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Infrared Spectra of D-Talose Monobenzoate 
and Related Substances l 

H. S. Isbell, J. E. Stewart, H. L. Frush, J. D. Moyer, and F. A. Smith 

Infrared absorption spectra for D-talose monobenzoate, a-o-talose, !3-D-talosc, pcnta
acetyl-a -D-talose, tetraacetyl-a-o-talose, and !3-L-rhamnose 1,2-(methyl orthoacetate) s how 
t hat t he previously held, or thoacid struct ure for D- talose monobenzoate is no t CO tTcCt. 
The spectrum and t he method of syn thesis of D- talose mono benzoate indi cate t hat the 
co mpound is a I-benzoyl-D-talopyranose. The infrared absorp tion of the alph a and beta 
pyranose modifications of D-talose was fou nd to be anomalous in t hat each form shows 
absorp t ion heretofore considered characteristic of t he a lpha modifi cation as well as that 
co ns idered characteristic of the beta. 

1. Discussion 

By the action of pm'benzoic acid on D-galactal 
(D-talal), Pigman and I sbell [1] 2 obtained a D-talose 
monobenzoate for which they suggested an orthoester 
structure because of its unusual proper ties. The sub
stance showed a rapid, complex mutaro tation in 
methanol , a similar but somewhat slower mutarota
tion in pyridine, and almost no mutaro tation in dilute 
hydrochloric a.cid . In light of the properties of 
certain orthobenzoates of ribose recen tly described 
by Fletcher and Ness [2], i t seemed desirable to 
reinvestigate the stru cture of the talose derivative. 

A sample of the product prepared by Pigman and 
I sbell in 1937 was available, but had turned slightly 
brown. After two recrystallizations from dimethoxy
ethane, the melting point was sharper and h igher 
than that reported earlier, and the mu taro tation in 
methanol followed the same course, but at a slightly 
lower rate. The recrystallized compound , like the 
original, did not yield a phenylhydrazone; hence the 
reducing group must be blocked by the benzoyl group, 
which could be present either as the normal ester (I ) 
or as the orthoester (II). However, only the normal 
ester would show infrared absorption characteristic 
of a carbonyl group . 
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D-T alopyranose I-benzoate. 

I ' rhis work was sponsored by the Chemistry Branch of the OtTicc of Naval 
Research, Department of th e Navy, Washington, D. C. 

2 Figures in brackets indicate the literature references at the end of this paper. 

II 

!3-D-T alose 1,2-(o l'thobe nzoic acid). 

It h as now been found that the iofral'ed absorption 
spectrum of the original D-talose monobenzoate (fig. 
1) , whi ch is iden tical with the spectrum of the 
recently l'epurified product, shows a strong absorp
tion at 5.77 )J. , characteristic of tho estor carbonyl 
group . In con trast, (3-J,-l'hamnose 1,2-(methyl Ol'tho
acetate), which has been characterized as an ortho
ester by means of its ul traviolet absorption spectrum 
[3,4], shows no absorption near this wavelength. Thus, 
it can be concluded thftt the D-talose monobenzoate 
is not an orthoester but a normal benzoic es ter 
possessing a carbonyl group . This conclusion is also 
supported by the observed absorption at 7.93 )J., 
because normal benzoates show ch aracteristic absorp
tion in this region [5,6]. The lack of formation of a 
hydrazone, in conjunction with the infrared absorp
tion, requires that the product be a D-talose I-ben
zoate. 

It seemed possible that a s tudy of infrared absorp 
tion might aid in assigning alpha 01' beta configura
tion to the D- talose 1-benzoftte. A study of the 
spectra of over 75 hexoses and substituted h exoses 
had previously shown that the alpha anomers of the 
more common co nfigurations h ave b ands in the 
11.6- to I2 .4-)J. region, whereas the beta anomers have 
bands in the 11.2- to 11.7 -)J. regiona These regions 

3 1'hc spectra will be presented in pa pers n ow in preparation. 

3!J7105- 5G--l 179 



WAVE NUMBER, CM- I 

4000 3000 2000 1500 1300 1200 1100 1000 900 B50 BOO 750 700 

100 .I I 

80 

60 

40 
.... 
z ... 
u 20 
II: ... 
Q. 

/l 
:.----~ hG, I.nll ~f\ ( hJ \n 1If'" 1M Ii, r-

II ~ ~ ~ r IA r 1/ ~ w V V' 
\ 

i 
.ft [I 

(0) '~ ~ 
.; 0 

u 
z 

" .... 100 !: 
2 

'" z 80 
" Q20H 

HO 0 

I OH HO ~ 
, I <;:'=0 

C6H.s 

II: .... 
60 

40 

20 

...,n r r'I .A. '\.A 
I-' If ' V "~ rv \fI f~rv \J\f I[V V 

(v\ 

\ V 

MAl 
V 

(b) 
\ V~ 

0 

2 3 4 5 6 7 8 9 10 II 12 13 14 15 

WAVELENGTH. MICRONS 

WAVE NUMBER, CM-I 

4000 3000 2000 1500 13001200 1100 1000 900 850 800 750 700 

100 

80 

60 

40 
I-
Z .., 
0 20 
II: 

'" Q. 

. 0 

~ A( ~\. til .f\ ""\/ /\ "'\ / ~ 

~ ~I r {\ ~( ~ n( ~V \; 
i 

~A 
A ( , J\/ 

(C) ~V ~ 
'" 0 
z 

" I- 100 '= 2 

'" z 80 " II: 
I-

60 

40 

20 

/1 V----" h A /'\/ 

N \r ~ ~( \~ " 
n( V \A/\ ./ ~ 

i I I' ~ lA/V I~ ~ 
V 

(d) J V V 

0 

z 3 4 6 7 8 9 10 II 12 13 14 15 

WAVELE",GTH, MICRONS 

FIGUR E J . Spectrograms of materials in potassiu m chloride pellets 

a, D-Talose monobenzoate (original~ample); b, D-talose monobenzoate (recrystallized); C, p-r.-rhamnose 1.2-(meth yl orthoacetate); d, a ·;)·talopyranose. 

180 



WAVE NUMBER, CM- I 

4000 3000 2000 1500 1300 1200 1100 1000 900 850 800 750 700 

100 

80 

60 

40 
~ 
z ... 
<.> ZO '" .... 
Q. 

0 

~
2.0H 

HO 1 - 0"'fi-' 

1 H ~' 
I 

V IV---- --- P\ r 

~( \ M ~n/\ trL V ( \ (\ ~ 1"'-I r IJ If v V ~ 
AI 

V 

~ 1 V 
(e) I) VV V 

I&J 
<.> 
Z 

" .. 
.. 100 
~ 
(/) 

z 

" '" ... 

.. 
Z 
I&J 
<.> 

'" .... 
IQ. 

.,j 
<.> 
z 
'" .. .. 
i 
(/) 

z 

'" '" .. 

80 

60 

40 

ZO 

Irv 1\ ~ {\( jvV I\ f V-
-, I~ nr 
-\ IV lA / 

I w ~ V 
.\~ N 

0 

(f) vl~ 

2 3 4 5 6 1 8 9 10 II 12 13 14 15 

WAVELENGTH, MICRONS 

WAVENUMBER, CM-I 

4000 3000 2000 1500 1300 1200 1100 1000 900 850 850 750 100 
100 

80 

60 

40 

20 

h v---v D ~ n -I(J' '\ 1\ tn.C1 
\. \ II \ '\ A ~Nt) If lAA 

\ 
y 

vv 
v 

0 
(g) IlJ 

100 

80 

60 

40 

ZO 

h rr- --~ .f\ f\ L lL' ~L v-v 
\ '\~ \ n~ h)'\ vJv v 

V III I 
~ 1L 

"~ 
v 

(h) 
0 

2 3 4 6 7 8 9 10 II 12 13 14 15 

WAVELENGTH, MIC RONS 

FIGURE 1. Spectl'ogmms of materials in potassium chloride pellets-Continued 
e,Il-D-talopyranose; f, tetraacetyl-a-D-talopyranose; g, pentaacetyl-a-D-talopyranose; h, triacetyl-Il-o-talosc l,2-(methylorthoacetate) (old sample)_ 
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are much narrower for specific hexose types. The 
existence of characteristic infrared absorption for the 
common hexose types is in agreemen t with the 
observations of Barker et al. [7] . It now appears, 
however , th at the infrared absorp tion of the D-talo
pyranoses and a number of related derivatives is 
anom alous in th at bands occur in roth of the regions 
mentioned (see table 1 and fig. 1). 

In light of this fact, one cannot assign an alpha or 
beta configuration to D-talose I-benzoate on the basis 
of absorption in the so-call ed "alph a and beta 
regions." It follows also th at absorption in these 
regions cannot be used indiscriminately for the 
assignment of alpha or beta configUl'ation to all 
types of pyranose derivatives. Whatever the differ
ence between the absorption found for talose and 
that found for other hexoses, it is apparent that 
infrared measurements must be extended to all 
possible pyranose types before gener alizations as to 
charac teristic absorption can bc held valid . 

TABLE 1. Absorption bands of D-talose derivatives in the 11.2-
to 12.7-J1. region 

Compound \Vavelength of bands 

I' 

Ourve in 
fig. 1 

D-Talose monobcnzoatc ___ _____ 11.31, 11 .63, 12.32,12.52 ___ _____ b 
a-DJralopyranosc ______________ 11.44,12.25, 12.45_ _____________ cl 
/l-D-Ta lopyranosc .. __ __________ 11.28, 11.38, 11.48,12.31. __ _____ c 
Tetl'aacctyl-a-D-talopyranosc __ 11.49,12.32, 12.59 _____________ r 
Pcntaacctyl-a-D-talopYl'anosc __ 11.40, 11 .68,11.87,12.02, 12.61. _ R 
Tl'iacctyl-/l-D-talose 1,2-(rncth- 11.23, 11.54, 12.06, 12.31,12.58__ h 

y l orthoacetate) . 

Although infrared studies do not distinguish 
satisfactorily between the alpha and beta anomers 
of talose derivatives, the mode of synthesis of D
talose I-benzoate provides a basis for assigning the 
configuration at carbon 1. The compound was 
prepared by the oxidation of D-galactal (III) with 
perbenzoic acid. Reaction of ethylenic compounds 
with pOl'benzoic acid gives anhydrides by the process 
clearly described by Waters [8]. Thus D-galactaJ , 
on oxidation with perbenzoic acid, forms, as inter
mediates, 1,2-anhydro-D-talopyranose, IV, and 1,2-
anhydro-D-galactopyranose, V. The products iso
lated are obtained by cleavage of these 1,2-anhy
drides. In accordance with the concep t presented 
by one of us in 1940, cleavage of the anhydrides 
takes place by a mechanism in which the entering 
group approaches the face of one of the carbons 
from the side opposite the ring oxygen and combines 
with inversion [9]. Reaction of carbon 2 of IV with 
benzoate ion by an opposite-face mechanism would 
give !3-D-galactopyranose 2-benzoate, and reaction of 
carbon 2 of V would give a-D-talopyranose 2-
benzoate. These compounds have not been found. 
However, reaction of carbon 1 of IV would give 
a -D-talopyranose I-benzoate I , and reaction of carbon 
1 of V would give !3-D-galactopyranose I-benzoate. 4 

H ence the talose I-benzoate found experimentally 

, By pet'benzoic acid oxidation of triacetyl-D-galactal , L evene and Tipson [10] 
obtained tri-O-acetyl-/l-D-galactopyranose I-benzoate, the product to be expected 
by the mechanism indicated here. 

should have the alpha pyranose structure. This 
structure does not acco unt for the mutarotation of 
the substance observed in methanol and in pyridine. 
Explanation of these unusual properties must await 
further experimental study . 
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1,2-Anhydro-D-galactop yranose. 

2. Experimental Details 

2.1. D-Talose Monobenzoote 

The product prepared by Pigman and Isbell in 
1937 melted at 160 0 to 175 0 C in 1955, and showed 
the infrared absorption given in curve a of fig1ll'e 1. 
Two recrystallizations from dimethoxyethane cb anged 
the melting point to 1800 to 182 0 C without an 
appreciable change in absorption (curve b). H ence 
recrystallization from dimethoxyethane occurred 
without change in structure. When dissolved in 
anhydrous methanol, the recrystallized product gave 
the mutarotation reported in table 2. The rate of 

T ABLE 2. Rotation of D-talose monoben zoate in methanol at 20° C 

(0.0512 g made up to 10 rnl with anhydrous methanol, and read in a 2-dm tUhe.) 

Time [a]~ Time [a]~ 

--- ---- ---
min min 
0.3 +14. 0 120 -33.7 
7.1 + 13.1 150 -30.2 
9.8 + 10.2 225 - 23.5 

15.0 +6.4 I , 100 +3.5 
27.5 -3.0 1, 350 +6.6 
50 -15.8 1,590 +7.5 
60 - 19.8 2,655 +8.6 
90 - 26.8 7, 200 +9.8 
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mutarotation is somewhat lower than that observed 
in 1937, but the over-all change is essentially the 
same. 

2 .2 . tn-Rhamnose l,2-(Methyl Orthoacetate) 

This compound was prepared by the method of 
Fischer, Bergmann, and Rabe [11]. The product, 
after two recrystallizations from ho t ethyl acetate, 
melted at 143° to 144° C, in agreement with the 
reported value. 

2.3. a -D-Talopyranose 

The material used [or the spectrogram was obtained 
by crystallization of the sugar from water with the 
addition of meLhanol. The product had a melting 
point of 131 ° to 134° C, and gave a complex mutaro
tation like that reported previously [12]. The spe
cific rotaLion, [am , extrapolated to zero time, was 
+ 67 °, in substantial agreement with the recorded 
value of + 68°. 

2.4. {1-D-Talopyranose 

The optical rotation of the {1-D- talopyranose pre
pared in 1937 showed that the materia'! had changed 
in large measure to the more stable alpha modifica
tion. Hence a new sample was prepared. a-D
Talose (15 g) was dissolved in about 50 m1 of water. 
After 18 hr. the solu tion was diluted with] 50 ml of 
absolu te eLhanol and cooled by immersing in a bath 
at about - 10° C. The solution was seeded with 0.5 
g of finely powdered a-D·talose, and shaken for 4:1 
min. The crysLals Lhat formed were Lhen separaLed 
by filtration . On standillg at a low tempera Lure, the 
filtrate yielded a small crop of {1-D-talose. The 
process was repeaLed, Lo obtain a total of about 1 g 
of {1-D-talose. The combined crops were Lhen dis · 
solved in 3 ml of ice-cold water, and 5 m1 of cold , 
absolu te ethanol Wfl S added; crystallization began 
immediately . After 1 lu-, the crop was removed by 
filtration, washed first with ethanol and then with 
2-propanol, and finally thoroughly dried. 

The specific rotation, [am, of this material , extrap
olated to zero time, was + 13.3°, and the melting 
point was 121° to 123° C. The values agree with 
those previously recorded [1] ([aJ15 + 13 .2° and mp 
120° to 121 ° C). 

2 .5 . Pentaacetyl-a-D-talopyranose 

A sample of the compound previously reported 
[1] was recrystallized from hot ethanol. The 
specific rotation, [a ]1J, of the recrystalli.zed substance 
was + 70° and the melting point 106° to 107° C, in 
agreement with the published values. 

2.6. Tetraacetyl-a-D-talopyranose 

A sample of tetraacetyl-a-D-talose, prepared m 
1937, was r ecrystallized from hot water. The 
melting point was 114° to 116° C and the initial 
specific rotation, [am, was + 41.5° in U. S. P. chloro
form . The constants differ slightly from those 
reported [lJ ([am, + 42.8° and mp 112 ° to 113° C), 
but the amount of material available was not suf
ficient for further study. 

2 .7 . Triacetyl-{1-D-talose 1,2-(Methyl Orthoacetate) 

The few milligrams of this material r emaining 
from the original preparation of Pigmm1 and I sbell 
was found to have a melt ing point of 77 ° to 83° C 
(reported , 9l.5° to 92.5° C). Because of lack of 
material, the infrared absorption spectrum was de
termined without prior recrystalliiation. 

2.8. Measurement of Infrared Absorption 

The spectrograms recorded in figure 1 were m ade 
with a Perkin-Elmer mod el 21 spectrophotometer, 
using the alka,li halide pellet technique. The pellets 
were prepa,red from a mixture of 100 mg of potassium 
chloride and 0.4 mg of the sample. The material 
was pressed in a 3-piece die, 9.5 mm in diameter, 
patterned aJte r one desc ribed by Anderson and 
Woodall [13]. Pressure was applied with a shop 
vise. The spectra were run without compensation 
for reflection or scatter by the pellet. 
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