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Note

Ionization constants of sugars: a predominant factor
in the cyanogen-induced phosphorylation of sugars

Cu. DecanNt
Isotope Department, The Weizmann Institure of Science, Rehovot (Israel)
(Received November 3rd, 1970; accepted for publication, November 30th, 1970)

Cyanogen-induced phosphorylation has been suggested as a simple method
for synthesizing aldose 1-phosphates!*?. By this method, phosphorylation of a free
sugar with orthophosphate is carried out in aqueous solutions (pH 6.7-8.8) in the
presence of cyanogen. Reducing mono- and di-saccharides are readily phosphorylated
by this method, whereas polyhydroxy compounds (e.g., glycerol) or non-reducing
sugars (e.g., sucrose and trehalose) fail to undergo phosphorylation (see Table I).
Furthermore, the presence of a free-hemiacetal hydroxyl group, although necessary,
is not sufficient for a successful phosphorylation; thus, 2-deoxy-D-erythro-pentose
is inactive towards phosphorylation® (see Table I).

These experimental facts suggested that phosphorylation of reducing sugars
might be controlled by the acidity of the hemiacetal hydroxyl group. In order to find
a possible correlation between the pK value of a sugar and its capability to undergo
the phosphorylation reaction, the ionization constants of several sugars were measured.

Ionization constants of bD-glucose, D-ribose, 2-deoxy-D-erythro-pentose,
D-arabinose, L-arabinose, D-xylose, and L-xylose were determined by potentiometric
titration®. The pK values are presented in Table I, together with some literature data.
The values obtained by us for pentoses are in good agreement (except in the case of
arabinose) with those obtained by the entropy titration procedure*. In the case of
ribose and glucose, measurements were also made at constant ionic strength (uz = 0.1),
and the results were similar to those obtained without maintaining constant ionic -
strength. As shown in Table 1, there is a distinct correlation between the pK values
of sugars and their tendency to undergo the phosphorylation reaction. Thus, arabinose,
which has a higher pK value than either glucose or xylose, is phosphorylated to a
smaller extent (6% yield) than the other two sugars (ca. 20% yield). 2-Deoxy-D-
erythro-pentose, having a still higher pK value, completely fails to undergo phos-
phorylation?®.

The mechanism suggested for the preferential phosphorylation of the hemi-
acetal hydroxyl group is shown in Fig. 1.

The cyclic mechanism clarifies the importance attributed to the acidity of the
hemiacetal hydroxyl group. The required activation process of the phosphorylation -
agent cyano(imino)methyl phosphate is accomplished by protonation by means of the -

Carbohyd. Res., 18 (1971) 329-332



NOTE

330

"€ JOU, '81 YUy T1 YU, "IOWOUL-Q-g IY) JO) PUOIDS 9Y) PUT JIUIOUE-A- DU} 1O S1 IN[EA ISIY YL ‘1] JOY, 'S0'0 = M ‘01 "JOU, '6 JOUos ‘8 JOU, SO0 = 1
‘L "Jo¥a '9 10Uy b IO, (10 = M) y1Buans OJuOL UEISUOD 1B PouLIOyad aIdM SIUGUIAINSEIN, ANIEIINN| B3 WOy PAYOR[0D d1e sasajualed ur sanjuA,

HSTPD 81-Ll
aAnudou «(t°P1) %4 1012410
»EP'TD) 07
e €2
aAnedou oT9'T1) Arstzn ST asoJang
L) 81-41
2(€6'11) 0t
Lo %4 ,
aApsod /6 11) ST aso)e iy
_ ATTTI) 81-L1
1(66°11) o7
ez £C
u>_~_mon \Amm._ _v (¥4 A5030u7
A81°T1) 81-LI
uwlPTT1)
(3 4A)) (EPT1) 81
+(60°T1) 0T
eaardll £T
oE'TI) #(8€°T)
Sp0°0F se'Tl)
ANAR2AY) F0°0F vETI
£T JbETH) (s0'0F o'z $0°0°F S¢°T1 Ay §T 25020[D-
aanndou Ap0'0TF Lozl $0°0F $9'21 asoyudd-o4tA12-a-AX03(CI-T
«£0°0F 61'T1
0z Ap0'0F zTTD) $0°0F 12°C1 §T asoqiy-a
$0°0F 62'T1 §T 9s0[AX~1
£C A{€0'0-F 6z°TI) $0°0-F 62°C1 s as0jAx-a
£0°0F Tl T asoulqesy-1
Aep 1) 81-L1
9 (H0'0F vsezh) £0°0F €¥°TI §T asoulqesy-a
so1pns uoyva noyvn
::e.:cewg :a.:EEE:E EhE:eExE\& u.t..m:\e.::mst A&E&.:u:ﬁ:ab
uonwjfioydsoyd (820433p)
Jo (%) maxyg uonvuLR)3P JUDISUCI-U0IVIINOY JOo poytapy ‘U aampaadiia g Av3ng

NOILVIAUONJSOHd QFINANI-NIDONVAD SAYVYMOL ALIAIIOVAY HIIHL OL NOLLYTIY NI SUVONS 40 SINVISNOD NOLLVZINOI

13149vYL

Carbohyd. Res., 18 (1971) 329-332



NOTE 331

relatively acidic hydrogen of the hemiacetal hydroxyl group. Protonation of the
imino nitrogen atom makes it electron deficient and thus causes increasing electron-
withdrawal from the adjacent phosphorus atom which favours a simultaneous
nucleophilic attack by the hemiacetal oxygen atom.

CH,OH
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o: ~o

- 2—
CoN, + HPO, ———= NC—C(=NH)OPO,

Fig. 1. Mechanism for cyanogen-induced phosphorylation of a hemiacetal group of a sugar.

The acidity of the hemiacetal group is explained by the combined inductive
effects of the ring oxygen atom and the hydroxyl groups which are both electron-
attracting and exhibit negative inductive effects (— 7). The remarkably high pK value
of 2-deoxy-D-erythro-pentose, relative to that of D-ribose, is apparently due to the
absence in the former compound of an hydroxyl group at the position « to the hemi-
acetal group. A similar effect on the ionization of an acidic group exerted by an
«-hydroxyl group is found in the case of propionic and lactic acids. The former acid,
which lacks an a-hydroxyl group, has a pK value of 4.87, whereas the latter has a
pK value of 3.86°.

EXPERIMENTAL

D-Arabinose, L-arabinose, D-ribose (Mann), L-xylose (Calbiochem, B Grade),
and 2-deoxy-p-erythro-pentose (Sigma) were used without further purification.
D-Glucose (British Drug House) and commercial p-xylose (Eastman-Kodak) were
purified according to Isbell and Wade!®.

Ionization constant measurements. — All pH measurements were made with a
Radiometer pH meter TTTla equipped with a scale expander and a special Radiometer
glass-electrode GK 2025B for the region above pH 12. An accuracy of +0.005 pH
unit was achieved. The pH meter was calibrated with the following buffer solutions:
(1) Beckman buffer solution, pH 10; and (2) 10mm trisodium phosphate buffer °°
[Na,HPO, (1.419 g) + 100 m! of 0.1M sodium hydroxide in 1 litre of water], pH 11.72.
Titrations were carried out in a thermostated beaker (+0.1)°. A slow stream of argon
was continuously bubbled through the titrated solution. This provided efficient stirring
as well as an inert atmosphere, which was essential for preventing the presence of
carbon dioxide and for avoiding the oxidation of sugars under basic conditions. Care
was taken to exclude atmospheric carbon dioxide from all solutions, whick were
made up from ion-free, degassed water.

Titrations were carried out with potassium hydroxide, which is preferable to
sodium hydroxide in potentiometric titrations, because a higher ratio of potassium
to hydrogen ions can be permitted before accuracy is affectede.
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For pH measurements, solutions (total volume, 2 ml) were prepared by mixing
four different amounts of 0.1M potassium hydroxide with a stock solution of a sugar.
All measurements were performed at least twice, and each sugar was titrated at three
different molar concentrations (0.1, 0.06, 0.04).

Calculations of the ionization of sugars (K,) were made accordmg to the
following equation>:

K.=A4.fou-. aH*/(Cglucose_ A), where,
A= {CKOH*[Kﬂzo/(fOH— . aH+)}}-

Cxon and Cyy, . are the molar concentrations of potassium hydroxide and p-glucose
respectively; Kj; 0 is the ionic product of water at 25° (1.01 x 1074, Ref. 5d); ay+ is
the potentiometrically measured, hydrogen-ion activity; and fou- is the activity
coefficient of the hydroxy! ion determined by measuring the pH of a pure solution
of potassium hydroxide of known concentration® (Ckoy). Calculations were per-
formed by using an Olivetti Programma 101 computer.
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