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The synthesis and isolation of ribose 5-pyrophosphate and ribose 5-triphosphate is described. Both compounds are con
verted to the ribulose derivative by phosphoriboisomerase. Ribose 5-pyrophosphate is hydrolyzed to ribose 5-phosphate by 
inosine diphosphatase. 

In the course of an investigation on the release 
of adenine from adenine nucleotides by enzyme prep
arations from Azotobacter vinelandii it became of 
interest to study ribose 5-pyrophosphate as a pos
sible intermediate. Since this compound was not 
available, the carbodiimide procedure of Hall and 
Khorana2 for the preparation of uridine diphosphate 
and triphosphate was employed, with minor modi
fications, for the preparation of both ribose pyro
phosphate and ribose triphosphate. 

The barium salt of ribose 5-phosphate was con
verted to the free acid by treatment with Dowex 
50 (H + form); phosphoric acid and dicyclohexyl 
carbodiimide in aqueous pyridine was added. 
The reaction mixture, after removal of dicyclo-
hexylurea and pyridine, was chromatographed on 
Dowex 1 (Cl -) . The major products were ribose 
5-pyrophosphate which represented 20-25% of 
the original pentose phosphate, and ribose 5-tri
phosphate which accounted for about 10% of the 
starting material. These products were charac
terized by determining the ratio of total and acid-
labile phosphate to pentose. Periodate uptake 
studies indicated that only the 5-position was esteri-
fied. 

Ribose 5-pyrophosphate and ribose 5-triphos
phate were found to be active in several enzymatic 
reactions. Both esters were converted by spinach 
phosphoriboisomerase8 to the corresponding ribu
lose derivatives. It was established by determina
tion of inorganic phosphate that this conversion 
was not preceded by hydrolysis to ribose 5-phos
phate. 

The diphosphate ester, but not the triphosphate, 
was hydrolyzed by inosine diphosphatase purified 
from calf liver acetone powder.4 This enzyme 
has been shown to hydrolyze only inosine diphos
phate, uridine diphosphate and guanosine diphos
phate, of a large number of substrates tested.4-6 

Ribose triphosphate will serve to esterify glucose 
in the hexokinase-glucose 6-phosphate dehydro
genase assay system.7 However, it is inactive with 
purified hexokinase8 indicating a transfer from ri
bose triphosphate to ADP in the test system. 
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Experimental 
Reaction with Dicyclohexyl Carbodiimide.—1.56 g. of 

barium ribose 5-phosphate (Schwarz Laboratories) was dis
solved in 50 ml. of 0.02 JIf acetic acid and stirred with an 
excess of Dowex 50 (H+) (200-400 mesh), until the super
natant solution gave a negative test for barium ion. The 
resin was removed by filtration, washed, and the combined 
filtrate and washings, containing 2.65 mmoles of pentose, 
was lyophilized. To the sirup were added 5 ml. of water, 
0.8 ml. of 85% phosphoric acid, 80 ml. of pyridine and 12 
g. of dicyclohexyl carbodiimide. The mixture was shaken 
vigorously for two hours at room temperature, cooled in 
ice and treated with 50 ml. of water. Precipitated dicyclo-
hexylurea was removed by filtration witn suction and washed 
with cold water. 

Chromatography.—The combined filtrate and washings 
was extracted 6 times with 200-ml. portions^ of ether. 
The aqueous phase, 46 ml., was neutralized with 4.5 ml. 
of 4 JV KOH and placed on a Dowex 1 (Cl") column, 3 cm. 
in diameter and 16 cm. in length. The adsorbed phosphate 
esters were eluted by a gradient method,' with 4 1. of water 
in the mixing chamber and a solution containing 0.2 JV 
HCl and 0.2 JV NaCl in the reservoir. The rate of elution 
was 3.6 ml. per minute and the fraction volume was 25 ml. 
To reduce hydrolysis of labile esters, chromatography was 
carried out in the cold room at 2°. Samples (0.025 ml.) were 
analyzed for pentose.10 

Precipitation of the Barium Salts.—Four well separated 
peaks were obtained (Fig. 1). In peaks I andlll the ratio 
of organic phosphorus11 to pentose was approximately 1.0; 
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-Separation of the reaction products by ion-exchange 
chromatography. 

these were discarded. The fractions from peaks II and III, 
which contained organic phosphorus and pentose in ratios 
of approximately 2 and 3, respectively, were pooled and 
precipitated as follows: fractions 52-60, containing ap
proximately 600 /umoles of pentose in 244 ml. were adjusted 
to pH 6.5 with 0.64 ml. of saturated KOH solution. The 
barium salts were precipitated by the addition of 2 ml. of 
JIf barium acetate and 750 ml. of ethanol. The precipitate 
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was col lected b y cen t r i fuga t ion , w a s h e d wi th 100 m l . of 8 0 % 
e t h a n o l a n d d r i ed in vacuo ove r K O H . T h e yield was 258 
m g . F r a c t i o n s 102 -112 , c o n t a i n i n g a b o u t 225 / imoles of 
p e n t o s e in 259 m l . we re a d j u s t e d t o pll 6 .5 w i t h 1.5 m l . of 
s a t u r a t e d K O H so lu t ion a n d t h e b a r i u m sal ts p r e c i p i t a t e d 
w i t h 1 ml._ of M b a r i u m a c e t a t e a n d 300 m l . of e t h a n o l . 
T h e p r e c i p i t a t e , w a s h e d a n d dr ied as descr ibed for p e a k I I , 
we ighed 142 m g . 

Analy t ica l D a t a . — A l i q u o t s of t h e d r i ed b a r i u m sa l t s were 
dissolved in d i l u t e ac id a n d a n a l y z e d for p e n t o s e , t o t a l 
o rgan ic p h o s p h o r u s a n d ac id labi le p h o s p h o r u s . On t h e 
bas is of p e n t o s e c o n t e n t t h e p r o d u c t s were a p p r o x i m a t e l y 
8 0 % p u r e : p e a k I I I , r ibose 5 - p y r o p h o s p h a t e : C 6 H 9 OuBaI . . -
P 2 ; p e n t o s e ca lcd . 2 9 . 3 % , found 24 .2%, ; p e a k I V , r ibose 
5 - t r i p h o s p h a t e ; C5HsO1 1Ba,?; , ; p e n t o s e ca lcd . 2 2 . 7 % , 
found 1 8 . 2 % . 

T h e r e su l t s of p h o s p h a t e a n a l y s e s a r e shown in T a b l e I . 
Very l i t t l e ino rgan ic p h o s p h o r u s was p r e s e n t in e i the r f rac
t ion a n d t h e r a t i o s of o rgan ic p h o s p h o r u s a n d ac id labi le 
p h o s p h o r u s were cons i s t en t w i t h t h e p resence of p y r o p h o s 
p h a t e a n d t r i p h o s p h a t e e s t e r s . T h e es ters c o n s u m e d 3 .5 
a n d 3.0 ,umoles of p e r i o d a t e , r e spec t ive ly , pe r umole of 
p e n t o s e which is cons i s t en t w i th ester if icat ion in t h e 5-
pos i t ion on ly . P a p e r c h r o m a t o g r a p h y in t h e so lven t of 
P a l a d i n i a n d Leloir1 2 s e p a r a t e s r ibose 5 - p h o s p h a t e (R/ = 
0 .52) from t h e p y r o p h o s p h a t e es ter (R/ = 0 .42) a n d t r i 
p h o s p h a t e es ter (R/ = 0 . 3 3 ) . T h e c o m p o u n d s were in t h e 
expec ted pos i t ions r e l a t i v e t o one a n o t h e r , w h e n c o m p a r e d 
w i th t h e co r r e spond ing u r id ine a n d adenos ine d e r i v a t i v e s . 

T A B L E I 

R A T I O O F P H O S P H O R U S T O P E N T O S E I N T H E B A R I U M S A L T S 

Analysis'1 

Pentose 
Inorganic phosphorus 
Acid labile phosphorus^ 
Total organic 

phosphorus 

Ribose 
5-pyrophosphate 
^.moles Molar 
per ml. ratio 

19.0 
0.9 

18.2 

40.0 

1,0 

0.96 

2.10 

Ribose 
5-triphosphate 

imoles Molar 
per ml. ratio 

15.3 
1.3 

29.3 

48.3 

1.0 

1.92 

3.15 
° T h e s e a n a l y s e s were ca r r i ed ou t on so lu t ions of t h e p o 

t a s s i u m sa l t o b t a i n e d b y d i sso lv ing t h e b a r i u m sa l t in d i l u t e 
ace t i c ac id a n d a d d i n g a s l igh t excess of KsSO«. b H y -
d ro lyzed b y h e a t i n g for 10 m i n u t e s a t 100° in Ar H 2 S O 1 . 

E n z y m a t i c T e s t s . — T h e a c t i v i t y of r ibose 5 -py rophos 
p h a t e a n d r ibose 5 - t r i p h o s p h a t e w i t h sp inach p h o s p h o r i b o -
i somerase is s h o w n in T a b l e I I . On t h e basis of t h e cys 
t e ine ca rbazo le reac t ion 1 3 ' 1 4 t h e s e es ters a p p e a r t o b e con
v e r t e d t o r ibu lose 5 - p y r o p h o s p h a t e a n d r ibu lose 5 - t r iphos 
p h a t e s ince n o inorgan ic p h o s p h a t e was fo rmed . H o w e v e r , 
t h e r eac t ion p r o d u c t s h a v e n o t been i so la ted . T h e re l a t ive 
r a t e s of r eac t ion c o m p a r e d w i t h r ibose 5 - p h o s p h a t e were 

(12) A. Paladini and L. Leloir, Biockem. J., 61, 426 (19S2). 
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T A B L E I I 

R A T E O F R E A C T I O N W I T H P I I O S P H O R I B O I S O M E R A S E 

Substrate Ketopentose formed3 

Ribose 5 -phospha te 10 ,000 
R ibose 5 - p y r o p h o s p h a t e 1,000 
Ribose 5 - t r i p h o s p h a t e 395 

" T h e i ncuba t ion m i x t u r e s (0 .7 m l . ) c o n t a i n e d 2.2 ,umoles 
of s u b s t r a t e , 2 ,umoles of cys t e ine , 70 juntoles of t r i s - (hy -
d r o x y m e t h y l ) - a m i n o m e t h a n e buffer, p~H 7.0 a n d pi ios
pho r ibo i somera se . After 10 m i n . a t 38° k e t o p e n t o s e was 
e s t i m a t e d b y t h e cys t e ine - ca rbazo l e tes t 1 3 as modified b y 
Axelrod a n d J a n g . 1 4 In t h e case of r ibose 5 - p y r o p h o s p h a t e 
a n d r ibose 5 - t r i p h o s p h a t e , 10 ,ug. of p ro t e in was used ; 
w i t h r ibose 5 - p h o s p h a t e t h e q u a n t i t y of e n z y m e was 0 .1 
Hg. T h e e n z y m e solu t ion c o n t a i n e d 12 m g . of p r o t e in per 
m l . T h e q u a n t i t y of k e t o p e n t o s e fo rmed is ca lcu la ted as 
umoles fo rmed pe r m l . of e n z y m e in 10 m i n u t e s a t 3 8 ° . 

T A B L E I I I 

H Y D R O L Y S I S O F R I B O S E P Y R O P H O S P H A T E BY I N O S I N E D I -

Time, 
min, 

30 

85 

150 

346 

30 

P H O S P H A T A S E 

Substrate 

R ibose p y r o p h o s p h a t e 

R ibose p y r o p h o s p h a t e 

R ibose p y r o p h o s p h a t e 

R ibose p y r o p h o s p h a t e 

Inos ine d i p h o s p h a t e 

Inorganic phosphate 
formed,0 ,umoles 

0 . 2 5 

.45 

.50 

.50 

.40 

" T h e i n c u b a t i o n m i x t u r e (0 .09 m l . ) c o n t a i n e d 0.035 
m l . of 0 .035 M v e r o n a l - a c e t a t e , pH 7, con t a in ing 0 .004 M 
M g C l 2 , 0 .02 m l . of 0 . 1 5 % a l b u m i n , 0 .005 m l . of 0 .33 M 
g l u t a t h i o n e con t a in ing 0.002 M sod ium e t h y l e n e d i a m i n e 
t e t r a a c e t a t e , 3.6 jugyams of purif ied inos ine d i p h o s p h a t a s e , 4 

a n d 0.6 jumole of r ibose p y r o p h o s p h a t e or inos ine d iphos 
p h a t e . I n c u b a t i o n was a t 3 7 . 5 ° . Analys i s for ino rgan ic 
p h o s p h a t e was b y t h e m e t h o d of F i s k e a n d S u b b a r o w . " 
In t h e absence of e n z y m e , less t h a n 0 .01 ,umole of inorgan ic 
p h o s p h a t e was fo rmed in 100 m i n u t e s w i t h e i ther s u b s t r a t e . 

1.0 a n d 0 . 3 % , r e spec t ive ly . In t he se e x p e r i m e n t s o n p r o -
longed i n c u b a t i o n , a p p r o x i m a t e l y one - th i rd of t h e r ibose 
p y r o p h o s p h a t e a n d r ibose t r i p h o s p h a t e a d d e d w a s con
v e r t e d t o k e t o p e n t o s e as m e a s u r e d b y t h e c y s t e i n e - c a r b a 
zole r e a c t i o n . 

As shown in T a b l e I I I , r ibose 5 - p y r o p h o s p h a t e is c leaved 
b y inosine d i p h o s p h a t a s e . 

T h e following e n z y m e s y s t e m s were found t o b e i nac t ive 
w i th e i the r or b o t h r ibose 5 - p y r o p h o s p h a t e a n d r ibose 5-
t r i p h o s p h a t e : y e a s t hexok inase , 8 musc l e myok inase 1 6 a n d 
p h o s p h o r i b u l o k i n a s e . 3 In t h e l a t t e r case , t h e d e t e r m i n a 
t ion was car r ied o u t in t h e p resence of p h o s p h o r i b o i s o m e r a s e . 

(15) S. P. Colowick and H. M. Kalckar, ibid., 148, 117 (1943). 
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The Preparation and Metal Complexing of 
2- (2 '-Pyridyl) -10-hydroxybenzo [h ]quinoline-4-carboanilide 
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A new t y p e of che la t ing a g e n t 2 - (2 ' - py r idy l ) -10 -hyd roxybenzo [h ]qu ino l ine -4 -ca rboan i l i de ( I ) h a s been p r e p a r e d a n d i ts 
so lu t ion complexes e x a m i n e d . I n m e t h a n o l , I fo rmed 1:1 complexes which exh ib i t ed a r e l a t i ve o rde r of s t a b i l i t y : Cu 1 1 > 
N i 1 1 > Co 1 1 > Zn 1 1 > M n " > M g 1 1 . 

A chelating agent (I), combining the essential 
features of the extensively studied 8-hydroxy-

(1) Lilly Postdoctoral Fellow in the Natural Sciences administered 
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quinoline2 and 2,2'-bipyridyl3 systems, has been 
synthesized and examined as to its complexing with 
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