
JOURNAL OF RESEARCH of the National Bureau of Standards-A. Physics and Chemistry 
Vo!' 65A, No. 3, May- June 1961 

Conformations of the Pyranoid Sugars. IV. Infrared 
Absorption Spectra of Some Fully Acetylated Pyranoses 

R. Stuart Tipson and Horace S. Isbell 

(Februa ry 1, 1961) 

The infrared absorpt io n s pectra of twe nty py ran ose acetates in t he ra nge of 5000 to 
250 cm- 1 a re repor ted . Th e conform ation adopted by each of fourteen of t he cOlTes pondin g 
m ethyl glycopyranosides (or t heir acetates) had prev iously bee n assigned by us from a sLudy 
of their infrared spect ra . An alysis o f t he spectra r evcaled , for t he py ranose acetates (as 
for t he met hyl glycopyranosides a nd t hei r ace tates) , grou ps o f a bso rp t ion ba nds II' hi ch showed 
a con certed shift o n cha nge of a no meric disposition. Assignment of confo rmation by the 
methods ear lie r developed indi catecl t ha t , for most of t he compo unds exa min ed , t he con
fo rmation is t he sa me for the py ranose aceta te, met hyl glycopyra noside, a nd acetylated 
methy l glycopyranoside of o ne a nome r of a monosaccha rid e. 

The followin g new ass ignm e nts of co nform ",tion were made : t he CA con fo rmation fo r 
penta-O-ncety l-a-I.-xylo-hex ulo p.v n1.l10se a nd hexa-O-acetyl-a-D-gluco-heptulo pyra ll ose; a nd , 
possibl y, eit her n non-chair co nformation o r a mixt ure of the CA a nd C l ~ con form ations 
for IlOxa-O-acety 1-L-glycero- j3-D-gluco- heptopyranose a n d hexa-O-accty l- D-glycero- fJ - D-galaclo
hcpLo pyranose . 

1. Scope and Purpose of the Proj ect 

As Lile fiJ'sL objecLive of Lhe prescllL proj ec t, Lhe 
infrared a bsorp Lion sp ccLn1 of a vltriely of full y 
aceLybted p.l-nIl10Ses wer e r ecorded for li se in 
identifyin g supposedl~" idcnti cal samples. The spec
tnt of ( Im ' e of Lhe compoul1ds included in th e 
pres ell L study wer e r ecorded by Eu hn [J F for a 
limi Ledmnge (1250 to 667 cm - I ). In Lhe followin g 
.ren)", th e sp ccLnl of ] 7 of Lhe co mpounds 11'('I"e givell 
(fo1" the r a nge of 5000 Lo 667 Clll - 1) by Tsbell a lld 
coworkers i n a priva,Lely circula ted repor t (2] \I"hich 
was s ubsequently publish ed (3]. Fifteen of th e 
speclnl obt llined by th ese ill ves ligators were later 
d iscussed b)' " 'hisller a lld H ouse [4] , who notcd 
cm'lain ba,nels in th e ran ge of ] 170 ( 0 93 1 cm - I . 

N ext, Barker a nd coworkers [5] examin ed the 
sp eclra of two oJ Kuhn's compound s a,nd of Lhe 
enan Liomorph o f one, togelher wiLh Lhose of lhree 
others that arc included in the present sLuely. 
These workers [5] discussed som e of the b ands ill 
th e range of 960 to 730 cm- \ but the spectra wer e 
published in ins ufficient detail Lo p ermit comparison 
over a wide sp ectral range. In th e presen t article, 
the infrared ab sorption specLra of 20 fully -a cetylated 
pyranoses, in the r ange of 5000 to 250 cm- \ are 
given ; all of the bands of all of these esters h ave 
been m easured and have r eceived consideration. 

The second obj ec tive was the discovery of cor
r ela Liol1 s tha t might b e of v alue in s tructural an alysis, 
both as regards (a ) th e presen ce of certain functional 
groups a nd (b ) Lll e p9rLicuiar conformation assumed 
b~' each es ter. I sbell and coworker s (3 ] r ecorded 
the infrared sp ecLra of 17 of the esLers dissolved in 
sui t "ble solven ts, and were able to reach cer tain 
cOllclusions r<,gnrding correlaLions of the kind 

I Figures in brackets indicate the literature references at the end of th is paper' 
The references for table 1 arc given at the end of tho table. 

menLioll ed. However , aL tb e low co ncentra tions 
t llO.l" employ ed, min or ba nds were a bse il t or clifficulL 
to cl eLecL. The spec trogra ms h ave now b ee n r e
corded for the solid phltse, h.IT li se of p elleLs C'on
sisLillg of cr.l"s t /, ll in e es ter suspend ed ill ILil Itllmli
Ille Letl halide. 

In parts 11 and 111 of Lhis sel'i es [6, 7], a m eLhod 
\\' It S clescribed. for ga in i Il g i nformllt ion regilrdin g 
th e C'o nfonn aLion s of a idopynlllosides a lld th eir 
Hee taLes fron' Hn nlysis of tb eir infmred s pec Lra . 
The Hll idysis r evenlecl g rou ps of abso rpLioll /) ,lnd s, 
cil llntc:lcri stic Jor each g roup-configuration , which 
displayed a con cerLed sl'ifL on chan ge of anomeric 
cI isposition. This cmpirical observt1Lion was elll 
plo)-eci, in cO ll :i lln C' Lion with ,t considem tioll of in
stabiliLy factors (arrived nL on th eoreti C' al groullds), 
in m akin g cOlliorm al ional assig n III en ts a nd ill 
deciding tlte a rra nge mell L of groups (e.g., ax iltl or 
equ atorial ) <, t the anOll1 cric cltrbon aLom of th ese 
compounds. The presen L arLide describes Lhe r e
sults obtained on applying the sa me kind of an alysis 
to tl' e infrared spec tra of (a) 14 fully-acetylated 
etlclopyranoses related to 13 of the m ethyl aldopy
ranosides and to 12 of the ace Lyla ted m ethyl al
clopyranosides previously studied , and (b ) foUl" 
es ter s whose corresponding m ethyl glycopyr anoside 
or its aceta te h ad no t been included in parts II 
and III. B ecause of a lack of configurationally 
rela ted esters, the conform a tion s of two of th e 
acetyla ted pyr anoses could not be determin ed. 

2 . Compounds Investigated 

Table 1 gives a lis t of th e compounds, their code 
numbers (8], and a n index to th e spec trogram s; tll e 
serial number of a compound is the same as Lhe 
number of its specLrogram . Also included in t able 
1 arc (a ) the conformation (where known) of t he 
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T AB LE 1. Com pounds rneas1ired, stable conformations, and index to spectrograms 

Sta ble conformation b 

Code' Compound Refer
ence A ssignmen t for 

methyl glyco
pyranoside c 

A ssignment for I P resen t Anomer ic 
disposition e 

Spectro
gram 

12. 1 1I21 
12. 11221 
12. 12521 

12. 13421 

12. 71121 
12.21121 
12.21221 
12.811 21 
12. 41221 

T etra-O-acetyl-a-D-XY lopyran ose ________________ _ 
Tetra-O-acetyl-/l-D-xylopyranose ___ _____________ _ 
T e tra-O-acetyl-a-D-Iyxopyr an ose ________________ _ 

T etra-O-acetyl-a-L-arab inopyranose _____________ _ 

Pen ta-O-acety I-a-L-xylo-hexu]opy ranose ______ ___ _ 
P e nta-O-acetyl-a -D-glucopyranose ______________ _ 
Pen t a-O-acetyl-/l-D-glucopyranose _______________ _ 
IIexa-O-acetyl-a-D-qlu eo-hept ulopyran ose _______ _ 
IIexa- O-acetyl-L-ylyeero-/l-D-yluco-heptopyranose __ 

12.35121 H exa-O-acety D-qlycero-/l-D-ido-heptopyranose __ _ 

12. 22121 
12.22221 
12. 42121 

12. 26521 

12. 36121 
12.36221 

12. 23121 
12.23221 
12. 33521 

Penta-O-acetyl-a-D-m ann opyranose _____________ _ 
P ent a-O-acety l-B-D-mannopyranose _____________ _ 
H exa- O-acetyl- D - glyeero -a- L- manno -b epto

pyran ose. 
P ent a-O-acetyl-a -D-gulopyran ose _______________ _ 

IIexa-O-acetyl-D-glycero-a-D-gulo-heptopyranose __ 
IIexa- O-acetyl-D-ylyceTo-/l-D-yulo-h eptopyran ose __ 

P en t a-O-acetyl-a-D-galactopyranose _____________ _ 
P en ta-O-acety 1-/l-D-galactopyranose ____ ___ ______ _ 
IIe xa - 0 - acetyl - D - ylveero -/l - D - galaclo - h ept o

p yranose. 

acetylated m et h yl assignm en t . 
glycoside d 

1 CA _______________ CA ______________ _ 
1 CA _______________ CA ______________ _ 
2 CA+ CE; non- CA+ CE ; non-

cha ir . chair. 3 CE _________________ _________________ _ 

4 _______________________________________ _ 

5 
6 
7 
8 

CA _ ___________ ___ CA ____ ___ _____ __ _ 
CA _ _ _ _ ___ __ __ ___ _ CA __ _____ ___ ___ _ _ 

C A ______________ _ 
CA ______________ _ 
CA ____ _________ _ _ 

CE _____________ _ _ 

CA ______________ _ 
CA ______________ _ 
CA ______________ _ 
CA ___ _____ ___ ___ _ 
CA+ CE; llon

chair. 

10 CA _ __ ____ _ _ __ __ __ CA _ _ _ _ ___ ____ ___ _ CA _____________ _ _ 
11 ______ ___ __ _________ CA _________ ______ CA _____ _________ _ 
12 CA __ ________ ___ ______________________ CA ______________ _ 

CA+ CE; non- CA+ CE; n on - CA + CE ; llon-
cha ir. cha ir. chair . 

13 CA __ _____________ CA ____ ___________ CA ______________ _ 
13 CA ____ _______ ____ CA _______________ CA ______________ _ 

14 CA _____ ________ __ CA ________ ______ _ CA _____ ___ ______ _ 
14 CA _______________ CA _______________ CA ______________ _ 
15 _______ _________ ____ __ _______________ ___ CA+ CE ; non-

chair. 

a ___ ____ _ ._. ______ _ 
e . . ______ . _____ . _._ 
a __ ___ . ___________ _ 

e. _______ . ________ _ 

a _______ _ . _____ ._._ 
a ____ ____________ . _ 
e. _____ . _____ . ____ _ 
a __ ______________ ._ 
a+e; a, e, or q ____ _ 

a __ _______________ _ 
e _________________ _ 
a __ _______________ _ 

a+e; a, e, or q ____ _ 

a __ _______________ _ 
e __________ • ______ _ 

a __ _______________ _ 
e _______ __________ _ 
a+e; a, e, or q ____ _ 

12. 24?21 P enta-O-acetyl-a -D-talopy ran ose ________________ _ 16 _______________________________________________________________________________ _ 

• T be th ird fig ure a fter t he point was inserted after th e present conclusions as to conformat ion h ad been reached . 
b Named by the sy stem of II . S. I sbell an d R. S. T ipson, Science 130, 793 (1959); J . Research NBS 6! ..1, 171 (1960). 
C Assign ment m ade by R. S. T ipson and H . S. I sbell , J. Research NBS 6!..1, 239 (1960). 
d Assign ment made by R. S. Tipson an d H . S. I sbell , J. Research NBS 64..1, 405 (1960) . 
• After accepting several of the aSSignment s for the corresponding n ll acet ylated Or acetylated methyl glycopyranosides (see t e xt) . 
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corresponding methyl glycoside and acetylated 
methyl glycoside, as determined in par ts II and III 
of this series [6, 7], and (b) assignments of conforma
t ions to the acetylated pyranoses. The conforma
t ions are indicated by the system devised by I sbell 
and Tipson [9]. 

The spectr a were measured in the region of 5000 
to 250 cm - 1_ The spectrograms ar e given together 
with a discussion of (a) the structure of the com
pounds and (b ) some of the ou tstanding features 
of their spectra. 

All of the compounds listed in table 1 ar e fully 
acetylated monosaccharides, and all have the py
ranoid ring. Compounds 5 and 8 are acetates of 
ketopyranoses; the rest of the compounds ar e 
acetates of aldopyra.noses. The pyr anose acetates 
differ in regard to on e or more of the following 
structural features: (a) the a or (3 anomeric con
figuration at the reducing carbon atom; (b) t he 
configurations of the other carbon a toms of t he 
pyr anoid ring (including C5 in the aldohexose and 
t he heptose acetates); (c) the nature of the sub
s ti tuen t, if any, at C 5 (including the configuration 
at C6 of the aldoheptose acetates); and (d) the 

presence or absence of a C- (acetoxymethyl) group 
at C 1 of the pyr anoid ring. 

3_ Reference Aldopyranosides and Their 
Acetates (of Known Conformation) 

In par t II of this series, t he stable conformations 
of 13 crystalline aldopyranosides and , in par t III , of 
12 crystalline acetates ther eof, all of which are re
lated to compounds in t h e presen t study , wer e 
deduced from analysis of th eir infrared spectra. 

In the present study, the crystalline acetates of 14 
corresponding pyranoses were available (group A). 
In addition, six pyr anose acetates (group B) whose 
glycosid es or ace tylated glycosides had no t been 
available were examined. The spectra of the ace
ta tes in group A were analyzed, in order to determin e 
whether they were explicable on the basis that a 
pyranose ace tate has the same conformation as its 
glycopyranoside and acetylated glycopyranoside 
relatives. The conclusions drawn from this study 
were then applied to deducing the stable conforma
tion of memb ers of group B . 
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I 4. Classification of the Acetylated Pyranoses 
into Configurationally Related Groups 

The 20 esters were classified in to four groups ; the 
members of each group have like configurational 
features. 

4.1. Acetylated Pyranoses of the xylo Configuration 

The member s of this group have gen eral formula 
I for th e CA conformation. 

A,O 

R' 

The followi ng compounds, in t his conformation, 
have structure I , with t he substi tuen ts indi cat ed . 
1. T etra··O-acetyl-a-D-xylopyranosc, R = H ; R ' = 

OAc; and R" = H . 
2. T etra -O-acetyl·!3·D-xylopyr anose, R = OAc ; R' = 

H ; and R" = H. 
5. P enta-O-acetyl- a- L-xylo-heA'lJlopyranose (p en ta,

O-ace tyl-a-L-sorbopyr anose), R = CH 20Ac; R ' 
= OAc; R"= H ; and the molecule is tb e mirror 
image of t hat depicted . 

6. P enta -O · acetyl- a-D-glucoPYl'anose, R = H ; R' = 
OAc; and R" = CH 20Ac. 

7. P enta-O-acetyl-!3-D-glu coPYTanose, R = OAc; R ' = 
H ; and R " = CH 20Ac. 

8. H exa-O-acetyl-a-D-gluco-hept ulopyranose, R = 
CH 20Ac ; R' = OAc; and R " = CH 20Ac. 

9. H exa - 0 - acetyl- L - glyeero - !3 -D - glueo - h ep t o-
pyr anose, R = OAc; R' = H; and R = 

OAc 
AcOH2C- C- . 

H 
Compound 10 h as the following formulas (II) for 

th e two chair-conformations. 

OA, 

A,O 

Ir - CA D - CE 

10. H exa-O-acetyl-D-glycero-!3-D-ido-heptopyr anose 

4.2. Acetylated Pyranoses of the lyxo Configuration 

Four members of this group have the lyxo or 

manna configuration and general formula III fol' the 
CA con [ormation. 

A,O 

R' 

m 

The following compounds, in this conformation, 
have structure III, with the substitu ents indicated . 

3. T etra-O-acetyl-a-D-lyxopyTanose, R = H ; R' = 
OAc; and R" = H . 

11. P enta-O-acet yl-a-D-mannopYl'anose, R = H ; R ' = 
OAc; and R" = CH 20Ac. 

12. P enta - 0 - acetyl - 13 - D - mannopYJ:anose, R = 
OAc; R' = H ; and R" = CH20Ac. 

13. H exa - 0 - acet yl- D - glyeero - a - L - manna - hep to-
pyranose, R = H ; R' = OAc; R " = 

H 
AcOH2C- C- ; and the molecule I S t h e mirror 

OAc 
image 0 ( that dcpicted . 

Compounds 14 to 16 have t he D-gulo configuration 
and t he following general formula (IV) for t he CA 
conformat ion. 

A,O 

~
" 0 

H H 

H 
H R 

A,O 

Ac O R' 

Il1 

14. P enta-O-acetyl-a-D-gulopyr anose, R = H ; R ' = 
OAc; and R" = CH zOAc. 

15. H exa - 0 - acetyl - D - glyeero - a - D - gulo - h ep
tOPYl'anose, R = H ; R ' = OAc; and R" = 

H 
AcOI-JoC- C- . 

- OAc 
16. H exa - 0 - acet yl - D - glyeero - 13 - D - guZo - hep

topYTanose, R = OAc; R ' = H ; and R" = 
H 

AcOHzC- C- . 
OAc 

4.3. Acetylated Pyranoses of the arabino Con
figuration 

The CE conformation of compound 4 and t he CA 
conformation of compounds 17 to 19 are depicted in 
general formul a V. 

A,O 

R' 

4. T etra - 0- acetyl- a - L-arabinoPYTanose, R = OAc j 
R ' = H ; and R" = H. 
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17. Penta - 0 - acetyl- ex - D - galactopyranose, R = H; 
R' = OAc; and R" =CH 20Ac. 

18. Penta - 0 - acetyl - {3 - D - galactopyranose, R = 
OAc; R' = H; and R" =CH 20Ac. 

19. Hexa - 0 - acetyl - D - glycero - {3 - D - galacto - hep
topyranose, R = OAc; R' = H; and R" = 

H 
AcOHzC- C- . 

OAc 

4.4. Acetylated Aldopyranose of the ri bo Con
fjguration 

The two chair-conformations of compound 20 are 
depicted in formulas VI. 

A,O 

OA, 

A, O 

OA, 

JZI- CA lZI- CE 

20. Penta-O-acetyl-a-D-talopyranose 

5 . Discussion of the Spectra 

In the present study, the positions of the various 
absorption bands for each of 20 acet~Tlated pyranoses 
have been determined; the relative intensit ies of ab
sorption were not examined in detail. The bands 
were compiled, and were studied by comparative 
methods, as previously described [10]. 

T he conformations of 13 of the corresponding gly
copyranosides and of 12 of the acetylated glycopy
ranosides had previously been assigned by us [6,7] 
from a study of their infmred absorption spectra 
(see table 1). Assignment was made on the basis of 
the empirical observation that a change of anomeric 
disposition was accompanied b y a shift of certain 
absorption bands. 

The same l.;:ind of examination has now been ap
plied to the spectra of the full.v acetylated derivatives 
of 14 pyranoses related to the glycosides just men
tioned, and a similar empirical relationship (between 
anomeric disposit ion and the position of certain ab
sorption bands) was observed. On the basis of this 
find ing, conformational assignments were made for 
these 14 pyranose acetates and were found to be in 
essential agreement with those for their glycosidic 
relatives (both acetylated and unacetylated). 

The remaining 6 spectra were those of pyranose 
acetates for whose glycosidic relatives we had made 
no conformational assignment. The spectra of four 
of these acetates (compounds 5, 8, 9, and 19 in table 
1) were intercompared with those of related acetates, 
especially in regard to anomer-differen tiating ab
sorption bands, and assignments were made (see 
table 1) . For compounds 10 and 20, the spectra of 
related acetates were not available, and assignments 
could not be made. 

5.1. Absorption Bonds Possibly Indicative of the 
Disposition of Groups at the Anomeric Carbon 
Atom of the Tetra-O-acetyl-pentopyranoses 

The spectrum of tetra-O-acetyl-{3-D-xylop~Tanose 
(compound 2) was compared with that of its ex 
anomer (compound 1), in order to determine the 
effect of changing the anomeric acetoxyl group from 
equatorial to axial (or vice versa). A comparison 
was then made with the sp ectrum of tetra-O-acetyl
a -L-arabinopyranose (compound 4). 

In table 2 are li sted those bands that are essen-

T ABLE 2. Bands (em- l ) shown by both anomers of tetm-O
acetyl-D-xylopymnose (compMtnds 1 and 2) and by tetra
O-acetyl-a -L-ambinopymnose (4), and positionally cones
ponding bands of tetm-O-acetyl-a-v-lyxopymnose (3) 

Tetra-O-
Tetra-O-acetyl-D-xylo- acetyl-a-

'fetra-O
acetyl· a
D-Iyxo

pyranose 
pyranoses I.-arabino-

pyranose 

3 

Possibly nOll-confi gurational bands 

2959 2967 2976 2967 
29 15 2890 2924 2899 
2114 2114 2114 2105 
1739 1742 1730 1742 
1473 1473 1462 1484 
1439 1437 1403 1439 
1377 1381 1374 1377 
1230 1235 1233 1227 
1178 1172 1181 1170 
1105 1085 1096 1099 
1046 1041 1045 1052 
1026 1028 (?) a 1024 1021 
989 991 995 985 
965 962 967 963 

947, a942 b 941 b948 946 
899 b 899 b900 903, 889 
875 b 880 b880 885 
679 703 679 690 
673 671 671 670 
643 6'16 643 647 
601 602 600 599 
.oG7 568 553 556 
545 542 636 5-14 
515 502 506 508 
488 491 489 488 
398 394 399 395 
372 377 379 379 
365 364 366 369,364 
358 359 359 358 
351 353 351 

I 

354 
344 342 341 342 
288 309 283 297 

nands poss ibly affected by configuration and 
con form ation 

2874 ______ __ ___ _ 
1751 1757 1751 _______ ____ _ 
1330 1326 1332 _________ __ _ 
130'1 1312 1309 _______ ____ _ 

1295 1295 
1261 1258 1263 _______ ___ _ _ 
1142 1130 1133 ______ __ __ _ _ 

___ ___ ____ ____ __ ___ __ ___ 1116 1111 

1066 1071 
a 1016 1014 

930 935 

520 
458 
448(? ) 
443 (?) 
437 (?) 
430(?) 
424(1) 
404 
264 

523 
459 
451 (?) 
444(?) 
436(?) 
429 (?) 
423 (?) 
402 
268 

___________ _ 1073. 1064 
__ __ _____ _ __ a 1009 

956 

b 865 
b 751 

457 

929 
857 
7i4 

______ ___ __ _ 447 
442(?) __ _________ _ 
435(?) ______ ____ _ . 

421 

274, 267 _____ __ __ __ _ 

• Tbese bands were mentioned by R. L. Whistler and L. R. H ouse [4). 
b These hands were mentioned by S. A. Barker and coworkers [5)- for the 

enantiomorpbs of tbe compounds in tables 2 and 3. 
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t,ially the same for th ese three esters, together with 
bftnds (in about the same positions) shown by tetra
O-ace tyl-a-n-Iyxopyranose (compound 3) . Bands 
shown by all four of th ese ftcetates are tentatively 
assumed to be independent of total configuration, 
whereas those sbown by compounds 1 and 2 but not 
by botll compounds 3 and 4, or by compounds 3 or 4 
but not by compounds 1 and 2, may possibly be 
affected by configuration. 

The bands shown by only one anomer of tetra-O
acet.d-n-xylopyr anose are given in table 3, together 
with corresponding bands of tetra-O-acetyl-a-L
arabinopyranose. The resemblance between com
pounds 2 and 4 may be noted. If these "anomer
differentiating" bands have any relationship to the 
axial or equatorial disposition of the anomeric acet
oxyl group, it may be concluded tb a t compounds 2 
and 4 have the same ftnomeric disposition , whereas 
that for compound 1 is different. 1£ the assignment 
previously mftde [6] for the methyl glycopymnoside 
corresponding to any one of these three esters is ex
tended to t he related pyranose ftce tftte, the conforma
tions of th e other two ,ue deducible from th e results 
in table 3. Til us, if th e (womerie acetoxyl group of 
compound 2 is equatorial and th a t of its a a nomer is 
axial, the resul ts indi c'Lte tha t t ile anomeric acetoxyl 
group of tetra-O-,Lcetyl-a-L-ambinopyranose is equa
toria l. 

On th e other hand, the spectrum oJ compound 3, 
although showi ng two band s in common with that of 
compound 2 (sec table 3), bears a m uch greater 
resemblance to that of compound 1, sugges ting t hat 
the crystalli ne material (3) may have the CA con
formlLtion. H t his conclusion is correeL , it indicates 
t hat the stable conformation of a fully acetylated 
pyrauose need no t necessarily be the same as the 
s ta bl e conformation of t he corresponding fully 
acetylated methyl glycopyranoside. Presuma bly, 
change fro m t he methoxyl group to t ile ace toxyl 
group a t carbon atom 1 may resul t in a suffi ciently 
great al teration in non bond ed lLt lmcLions and 
r epulsions to cause a change in co nformalion. 

5.2. Analysis of the Spectra of Groups of Configura
tionally Related Pyranose Acetates, Excluding 
the Pentopyranose Acetates 

The spectra of pen ta-O-acetyl-a-L-xylu-hexulopy
ranose (compound 5) and hexa-O-acetyl-a-D-gluco
heptulopyranose (compound 8) were compared with 
those of the anomers of penta-O-acetyl-D-glucopy
ranose (compounds 6 and 7). Compounds 5, 6, and 
8 show the following bands not shown 2 by compound 
7: at 13 12 to 1302 cm- I; 1174 to 1168 cm- I ; 960 to 
949 cm- I; 938 cm- I ; 746 to 712 cm- I ; 418 to 413 cm- I; 
ancl 395 to 394 em-I . Compounds 5 and 6 show bands 
(no t shown by compounds 7 and 8) a t 1115 to 1111 
cm- I and 556 to 550 cm-\ and compound 6 does not 
show a band a L 606 to 600 cm- I that is displayed by 
compounds 5, 7, and 8; with these exceptions, these 
observations indicate tha t compounds 5 and 8 re-

, Barker anel coworkers [5] originally reporteel banels a t 949 an el 938 cm-I for 
compou nd 7. I n a private comm un ication from S. A. B arker anel H . Stephens 
(Au gust 12, 1960), we learn that t bey bave Since recorded tbe spectrum of a 
p urified sam ple of corn [)ound 7 and fi nd no absorption bctween 978 a nd9 11 ern-I. 

T AB I~E 3. Bands (em- I) shown by only one anomer of the 
tetw -O-acetyl-D-xylopywnoses (com potmds 1 and 2) and by 
tetw-O-acetyl-a-L-ambinopymnose (4), compared with bands 
JOT tetw-O-acetyl-a-D-lyxopYl'Gnose (3) 

4 
---------1---1----

2994 
1319 
1247 
1149 
1038 
724 

3003 
1321 
1242 
1148 
1033 

412 
469 
414 
386 --------._-- ------------ - --. _------ -

----
1222 1225,1218 1217 

e. 912 u 915 ----- - - -----
656 655 -- -- --- ---- -
616 615 63:! 
591 582 -- -. - -- ---- -

• See foot note b to table 2. 

T A BLE 4. Comparison" oJ (cbsorption bands (ell(- I) shown by 
the anomers oJ penta-O-aeetyl-D-glyeopyranose (colUpounds 
6 and 7) and by he:w-O-acelyl-L-glyccrO-{3 -D-gluco-hepto
p yranose (.9) 

A B C D E 
---------

6 7 9 6 9 () 7 9 
------------------ -- - -

1456 1464 1215 (?) 1115 1119 1414 600 597 
1383 1381 761 b 950 951 1302 442 445 
1105 109S --- b •• 938 941 1238 -----
1062 1068 b [846 d 844] 1168 
1038 1044 b 746 742 550 

'1022 1010 418 422 399,395 
b 917 b 913 -----------

666 654(? ) 
474 475 

43,1,427 431 
366 368 

• Key: A. Bands shown by compounds 6 ann 7, bu t not by 9. B. Bands 
shown by compound 9, but not by 6 and 7. C. Bands shown by compounds 6 
and 9, bnt not by 7. D. BalJds shown by compound 6, hut not by 7 and 9. 
E. Bands sbown by compounds 7 and 9, bu t not by 6. 

b See footnote b to table 3. 
• See footnote a to table 2. 
d Compound 7, in carbon tetrachloride, shows a band at 855 cm- l [3]. 

semble compound 6. Thus, if compound 6 bas an 
axial anomeric (ace toxyl) group, it seems likely th lLt 
compounds 5 ,wd 8 also have an axial anomeric ace
toxyl group a nd, consequently, have an equatorial 
acetoxy'r.n ethyl group a tlached to C1 of the xylopy
ranosc rmg. 

The spectrum of hexa-O-acetyl-L-glyceTo-(3-n-gluco
heptopyranose (compound 9) was now compared with 
those of compounds 6 and 7. The resul ts are given 
in t able 4, from which it may be seen that compounds 
6 and 9 have 5 bands in common (column C) that 
are not shown by compound 7. On the other hand, 
compounds 7 and 9 show 2 bands (column E ) not 
shown by compound 6, and compound 6 shows 6 
bands (column D) not shown by compounds 7 and 
9. These results indicat e about cqual similari ty 
between compounds 7 and 9 as between compounds 
6 and 9, and, h ence, sugges t either (a) that compound 
9 adopts a non-chair conformation or a mixture of the 
CA and CE conformations, or (b) that, in this kind 
of analysis, the spectrum of a fully aee tylated 
heptopyranose may not necessarily b e intercom
parable with those of the related hexopyranose 
acetates. 
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Penta-O-acetyl-{1-D-mannopyranose and hexa-O
acetyl- D - glycero - a - L - manna -heptopyranose (com
pounds 12 and 13) show two bands (at 3003 to 2985 
cm l - and at 616 to 615 cm- I ) that are not shown by 
penta-O-acetyl-a-D-mannopyranose (compound 11) . 
On the other hand, compounds 11 and 13 show seven 
bands that are not shown by compound 12: at 1295 to 
1294 cm l -, 1081 to 1076 cm- I , 839 to 837 cm- I , 787 to 
777 cm- I , 475 to 466 cm- I , 439 to 433 cm- I , and 414 
to 413 cm- I ; and compound 12 shows 12 bands that 
are not shown by compounds 11 and 13: at 2882,1383, 
1093, 758 (this band was mentioned by Barker and 
coworkers [5]), 589, 520,488,446,407,377,364, and 
345 cm- I . These results indicate a considerable 
resemblance between compounds 11 and 13. Thus, 
if the anomeric acetoxyl group of compound 11 is 
axial, it seems likely that the anomeric acetoxyl 
group of hexa-O-acetyl-D-glycero-a-L-manna-heptopy
ranose (13) is also axial. 

In parts II and III of this series [6,7], evidence was 
obtained that indicated that the methyl glyco
pyranosides and their acetates corresponding to the 
<l' and {1 anomers of hexa-O-acetyl-D-glycero-D-gulo
heptopyranose (15 and 16; see table 1) have the 
CA conformation, whereas those corresponding to 
penta-O-acetyl-a-D-gulopyranose (compound 14) con
sist of a mixture of the CA and CE conformations or 
adopt a non-chair conformation. In table 5,3 the 
anomer-differentiating bands of compounds 15 and 
16 are compared with bands shown by compound 14. 
It may be seen that compound 14 shows about equal 
similarity to either compound 15 or 16; this con
clusion suggests that crystalline penta-O-acetyl-a-D
gulopyranose (compound 14) exists as a mixture of 
the CA and CE conformations or as a non-chair 
conformation. 

Finally, an assignment of conformation was sought 
for hexa-O-acetyl-D-glycero-(3-D-galacto-heptopyranose 
(compound 19). In table 6, the bands differentiating 
between penta-O-acetyl-a-D-galactopyranose (com
pound 17) and its {1 anomer (compound 18) are 
compared with bands for compound 19. It may be 
seen that compound 19 shows about equal similarity 
to either compound 17 or 18, suggesting that crys
talline hexa-O-acetyl-D-glycero-{1-D-galacto-heptopyra
nose (compound 19) exists as a mixture of the CA 
and CE conformations or as a non-chair conforma
tion. This conclusion is surprising, as there has 
hitherto been no indication of such conformations for 
compounds having a galacto configuration. Possibly, 
as previously mentioned, the spectrum of a fully 
acetylated heptopyranose may not, in this kind of 
analysis , necessarily be intercomparable with those 
of the related hexopyranose acetates. 

No assignment could be made for hexa-O-acetyl-D
glycero-{1-D-ido-heptopyranose (compound 10) , be
cause of the lack of its a anomer. Similarly, no 
assignment could b e made for penta-O-acetyl-a-D-talo
pyranose (compound 20), because of a lack of other 
pyranose acetates having the tala configuration. 

3 To conserve space, bands which do not differentiate between anomers have 
been omitted from t ables 5 and 6. 

TABLE 5. Bands (em-i) shown ' by only one anomer of hexa
O-acelyl-D-glycero-D-gulo-hepiopyranose (compounds 15 and 
16), compared with bands for penta-O-acetyl-a -D-gulo
pyranose (14) 

A n c D 
--------._---

14 15 16 14 16 15 

1462 1453 3003 2941 2941 1366 
1304 1304 1280 1443 1443 1064 
1114 1114 1205 1318 1319 7H1 
994 983 1105 b 1170 1186 71R 
952 952 1030 ]J39 1130 ----
884 887 848 903 R99 
816 829 523 769 766 
477 452 4-14 --------

• Key: A. Bands shown by compounds 14 and 15, b u t not by 16. B. Bands 
shown by compound 16, but not by 14 and 15. C . Bands ~hown by compounds 
14 and 16, but not by 15. D. Bands shown by compound 15, but not by 14 
and 16. 

b Sec footnote a to t able 2. 

TABLE 6. Comparison' of absorption bands (em- i) shown by 
the penta-O-acetyl-D-galactopyranoses (compounds 17 and 18) 
and by hexa-O-acelyl-D-glycerO-{3-D-galacto-heptopyranose 
(19) 

A B 

17 19 18 19 

1779 1770 1156 1155 
1250 1252 b 1l22 Jl24 
1133 b 1131 1068 1065 

837 832 ' 916 927 
696 700 ' 869 873 
615 610 641 641 

575 573 
366 370 

• Key : A. Bands shown by compoun ds 17 and 19, but not by 18. B. B ands 
shown by compounds 18 and 19, but Dot by 17. 

b Soe footnote a to table 2. 
, See footnote b to table 2. 

From a study of the proton magnetic-resonance 
spectra of compounds 1 to 4, 6, 7, 11, 12, 14, 17, and 
18, Lemieux and coworkers [11] made exactly the 
same assignments of anomel'ic disposition as we now 
find for these compounds (see table 1). 

Many of the bands observed for the pyranose 
acetates cannot yet be assigned to particular vibra
tional modes; in sections 5.1 and 5.2, we have not 
been concerned with (a) '\Thich bands, arising from 
vibrations localized in a functional group, are rela
tively independent of the remainder of the molecule, 
or (b) which bands involve other parts of the mole
cule. Bands possibly attributable to specific func
tional groups are considered in section 5 .3. 

5 .3 . Other Absorption Bands 

All of the compounds in this study are acetates, 
and their spectra all show at least one band at 1757 
to 1742 cm- I (C = O stretching frequency); at 1269 
to 1241 cm- i ; at 1236 to 1212 cm- 1 ; at 646 to 626 
cm-1 ; and at 612 to 598 cm-I • All of the spectra 
show at least one band at 2985 to 2950 cm- 1 (or 2976 
to 2941 cm- I ; C-H stretching); and at 1449 to 
1420 cm- I and 1333 to 1312 cm- I (C- H bending) . 
All of the spectra show an absorption band at 1381 
to 1366 cm- I , presumably caused by deformation of 
the CH3 groups. All of the spectra also show a 
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WAVE NUM SE R ,em - t 

FWU RE 1. P ercentage (of the 20 pywnose acetates) which showed infwTed absoTpti on at the various 1'egions of the infwTed spectrum 
(5000 Lo 250 cnc 1) . 

b and at 1148 to 1114 cm- 1 ; ll05 to 1073 cm - l ; 

1073 to 1042 cm- I ; 1036 to 1011 cm - I ; 9ll to 899 
cm- I ; 415 to 399 cm- l ; and 377 to 366 cm - I (01' 370 
to 353 cm- I ) . All of the spectr a seem 1,0 show a 
weak b a nd iLt 2132 to 2075 cm- I , probably a com
b ination or overtone . 

Fig ure 1 gives the percen tage oJ t he 20 acetates 
in th is study that show absorption b ands in the 
various regions of t he in frared spectrum . For Lhe 
range of 5000 to 2000 cm- l , decrem ents of 20 cm - I 

were used; and , for the range of 2000 to 250 cm- " 
decrements of 10 cm- I , 

6. Experimental Procedure 
6 .1. Preparation and Purification of the Compounds 

The com pounds listed in table 1 were prepared by 
the m ethods given in the refer en ces eited . Most of 
t he compounds were prepared in the course of 
earlier studies on Lbe pyranose aceta tes. Each 
acetate was ]' ecr~rstalliz ed hom an appropriate 
solvent unti l furLll er r ecrvstallizat ion caused no 
change in ils melting point or optical rotation. 

6 .2. Preparation of the Pellets 

Samples used for photom etric study consis ted of 
p ellets compr ising the crystalline acetate suspended 
in an alkali-metal halide, exactly as previously 
described [10]. For the range of 5000 to 667 cne l , 

a concentration of 0.4 mg of acetate per 100 mg of 
potassium chloride was used ; the spectrum of com
pound 2 was also recorded for a fi lm prepared on 
the sodium chloride window by evaporation of a 
carbon tetrachloride solu tion oJ the compound with 
a heat lamp . For the range of 667 to 250 cm- I , a 
con centration of 2 m g of acetate per 100 mg of 
potassium iodid e was used, except for compounds 8 
and 9 (3 mg per 100 mg) . 

6.3. Measurement of Infrared Absorption 

The spectrograms 4 are shown in figures 2 and 3; 

• A few bands that show clearly in the or iginal spectrograms are difficult to 
see in Lhe published spectra, because of the reduction in Size. 

LllCY were recorded with a Perk in-Elmer Model 21 
(double-beam) spectrophotometer equipped with a 
prism of sodium chloride (for lhe range of 5000 to 
667 em - I) and of cesium bromide (for the range of 
667 to 250 cm - I), as previously described [10]. 

Some absorption attributable to water (in th e 
compound, the alkali halide, or bo th ) was observed 
at 3448 and 1639 cm - 1 and, attributable to atmos
pheric waLeI' vapor, in the far-infrared curves . 
T hese regions are drawn on th e spectrogram s with 
dashed lines which are no t to b e in terpreted quanti
Latively. 

6.4. SpectrQ Measured Under Different Conditions 

T h e spectra of 17 of the pyranose acetates (com
pounds 1 to 7 and 10 to 19) had previously b een 
m easured [3] in carbon tetrachloride or chloroform 
and in either carbon disulfide or dioxane. Since the 
infrared absorption spectra of crystalli ne rna terials 
show more bands tha n tbe spectra of tbe same com
pounds in solution , a larger number of bands were 
available for correla tions than in the previous study 
[3] . 

In addition, the spectra of 13 ace tylated aldo
pyranosides had been record ed for th e solid pha~e 
[7] and for solutions [3]. The spectra for the sohd 
and the liquid phases of these 30 compounds are, 
in all cases, in striking agreement (after making al
lowance for the sharpening of the bands for the 
crys talline samples) . This observation sugges ts that, 
if the geometry of the molecule is refl ected in i ts 
vibration spectrum, each of these compounds adopts 
the sam e conformation(s) in the solid phase as it 
does in solution. 

The authors express their gra titude t o H. L . Frush 
for assistance in preparing the compounds used in 
this study, and to J . E. Stewart and F . P. Czech for 
recording the infrared absorption sp ectr a . 
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FIGURE 2. Spectrograms of materials in potassium chloride pellets. 
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9, hexa-O-acetyl-L-glycero-/i-D-gluco-heptopyranose; 10, hexa-O-acetyl-D-g/ycero-/i-n-ido-heptopyranose; II, penta- O-acetyl-a-D-IDallJ10pyranosc; 12, penta-O-acetyl
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13, bcxa- O-accty]-D-glycero-a-L-manno·heptopyranose; 14, penta-O-acetyl-a-D-gU]Opyranose; 15, hexa- O-acctyl-D-glycero-a-D-gulo-heptopyranose; 16, hexa- O-acctyl-D
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17, penta·O·acetyl·C(·D·galactopyranose; 18, penta·O·acetyl·/l·D·galactopyrallose; 19, bexa·O·acetyl.D·glycero·/I.D-galaclo.beptop yranose; 20, penta-O.acetyl.C(.D. 
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FIGURE 3, Spectrograms of materials in potassium iodide pellets_ 

1, T etra-O-acctyl-a -D-xy]opy,'anose; 2, tetra-O-acety]-Il-D-xy]opyranose; 3, lelra-O-acetyl-a-D-]yxop yranosc; 4, tetr9-0-9ccty]-a-L-arabinopyranose_ 
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Fl GURE 3. Spectrograms of materials in potassium iodide pellets.-Continued 

5, penta.O-acetyl-a-J,-xylo-hexulopyranose; 6, penta-O-acetyl-a-D-glucopyranose; 7, penta-O-acetyl-Il-D-glucopyranose; 8, hexa-O-acetyl-a-D-gluco-heptulopyranose. 
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FIGURE 3. SpectrogTams of materials in potassium iodide pellets.- Continued 

9, hexa- O-acetyl-L-glvcer(>-Il-o-gl"co-heptop yranose; 10, bexa- O-acetyl-D-glvcero-Il-O-ido-heptopyranose; 11. penta-O-acetyl-a-o-maunopyranose; 12, pcnta-O-acctyl-Il-o
mannoPYl'anose. 
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FIGU RE 3. SpectTo gmms of materials in potassium i odide pellets.- Continued 

13, bexa-O-acet yl -D-ylycero-a-L-manno-h ep topyranose; 14, pent a- O-acetyJ-a-D-gulop yranose; 15, hexa-O-acetyJ-D-ylycerO-a-D-gulo-hept opy ran ose; 16, hexa- O-acetyl-D
ylycero-{3-D-yulo-h eptopyran ose. 
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FIGUR E 3. Spectl'ograms of materials in potassium iodide pellets.- Continu ed 

17, penta-O-acetyl-a-D-galactopyranose; 18, penta-O-acetyl-!l-D-galactopyranosc; 19. hexa-O-acet yl-D- (J lycero-!l-D-galctcto·heptopy ranose; ~ O, penla-O-3cctyl-a-D
talopyrallose 
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