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qf 5000 to 250 e ) of 6§ angmerle palrs
together with the spestre {in tha rantpe of

S0 to 467 et of the dry lyophillzates of the respestive equilibrivm selutions of

18 gugsara In water.

Anelyeis of the apactra indicated the presence, {fo a aumber
equilibrium mixtures, of apme of the earbony) form {aldehyde or
Conelusione ag to the other components of each eguilibrinm mixture
those derived from mutarotational studies, eacept for p-lyxose and p-ribose.

SUZAT,

oseibly, in all) of the
#ta) of the reapab'iwe

ﬁgmte the

15

rapurted absence of muterotation for n-giuco-heptulme and p-manae-heptalose, the eqmi-
lirinm mixture of each was found to contein one or more formz different from that originally

dizzolved,

1. Purpose and Scops of the Project

This project was primarily undertaken with the
objective of gaining, for a number of monosaccha~
rides, information regarding the composition of the
sugar mixture obtained by dissolving one anomer of
a sugar in wafer and allowing the sohition to reach
mutaroiational equilibrium, %mh guch solution was
freed from wat.e":qh Iyophilization ; and the infrarad

rﬁt.mn apectrum of the product was recorded
en compared with the spectrum of the erystal-

a GOGIMEY on%mall y dissolved (and with that of the
ﬂth.er anomer, if available),

The aemntf objective was to record these spectra
for use in {a) the identification of monoraecharides
and (b} eventual assignment of conformation to each
crystalline anomer. For & sugars, the infrared spee-
trom, in the range of 5000 to 867 em—*, was recorded

for Both chtal]me anomers and for the equilibrium

mixture, r 12 other sugars, only ¢ne crystalline
snomer was available: ita infraved gpecirurn and that
of the wnespundmg equilibrfium mixture were
recorded in the ahove range. The infrared spectra
in the range of 667 to 250 ecm™' were also recorded
for the m';mta.l]ma anomets.

2. Sugars Investigated

Ta,ble 1 gives a list of the sugars, their code num-
g)-er and an index to the spectrograms; the serial
numbar of e sugar is the eame as the number of its
spectrogram, and the latter I is appended to desig-
nate an equilibrium mixture. The 24 anomets were
claasified into 4 groups; the members of ench group
hawva like configurational features,

1 Figures in brackets Indicate tha literatwre refarencst ot the snd of this papar.
‘I pederamoen for tahles 1 and 2 are given st the ends of the tables,

2.1. Sugars of the xyio Configuration

Tha members of this group have the general for-
mula I, if they ars pyranoid.

I

1. a-p-Xylose, R=H; B'=0H; and R"'=H.

2 (N-L- ~Hexulose (z-sorbose), R=0H and
R’=CH;0H, or vica versa; ]i”--H and the
molecule is the mirror image of that deplctei

B. a-p-Glucose, R=H; R‘’=0H; and R""=CH,0H.

6. po-Glueoze, R= DH R’ H and R'=CH OH.

7. e{f)-p- um-He tulnae R= 'I:!H,DH R'=0H;
and +OH.

2,2, Sugars of the Jpzo Confiquration
These sugars, if pyranoid, have the genersl formula
L




{T)-p

p-Haxulosa

a—n—[ﬁ{xﬂse, E=H; E’'=0H; and R* and R*""

ﬁ-D_—ijose, R=0H; and R’, R”, and R""=H.
yi

(D-tagatosa), R=CH.OH

and B'=0H, or vice versa; and B and R

11. 6-Deoxy-w-L-mannose {a-L-rThamnose) mﬂna}]?r-
drate, R=H; R'=0H; R"=H; R*'=CH,;:
and the molecuale is the mirror image of that
depictad.

12, 6-Deoxy-f-1-mannose (S-l-rhamnosa), B=0H;
R'=H;R"”=H; B*'=CH,; and thse molecule
is the mirror image of that depicted.

13. a-p-Mannose, R=H; R'=0H; K""=H;and R’*
=CH,0H.

14. g-o-Mannose, RB=0H; R'=H; R"=H;and R'"
=CH,OH.
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13. (")-D-manne-Heptulose, R=CH,0H and R’

H, or vice versa; R*=H; and R**
={_H,0H.

16. (M-p-Grulese -0.5 CaCl; 0.5 HyO, R<H and B*
=0H, or vice versa; R"=CH,0H; R*“=H;
and the meleculs is the mirror image of that
depicted.

2.3. Sugars of the arabino Configuration

'Ililiese sugars, if pyranoid, have the general formuls

MY

RO

o
17. ﬂ-l}-%_i'uhinoso, R=0H;R'=H;and R*’ and B***
18. (7)-p-grabins-Hexulose (p-fructose) 0.5 CaCl,
-1.5 Hi), R=0H and B'=CH0H, or vice
versa; and R and R**"'=H.
3-0-Mathvl-(?)-p-arebino-haxvlose, R=0H and
R’TCHEGH’ or vice versa; R*'=CH,; and
ﬁwD-‘l‘MﬂﬂG-.3-HEpt1ﬂ0$ﬂ monchydrata, BR=0H;

18,

H
R'=HOH,C—C ; and R’ and R*'=H.
OH
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21. 6-Deoxy-a- actose (a-I-fucose), R=0H; R’
=H:R"”"=H; and R*"*=CH

22, a-n-Galactose, R=0H; R’=H; R"=H; R
=UHO0H: and the molecule ia the mirror
image of that depicted.

23. ﬁ-n-{}aflacmga, R=H, R’=0H; R"=H; R’
=CH 0H; and the moleculs ja the mirror
image of that depicted. .

Compound 24 {sedeheptulosan) has the following

formula {IV.

Fn

L
24, 2,7-Anhydro-f-p-aitro-heptulopyranose
2.4. Sugars of the riba Configuration

The pyrancid forme of these sugars have the gen-
eral formula V.

i

25. go-Riboge, R=0H; B'=H; and R"'=H.

28. a-p-Talose, R=0H, R'=H; R*"=CH,OH; and
the molecule is the mirror image of that de-
picted.

27, #-p-Talose, R=H, R'=0H; R”"=CH,0H; and
the Il&-:)le-}u]ﬂ is the mirror image of that de-
pictad,

3. Previous Infrared Studies of These Sugars
3.1, Spactra Racorded for the Solid Phase

In 1950, Euhn [2] recorded the spectra of 10 of tho
crystalline sugars, each in Nujol suspemsion, but,
excapt for a-p-glucose (compound 53, ke did not men-
tion which ahomer was employed. E61.1g;9,rst for which
ondy one anomer is normally available were, presum-
ably, sugars 1, 2, 21, 25, and the apimer of 17, The
other five might have been 4 or 5, 5 or 6, 11 or 12,
13 or 14, and 22 or 23; by comparison of our speetro-
grams with his, we can now identify tha anomers he
employedas4, 5, 11, 14,and 22. Foreugars5and 14,
the spsctra were recorded for the range of 5000 to 667
cm~i; for the 8 other augars, from 12506 to 867 cm—..
For su}gnr 14, Euhn aleo recorded the specirum of a
film of the sugar, obtained by evaporation of an
aqueous solution, which was probably either partially
ot completely equilibrated.

a3

Four years later, the spectrum of su
glueose™; enantiomer not stated) as & mull in hexa-
chlorobutadiene was recorded [3] for the range of
approximately 3500 to 3200 em~!, In addition,
Barker and coworkers [4] discussed hands in the range
of 073 to 670 cm ! shown by the spectra of the follow-
ing 9 sugars in Nujol suspensicn: 1, 5, 8, 11, 14, 17,
217, 22, and 23. However, the specita were pub-
lished in msufficient detail to permit comparieon
with ours over a wide spectrul] range, Similarly, in
1557, Konkin and coworkers [5] published the spectra
in tha r of 3600 to 2700 cm~! for a mull of each
of the following sugars {anomer and suspension
medium not spacified}: 1, 5 or 6, 13 or 14, anantiomer
of 17, o-feoctose, and 22 or 23. In the same vear,
Farmer [6] published the spectrum of suger 5 (“a-
glucose”; enantiomer net specified) in a potassium
bromide pellet for the ra of 5000 to 625 cm—"
Finally, in 1859, Urbaefiska and coworkers [7] re-
corded spectea and tabulated hands for 6 of these
sugars in Nujol mulls for tha range of 4000 to 750
e -1, but did not mention which anomer (of each)
they employed. By comparison of our spectrograma
ml‘]:vn theira, we have identified these sugsr anomers
as 1, 2, 5, 14, enantiomer of 17, and 25. [Howaver,
the equibibrium rotation that they recorded for b-
ribose (sugar 25) is actually thet for L-ribose, and
their melting point for the p-glucose anomer they
examined is gluser to that for the § anomer (sugar 6)
than for the « anomer (5).]

3.2. Spectra Recorded for the Liquid Phase

Long apo, Coblentz [8] recorded the infrared
epoctrs of D-fructose sand D-glucose monohydrate
(sugar *?, presumahly as superconled melts, in the
ranga of 10,000 to 1333 cm!. Rogers and Wil-
lisms [9] listed absorption bands (3030 to 960 cm )
for equilibrated, saturated, agqueous solntions of
L-xylosa {enantiomer of 1-E), p-glucose (5,6-E},
p-lyxoss (§,9-E), p-mannose (13,14-K), p-ambinose
17-E), bp-galactose (22,23-E), and »p-fructose.

axt, Barr and Chrisman [10] recorded the infrared
speetritn (3550 to 3846 e~ of & eaturated, aquecus
solution of p-arabinose (17-KE). For other sugars,
they smearad & concentrated agquecus solution of
the sugar on & cover glass and heated mently for
BET) hours, obtaining a thick sirup wﬁieuh. they
claimed, contaived practically no water; after this
treatment, each sugar was probably present as its
equilibrium mixture. The spectra of these evapo-
rated films (for the renge 5556 to 2174 cm~') were
recorded for p-xyloee (1-E}, b-glucose (5,6-E),
L-thamnosa (11,12-E}, o-mannose (13,14-E), L-arabi-
nose [ehantiomer of 17-E}, pgalacteze (22,23-R),
and p-fructose,

Finally, Parker [11] recorded the spectrs (for the
range of 1667 to 900 cm™") of 20-percent agquecus
solutions {W,I'E of L-arabinoes (enantiomer of 17-KE),
priboza (25-K), and pfructose, and of a 10-percent
agumus solutien  of pgalactese (22,23-E). In
addition, he recorded the spoctrs (for the same
range) of 20-pereent agueous solutions of op-
glucoes, f-n-glucose, and g-p-mannose (8) 2.5 minutes

r5 (%o




after diszolution, and (b) at the ond of muterotation.
By following the change in porcent transmjttance (at
1143 em™ for & or f-p-glucose, and at 1162 em™ for
f-p-mannose)} with time, he was able to determine
the mutarotation constantz; these agreed well with
those determined from mensurements of chahge in
optical rotation (see sec.d).

4. Mutarctational Studies of These Sugars
by Optical Rotation

When a eryetalline sugar iz dissolved in water and
the solution 18 aliowed to atand, the optical rotation
initially observed may change. An hexosa or a
2-heptulose, in solution, may adopt one or more of
sight modifications. Thus, for an aldchezose in
which C—4 and C-5 are both p, the following strue-
tures may theoretically be present in the equilibrium
splution. O these, only the sldehydo form will
show carbonyl absorption in the infrared spectrum,

When dynamiec equilibrium between the forms is
reached, tha proportion of each that i= present in
the solution depends on the structural, eo
tional, and conformational stability of each form.?
Bome indications as to the proportions of the various
forms present in the equilibrium eolution of some of
tha sugars in the present study have been obtained
by observing the change in optical rotation, with
time, when a crystalline anomer of the sugar is
dissolved in pure water. The resulis * are given in
table 2, from which it may ke seen that, as regards
mutarotational bahavier, 4 groups of sugars may be
distingnizhad.

In group I, exhibiting littla or no mutaretation,
are the 2-ketoses 2, 7, 10, and 15; tha aquilibrium
mixture for each of these sugars appears to consiat
almost entively of one form (possbly the a- or 5-
pyrancse}), which may be the same as the crystalline
sugar dissolved.

oup £ sugar? {the 2-keioses 13 and 18, and
perhaps, the 3-ketose 20} exhibit mutarotation, and

H B the equilibrium mixturs apparently consiste mainly
é of a zingle pyranose form together with the o and 5-
-0 domy, HGLDH HGILE[ furenoss forme.
(éHCIH}: (CHOHY, (CHOH}; {LJJH[}H}g
t4 dlscasdon, d hy H. 8. of the In soluttor Is
H‘]:GH Hé{}H Hzﬂ_ H LD_ ¥, . Bated ad Amm E# Cireubar ,cﬂ?:ﬁraxmxum.mmm
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X L TagLm 2. Characier af the muiarolation and compomifion of e
B,OH H,OH (J‘HtGH CH,O0H equilibrinm miviure, ae delermined by sludiea of ahmnpgs of
aldehydo aldehydrol - atd p- ~ | _opiseal rotation
form farm D-furangac
Motareta- | Bquilibriom minfupe |(Be
Fugar -
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forma are im usmblp, a0 that, fpr them, the maximum | Dol ed.. - 58| el der || gy 3
number of theoretically possible sugar compenents &-Deorr.imanciieh, o | 1117 | Sretorder [ #-porances ]
18 BLX. {ThD-Gulkiso 0.8 CAGH- | 18 | frst arder &
0.5 HyO
Tt is, of epurae, possible that the appesrance of Dew
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there 1= the ibility that, st all timesz during catabliah- . k. LaForge, I, Blo m. s T
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to be wirtually unobeerveble. On the other hand, in some
inztances, An apparent or spurious muterotafion, cansed b

B positive or negative heat of solution, might be obacrved,
even though oo new gpecies actually appeared in the solution.
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For group & {aldoszes 1, 5 and 6, 8 and 9, 11 and
12, 13 and 14, and 16), the mutarotation is a firet-
order reaction, and the equilibrium mizture consiats
mainly of the - and f-pyranose forme.

The memberz of greup 4 (aldoses 17, 21, 22 and
23, 25, and 28 and 27) exhibit & complex mutarotie-
tion, and the equilibrium mixture appears to con-
fain, at least, the «- and g-pyranose forme and the
w- and f-furanose forme.

8. Discussion of the Spectra

8.1. Spectra. of Sugars for Which Both Anomers
Were Available

For p-glucose, o-lymose, r~-rhamnose, G-mannosa,
pgalactose, and D-talose, the infrared spectra were
recorded for both of the eystalline anommers. Table
3 lists the bands shown by the o anomer but not by
the § anomer of each of these sugars, and table 4
lists the bands shown by the § anomer but not by
the « snomer of each. These bands will ha dis-
cussed in a subsequent article dealing with the infra-
red spectra of pyranoid sugars,

§5.2. Spectra of the Equilibrium Mixiures
In this discussion, the spectrum of the material
obtained by lyophilizing the equilibrium solution of
a sugar will be referred to as the '"equilibrivm spec-

Tawrr 3, Baads {cm™) shown by the o anomer bud ot by the

frum* for that sugar, It was asgumed thet, during
freezing and lyophilization, no change in composi-
tion of an equjﬂhrium solution occura; for eome
sugsrs, this assumption may be unwarranied, and
cr:,rataf]imtiun of & new form, or of the original form,
may take place.

?Tsha eq?thbnum apect}.lm all showed a band nTlar
1718 cm™!, enggesting the presence, in every equili-
brinm mixture, of some of the carbonyl form (ulde-
hydo or kaio) of the respective sngar. The intensity
of thiz band differad from sugar to sugar; for axampla,
for -maonose (13,14-E) and ogalactose [21,22"% .
it was quite clearly present, whereas it was wesker
for p-fructose (15-K) and p-glucose (5,6-E), and
barely perceptible for some of the other sugara
This observation agrees with the resulta of Lippich
}12], who found that the proportion of the carbonyl
orm present in the equilibrium solution is in the
order  r-mannose.>p-galactose - p-fructose > p-glu-
cose. Similarly, p-mornre-2-heptuloze (15K}, whose
aqueous solution shows [13] an ultraviolet absorption
maximum at 2650A, indicating the presence of the
carbonyl form, exhibits an infrared absorption band
at 1712 em~.. »p-mennc-3-Heptulose, which is a
member of the p-grabine series, shows a much
stronger catbonyl band (at 1727 em—1).

The equilibrium epectra of those sugars for which
the spectra for fofh cryetalling anomers were avail-
able weara now Bt.udigrd}.’ Thess equilibrium spectra
were found to fall into 2 groups. In the first group

anoter of & sugars,
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TasLe b, Bands (em") in fhe infrored specira of e cquilibrium mizfures of four sugars, comparad witk correaponding bonds for

each anemer of fheae sugors.
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B Thisp bands were mantdoned by Rogare and TWillkama [@].
© Thasn hands wers tan Honed By Patler [11).
4 By fontoote b te tablo A

{see table &), all hands ohserved in the equiiibriumn | Tase 6. Bands (ecm=) 45 the infrared

Mg rugars, com

epectrum (Bxcgfting that for carbonyl, at about a““ﬁ‘ﬁ?m ;{o e, omre

1718 em—*) could be acoounted for, either as bein

cira of the equililb-
with corresponding

fa) distinetive of one angmer present (the ban

matching those of one or both of the crystalline -Lrante ~Tnkose
anomers) or (b the resultant of uverlap&ing of
neighboring bands displayed by each of the two B0-E 8 B BI1-E » n
cryetalline anomers, respectively, In thiz category
{for which the equilibrium mixtures consist, presum- B et P o e e
ably, of 3 sugar components, viz, the o and g- dast ol tan s i I
pyranose forms and the open-chain form) were the 7 W
equilibrium spectra of neosa (6,6-E), L-rhamnose 17P2{t) — — 1= — -
(11,12-E}, p-mannoss {13,14-E), and {except for 4 1404 Tao Gl i e
cne band, at 921 em™) pgelactose (22,23-K). For « L4 154 1544 128 138 vy
the second aitp (gee table ), consisting of p-lyzosa 125 1263 1258 1 128 L1
{&,0-E) anfn—talose (26,27-E), the equilibrium spec- 1i5% i1an $iEh nee s ;:g
trum shows bands (besides the carbonyt band) that + 110 1060 1107 e 108 1R
are sbsent from the spectrum of edther of the erystal- ik hr e 103k 105 -
line anomers, These extra bands may be attribut- 005 1005 1006 - _ -
able to the presence of (a) the open-chain form, (b 2 - - o5 — =
one or both anomers of one or more ring-forms dif- o - - o - Bosd
fer?:n; ill;um that in thfadl etalline I;:I_Enmm_axam]fnfﬁi, 32 87 845 o 5 )
or {c) the presence of different conformations of the 85 589 540 B - sn
, It]:irs posaible that p-galactose should be in- ok o ik o us 785 746
cluded in the second group. piks pri s -

For the other crystalline sugars mn table 1, ounly

one ancmer of each was available, On comparing | s footmote b o tati 2,
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the equilibrium spectrum of each sugar with the
spectrum of the corresponding crystalline sugar, two
- groups of spectra were noted, In the first group
(gee table 7) were the equilibrium spectra® of
L-xylo-hexulose (2-E), pdyro-hexulose (10-E), p-
gulose-0-5 C'aCly (16-E}, p-arabino-hexulose-6.5 Call;
{15-E), 3-O-methyl-p-oradino-heaulose [(19-E), and
p-rihoge (25-KH}); in each of these apectra, all bands
which conld be clearly distinguished were also
present in the spectrum of the eryetalline snomer
originally dissolved falthough the equilibrium epee-
trum lacked the band-dehnition of some of the
baunds displayed by the cryetalline ancmer). Indeed,
for v-zplo-hexulose, p-Iyxs-hexulosze, and D-tibose,
the eﬁih‘ium spectrum 18 soorecly diskinguishable
Jrom that of the ¢ tine supar,  (Fo gddition, s com-
siderable resemblance between the equiiihrium
spectra of p-ribose and p-talose is evident, and, in
the range of 5000 to 962 cm™, the spectra are almoat
superimpoeables.)

he sec group of equilibium spectrs (see
table 3} consisted of those of p-xylose {1-E), »-
1 The “equilibeizm

2
ta thiy group, buk, moe tﬁ:
L!}.thammpmm-ilnnutm

Lrara™" of 27t e Daliro-haptiglie alse bokingeil
mbxﬂd?&hd ?l?;dwrl a apadE.lt trestment (oea sac.
clded hees,

gluco-heptulose (7-E), D-manno-heptulose (15-E),
p-arabingsa (17-E), p-manno-3-heptnloge (20-E},
and B-deoxy-t-galactose (21-E). Each of these
aquilibrium spectra clearly showed some bands not
displayed by the anomer originally disaolved. New
spacies of exch sugmr were uﬁv‘iuusl:,f present in tha
respective equilibrium mixture; for sugars 7 and
15 {zee table 2}, & change in optical rotation during
equilibration sither (&) does not oceur or (b) is
g0 slight that it haz not been detected. Since, for
these 6 eupgars, tha spectrum of the other anomer of
each was unavsilable, no decision as to the source
of the new bands could be made.

Thus, a3 regards the composition of the equilib-
rium mixtare, the conclusions earlier arived at
cg'?m gtudies of mutarctation] agree (o do not

agree} with those derived from the infrared
spectrs, except for p-lyxosa and op-ribose.

A clenrcut decision a8 to agreement hetwoen resulta
derived hy the two {echniques could not be reached
for mgluco-heptulose and D-manne-heplulose {as
» careful for mutarctation has not been made
for these sugarg) or for n-gulose, -arabine-haxyloss,
and 3-O-mathyl-pD-arabino-hexulose (as their eqnilib-
rium spectra were not sufficiently h]formativig.

TaeLE 7, Bands (em1) o bhe {nfrored apectra of the equilibrium mizlures of 5% sugoars, compored with corretpanding bands for

ome anateer of eack of tkese rupars.
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TaniLe 8. Bands (em™) in fhe infrarved specira af ke equilibrium mizbures of wiz separs, compored with correaponding bande for
one onomer of ench of thesre sugars.
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" feotnote b to tabla 5. Thelr abservations ware for the # antmer.
6. Ezperimental Procedures medi&tal}y re-extracted in the same way with the
same volume of absolute ethanol, and the erystals
€.1. Preparation and Purification of the Compounds | Were rap

The individusl compounds listed in takle 1 wera
prepared by the methods given in the references
cited. Each compound was resrvatallized from an
appropriate solvent until further recrystallization
caused no change in its melting point or optical
rotation.

For the preparation of 8-deoxy-g-L-mannoze {com-
pound 12}, 11,1 g of compound 11 was dissolved in
200 ml of i}ui]iug abeolute ethanol under reflux and
the solution waa evaporated under diminished pres-
pure to & sirup; the material was freed from water
hy {4 times} dissolving it in 100 ml of absolute
ethano!, adding 100 ml of henzene, and avaporatin
to deyness, The resulting colerless nryatﬁ.llsm (10 g
were dissolved in 220 ml of boiling acetons under
reflux, and the solution was cocled, to give 5.9 g of a
crystalline mixture of the @ and # anomers of the
anhvdrous sugar, mp 114-1146°. (Jackson and
Hulfsun had supposed this material to be a com-
pound.) The dry, finely powdered mixture was
shaken with sbsclute ethanol (4 vols.) for & min
at room temperaiure, the suspension was {iltered
with suction {rubber dam), the crystals were im-
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Iy removed by suction filtration {rubber
dam) and djl:ied in & vacuum desiceator {Desiguard)
over phosphorus op-antnﬂxide at 0.1 mm; the cryetals
had mp 127-129°.

6.2. Preparation aof the Equilibrinm Mixtures

The cryatalline compound (0.5 g) was weighed
inte & 25-ml volumeiric flask, water was added,
the selution was made to 25 ml with water, and the
gpecific rotation was observed pericdically until
muytarotation was complete, For wu displaying
no mutarotation, the solution was Egﬁ overnight
at room temperature, A portion (0.1 ml) was now
transferred, by pipet, to a 5-ml Hask containing 500
mg of potassium chloride. The pipet and the neck
of the 5-ml flask were washed with water, and the
washings wera added to the flazk contents, which
were then brought to about 3 ml with water, The
goluiion was frozen and lyophilized, giving a dry
mass containing 0.4 mg {or its equivalent) of the
suger or sugar compound per 100 mg of potassium
chloride.

For 2 T-anhydrog-p-offro-heptulose (sedohepta-
logan} monobydrate (compound 24), 0.25 g was dis-



solved in 20 ml of 1 percent aqueows hydrochlorie
acid, and the solution was heur:f(ll, under reflux, in a
boiling-water bath for 1 hr. The aclution was
cde-lonized by passage through columns of {8) Duolite
A—4(OH~ )20 m]) and (b) a mixture of 2 ml of this
resin with 2 ml of Amberlite IR-120 {H*), with
elution with water until the total volume of final
effluent waz 125 ml. One milliliter of this neutral
effiuent was added to 500 mg of potassium chloride
in & 5ml flask, ? m] of water was added, and tha
solution was frozen and lyophilized, giving a dry
masa containing the equivalent of 0.4 of com-
pound 24 per 100 mg of potsssivm c[ﬂﬁ)ride. It
zhould be noted that heating of & 0.07 M sclution
of sedoheptulosan monohydrate in 0.2 N hydre-
chloric acid for 1 hr at 100° affords [14] a mixture
of 80.4 percent of sedoheptulosan monohydrate with
3 4 percent of 2,7-anhydro-g-p-gitre-heptulofuranose
148 percent of p-odira-heptulose, and 1.4 percent of
5-(1 2-dihydroxyathyl)-2-furaldehyde,

6.3, Preparation of the Pellats

Fer spectrophotometric study, samples of the
individual eccmpounds were prepared az pellots
consisting of the c;‘avatalline. compound suzpended in
an alkali-meta) halide, exactly ue previeusly deseribed
[15). For the range of 5000 to 667 em™', & con-
centration of 0.4 mg of the compound per 100 mg
of potassium chioride was uaego The spectrum
of compound 20 in this range was also recorded at
the same concentration in fmtassium iodide. For
the range of 667 to 250 em™*, the following weights
of compound per 100 mg of potessium iodide were
used—compound 25 : 1 mg; compounds 5 and
17 : 1.34 mg; compounds 2 to 4 and 7 : 3 mg; and for
the rezt of the compounds: 2 mg. In this range, the
apectrograms for compounds 16 and 18 in Nujcl were
recorded st several concentrations.

For the lyophilized, equilibrium mixtures, the
dry lyophilizate ({already contsining the desired
Smpurtmu of potzasium chloride) was pressed

irectly into & pglet.

6.4, Measurement of Infrared Absorpion

Tha spectrograms are shown in figures 1 and
2, 'Those in figure 1 for compound 20 and its equi-
librium mixiure (20-E)} were recorded with a
Beockmen Model IR4 (double-beam} spectropho-
tometer equipped with prisme of sodium chloride.

The othera ware recorded with a Perkin-Elmer
Model 21 (douhle-beat) spectrophotometer aquipped
with & prism of sodium chloﬁga ffor the ranpe of
5000 to 667 cm™") and of ecesium bromide (for the
ranga of 667 to 250 cm "), as previously descritved [15],

Some absorption aitributable to waier {in ihe
compound, the alkali halide, or both) waa observed
at 163% cm™! and, attobatable o atmospheric water
vapor, in the far-infrared curvea. These regions are
drawn on the spectrograms with dashed linea which
are not to bs interpreted quantitatively.

6.5, Specira Meamired Under Dillerent Conditions

Because of the posmbility of intersction of the
variouz sugars with the pellyeting halide under high
pressure (previously observed [168] for 3 out of 24
aldop n,msideﬁ), the apectra of the sugars were also
racorded in a Nujol mull in the range of 667 to 250
em~Y. For 16 of the 27 sugsrs, the specira obtaiuad
with either medium matched well; for &, the spectra
in potassium iodide wers not well defined, but
matched thoee in Nujel (compounds 8, 8, 15, 16,
snd 26). However, the following compounds gave
spectrograms that were different in B'E:iol and in
puﬁa&aium iodide: compounds 3, 14, 20, 24, 25,
and 27.

In view of thess observations, the spectra obtained
with a Nujol mull were used exclusively for meansur-
ing the poeitions of absorption bands in the ranga
of 667 to 250 cm™', not only for the su that
gave unsatisfactory spectra in potassium im, hut
also (in order to keep the roeasurements strietly
comparable) for the other sugars.

Farmer [8] had noted that, in the range of 5000
to 667 cm™?, “o-pluco nosa” gave & spectrum in

otasainm iodide that differed from that in potassiam

romide. We therefore recorded the spectra of
eompound 20 (a sugar thal gave a poor specirum
in potsssium iodide in the range of 667 to
250 pm~%} in potassinm iodide and in pofassium
chlorida, at identical concentration in pellets of the
same weight, for the range of 5000 to G667 cm™"; the
sge.ctrum in potassium iadide was leas detailed than
that in potassivm chlovide,

The suthors express their gratitude to J. D, Maoyer
for preparing and lyophilizing the equilibrated
golutions. T aleo thank J. E. Stewart, J. J.
Comeford, and F. P. Czech for recording the infrared
absorption spectra.
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