey: A. B ands shown by both anomers of meth yl D-galactopyranoside and 
b y m ethyl ()-dco,y-a-L-ga l a~toPl~·anosid e. B. J3a nds sbown by both anomers 
of m etb y l D-galactopy ra nos ide, but [lot b y co mpound 24. C . Bands s h own 
b y m eth yl !I-D-galaetopy ra noside, but not b y m eth y l a -D-galaet opyranoside or 
m ethyl 6-cIeoxy-a -L-galaetopy ranos ide . D. B a nd s sh own by m ethyl a-D­
galaetopyranos ide a ncl by 111cth y I 6-d coxy-a-L-galactopyra noside, but not by com­
pou n d 23. b These b a nds were m en t ioned b y R L . Whistler a nd L. R. 
I fou se, An a l. C hem . 25, 14G3 (1 953). ' See foot note a t o t able 3 . d Tbese 
bands were mentioned \1'ee foot n(\f-e b) for t he a-D form . 



stable for anyone oj these three compounds is accepted 
for the crystalline state, the deduced conformations 
for the other two are in complete agreement with 
Reeves' ass ignments for them (see table 1). 

The anomer-ic disposition of methyl a-D-gulopp."­
anosicle (compound 12) was now studied. Its spec­
trum was compared with those of meth~TI a-D-m1til­
nop~Tranoside (compound 8) and methy1 6-D-gulop.vr­
anoside (compo und 14). The results are given in 
table 6 ; column C records bands shown b~T compound 
12 that ,tre absent from the spectra, of compounds 8 
and] 4 ; column D gives t he bands common to com­
pounds 8 and 12 ; ,lnd col umn E gives th e bands 
common to compounds 8 and 14, not shown b~T com­
poulld 12. Thus, th e spectrum of compound ] 2 hftS 
somC' r esemblances to th 'lt of compound 8 and some 
to that of compound 14, but it also differs fron 
bo th . :Now, for th e mos t s table conformation of 
compound 8, Reeves [8] predicted a,n axial anome ri c 
gro up ; for compou nd 14, h e predicted [1 2] an eqUf),­
torial atlol11eric group . The results in taNe 6 sug­
gest t hat , if t hese assignments are 1tccepted , com­
pound 12 in th e crys talliu e state eith er (a ) 1tSSUmes 
a co nform,lt ioll oth er th ,t ll tIle chair form, poss ibly 
one lw ving a qwts i a nomeri c group , or (b) C'o nsists 
of It mixt', urc of th e CA and C'E conformations. 
These co nclusions agree with ReC'vC's' prfC/?' rtion for 
compound 12 (see table ] ). It sllould be noted th 1tt 
compou nd 12 ma~T be ,til example of u glycoside 
whose stable conformat,ion is ,llte red b.\- cupntm­
monia, because, in this solvent, it adop ts t he CA 
conform,ttio n [8]. Altern ,ttively , it is poss ible that , 
for th e purpose under cO ll s idemt ion, a sugar deriv­
ative having th e manna configuratio n should no t be 
compared with related derivatives h,Lving th e {l uZO 
con figuration. 

All of th e foregoing deductions are compatible with 
Reeves ' assigllmen ts. Consequently , the va.lidi ty of 
the deductions (and th e reliabili ty of the method of 
analysis of the spectra) was apparen tly established. 
The spectra of the remaining glycosides (compounds 
fJ, 10, 11 , 15, 17, a nd 19) were, th erefore, examined 
in order to assign an anomeric disposition to each. 
No prediction llas beon made as to th e stable con­
formation for each of these glycosides . 

A comparison of the spectrum of methyl D-glycero­
a-L-gluco-heptopyranoside (compound 5) with those 
of th e anomers of methyl D-glucopyranoside (com­
pounds 3 a nd 4) indicated its resemblance to t he 
spectrum of methyl a -D-glucopyranosid e (compound 
3 ) ; sec column C of ta ble 7. If Reeves' prediction 
that the most stable conforma tion for compound 3 
is the CA, this observation suggests that compound 5 
has th e CA conformation in the crysta llin e state. 

The spectrum of methyl 6-deoxy-iJ-L-ma.nnopy­
ranoside (compound 10) was compared with those of 
its a anomer (compound 9) and of methyl a-D­
mannopyranoside (compound 8). The resul ts are 
given in table 8 ; column C records three bands shown 
by compounds 8 and 10 that are not shown by com­
pound 9. However, column D (table 8) reveals that 
the two a anomers have some 13 bands in common 

that are not exhibited by compound 10. Since these 
two a anomers have t he CA conformation as theil' 
predicted stable conformation [8], these results sug­
gest that compound 10 ha s an equatorial anomeric 
gro up . 

The spectrum of methyl D-glycero-a-L-manno-hep­
topyranoside (compound 11 ) was now compared 
with the spectra of compounds 8, 9, and 10. The 
resul ts are given in tabl e 9, except that, to avoid 
repetition of much of the information in table 8, the 
bands common to all four of these glycosides are 
omitted. Column A (table 9) records three bands 
shared by compound 11 and methyl 6-deoxY-6-L­
mannopyranoside (compound 10); column B gives 
17 bands that are shown by compound 11 and also 
by methyl a-D-mannopyranoside (compound 8) or 
methyl 6-deoxy-a-L-mannopyranoside (compound 9) , 
or both. Since the predicted stable conformation 
for the latter two compounds is the C A conforma­
t ion, this evidence ind icates t lta,t the a nomel"lC 
group of compound 11 is axial. 

Th e spectra of the anomers of methyl D-glycero­
D-gulo-heptopYl'anoside [compounds 15 (a) a nd 17 
(m] were compared with the spectrum of me thyl 

T AB I,E 6. Com parison a of the abs01'ption bands (em- I) shown 
by the anome1'S of methyl D-gulop ymnoside (1 2 and 14) and 
by methyl a-D-man nopyranoside (8) 

A B 0 D E 

8 12 14 12 14 ] 2 8 12 8 14 

-------------------- - -
3460 ~ _ 3. 84 34]3 3257 324 7 3 195 2841 2849 1389 .1 385 
32~9 :3333 3322 2924 2915 1484 1372 1372 .1 350 1350 
3012 __ 3030 2976 2725 2762 1437 13Gl 136] 1258 J258 
2950 . 2950 294 ] 1302 1305 Jl44 (420"1) (421 'I) 1041 103G 
2OO7 __ 2907 29 15 ]289 1289 ]]33 412 (4lG ?) b 9]G 913 

284 1. 2849 2865 1276 ] 272 --- (386?) 378 b 848 855 
1473 1471 ]473 1087 1087 ------- (645'!) (G56?) 
145L _ 1451 ]449 1018 1016 (329?) 318 
1414 . _ 1418 1418 468 473 (304?) 296 
1399 . _ 1406 1393 (360?) 360 286 (277?) 

------
1330 . _ 1 3~l3 1337 (354?) (352?) 
131 2 __ 1318 13Hi ------
1250 _ . 1250 12' , 1233 
1220 c 1225 1220 
11 99 c 1193 1205 

1163 __ 11 59 ] 151 
1]19 __ 11 21 1126 
1104 __ 1096 1105 
10il ,. 1078. 1070 1070 
1055 c . 1053 10.56 

1029 . _ .1029 1026 
973 b __ 968 994 
890 b __ 873. 872 903 
817 b __ R20 798 
723 __ . 7;;9 751 

672 __ _ 687 675 
608 ___ 608 60] 
576 __ _ 548 553 
512- __ (500?) 506 
48L __ 486 490 

455 ___ 458 444 
338 __ . 34 5 333 

~ l~cy : A. Bands shown by methyl a-D-mannopyranosiclo and by both l:lnom crs 
of m e lh yl D·gulopy ranoside . B . B andsshoIVIl by t h e me thyl D·gulopy ra n os icles, 
but not by compound 8. C. Hands shown by meth y l a -D-gu!opyranosido, but 
n ot by compounds 8 or 14 . D. B ands shown by methy l a-D-mannopyranoside 
and by methyl a-D-gulop yranos iclc, but not by compound 14. E. Bands shown 
by m ethyl a-D-man nopyranosiclc and b y mcthyl ,B-D-gulopyranos idc, but not by 
compound 12. 

b Sec footnote a to ta ble 3. 
o Sec foolnote b to ta ble 5. 
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TABLE 7. Comparison n oj ahsorption bands (clle' ) shown by 
the an01l1ns of methyl D- gillcopyranoside (3 and 4) and by 
methyl D-glycc r O-a-I, -g I u co-heptopyranoside (5) 

o 
----,-----1----,----

- ---1------ -----

2915 29·11 
2849 2857 
14(i4 i ll (;() 
14'IJ 14'19 
1401 1410 

l :lifi 1381 
10GG 105J 
1005 1302 
1267 1269 
122ll 123(i 
1229 b -- --- 1214 

ll88 b ----- 1193 
1 159 --- - -- 11 50 
1125 ------ t 1211 
1104 

- --- --- } 1087 1075 

1053 -- -- -- 1053 
1047 b . ---- 1040 
1034 - -- ---- 1015 
995 997 
8990 : :::::: 892 

79·1('1) ---- 78i 
627('!) -- -- (-)27 
598 .------ .184 
539 ------- 522 
(490?) 501 

(442 '1) ---- 426 
(407'1) -- 408 
349 - ------ 044 

2959 
2857 
14(;6 
144i 
1403 

1383 
13(i4 
1004 
12R.1 
1248 

b 1::!22 

b 11 8(; 
IJ(;1 
1125 
1098 

b 1081. 1073 

b l054 
1007 
1030 

1002.993 
' 885 

c 78 1 
Go l 

(59!?) 580 
510 
4~8 

420 
40(; 
343 

3279 0247 
2915 2890 

2(i(i7(,!) 2790(?).2710 
1320 1326 
1135 1129 

1340 
1202 
1114 
84.1 
747 

1339 
1214 
1111 
8(;4 
74 5 

(:J08'!) :J77.>04 .053 
367 :J,16 ------ - - ---
298 300 

a Key: A. Hands shown by the anOlnCl's or mCLhyl D-glu copyranosid c and by 
lncthyl D-olycero-a-L-(ttuco-heptopyra noside. n. Bands shown by the anQIl1('J'S 
of meth y l D-glucopyranosidc, hut not. by co mpoltncl 5. C. Bands shown b~' 
moth'll a-D-glu copynu loside a.nd by methyl D-glvcero-a:-L-glu co-Jleptopyranos idc, 
bUL not by compound 4. 

b Sel' footn oLe b to La !)Ie 5. 
o Sel' footnoto a to table 3. 

!3-D-gulopyra ll os idc (compound 14). Compoulld 14 
show ed a band at 751 cm- I ; ill the sam e region , 
compound 15 showed bands at 764 a lld 738 em- I. 
In contrast, compo unds 14 and 17 share 17 bands 
not sho'wn by compound 15 (sec column C of table 
10). If the CA conformation predicted as being t lte 
stablc conformation for compound 14 is accepted, 
these res ults suggest that the a llomel'i c group is 
equator ial in com pound 17 alld nonequato]'ial (that 
is, axial or quasi ) ill compound 15. 

Fin ally, the spec tl'Um of cyclo hrxyl D-glycero-!3-
D-gulo-heptopyranos ide (compound 19) 'was studied in 
co:rnpaJ'i soll 'with th e spectra of ('ornpounds 15 alld 
17 (the ex a nd (3 anomel'S of the corresponding m ethyl 
glycos ide). To avo id repetition of much of the in­
formation ill table 10, the bands common to all three 
of th ese glycosides arc no t gi \Te n here. The spectrum 
of compound 15 lacked the following bands in the 
spectra of compo und 17 and (in parentheses) of com­
pound 19: 3509 (3484); 3448 (3436 ); 2732? (2653?); 
1330 (1333); 1311 (1304 ); 1287 (1287); 1212 (1209); 
1122 (1129); 1056 (1056); 1006 (1006); 801 (808 ); 
599 (5\:J4); and 575 (575) cm- '. If tbe previous find­
ing is accepted [namely, t hat the anomeric group of 
methyl D-glycero-(3-D-gulo-h eptopYl'anoside (com­
pound 17 ) is equatori al, but that tha t of the ex 
anomcr, compound 15 , is not], t hese results suggest 
that t he anomel'i c group of cyclohexyl D-glycero-{3-
D-gulo-hep lopy ranoside is equa torial. 

For reason discusscd in section 5.1 , the spectra 
of compounds 13, 16, a nd 18 wcrc not flll'th er 
examined , 

5 .5. O ther Absorption Bands 

All of the spectra were studied in r cgard to the 
other fcaturcs lisLcd in tabl c 2. Thc hydrates (group 
9) showcd a band at 1664 to 1634 cm- l , 

Compound 19, havin g a cyclohexyloxy group, 
showed ba nd s at 2933, 2890, and 2857 cm - ' , pos­
sibly characterist ic of - CH2- (C- H stretching). 
It a lso showed bands at 1449 a nd 1441 cm - I , possibly 
attributablc to - CH 2- (C- H deformation ). 

All of Lhc compound showed at least onc band in 
the r cgion of 3413 to 3279 cm - 1 (associated alcoholi c 
- O- H stretcuing); at 3012 Lo 2915 cm - 1 (C- H 
stretching); Rt 1466 to 1441 cm- I , and at 1346 to 
1316 cm - I (C- H bcnding); and at 1267 to 1235 
cm - 1 (C- O). Except for compollnd 15, all of t he 
compounds showed at least on c band in thc rcgion 
of 1247 to 1211 cm - l (C- O s trctching) . Compounds 
3, 6, 8, 13, and 20 showed a band at 3289 to 3279 
cm - I (H bonding?) . 

As previously m ention ed , all of the mctllyl gly­
copyrallosicl es (group 11 of table 2) show a band in 

T kB I, E 8. Comparison a oj' absorption bands (CUI - ' ) shown by 
methyl cx- D-mannopYl'anoside (8) and by both anomers oj 
methyl 6-deoxY-L-lII annopYl'anoside (9 and 10) 

A H o n 

10 10 8 ]0 

------------
3012 -- --- - 2985 2976 3559 3509 :J289 3333 2907 2890 
2950 --- --- 2924 2941 34 10 3401 1163('1) 11 74 1389 1:J89 
284 1 -- _.-. 2857 2857 1323 1325 723 708 1330 ] 333 
1473 -- -_ .- l4i:J 1466 992 1004 - --- - - - 11 99 1206 
145 l ---.-- 1456, 1447 1447 963 959 ]]1 9 1114 

.I41 '~ -.---- 1420, 141 2 14lG 534 537 h 1055 1058 
1:J72 -.---- 1:J7n,UiO 1374 --- - - 973 983 
1:J50 ------ 1301 1350 ' 848 0 838 
1330 ------ 1333, 1:J2:J 1325 (645?) 632 
1:J 12 ------ 1005 1300 576 552 

1258 1256 1259 512 (509?) 
1220 b 1220 1224, 1218 (329'/) :J28 
1199 b_ 1206 11 74 286 284 
11 44 _______ 1145 114 9 ------
11 33 ____ ___ 1125 1127 

1104 . _____ _ 1098 1096 
1071 b _ - - 1083 1088, 1072 
1029 ------ 1024 ]024 
973 ' , 963 959 
916 ' , 909 903 

890 0 (> 877 870 
817 c 0803 801. i98 
672 677 699 
608 ________ (6 10?) G09 
512 ________ 534 5:J7 

483_ -.- ... 4i5 (495'1) 
455_ (4671)444 460 
(420'1) 41 2 (420'1) 414 
(386'1) -- 380,3(iS (:J76?) 
338_ --,--- (354?) 352 

(304'1) . ____ 30:J 298 

0. Key: A . Bandsshown by met hyla:-D- m annopyranosideand by both a nomers 
of meLhyl {)-c\coxY-L- mnn nopyra nosicie. B . Bands sho wn by both 3nomers of 
methyl 6-deoxY-L-mannopyranosidc. bu t not by co mpou nd 8. C. Bands shown 
by methy l a:-o-mannopyrflllosicle "md by methyl .6-c1coxy-,B-L-mannopyra,nosidc. 
bu t not by compound 9. n. Ha n ds fo; hown by meLhyl a:-D-mannopyranoslde a nd 
by methyl 6-dcoxy-a:-L- mnnJ10py nulosicic. buL noL by compound 10. 

b Sec foolnote b Lo La l) le 5. 
o See footnote" LO table :J. 
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TABLE 9. Comparison' of absorption bands (em.- I ) shown by 
methyl a-D-mannopyranoside (8), the anomel'S of m.ethyl 
6-deoxY-L-mannopyranoside (9 and 10), and methyl D­
glycero-a-L-m anno-heptopyranoside (11) 

A B 

10 11 8 9 Jl 

---
333L ______ 3322 3460 -- - ----- 3425 
2710 ___ ___ __ 2703('1) 2907 2890 2915 
128'-- ______ 1285 1399, 1389 1389 1395 
----- -- 1361 ------- - 1368 

--------- -- - 1342 1340 
12.)0 ----- --- 1241 

b 1199 1206 1200 
1119 1114 1115 

b 1055 1058 1048 
1041 -------- 1036 

c 973 983 982 
c 848 c 838 827 
(645?) 632 654 
571) 552 (578?) 562 
512 (509?) 509 

(329?) 328 324 
286 284 277 

a Key: A. Bands shown by compounds 10 and 11 , but not by compounds 8 and 
9. B . Bands shown by compounds 8,9, and 11 , but not by com poun e! 10. 

b See footnote b to table 5. 
o See footnote a to ta ble 3. 

TABLE 10. Compal'ison' of absorption bands (encl) shown 
by methyl {J-D-gulopyranoside (14) and by the anomel'S oj 
methyl D-glycero-D-gu!o-heptopYl'anOSI:de (15 and 17) 

B c 

14 15 17 15 17 14 17 

34 13 ______________ 3401 3448, 3378 948 944 3322 3333 294 1 ______________ 2933 2950 884 880 2762 2732 
2865 ______________ 2849 2882 408 412 141 8 1425 
1473 ______________ 1460 1462 (399?) 393 1393 1408 
1449 ______________ 1447 1456 ------- 1337 1330 

1418 ______________ } 
.1412 1425 13 16 1311 

1393 ______________ 1 1408 1289 1287 
1385 ______________ 1374 1372 1238 1238 1350 ______ ________ 1346 1 ~57 1220 1212 1258 ______ ________ 1264 1253 Jl26 11 22 

1205 ______________ 11 92 1203 1070 1075,1064 11 51 ______________ 11 53 11 51 1056 1056 
1l 05 ______________ 1106 1099 1026 1025 
1087 ______________ 1089 1082 1016 1006 
1036 ______________ 1042 1036 903 907 

994 _______________ 985 990 798 SOl 
885 _______________ 844 847 601 599 
675 676 683 --------
(627?)-~::::::::::: 633 617 
553 _______________ 559 575,537 

506 _______________ 
500 502 473 _______________ 477 474 444 ___________ ____ (4591) 426 447 

360 (375?) (359?) 
(3521)-:i:i3::::::::: 342 348 
296 -------------- (306?) 306 

a Key : A. Bands shown by methyl /i-D-gu lopyranoside (compound 14) and 
by both anom ers of methyl D-gll/cero-D-gu!o-llcptopyranosldc. B. Bands shown 
by both anomers of methy l D-glycero-D-gulo-heptopyr anoside, but not by com­
pound 14. C. Bands shown by methyl /i-D-gulopyranosidc and by methyl 
D-glycero-/i-D-gulo-hepto pyranoside, bu t not by compound 15. 

the range of 2882 to 2841 cm- I . This may pos­
sibly be attribu table to the glycosidic methoxyl 
group, because H enbest and coworkers [13] have 
observed that methoxyl groups absorb in the range 
of 2832 to 2819 cm- I . All of the methyl glyco­
pYTan osides also show bands at 1368 to 1330 cm- 1, 

1285 to 1245 cm- I , 1153 to 1111 cm- 1, and 1109 to 
1087 cm- I • A band neal' 1100 cm- I is characteristic 
[14] of the methoxyl groups in methoxy-steroids. 

6. Experimental Procedures 

6 .1. Preparation and Purification of the Compounds 

The compounds listed in table 1 were prepared by 
the methods given in the references cited . Most of 
the compounds were prepared in the course of an 
earlier study on the configuration and co nformation 
of methyl glycosides, with reference to optical rota­
tions and rates of hydrolysis [15J . Each substance 
was recrystallized from an appropriate solvent un til 
further recrystallization caused no change in i ts. 
melting point or optical rotation. 

6.2. Preparation of the Pellets 

Samples for spectrophotometric stud~T were pre­
pared in the solid phase, as pellets of the crystalline 
glycoside suspended in an alkali -metal halid e, exactly 
as previously described [4]. For the range of 5000 
to 667 cm- I , a conce ntration of 0.4 m g of glycoside 
per 100 m g of potassium chlorid e was uscd. For the 
range of 667 to 250 ('m - I , t he followin g weights of 
gl~Tcoside per 100 mg of potassium iodide were used­
compounds 1, 2, and 20: l.33 Ill g; compound 5: 
(A) 0.33 and (B) 2 mg; compound 24: 3 mg ; and for 
the rest of t he compounds: 2 mg. In addition, for 
the range of 667 to 333 cm- I , the spectrum of CO I11-

pound 12 at a concentration of 2 Ill g per 100 Illg of 
potassium chloride was recorded. Comparisons of 
intensity of absorption , from one compound to 
another , can only be true and qua,ntitative wh ere 
the molar concentration is the sam e. 

6.3. Measurement of Infrared Absorption 

The spectrograms are shown in figures 3 and 4 _ 
They were recorded wi th a Perkin-Elm er Model 21 
(double-befLIn) spectrophotom eter equipped with a 
prism of sodium chloride (for the range of 5000 to 
667 cm- I ) and of cesium bromide (for the range of 
667 to 250 cm- I ), as previously described [4] . 

Some absorption attribu table to water (in the 
compo und, the alkali halid e, or both ) was observed 
at 3448 and 1639 cm- I and , attributable to atmos­
pheri c water Vtl pOr, in t he far-inf rared curves . These 
regions are drawn on the spectrognuns with dashed 
lines which are merely precautionar.," Hnd I),r e not 
to be interpreted qu anti tatively . 

6.4. Spectra Measured Under Different Conditions 

Because of the possibili ty of in teraction of the 
various compounds with t he pelleting halide under 
high pressure, the spectra of a few of the gl~Tcosid es, 
chosen at random , were also recorded in tt N ujol 
mull (requiring no pressure) for cO tnp~Lriso n. Since 
a number of these compounds gn,ve ll1 arkecll.v dif­
ferent spectrograms in potflssiul1l iodide and in 
N ujol , respectively, the spectra of all of them were 
now recorded in Nujol. For 16 of the 24 gl~Tcosid es, 
t he spectra obtained with either med ium matched 
well. However, the followin g com pounds gave 
spectrograms t hat were differen tin N ujol and in 
potassium iodide: com pounds 1, 5, 7, 10, 11 , 12, ] 5, 
and 20. 
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13, m eth yl a'D-gulopyraJJoside ·'2(CaC]'·3H,O) ; 14. m ethyl Il-o·gulopyranoside; 15, methyl D-olycero-a'D-yulo-heptopyranoside;~16, 
methyl D·glycero·a -D·gulo-heptopyraJlOside .CaC]'·H ,O. 

260 



WAVE NUMBER .cm- I 

100 600 550 500 450 400 350 300 250 

100 

80 

60 

40 

20 

0 

~ ~ 
-v. f-/ ~ ....... 

/\ ",r; p---P 
'"" 
~ ~ ___ I_N ~~-~ ~ 

f'-\ ~ ,Ji VVr k;V 
~ ~ " V 

~ Iv '" !rv-~----r--

/r ~ ,-J,\ VV ~ 17" 
100 

,I I I I I I 

80 

60 

40 

20 

a"_ 
w 

0 <..) 

r '" -L 

;!-
,rV 

~V ~ ~ 
;......--

\r- IN NUJ OL V "--

"'-../ --.. ./' -'-
V V V ----- ~ ~ ~ ~ V -..- .--

18 
z 
;:! 10 0 

d I , I I I 
fo-
~ 
If) 
z 
« 80 a:: 
fo-

60 

40 

20 

~ 

/ ~ 
~ ~ ~ IN NUJOL 

~, ~ ~ --.--./V If' ~ ~ \r ~. r~ ~ / ~ A [\.. 

/ '---.r.. r-v-/( r '( 
r '" V Vv""- ./ 

19 
0 

100 

80 

60 

40 

20 

/\ V [\IN r ~ ~ - .. _---
~-

/~ ( V \.'1 1\ j 
""-../ 

----1 
V '\ / v 

V ~ 
~ ~ ~ v~ .f\;,-\: 

v ~ ---V 

20 
0 

14 16 18 20 22 24 26 28 30 32 34 36 38 40 
WAVELENGTH ,f1-

FIe RE 4. Spectrograms oj materials in Nujol mulls and in potassium iodide pellets.-Cont inued 

17, methyl D-glyeero-!l-D-!ill1o-hcplopyran osido; 18, mothyl D-glyeero-/J'D-gll1o-hoptopyranoside ·)6CaCI,·H ,O; 19, eyelohexy l D-glyeera­
/J-D-Oltlo-be plopyranosidc; 20, meLhyl a-L-arabinopyranosido. 
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21. meth yl Il-L-arabinopyran oside; 22. methy l a-D-galactopyranoside monohydrate; 23, me th yl Il-o-galactopyranoside; 24, methyl 
6-deox y -a -L-galacto p y ranoside. 
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Of th ese, co mpound 12 Iwd ] 5 ar c known to 
give a molec ulax co mplex wiLh ca lcium cbloridc , 
a ffordin g compound 1:3 Bnd 16, re pec tively ; both 
co mpo und 13 and cO illpo undl6 give e entia l1? th e 
a ill e spectrum ill lh e lwo mcdi il. This observation 

might uggest it relal ions hip betwee ll lh e ab ili ty to 
form a co mpl ex wit h ('It lc ium chlorid e nnd the be­
h av ior observed in polas ium ioc/iel e. HowevcJ' , 
compo und 17 , whi ch III 0 form a co mplcx with 
calcium chlorid e (JMmel.v, co mpound ] ) , gives, 
like co mpound 1 , essen Li,lll,\- l hc sn me spectrum in 
the two mcdi a . A poss ib le exphulltlion is t lmt so me 
glycosid es l11ft,\' react with bot h calcium chlorid e 
a nd poLassium iodid e, w herells othe rs nltl,\' rcact 
with onl y one of lb ese saJ ts . 

It is 1'lOt known wh et her cO l11 pound s I , 5, 7 , ]0 , 
] 1, and 20 form complexes with cllleium chloride, 
nor wh eth er <"tnT of the eight gl,\Tosides that g ive an 
unsatisLtctory spectrum in potass ium iod ide do 
actua lly rcact ehemieall,\T wit h this iodid e. 

In v iew of t hese obscrvations, thc spcclra obta.ined 
with a N uj ol III uU were used exc] usi vel,\- for l11 eas u r­
ing t he posit ions of 'l.bso rp t ion bands in t he m nge 
of 667 to 250 cm- I , l1 0t onl.\T for the eight gl,\Tcos id e 
t hat g ive u nsati LlcLor,\' PC Cll'lL in potassiu m iodid e, 
but also (in ord er to Ieeep the mell sUl'emenLs stri c tly 
eompamble) for t he ] 6 other glycos ides . 

Finally, to make sure th aL compound 12 (typical of 
the glycosides "reacting" wit h both calcium chloride 
and potass i lim iodid e) docs no t react with potnss ium 
chloride , t lte spect rum in t he range of 667 to 333 
C11'1- 1 was J'ecorded for a pelle t of co mpou nd 12 in 
potassium chlor id e a nd compared with its spectr um 
in N ujol ; t he spectm mfl.tchcd well. Consequen tly, 
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t hc spectra in potass iulll chl oride in t he range of 
5000 to 667 CI11- 1 were n.ccepted itS b eing s'l. ti sfnc­
tory. 

The n,ut hors expre s their gnLtitucic Lo HalTiet L . 
FJ'u sh 11Ilei J. D . Moyer foJ' preparing a nd pUl'if.\' ing 
I1lll.ll y of t he compound s used in thi s st ud y; to Alex 
Cohen foJ' tec hl1ic,ll ass istance; ~tnd to J. E. Stewar t, 
J. J. Co mci01'd , and F. P. Czech for record ing the 
i nfmrecl tl.bsorp l ion spectra. 
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Selected Abstracts 

Measurement of cobalt-60 and cesium-137 gamma 
rays with a free-air chamber, H. O. Wyckoff, J. 
Research NBS 64C, No.2, 87 (1 960). 

Design data for free-air chambers meas urin g cobalt-60 and 
ces ium-137 gam ma ra.vs in roen tgens have bee n prese nted . 
It has been shown t hat t he J a ffee-Zanst ra meth od of obtain­
in g t he saturat ion current is fLdeej uate fo r a ir pres ures of 
about 4 to 12 atmosp heres. Also, radi at ion measurements 
of the gam ma rays from cobalt-60 and ces ium-1 37 made by 
a cav ity cha mber and a free-a ir cha mber agree to within 
t he experimental errors. 

Radiation field from a rectangular source, J. H. 
Hubbell , R. L. Bach , and J. C. Lamkin , J. Research 
NBS 64C, No.2, 121 (1 960). 

Many rad iat ion shield in g prob lems in vo lve calcu lations of 
t he response of an isot rop ic detector to rad iat ion of a rbi t ra ry 
angul a r distribu t ion from un iform rectangular so urces. In 
calculations of th is type the fa mily of in tegrals f s(cosOdSj ,·2) 
P I(cosO) a nd t he in tegral J..~(dSjT2)exp(- J1t/cosO) are fre­
quent ly enco un te red, where 0 is obliqu ity with respect to 
an ax is pe rpendi cu la r to the plane conta ining t he rectangu lar 
rad ia nt surface, S, '" is t he distance from an cleme nt of source 
area, dS, to t he detector, J1 is the atte nuat ion coeffi cient, and 
t is t he barri er th ickn ess. The fi rst type of in tegra l fac ili tates 
use of Legendre expans ion rep re entat ions of rad iat io n d irec­
t iona l distribut ions, and may abo have app li cation in other 
rad ia nt surface studies, such as illumination a nd heat ex­
change engineering. The seco nd in teg ra l relates to unseat­
te red gam ma rays from a monoenergetic, p la ne isotropic, 
rectangular so urce separated from the detector by a h yer 
of mate ria l of thickness t. Formulas, expansions, and num eri­
cal results a re p resen ted. 

Response of a loaded electric dipole in an imper­
fectly conducting cylinder of finite length, C. W. 
Harrison, Jr. , and R. W. P. King, J. R esearch NBS 
64D, No.3 , 289 (1960). 

Analytical re lat ionshi p are developed wh ich permi t calcul a­
t ion of t he power of the load impedance of an e lect ri c probe, 
symmetrically located wit hin an imperfectly cond uctin g 
cylinder of sma ll rad ius compared to the wavelength, in 
terms of the electric fi eld in cident upon t he cyli nder. 

Basic theorems in matrix theory, M. Marcus, NBS 
Applied Math. Series 57 (1960) 15 cents. 

This is a survey of the basic ident it ies and inequalities of 
matrix t heo ry. Included are results dealin g wi t h eleme ntary 
propert ies, canon ical forms, inva riance, con gruence, com­
mu tat ivity, or thogo na lizatioll , eige nvalu es, determin a nts, 
submatri ces, rank , dete rmi nant and ran k ineq ua li t ies, nu­
merical methods fo r inversio n and eigen valu es, condi t ion 
numbers. 

Paramagnetic resonance in the free hydroxyl radical, 
H. E. Radford , Nuovo cimento, Serie X 14, 245 
(1959) . 

Pa ram agnet ic reso nance has been observed in electricall y 
d ischa rged watr r vapo r. A calculat ion of t he microwave 
Zee man effect fo r the free OH radi cal a llows a cons istent 

in te rpretc,tion of t he spectru m as a ris ing from e lectri c dipole 
t rans it ions within t he low-ly ing rotational levels of OH. 
The spectrum permi ts accu rate measu rements of g-factors, 
A-doub ling in te rvals, and hyperfin e structu re. H igher order 
effects of A-doub li ng on t he Zee man and hyperfine in ter­
actio ns arc detectab le. Co rrespondin g OD spectra have 
beeu observed in discharged D )O. 

Relaxation processes in multistate systems, K. E. 
Shuler, Phys. oj Fluids 2, No.4, 442 (1959) . 

An a na lysis is made of t he relaxatio n of " mul t istate" syste ms, 
i.e., syste ms wi t h mo ,'e than two q ua ntum states or t wo 
diffe rent chemical species, for lineari zed p rocesses desc ribed 
by the " Master Eq uation" of the t heo ry of t ranspo rt processes . 
These res ul ts a re co mpa red wit h t hose obtained from the 
analys is of two-state relaxation processes a nd t he concept 
of " relaxation t ime" is disc ussed in t his fram ewo rk . A dis­
cuss ion is presented of t he t ransformation of microscopic to 
macroscopic relaxat ion equat ions. The ex ist.e nce of peri odic 
and/or aperi od ic osci llatory solu t io n of t he linear mu ltistate 
relaxation equat ion is investigated . It is how n t hat t he 
mu lt istate re laxation eq uat ions admit of aper iod ic oscillatory 
so lutions. 

Optical measurements on thin films of condensed 
gases at low temperatures, J. Kruger and W. J. 
Ambs, J. Opt. Soc. Am. 44,1195 (1959). 

A determinat ion of the retractive indi ces of t hin fi lms of 
oxygen, nitrogen, carbon d ioxide, watc r, argon, neo n, and 
krypto n co ndensed at 4.2°l{ ll sing t he 5'1,61 A line of Hg was 
made with a n ellipsomete r. Similar m easurements were a lso 
made on film s of t hese gases condensed a fter passage t hrough 
a m icrowave discha rge. Wit h the exception O2, CO2, and 
H 20 no measurable d ifferences in refractive indices were 
obse rved bctween film s co ndensed from discharged and 
undischarged gases. 

Invariant and complete stress functions for general 
continua, C. Truesdell , Arch. Rational M ech. Anal. 
I, No.4, 1 (1959). 

Thi s paper presents an organi zed s urvey of resul ts, with. 
proofs, concerning exact general so l ution of t he underde­
termined equations of motion of a cont inuous med ium. 
Specia l attent ion is given to a fl at space of n dimensions, to 
an n-dimensional space of constan t cur vature, and to a 2-
d imensional surface. Two methods a re used: (.I) t he repre­
sentat ion of a solenoidal vector as t he curl of a vector poten­
t ial, and (2) a variat ional formu lat ion, essentia lly t he C011-

ve rse of t he principle of virtual work. 

Wavelength definition of the meter, 1. C. Gardner r 

Syst . oj Units, Natl. and Intem. Aspects, Publ. Am. 
A ssoc. Advance. Sci., No . 57, p. 53 (1959). 

The different appli cations of the national prototype meter to 
t he cali bration of line standards, of encl standards, and of 
wavelengths a re presented. The advantages of a wavelength 
standard are considered and t he progress of international 
conferen ces fo r redefinin g t he meter in terms of a wavelength 
sta nd ard is set forth. One may expect fin al a nd conclusive 
action at t he Co nference (Ge neral) of Weights a nd Measures 
in 1960. The advantagcs to be anticipated fr om t he develop­
ment of an atom ic beam source are discussed. 
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Ethane carbon-carbon distance obtained from infra­
red spectra, H. C. Allen a.ncl E . K. Pl'.TIer , J. Chem . 
Phys. 31, No . 4, 1062 (1 95.9) . 

The parallel band of et ha ne at 275:3 cm - I and the paraliel 
band of et hane-d o at 28 16 cm - I ha\'e bee n obse rved a nd a na ­
lyzed. The res ulta nt values of B for C 2H G a nd CZ D6 al,(, 

0. 66:37 cm - I a nd 0.4598 cm- I, respect i ve l ~T . From tlWS(' 

B values th e C-C distance is found to be 1.534 A and the 
quantity 

If th e 'Yell va lue of methane (1.09:3 A) is assum ed, the L lI C C is 
109 ° 45'. 

Young's m()dulus of various refractory materials as 
a function of temperature, J. B. Wachtman , Jr. , 
and D. G. Lam, Jr. , J. Am. Ceram. Soc. 42, No.5, 
254 (1959). 

Young's modulus as a fun ction of te mperature was dete rmin ed 
by a dYJla mi c method for s ingle-cr.vstal sapphire a nd ruby 
a nd for pol,vcrystallin e a luminum ox ide, magnes ium ox ide , 
thorium ox id e, mullite, spin el, stabi li zed r- il 'con ium ox ide, 
s ili con carbide, a nd ni ckel-bonded t ita nium carbide . For 
t he sin gle crys ta ls, Youn g's modu lu s was fou nd to decrease 
linearly with increas ing tcmpe rat ure fr0111 JOO o C. to th e 
highest temperature of measureme nt. For a ll t he polycrystal­
lin e mate ri a ls, except sili co n carbide, stabili zed zirconium 
oxide , and spine l, Youn g's modulus was found to decrease 
a pproximately linearl y with in creasing temperature until 
some te mpemture ra nge charac teri st ic of the material was 
reac hed in which Young's modulus decreased ve r.v ra pidly 
a nd in a nonlinear manner with increas ing temperature. 
This ra pid decrease at high temperature is attr ibuted to grnin­
bound a ry s lip . Stab ili zed zircon ium oxide a nd s pinel II'e re 
found to have t he same rapid decrease in Youn g's modulus at 
high tempe rat ure, but th ey a lso ha d a decidedly nonli near 
temperature dependence at low temperature. 

Branched-chain higher sugars. III. A 4-C-(hy­
droxymethyl)-pentose, R. Schaffcr, J. Am. Chem. 
Soc. 81 ,5452 (1959). 

The applicability of a mixed a ld ol reaction for carbohydrate 
sy nth esis is de monstrated by the reaction of 5-aldo-1 ,2-n­
isopropylidene-D-xy!o-pen tofuranose (I ) with form alde hyde . 
4- C- (Hydroxy methyl) -1 ,2 -0-isopropylidene -L- lh1'eo-pento­
fura nose (II) is isolated in 75 % y ield, a nd probabl y r esult, 
from redu ction of t he co ndensation product by a second 
mol ecule of formaldehyde t hrough a crossed-Cannizz aro 
r eaction . H y drolys is of II gives t he new bmnched-chain 
hexose. Ox idat ion of the sugar led to isolation of it crystallin e 
calci um hexo nate, a nd degradat ion of t he latter yields pre­
viously unrepor ted T.-apiose. An alternative procedure 
involvin g I and form alde hyde, co-products of period ate 
oxidation of 1 ,2-0-isopropy lidene-D-gl ucofuranose and used 
without interm ediate crystalli zation of I , gives II in an overall 
y ield of 58 % . 

Vibrational spectrum of cyanate ion in various 
alkali halide lattices, A. Maki and J. C. Decius, 
J. Chem. Phys. 31, No.3, 772 (1959). 

'The infrared absorption spectra of dilu te solid solu t ions of 
cyanate ion in KI, KBr, KCI, and NaCI single crystals have 
b een examined between 600 a nd 5000 cm- I at temperatures 
r anging from 150° to 480° K. Over fiftv distinct maxima 
have been observed a nd ass igned (including numerous iso­
topic, combinat ion , and ho t bands) in the most concentrated 
'sample, for which KBr was t he solvent. A strong Fermi 
r eso nance between 2W2 and WI occurs. The vibrational 
€ nergy has been ex pressed in terms of the eleven funda­
m ental frequency and anharmonicity constants appropriate 

to a lin ear, unsy mmetric t riatomi c molec ul e . Force con­
stants in t he KI solvent latt ice arc fNC' = 15.51 , fco = 11.0:3, 
.f' = 1. :35, a nd (Ju/U,) = 0.506 mdynej A, a res ul t which shows 
very clearly that the NC bond is of higher ol'der than t he 
CO bond in the cyana te ion , a nd that. t he latte r bond is 
not a bl y weaker in cyanate ion t. ha n in CO 2, wlwre its fo rce 
co nstant is 16.0. 
In p;eneral, the fund a ment a l freq ue nc ies increase as t he latt ice 
co nstant decreases. Fairl v detail ed calcu lat ions show that 
a lthough t he induction energy term a risin g from t he dipoles 
in duced in the solvc nt by t he v ibrat in g cyanate ion is not 
negligibl e, the observed vari at ion of f" equ cncy cannot be 
ex pl ained by t he indu ction te rm a lone a nd must involve the 
short-range, repulsive forces. 

Use of crystal to display high energy X-ray images. 
J. S. Pruitt, Non-Destructive Testing ... -V 11, No.6, 
359 (1959) , 

Thi s pa per describes a n ins trument co mposed of a la rge 
t hallium act ivated sodium iodide crystal v ie wed by a te le­
v ision camera. An optical repli ca of t he im age prod uced 
by X -ra.vs bombarding t he crystal is dis played on a moni tor . 
8\' idence on t he perform a nce of this instrument, obLained 
bot h \\' ith radium 'Y-rays a nd J80 Mev X -mys, will be 
descri bed. The im age qualit.v obt ained ,\"i t h 'Y -ra.vs is good 
cnough for m'tn}, rad iographi c pUI·poses . At 180 Mev , 
whel'c t he qual it y is mu ch poorcr, t he instrument has som e 
valuc because of it s a bili ty to sec gross deta il co nt in uou sh ', 
eve n whe n loo king t hroug h a t hi ck abso rber. 

Thermodynamic properties of helium at low temper­
atures and high pressures, D. B . Mann and R. B. 
Stcwar t , J. H eat Transfer 81, 323 (1959). 

The t he rmody na mi c propert ies of helium have been com­
piled a nd co rrelated for a te mperatu re range from :3 .0 to 
20° K for pressures to 100 a,t mos pheres a nd for specifi c 
volum es from 5 to 800 li te rs pe r kilogram. The prope1'lies 
a re presented on both the Temperat. ure-Ent ropy a nd the 
8nthalpy-Entropy coo rdin ate syste ms a nd in clude pressure, 
te mpe rat ure, volume, e ntropy a nd e nth a lpy. 

Absolute photometry of the aurora- I. The ionized 
molecular nitrogen emission and the oxygen green 
line in the dark atmosphere, M. H. Rees, J. Atmos­
pheric and Terrest. Phys. 14, 325 (1959). 

A low latit ude aurora was meas ured photometrically. Three 
prominent emission featu res, A:3914 ba nd of l.N.G. N ,+, 
A5577 of 0 1 and A6:300- 6:364 of 01 , were isolated with 
narrow pass ba nd filters a nd recorded continu ously t hrough­
out t he ni ght in the meridia n sweep. Absolute calibration 
was carried out, a nd correct ions for t he scattered light and 
atmospher ic extinction were made. 
The absolu te e miss ion inte nsity for A:39J4 and A5577 is given 
at a selected zenith distance. The ratio of instantaneous 
in tens it ies J(0)5577 to 1(0):39J4 was found to be essentially 
constant over a n in te nsity ra nge of three powers of ten and 
to be independent of the t.vpe of a uroral form. 
The inte nsiti es a nd correlation s obta ined a re co nsistent with 
t he following excitation mechanism s. In t he da rk atmos­
phere t he N ,+ is excited from ionizing collisions of incomin g 
p articles wi t h atmospheric N 2. It i ~ concluded that the OJ 
A5577 line results from secondary elect. rons, a rising from t he 
primary ionization process above, collidin g inelastically with 
oxygen atoms. 

Absolute photometry of the aurora- II. Molecular 
nitrogen emission in the sunlit atmosphere, M . H. 
Rees, J. Atmospheric and Terrest . Phys. 14. 338 
(1 959) . 

The a bsolu te emi ss ion in tens ity of a sunlit aurora was deter­
mined for th e J .N.G . A3914 band of N,+ by sub t racting the 
e mission intensity originating in the dark atmosph ere from 
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t he to l a l mC'as ured intc nsitv. T he met hod is based on t he 
co nstan cy of t he rat io of r tn i 's io n inlensity of t he oxyge n 
gree n li ne 0 1 ;,.5577 to t hc ;,.:39 14 c m i 's ion in t he da rk at mo -
phere. The ion de nsity of N 2+ is co mpu ted as a fun ction of 
hcight f rom l he emi ssion rate per uni t volume. 

Atoms and free radicals by -y- irradiation at 4.2 °K, 
L . A. W all , D. W . Brown , and R. E. Flor in, J. Phys. 
('hem. 63, 1762 (1959). 
In nit roge n, hyd roge n, a nd deute r ium at 4.2 °K radi olys is 
produ ces ato ms whi ch are immob ilized. They were ide nt ifi ed 
by electron spin reso na nce (e .. r. ). I n irrad iated met ha ne 
both hydroge n atoms a nd methyl rad icals were fo und in 
a pprox imately eq ua l a moun ls. Repealed irrad iat io n of t he 
same samples in a ll cases led to more e ffi cient produ ction of 
active s pecies. Added oxyge n (0.07 %) red uced t he n it rogen 
ato m y ield of t he initi a l ru n. Yields we re st udi ed as a fu nct ion 
of irradiation dose . The max im um ni t rogen ato m conce ntra­
t ion attained in solid ni t roge n was 0.06 %, w hi le in irrad iated 
met ha nc 0.15 % of hyd rogen ato ms a nd 0.14 % of methyl 
rad icals we re attained . Because of sat uration of t he c.s. r. 
s pectra , t he resu lts wi t h hyd r'ogen a nd deute r ium , re lo w. 
H igh-en ergy r adi at ion at lo w temperat ures in genera l ap pear::; 
to be a usefu l a nd prom ising method for t he produ ction of 
stabilized free rad icals or ato ms. 

Rotational transfer in the fluorescence spectrum of 
OR (~~+), T . Carrington , J. Chem. Phys. 31 , No . 5, 
1418 (1959). 
F luorescence has been p rod uced in OH molecules by a bsorp­
t ion of t he b ismu th e mission line 3067.7 A, whi ch excites a 
s in gle r otational leve l in t he 2 ~+ electronic s tate. The relative 
p opu lat ion of t his level an d of other levels popul ated fro m it 
by coll isional t ransfer a re determin ed by in tensity measu re­
ments o n t he flu orescence s pectr um . The total p r'obabi lity of 
co ll isions produ cing t ra nsfer of rotational q uanta fro m the 
elevent h level co rres ponds to a cr oss section r oughly t wice t he 
kinetic t heory value. 

A note on the scattering of electrons from atomic 
hydrogen, A. Temkin , Phys. Rev. 116, No . 2, 358 
(1959). 
The distort ion of atomi c h ydrogen by a slowl y moving 
e lect ron at a la rge distance fr o m t he cente r o f t he ato m is 
exami ned. The prob le m is t he in it ial phase of a previo usly 
described method for t he calculat io n of electron scatter ing 
whi ch takes t his d istortion in to account. The ini t ial (s t at ic) 
proble m is solved a na lyticall y a nd extended to include higher 
ord er effects of t he in te ractio n of t he electron wi t h Lhe ato mi c 
cloud. Th e co nstru ct ion of a wave fu nction to de cribe scat­
ter ing star t in g f rom the solut ion of t he static problem is 
clarified . This yields as an in cide nta l res ult a new approx i­
mat ion of t he seco nd order pert urbation energy associated 
wi t h t he above d i t or t ion . A shor t discuss ion of t he p rese nt 
experi men tal results for th is scatter ing process is inclu ded. 

Design of free-air ionization chambers for the soft 
X-ray region (20- 100 kv) , V. H. Ri tz, Radiology 73 , 
No . 6,911 (1959). 
Design cri te ria for standard free-a ir ionization cha mbers 
have bee n experim en tally det erm ined for t he soft X -ray 
region . A t un gste n target X -ray t ube with a 2 mm berylli um 
window has been operated at exciting poten t ials of 20 to 100 
kvcp. Up to 4 mm of a lu minum has been added to the in­
herent fi ltration of t he t ube. 
The electri c fi eld di stor t io n at t he collectin g electr ode due to 
t he prox imi ty of t he gua rd strip system has been studied as a 
fun et. io n of the distance between t he gua rd strips and t he 
collecting electrode, t he centerl ine to center line distance be­
t ween g uard stri ps, an d t he t hi ckn ess of t he guard str ips. 
The rad ial d istr ibut io ns of t he p ri mar y electron ionizat ion a nd 
scatter ed photon ind uced io ni zation have been measured. 
Agr eement wi th t he \Yo rk of Attix a nd DeLa Vergne is good . 
Other correc t io n facto rs of pa r t icu la r importance in t he soft 
X-r ay r egion arc disc ussed . The data indi cate t hat a measure­
m en t o f t he cx pos ure dose in roen tgens can be made wit h a 
pr obab le limi t of error of ± 0.5% in t his energy region. 

Thermal conductivity of indium antimonide 
tempera tures, E. V. M iclczarok and H. 
Fredorikse, Phys. R ev . 115, 888 (1959) . 

at low 
P. R . 

Ther mal co ndu ctivity measure me nts we re made on a mOI1 O­
crys ta lli ne sampl e of in d ium a n t im o ni de from JO to 50° K . 
U mkl a pp, isoLope, a nd bound ary scaLte ri ng co nt rib ut io ns to 
t he t hcr ma l re. i, t ivity were calcul ated fro m t heoret ica l ex­
pres ions a nd t hen sub tracted fro m t he meas ured value of 
t herm a l res ist iv ily. The subsequent dedu ct io n of i mpuri ty 
scatte ring g ives a value [or t he n umber of point i mpuri ties 
which is co mpatible wi t h t. hat give n by electri cal measure­
men ts. 

M odel for vibrational relaxation of diatomic gases 
behind shock waves, R. H orman and R . J. Rubin, 
Phys. 0./ FLuids 2, No . 5, 547 (1959). 

The proble m of t he vibrat ional relaxat ion of a syste m of 
ha rmoni c oscill ators is examined for t he case in whi ch t he 
oscill ators arc in contact w it h a heat bath wh ose total heat 
capacity is fin ite a nd wh ose te mperat ure t herefore varies dur­
ing t he relaxat ion process . An a na lys is is carried out for 
processes in which t he init ia l d istri bu t ion of vibrationa l e nergy 
is a Boltz ma nn distri but ion . Applicati on is made to t he v ibra­
tiona l relaxat ion of a di ato m ic gas behind a s hock wave . 

The dissociation constan t of CaOH ± from 0° to 40° 
C, R. G. Bates, V. E. Bower , R. G. Canham, and 
J'. E. Pru o, Trans . Faraday Soc. 55, No. 444, 2062 
(1 959) . 

An atte mp t has bee n made to derive t he dissociation constan t 
of t he base CaO H at e ight te mpera tu res fr om 0 ° to 40 ° C 
fro m e. m .f. data for ce lls with out l iq uid ju nction co mposed 
of hydroge n an d s ilver + s il ve r chloride electrodes. N ine­
teen of t he 27 solut ions studied contained calcium hyd rox ide 
and poLass ium chloride and t he re ma inder contained calcium 
hyd rox ide a nd calcium chl or ide. The d issociation consta nt 
](, obtai ned from t he experimen tal data is strongly in fluenced 
by t he a rbi t ra ry choice of -y ClhOH necessary to evaluate t he 
mola li ty of hydrox ide ion in t he so lut ions . If t he activity 
coe ffi cien ts of t hese t wo ions a rc assu med to be eq ual at ionic 
stre ngths u p to 0·08, /( 2 is found to be 0 ·071 mole kg- r at 
25 ° C; if log (-yClhOH ) = - 0 ·3 J is assumed , a value of 0·054-
mole kg- l is ob tained . Simi la r un cer tain t ies a rc inhere nt in 
earl ier dete rmin at ions of t his co nstant by solub ili ty, e. m.f. , 
and kinetic method . 

Other NBS Publica tions 

Journal of Research, Section 64C, No.2, April- June 
1960. 75 cents. 

Meas ure me nt of cobalt-60 and cesiu m-l :37 gam ma r ays wi t h 
a free-a ir cha mber. H. O. Wyckoff . (Sec a bove abst racts.) 

Appa ratus for t he meas ure men t of t he normal spectral e mis­
sivity in t he infra red. Ar thur G. Maki, R al ph Stair, and 
Russell G . J ohnston. 

E lectrostatic deflection p lates for cathode-ray t ubes. I. De­
sign of single-bend defl ection plates wi t h pa rallel en trance 
sections. II . D efl ection de focusing d istort ion of s in gle­
be nd deflect ion pl ates wit h pa ra llel en trance sections. 
Lothar F re n keJ. 

The fun ctio na l syn t hesis of linear p lots. J. P . Vi nt i and R. F . 
Dressler. 

Radiat ion fi eld from a rectangula r source . J . H. Hubbell , 
R. L. Bac h, a nd J . C. La mkin . (Sec a bove abstracts. ) 

Microwa ve atten uat ion measuremen ts wi t h acc uracies fro m 
0 .0001 to 0 .06 dccibel over a range of 0 .01 to 50 decibels. 
G. F. E nge n a nd R. \V. Beatty. 

E ffect of oleop hob ic fi lms on metal fat igue. H. E. Frank el, 
J . A. Bennett, and W . L. H olshouser. 

R atio-record ing spectrorad io meter. H a rry K . H a mm ond III, 
Warren L. H olford, and Mi lton L. Kud er. 

An in te rmi tte nt -action camera w it h a bsolute t ime cali bration . 
G. H efl ey, R . II. Do herty, a nd E. 1.. Be rger. 
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Journal of Research, Section 64D, No.3, May-June 
1960. 70 cents. 
A theory of radar scattering by the moon. T. B. A. Senior 

and K. M. Siegel. 
A theory of wa velength dependence in ultrahigh frequency 

transhorizon propagation based on meteorological con­
siderations . Ralph Bolgiano, Jr. 

A prelimin ary study of radiometeorologi ca l effects on beyolld­
horizon propaga tion. F. Ikegami. 

Trade-wind inversion as a tra nsoceanic duct. M. Kat zin, 
H. Pezzner, B. Y.-C. Koo, J. V. Larson, and J. C. K a tzin. 

An analysis of propagation mcasurements made at 418 mega­
cy cles per second well beyond the radio horizon (a digest ) . 
H. B. Janes, J. C. Stroud, and M. T. Deck er. 

On the calculation of the departures of radio wa ve bending 
from normal. B. R. Bean and E. J. Dutton. 

On the mode theory of very-low-freque ncy propagation in the 
presence of a transverse magnetic fi eld . D. D. Crombie. 

On the thcory of reflection of low- and very-low-radiofre­
quency waves From the ionosphere. J. Ralph Johler and 
Lillie C. Wal ters . 

Focus ing, defocu sing, and refraction in a circula rly strat ifi ed 
atmosphere. K . Toman. 

Response of a loaded elect ric dipole in a n imperfectly con­
duct ing cylinder of finite length . Charles W. H arrison , 
Jr ., and Ronold W. P. King. (See a bove a bstracts .) 

Impedance cha racterist ics of a un iform current loop ha vin g 
a spherical core. Sa buro Adachi. 

Specification for dry cells and batteries (s upersedes Circ . 559) . 
NBS Handb. 71 , (1959) 25 cents. 

R eport of t he 44th Nation al Con Ference on Weights a nd 
Measures 1959. N BS Misc . Pub!. 228, (1959) 65 cents. 

Research Highlights of t he Nat ional Bureau of Standards 
Annual Repo rt , F iscal Year J959. NBS M isc. Pub!. 229 
(1959) 55 cents . 

An at las of obl ique-incidence ionograms, V. Agy, K. D a vies, 
and R. Salaman , NBS Tech. Note 31 (PBI51390) (1959) 
$2.25 . 

Service area of a n a irborne t elevis ion sta t ion , M. T. D ecker, 
NBS Tech. Note 35 (PBI51394) (1959) 75 cents. 

The following are published in Proc . Intern. Rubber Conf. , 
Nov. 8 to 13, 1959 (Washi ngton , D.C. , 1959) : 

Power loss a nd opera ting t emperature of tires, R . D . 
Stiehler, M. N. Steel, G. G. Richey , J. Mandel, and 
R. H. Hobbs, p. 73. 

An indoor tes ter for m easuring tire tread wear, G. G. 
Richey, J. Mandel, and R. D . Stieh ler, p. 104. 

Measurement of the agin g of ru bber vulcan izates, J . 
Mandel, F. L . Roth, M. N . Steel, and R. D. Stiehl er, 
p. 221. 

Sta ndard materials for rubber compounding, F. L. Roth 
and R. D. Stiehler, p . 232. 

On the convergence of Gau ss' altern at ing procedure in the 
method of least squ a res, A. M. Ostrowski, Ann. Mat. Pura 
App!. (IV) (Bologna, Italy) 48, 229 (1959) . 

The anom a lous inversion in cristoba li te, R . F. 'Walk er, The 
kin et ics of high t emperature processes, 228 pages (J. Wiley 
& Sons, New York , N.Y. , 1959). 

Digital recording of electrocardiographic da ta for analysis by 
a digital computer, L. Taback , E. Marden , H. L. Mason, 
and H . V. Pipberger, IRE Trans . Med . E lectron . ME-6. 
167 (1959) . 

Determin ation of starch in paper. A Comparison of the 
T APPI enzymat ic, and spectrophotometric methods, 
J. L. Harvey, B. W. Forshee, and D . G . F letcher, T appi 
42, No . 11 , 878 (1959) . 

Glass research at the National Bureau of Standards, C. H. 
Hahner, Glass Ind., p. 588 (1959) . 

Appli cations of the molecular refractivity in radio metrology, 
B. R. Bean and R. M. Gallet , J. Geophys. Research 64, No. 
10, 1439 (1959). 

The measuring process, J. Mandel, Technometrics 1, No. 
3, 251 (1959). 

F ire research at the National Bureau of Standards, A. F. 
Robertson, Fire Research Abstr . R ev . I, No.4, 159 (1959) . 

Refractive indices and transmittances of several optical 
glasses in t he infrared, G . ,"",T. Cleek, J. J. Villa, and C. H . 
Hahner, J . Opt. Soc. Am. 49, No. 11, 1090 (1959) . 

Preliminary assess ment of thc IG Y, A. H. Sha pley, Proc . 
Natl. E lectron. Conf. , p. 1 (1958). 

Factorial experiments in life testing, :VI. Zelen, T echno­
metr ics 1, No.3, 269 (1959) . 

Direction findings on whist lers, J. 1\1. Watts, J. Geophys. 
Research 64, No. 11, 2029 (1959) . 

The construction of H adamard ma tr ices, E. C. Dade a nd 
K. Goldberg, Mich. iVlath. J . 6, 247 (1959). 

Geomagnetic and ionospheric phenomena associa ted with 
nuclear explosions, S. Matsushi ta, :\ ature 184, BA33 
(1959.) 

Stress corros ion cracking in low carbon steel, H. L. I.oga n, 
Proc. Phys . Met . Stress Co rros ion Fracture Conf. , Pitts­
burgh, Pa. , Apr . 2- 3, 1959, reprinted from Met . Soc. Conf. , 
p. 2115 (Intersc ience Publishers, New York, N. Y. , 1959) . 

Higher oxides of s ilver, H. E. Swanson , J. El ectrochem. Soc. 
106, No . 12, 1073 (1959) . 

Osci llatory behavior of magn etic suscept ibi li ty and elec­
tron ic conductivity , A. H. K a hn and H. P. It. Fred erik se, 
vol. IX, Adv. Solid Sta te Phys., p. 257 (Academic Press 
Inc. , New York, N.Y. , 1959) . 

Geomagnet ic activ ity following large solar fl a res, C . S. War­
wick a nd R . T. H a nsen, J. Atmospheric a nd T en ·cst. Phys. 
14,287 (1959) . 

Be ndin g and stretching of corrugated dia phragms, R . F. 
Dressler, ASME Trans. 81D, No . 4, 651 (1959) . 

Simplifi cation of systems of units currently evolvill g in the 
electrica l fi eld, F. B. Sil sbee, Sys tems of Units, Am. Assoc. 
for Adva nce. Sc i., p. 7 (1959) . 

Determina tion of viscosity, J. F . Swindells, ch. XII, Phys. 
Methods of Organ ic Chern. , pt. I , p. 689 (Interscience 
Publishcrs In c., New York , N .Y. , 1959) . 

Triax ial tens ion at the head of a rapidl y running crack in a 
plate, J. M . Frankland, Trans. ASM E [El 26, No.4, 570 
(1959) . 

Poly (tetrafluoroethylene)- a radiation-resistant polymer, L. A. 
'<Vall a nd R . E . Florin , lettcr t o ed. , J. App!. Po lymer Sc i. 
II, No.5, 251 (1959) . 

On the a pproxima te daytime consta ncy of t he a bsorption of 
radio wa ves in the lower ion osphere, S. Chapman and IC 
Davies, J. Atmospheric and T err·est. Phys. 13,~0. 1- 2, 86 
(1958) . 

An X -ray crystallographic study of Sc hroeckingerite a nd its 
dchydration product, D. K. Smith, Am. M in eralog ist 44, 
1020 (1959) . 

Modu lar form s whose coefficients possess multiplicat ive prop­
erties, M. Newman, Ann. Math . 70,478 (1959) . 

The an alys is of lat in squares with a cer t ain type of row­
column interact ion , J. Ma ndel, T cchnometrics 1, No . 4, 379 
(1959) . 

A note on algebras, A. J. Goldman, Am. Math. Mo. 66, 795 
(1959) . 

Transisto r P- A amplifier, G. F. Montgom ery a nd F . R . 
Bret emps, E lectronic Ind. 19, No . 1, 196 (1960) . 

Linear differential e quations of the second order wi t h a large 
parameter, F. W. J. Olver, J . Soc. Indust . App!. Math. 7, 
306 (1959) . 

Sorting devices in post a l t es ts . 1: P roposal for an electro­
magn etic sorter, S. H enig, Au tomatic Co nt rol 11, No.6, 6 
(1959) . 

Evaluation of chemical analyses on two rock s, "V. J. Youden, 
T echnometrics 1, No.4, 409 (1959) . 

Nuclear electronics, L . Costrell , Nucleonics Mag. 18, N o. 1, 
124 (1960) . 

M icroscopical studies of failure in polymers, S. B. Newman , 
ASTM Spec. Tech. Pub. 257, 132 (1959) . 

F lare-associated bursts at 18 Mc/s, C. Warwick and J . VlT. 
Warwick, Paris Symp. on Radio Astron ., p. 203 (I AU 
Symp. No.9 and URSI Symp. No.1 , 1959) . 

* Publications for which a price i s indicated (except for NBS 
Technical Notes) are available only from the Su perintendent of 
Documents, U.S . Government Printing Office, Washington 25 , 
D. C. (f OI'eign postage, one-.f ou?·th additional). Technical 
Notes aTe available only f rom the Office of Technical Services, 
U.S. Department of Commerce, Washington 25, D.C. (oTdeT by 
P B n umbeT). RepTints from outside joumals and the NBS 
J oumal oj R eseaTch may often be obtained diTectly f l'om the 
au thor. 
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