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is offset by the good adherence to ideality, thus per
mitting high numbers of transfers to be applied. 

In this system both chymotrypsinogen and bo
vine serum albumin had K values of infinity. By 
addition of varying amounts of 1-propanol to the 
system, useful K's could be obtained with both 
proteins. With bovine serum albumin in the sys
tem of ethanol, 1-propanol, ammonium sulfate 
solution (40 g. in 100 ml. of water), water with 
volume ratios of 1.1:0.9:2:2, a K value of 1.0 was 
obtained; however, on standing, the K value gradu
ally decreased. This shift was prevented by sub
stitution of 0.01 N sodium caprylate in place of 
water in the above system; sodium caprylate was 
originally discovered to be a stabilizing agent 
for serum albumins against heat or urea denatura-
tion.13 Preliminary results obtained in this Lab
oratory showed promise for the fractionation of 
serum albumins in this solvent system. 

With chymotrypsinogen in the system contain
ing ethanol, 1-propanol, ammonium sulfate solu
tion and water with volume ratio of 1.5:0.5:2.5:1.5, 
a K value of 1 was also obtained. On standing, 
precipitation took place and the precipitate was 
found to be no longer soluble in water, an indication 
that the cause was denaturation rather than the 

The exchange reaction between aldehydic oxygen 
atoms and the oxygen atom of water has long been 
known, and various aspects of this phenomenon 
have been reported. Cohn and Urey3 demon
strated that acetone readily exchanges its oxygen 
with that of water, and Titani and Goto4 have 
shown that glucose exchanges one-sixth of its 
oxygen, presumably the oxygen atom on carbon 
atom one, with the solvent, water. During the 
course of another investigation we observed that 
the rate of exchange between glucose-1-0ls and 
water was erratic when the pH. was uncontrolled. 
Cohn and Urey had shown in the case of acetone 
that the exchange reaction is both acid and base 
catalyzed. Accordingly, we undertook a study 
of the effect of pH on the rate of the exchange reac
tion between glucose-1-O13 and water. We hoped, 
further, that a determination of the glucose-water 
exchange kinetics might permit the re-evaluation of 
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solubility of the protein in the system. Substitu
tion of ethyl cellosolve for ethanol did not prevent 
precipitation though this solvent was successfully 
used by Porter15 for the partition chromatography 
of chymotrypsinogen. 

While it is an often observed fact that most 
proteins are denatured readily by organic solvents 
at room temperature, we feel that it is worthwhile to 
search for agents that will modify the labile nature 
of proteins. Operationwise it is easier to carry out 
a fractionation at room temperature than at lower 
temperatures. Our attempt to find a stabilizer 
for chymotrypsinogen in the system described above 
has thus far been unsuccessful. Among the com
pounds tried have been caprylic acid, mandelic 
acid, glycine, cholesterol, sodium citrate, phos 
phates and /3-phenylpropionic acid, a known revers
ible inhibitor for the chymotrypsins. Work along 
these lines is being continued. 
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existing theories as to the mechanism of glucose 
mutarotation. 

Experimental 
The rale of exchange reaction was followed in the system 

normal water-glucose-1-O18. , 
Glucose-1-O18.—Glucose-1-O18 was prepared by heating 

a solution of glucose containing 29.2 atom per cent, excess 
01S water for 18 hours at 100°. The water was removed by 
distillation in vacuo and the sirupy residue further dried oyer 
fresh P2O5. The anhydrous sirup was dissolved in a mini
mum of normal water and alcohol added. Scratching of the 
cold solution induced crystallization after some hours. 
The crystalline glucose was dried and analyzed for O18.6 

It contained 4.12 ± 0.03 atom per cent, excess;^ somewhat 
less than one-sixth of the isotope concentration of the 
water. Another sample of glucose was prepared by this 
procedure. I t contained 3.51 ± 0.03 atom per cent, excess 
O18. 

To determine the rate of the exchange about 18 mg. of 
glucose-O18 (0.1 mil/) was weighted into a tube shown in 
Fig. IA and then about 90 mg. of a buffer solution (5 mM) 
carefully added. The tube was sealed off and kept in a 
thermostat for a known time after which it was cooled in 
Dry Ice-alcohol to stop the reaction. The frozen sample 
tube was transferred to a vacuum system in which the water 
from the glucose solution could be distilled to another tube 
similar to that shown in Fig. IA; CO2 was added to a pres
sure of 10 cm. (~0.02 mM), the tube sealed off and kept at 
100° for 3 hours to equilibrate the O18 concentration in the 
CO5 and the water. Separate tests showed equilibration 
to be complete in this period. The tube was transferred to 

(5) D. Rittenberg and L. Ponticorvo, J. App. Rad. and Isotopes, 1 
208 (1956). 
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A Comparison of the Rate of Mutarotation and O18 Exchange of Glucose1 

BY D. RITTENBERG AND CHARLES GRAFF2 
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The effect of pH on the exchange reaction between the aldehyde oxygen of glucose and the oxygen of water has been meas
ured. The rate is at a minimum at pH 4 and rises rapidly below pK 3 and above pli G. 
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To mass spectrometer 
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Fig. 1.—Apparatus for carrying out exchange reactions 

between glucose and water, water and CO2 and transferring 
CO2 to mass spectrometer. 

the gas line of a mass spectrometer (Fig. IB) , opened and 
the O18 concentration of the CO2 measured. 

Calculation of Results.—We assume that the appearance 
of O18 in the water follows a unimolecular law 

C = C=, ( 1 -
• ' ) 

where 

C = O18 concentration of the water at time / 
Ceo = O18 concentration at equilibrium 

k is the rate constant 
t is the time in hours 

C co can be calculated from the initial conditions 

6<z C« 
Ceo = 

a + b 
where 

a — vaM 018-labeled glucose 
b — mM water 
Cg = atom per cent, excess O18 in glucose 

The constant 6 enters the equation because only one of the 
six oxygen atoms of glucose contains excess 0 I S and ex
changes with the oxygen of the water. 

The value of t was always chosen so that C/C co was 
approximately 1/2. Buffers were made up at 25°; no 
correction for the effect of temperature on the buffers was 
made. 

The values of U/, for the reaction a t 61° a t various pK 
values is given in Table I. The calculated values of the 
rate constant are given in Fig. 2 and for comparison the rate 

7 4 3 
pH. 

Fig. 2.—The effect of pH on the rate of the exchange 
reaction (kex) at 61° and for comparison the iate of muta-
rotation (km) at 29°. 
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Fig. 3.—The variation of the rate of the exchange reaction 
with temperature at pK 7. 

constants for mutarotation at 20°.6 The variation of k 
with temperature at pH 7 is shown in Fig. 3. Every value 
of k is the average of at least two concordant results. 

(6) Polarimetry, Saccharimetry and the Sugars by Frederick J. Bates 
and Associates, United States Government Printing Office, 1942, p. 452. 
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:T OF pl-l ON 

pn 
1.5 
2.15 
2.80 
3.40 
5.0 
6.0 
6.5 
7.0 
8.15 

THE R A T E OF THE 

AT 61° 
Buffer system 

Oxalic acid 
HCl-KCl 
Phthalate 
Acetate 
Acetate 
Phosphate 
Phosphate 
Phosphate 
Barbiturate 

Discussion 

EXCHANGE REACTION 

d / j , hr . 

0.67 
1.84 
7.7 

10.0 
10.2 
4.3 
2.2 
1.9 
0.83 

The effect of pH on the rate of the exchange re
action suggests tha t there are two independent re
actions: one base catalyzed, the other acid. The 
rate of exchange is not linear with the hydrogen ion 
concentration in the acid range nor with the hy-
droxyl ion concentration in the alkaline region. 

Introduction 
Four tetraacetyl derivatives of mannose are de

scribed in the l i terature. Of these, only 1,2,3,4-
tetra-0-acetyl-/3-D-mannopyranose has been partic
ularly well characterized.1 '2 I t is obtained by the 
usual detritylation of its 6-trityl precursor with a 
cold hydrogen bromide-acetic acid mixture. Hav
ing m.p. 135.5-136.5° and [^120D - 2 2 . 5 ° (CHCl3), 
its structure rests on: (a) its method of prepara
tion, (b) its conversion1 to penta-0-acetyl-/3-D-
mannopyranose with acetic anhydride, (c) its con
version to the corresponding 6-chlorohydrin with 
phosphoryl chloride,1 (d) its lack of mutarotat ion 1 

and (e) its conversion2 to 1,6-linked di- and tri-
saccharide derivatives on reaction with poly-0-
acetylglycopyranosyl halides. 

(1) B. Helferich and J. F. Leete, Ber., 62, 1549 (1929). 
(2) D. D. Reynolds and W. L. Evans, T H I S JOURNAL, 62, 66 (1940). 

The rate-limiting step for the exchange reaction is 
not the same as for mutarotat ion since it is less than 
one-thirtieth tha t calculated for the rate of mutaro
tation at 61°. At pH 7 the energy of activation of 
the exchange reaction calculated from the slope of 
the curve in Fig. 3 is 23,400 cal. while tha t for 
mutarotat ion is bu t 17,200 cal.7 The kinetics as 
well as the different shapes of the rate vs. pH curves 
suggest tha t the rate-limiting steps of the mutaro
tation and the exchange are different. Our data 
are consistent with the hypothesis tha t the ex
change takes place with the free aldehyde form of 
glucose. 
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A second tetra-O-acetyl-D-mannose has been de
scribed3 by Micheel and Micheel. This material, 
obtained in very low yield on reaction of tr imethyl-
amine with tetra-O-acetyl-a-D-mannopyranosyl 
bromide, had m.p. 159-160° and M 1 9D - 2 4 . 2 ° 
(CHCl3). No further physical or chemical prop
erties of this substance have been described, al
though the authors suggest 2,3,4,6-tetra-O-acetyl-
D-mannopyranose as its possible structure. 

In an investigation concerned with the ring 
structure of mannose acetates, Levene and Tipson 
report4 a third tetra-O-acetyl-D-mannose. This 
substance, m.p. 93° and [a]27D +26 .3° (CHCl3) 
resulted by action of excess silver carbonate and 
slightly over the calculated quanti ty of water on 
crystalline tetra-0-acetyl-a-D-mannopyranosyl bro-

(3) F. Micheel and H. Micheel, Ber., 63, 386 (1930). 
(4) P. A. Levene and R. S. Tipson, J. Biol. Chim., 90, 89 (1931). 
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Isomers of Tetra-O-acetyl-D-mannopyranose 

B Y WILLIAM A. B O N N E R 
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When water and silver carbonate acted upon crystalline tetra-O-acetyl-a-D-mannopyranosyl chloride a levorotatory sirup 
resulted, from which two isomeric tetra-O-acetyl-D-mannopyranose derivatives could be crystallized: A, m.p. 124°, and B, 
m.p. 95°, respectively. When sirupy tetra-O-acetyl-a-D-mannopyranosyl bromide was similarly allowed to react isomers 
A and B were again obtained, accompanied by a third isomeric tetra-O-acetyl-D-mannose, C, m.p. 164°. Acetylation of 
isomer A with radioactive acetic anhydride and pyridine at —5° afforded an acetyl-labeled penta-O-acetyl-0-D-manno-
pyranose bearing 85% of its label at C-I, as indicated by its physical properties and the fact that it exchanged 85% of its 
radioactive acetyl groups under anomerizing conditions. Isomer A dextromutarotated rapidly in aqueous acetone, slowly 
in pyridine and rapidly in a pyridine-phenol mixture. Acetylation of isomer A with acetic anhydride in pyridine was 
markedly more rapid than its mutarotation in pyridine. Methylation of isomer A by several techniques afforded crystalline 
methyl tetra-O-acetyl-S-D-mannopyranoside. A study of the carbonyl absorption intensity of isomer A indicated four 
normal acetyl groups and no ortho-acid structure. These data are all explicable in terms of 2,3,4,6-tetra-0-acetyl-|3-D-
mannopyranose as the structure of isomer A. Acetylation of isomer B with radioactive acetic anhydride and pyridine produced 
peuta-O-acetyl-a-D-mannopyranose acetyl-labeled at C-I, characterized again by its physical properties, its carbonyl ab
sorption intensity and its loss of all of its label under anomerizing conditions. The structure 2,3,4,6-tetra-O-acetyl-a-D-
mannopyranose is thus indicated for isomer B. Acetylation of isomer C with radioactive acetic anhydride yielded a labeled 
penta-0-acetyl-j3-D-mannopyranose which failed to exchange its label under anomerizing conditions, a fact indicating that 
some hydroxyl group other than that at C-I was free in this isomer. In aqueous acetone isomer C mutarotated to produce 
isomer B, a reaction clearly involving acetyl migration. Consideration of the known tetra-O-acetyl-D-mannopyranose 
derivatives in the literature, and of molecular models indicates that the structure of isomer C is best represented either by 
1,3,4,6- or l,2,4,6-tetra-0-acetyl-/3-D-mannopyranose. 


