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Infrared Spectra of D-Talose Monobenzoate
and Related Substances’

H. 5. Isbhell, 1. E, Stewart, H. L. Frush, ]. I). Moyer, and F. A. Smith

Infrared shearphion spactra for p-loaloms mohobarzoate, s-p-Aalose, g-D-taleme, penta-
acetyl-w-p-teloae, tetraanetiyl-a-p-taloss, and g-r-rhamnoze 1,2-{methy] orthoacetats) show
that the previously held, orthoscd strycture for D-talose monobansoate s ot sorrect.
The spectrom and the wethod of synthesls of D-falose mohobenzonte indicate that the

eompound ia 1 1-benzoyl-p-talopyranooe,

The infrared absorptien of the alpha and beta

pg;anﬂqe modifications of p-talose wad fotlnd to e anemslous in that each form ghowa
sbaorption heretofore considered charseteriztic of the alpha modification a8 well as that

ool sharseterintie of the bata,

1. Discussion

By the action of perbenzoic aesid on p-gslactal
{p-telal], Pipman and Isbell [1] 2 obtained & p-talose
monahenzoate for which they suggesied an orihoester
strueture because of its unuzuel properiies. The sub-
stance showed 2 rapid, complex mutarotation in
methanol, » similar but somewhat elower mutarota-
tion 1N dine, and almost no mutarotation in dilute
hydrochloric acid. In light of the properties of
certain orthobengoates of ribose recently deseribed
by Fletcher and Ness (2], it seemed desirable to
reinvestigate the structure of the talose derivativa,

A samples of the product prepsred by Pigmean sod
Tsbell in 1937 was availabla, but had turned s]:'Eht]y
brown. Afier twe recrystallizations from dimethoxy-
ethane, the melting point was sharper and higher
than that reported esrlier, and the mutarotation in
mathanol followad the sama sourse, but at a slightly
lowar rate. The stallized compound, lke the
I::-ner‘l;igirl_ml:, did not yield & i)henylhydrazuna; hence the

ueing group must be blocked by the benzoyl group,
which could be present either sz the normal ester {F}
or as the orthoester (IT). However, only the normal
eater would show infrared absorption characteristie
of & carbooyl group.
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It has now been found that the infrared absorption
spectrum of the criginel n-talose monobenzoste (fig.
1), which 13 identical with the speetrum of the
recently repurified product, shows a strong absorp-
tion at 5.77 g, characteristic of the sster carbonyl
greup. In contrast, 1-rhamnose 1,2-({methyl orthe-
acetate), which hias been characterized as an ortho-
ezter by means of jta ultraviolet abzorption spectrum
[#,4], showano absorpticn near this wavelength., Thus,
1t can be concluded that the p-talose moncbenzoate
iz= not an orthoester but & normasl benzole ester
possessing a carbonyl group. This conclusion is also
BLPPH by the observed absorption at 7.93 g
because normal benzostas show charactenistic absorp-
tion in thiz region [5,8]. The lack of formation of &

drezone, in conjunction with the infrared absorp-
tion, requirea thet the product ba a p-talose 1-ben-
Zonte.

It seemed possible that a study of infrared abhsorp-
tion micht aid in assigning slpha or beta configura-
tion to the D-talose I-benzoste. A study of the
spectra of over 75 hexoszes and substituted hezoses
had praviouvsly shown thai the alpha anomers of the
more common eoofieurations have handz in the
11.8- te> 12.4-u region, whereas tha beta anomers have
bands in the 11.2- to 11.7-4 region.? These regions

! The apepirn will ba prewnted In papees now I preparsflot,
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sre much parrower for specific hexose types. The
existence of cheracteristic infrured abgorption for the
common hexpse types is in ement with the
observetions of Barker et al. [?fm It now appears,
howaver, that the infrared sahsorption of the p-talo-
prrenpses and a number of relsted derivatives is
anomalous in that bands accur in both of the regions
mentionad (see table 1 and fig. 1).

In light of thiz fact, one cannot assign an alpha or
beta configuration to p-talose 1-benzoate on the basis
of absorption In the so-called “alpha and bets
regione.” I follows glee that sbeorption in these
regiong cannnt be used indiscriminately for the
assignment of alpha or beta configuration to all
typea of pyranose derivatives. Whatever the differ-
enice between the sbeorplion found for tulese and
thet found for other hexoses, it is sapperont that
infrared measurements must ba extended to all
poasible pyranose typea belore generalizations as to
characteriatic absorption can be held valid.

TARLE L. Abgarption bands of p-lalose derfoatives i the 11,8
Ip |2 F-p region
Compound Wavelangih of bands Cgrveliu
k.
n
- Taloss memnrbanzeae 1141, 1164, 1342, 1252, . __ ... b
a-0-TalapFTameg_ ___ ——.a-] 1144, 1225, 1245 ___. [ d
0 FRIHISE . . _--ccarn 1L, 10088, 1148, 1281, o
cagef tFla-u-taloprraoes | 1049, T2 1268, ... i
Fontgamirka rannss__ | DL 11,88, 1R47, 12,0 12.61. . E
Trince o-bnbope | 2 (mebh- | T, 1154, 100G, 1241, 19.88. . .
¥] orthoasatadal, | |

Although infrared studies do not distinguish
gatisfactorily batweon the alpha and beta anomers
of taloge derivatives, the mode of aynthesin of b-
talpsg 1-benzoate provides a besis for mssigning the
configuration at cearbon 1. The compound was
prepared by the exidatien of alactal {IT1} with
perbanzoic acid. Beaction of ethylenic cormpounds
with perbenzoie acid gives anhydrides by the process
clearly described by Waters iﬁ]. Thus p-galactal,
on oxidation with perbenzoic acid, forms, ws inter-
mediates, 1.2-anh}rdm-n-taln€:;rnnme. IV, and 1,2-
Mlhj"dm-n-iﬂ]&ptﬂpfraﬂﬂﬂc, . The products iso-
lated are oktainad by cleavage of these 1 2-anhy-
drides. In accordance with the concept presentod
by oone of ue in 1940, cleavape of the anhydrides
takes place by a mechanism in which the entering
gmup approaches the face of one of the carbons
rom the side o ite the ring oxyeen and combines
with inversion fgi?mﬂcactinh of earbon 2 of IV with
benzoate 1on by an oppesite-face mechanism would
pive g-ogalactopyrenose 2-banzoate, and resction of
carbonn 2 of V would give o-m-telopyranose 2-
benzoate. Thess compounds have not been found.
However, reaction of carbon 1 of IV would give
a-b-talopyranoese 1-benzoate [, and resction of carben
1 of ¥ would give ﬂ'D'gﬂlﬂ.ﬂtD?_}Tﬂmsﬂ 1-benzoate
Honce the talosa l-beuzoate found experimentally

* By porbekmobe Bedd aidaddon of Hessyl-D-galastal, Laveor atd Tipasen [1
ohtained b Dt YhE-DREIAOPYEAINS. 1-tersoads, tHa produed b b n:pem‘:l]
by tht muechiug it {M.Imted here.

ghould have the alpha pyranose structure. This
structure does not aecount for the mutarotation of
the substanca observed in methansl snd in pyridine.
Explanation of thess unusual properties rust await
further experimental sfudy.
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1, 2. Anhydro-p-galactopyranose,

2. Experimental Details

2.1. D-Talose Menobenzsate

The product prePared bg Pigmean and Isbell in
1837 melted at 180° to 176° C in 1955, and showed
the infrared sheorption given in eurve e of figure 1.
Tworecrystallizationa fromdimethoxyethane changed
tha melting Euint to 180° to 182° C without an
sppreciehle change In absorption {curve 4}, Hence
racryetallization from dimethoxvethane oceurred
without change in stroctwre, en dizsolved in
snhydrous methanol, the recrystallized product gave
the mutarotation reportod in table 2. The rate of

Tase 2. Rotnifen of Deinlote monabensoale it seefhanod of 20%0
HREGI2 g ede wpr ko W) m] with whbyetrans e, wid resd ks Sdme tohe, )

Time el Tls [P
iR mig

5 +14.0 10 -48.7

71 +1a.1 160 —i0.2

BB +10.2 =5 -23. 5

150 46,4 L 3a0 35

76 =50 LAk &G

5 -~15% 1, 5 7.5

B -I%.5 2, 666 BB

I= ) —26.3 I 700 96
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mutarotation is somewhat lower than that ohserved
m 1937, but the over-all change 1a essentially the
same.

2.2. gL-Bhamnose 1,2-{(Methyl Orthoacetate)

This compound was ‘frﬁpared by the method of
Fischer, Bergmann, snd Habe {11]. The produet,
sfter two recrystallizations from hot ethyl acetate,
melted st 143% to 144" O, in agreemeni with the
reported value.

2.3, a-b.Talopyranoss

The materis] used {or the apectrogram waa obtained
by crystallization of the sugar fram water with the
addition of methanol. The product had a melting
point of 131° to 134° C, and gave & cotnplex mutaro-
tation like thet reported praviously [12]. The spe-
cific rotetion, [o]}, extrapolated to zero time, was
-+67%, in substantial agreement with the recorded
value of +B8%,

24, p-p-Talopyranose

The optice] rotation of the ﬁ-n—tar!ﬂ:u FENGSa Dle-
pared in 1937 showed that the materi ]Ymd chan
m large measure to the more stabie elpha medifica-
tion. Honce a new sample was prepared. a-p-
Talosa (15 ) wae dissolved in aboul 50 ml of water.
After 18 he, the solotion was diluted with 150 ml of
abzohite sthanol and cooled by immersing in & bath
at about —10° C.  The solution was sesded with 0.5
¢ of finely powdered «-p-talose, and shaken for 45
min. The crystals thet formed werc then separated
}i]f filtration. (O standing &t & low temperature, the
trate yielded a small crop of fp-talose. The
prosess was repeated, to obtaln a totel of sbhout 1 g
of g-p-talose, The combined crops were then dis
golved in 3 ml of ice-cold water, and 5 ml of eoid,
abzalute sthanol was added; crystallization began
immediately. After 1 hr, the crop was removed by
filtration, washed first with sthanol snd then with
2-propanol, snd finally thovoughly dried.

Le specific rotation, [a]¥, of thiz material, extreep-
olated to gere time, wes +13.3% and the meltl
point wsa 1217 to 123* C. The values apres wit
those previcuwsly recorded [1] (o4 13.2% and mp
120° o 1217 (),

2.8, Pentaacetyl-a-D-talopyranosa

A sample of the compound previously reported
[1] wa= recrysisllized from hot ethenol. The
specific rotation, [, of the recrystallized substance
was +70? and tha melting point 106% to 107° C, in
agreement with the published values.

2.6. Tetraacetyl-«-D-telopyrances

A sampla of teiraacetyl-a-p-talose, prepared in
1937, was recrystallized from hot water. The
melting point wes 114% to 116° C and the initial
apecific rotation, [2]¥, waz +41.5° in TJ, B, P. chloro-
form. The constants differ slightly from those
reported 1] {[«®, +42.8% and mp 112¥ to 113° O},
but the amount of maeterial avalable was not suf-
ficieni; for further study.

2,7, Triacetyl-f-D-talose 1,2-(Methy! Orthoacetate)

The few wmillierame of thie material remainin
from the original preparstion of Pignan aod I=
wad found to have a maltirg point of 77° to 83°
(reported, 21.5° to 92.5° C}. Becanse of lsck of
material, the infrared absorption spectrum was de-
termined without prior recrystalliZation,

2.8. Measurement of Infrared Absorpton

The apectrograms recovded in figure 1 were made
with a Ferkin-FElmer maodel 21 spectrophotometer,
using the alkeli halide pellet techmgue,  The pellets
were prepared from a mixture of 100 mg of potassium
chloride and .4 mp of the sample. The material
wis pressed in o 3-piece die, 9.5 mmn in dismeter,

atterned after one described by Anderson and

‘oodall {13]. Pressare was spplied with & shop
viza, The spectra wore run without compenestion
for reflection or scatter by the pellet.
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