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HAR G. KHORANA 
Introduction 
Har Gobind Khrana was born in Raipur, now in West Pakistan on 9 January 1922 and dies on 9 
November 2011.Khorana studies in Punjab University Lahore and got fellowship to study abroad at 
University of Liverpool.  
NOBLE PRIZE 
Khorana at Institute of Enzyme Research in University of Wisconsin worked on nucleotide 
synthesis and cracked the genetic code and shared the noble prize with Marshell Nirenberg and 
Robert Holley in 1968. 
BACTERIORHODOPSIN 
Khorana worked on light-sensitive bacteria and the purple membranes of Halobacterium halobium 
and stated the mechanism of proton transport across the membrane. 
F-HELIX 
The conservation of the F-helix residues in hR and bR suggests that they may be part of a common 
binding pocket for all-trans retinal. 
MAMMALIAN RHODOPSIN 
Singal Tranduction in rhodopsin was completely elucidated by Khorana. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. Intermediates in the bactenorhodopsin(bR) photocycle. 
 
 
 
 
 
 



 

NUCLEOSIDE & NUCLEOTIDE SYNTHESIS 
The synthesis processes invented by Khorana provides direct synthesis of nucleoside 

polyphosphates which avoids the necessity of utilizing intermediates with temporarily blocked 
hydroxyl groups and which are suitable for industrial application. The process for the preparation 
of a nucleoside polyphosphate comprises reacting a mononucleotide with phosphoric acid in the 
presence of a carbodiimide and an aqueous pyridine solvent medium, said mononucleotide having 
at least one unsubstituted hydroxyl group in the phosphate grouping. 

The pyrimidine nueleoside phosphates synthesized by Khorana were either 
monophosphate or diphosphate. The patent also gives the method of preparation and detection of 
the nucleosides 5’-phosphates and 2'(3') 5’-diphosphates. 
PATENTS 
The Patents of Har G. Khorana: 

Sr.No Title Year Number 
1 Synthesis of Nucleoside Polyphosphates 1957 2795580 
2 Synthesis of Pyrimidine  Nucleoside Phosphate 1957 2315342 
References 
1.A.B.solunke, V.S.Hamde, R.S.Awasthi, P.R.Thorat.(2013).History of Microbiology & Microbiological 
Methods. Atharva Publication Jalgaon. 
2. US patent, 1957, No. 2795580. 
3. US patent, 1957, No. 2315342. 
4. Hudson et al.: “Advances in Carbohydrate Chemistry,” vol. 6, published by Academic Press (N. Y.), 
1951. 
5. http://www.jbc.org/content/263/16/7439.full.pdf 
6. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC45834/pdf/pnas01102-0037.pdf 
7. https://febs.onlinelibrary.wiley.com/doi/pdf/10.1016/0014-5793(89)80774-4 
8. https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title= 
Click%20on%20image%20to%20zoom&p=PMC3&id=45834_pnas01102-0039-a.jpg9. 
9.  

http://www.jbc.org/content/263/16/7439.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC45834/pdf/pnas01102-0037.pdf
https://febs.onlinelibrary.wiley.com/doi/pdf/10.1016/0014-5793(89)80774-4
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title
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2,795,580 
SYNTHESIS OF NUCLEOSIDE POLYPHOSPHATES 5 | 
Har Gohind Khorana, Vancouver, British Columbia, /N N 1i 1!! 

Canada, assignor to Canadian Patents and Development ( 
Limited, Ottawa, Canada, a company 

No Drawing. Application May 27, 1955, \0 Serial No. 511,802 10 The term “nucleoside” is used herein to include “desoxy 
. nucleosides." Thus, “nucleosides” within the meaning 

13 Chums’ (CL 260-2115) of the present invention are: 
6. Thymidine (or desoxythymine riboside): 

This invention relates to the synthesis of nucleoside l5 
0 

part of application Serial No. 437,006, now abandoned. H- _$_-_i__-1!I_CH,QH 
polyphosphates. This application is a continuation-in 

In order to clarify the exact nature of the chemical ‘ 1l1 
compounds involved with the present invention a few /N 
de?nitions will ?rst be given before proceeding with the 20 Ho‘f OH 
description of the invention. N i 
A nucleoside is an N-glycoside of a heterocyclic base, CH‘ 

generally a pyrimidine or a purine. Examples of neucleo- 7 Desoxyadenosine 
sides are: A ' - - ' 

1. Uridine (or uracil riboside): 25 8' Desoxycyndmc' 9. Desoxyguanosine. 
Nucleosides will be considered as ROH for abbreviation 
in the formulae which follow hereinafter. 0 

0H 0H A mononucleotide is a phosphoric ester of a nucleoside 
H __ _CH OH 30 and may be a nucleoside monophosphate or a nucleoside 

| H H H 2 polyphosphate. Examples of nucleoside monophosphates 

N . _ \ are. 0% 0 l. Adenosine 5’-phosphoric acid (or muscle adenylic 
' ii acid or adenosine monophosphate, the latter hereinafter 
N 
\CIJ/ 35 termed AMP): 
OH 0 

0H 011 0/01?! 
2. Adenosine (or adenine riboside): H- -<B-—(L.—-— —CHz0ii‘ | H H H \ 

o 40 N N OH 

1 OH OH if I > 
H —i1--h—- —CH:OH N 

N 111 H H H 
% \/ ‘ NH 

'l> ‘“°' ' N O OH 

\c N / 
l NH: 011 

50 2. Adenosine 3'-phosphoric acid (or yeast adenylic 
acid): 

0 

0 

on o-imom. 
H- -(l;--é:——— --CH;OH 

EN 1!‘ H H H 

. I) 
11111. 

3. Uridine $’-phosphate (hereinafter termed UMP) 

° 1 °‘ [7'1 0H OH on on 0 on 

H—i>::—-(i)—— —OH20H . njii?il? "0591K 
11¢ 1g It, It 0 N 1!; 1!! on 

of \ 'm i 
H 

3. Guanosine (or guanine riboside): 

o 

H~g—g-C mon 55 
N N 

NHTJN> 7 60 
on 

4. Cytidine: 
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t 1 2. Adenosine 5'-triphosphate, hereinafter termed ATP: 
0 0H 0 OH 

pu-o-i/ R~0— |L0~i1~0~il< 
\OH 5 OH OH OH 

4. Guanosine 5'-phosphate: 3. Uridine 5'-diphosphate (hereinafter termed UDP): 
0 o 0 OH 

ll ll/ 
OH 0H 0 0H R’—O—P—O—P\ H- —h—— _- ~omoiy 10 H OH 

PIN ll; 1!; 1!; 1k 011 4. Uridine 5'-triphosphate (hereinafter termed UTP): 
NH \ 0 o 0 0H 

t I l i I/ / B'—0-— -o— —o— 
15 H OH OH 

or H 5. Guanosine 5'-diphosphate: 

o 0 OH 0 011 II 11/ ~ 
I/ R"—o-P-0-P Rho‘ 20 

\OH OH OH 
. . . ' '- ' t : 5’ Cyndme s,_phosphate: 6 Guanosme 5 tnphospha e 0 0H 

0 | 

OH on I 0 OH 25 R ‘0* “OJLOJ, 
H- - _o--o-cmoil OH H OK 

A Izlt 1k 1k 0H 7. Cytidine 5’-diphosphate: 
o 0 0 0H _( I R'"~o-1g—o-1|l/ 
N 30 \ 

H OH 

H; 8. Cytidine 5'-triphosphate: 

m' 0 0 0/0}! 

iii/03 35 R"'—0--iIL-o-|—0--il who“ \ u on on 

on 9. Inosine 5'-diphosphate: 
6. Inosine 5'-phosphate: 0 O OH 

O 40 R1v_0_%_0-il/ 0H 0H E/OH OH OH 
H“ I " 1!!“ I!“ lg‘omo 10. Inosine 5'-triphosphate: 

)1 N OH 0| 0 0/011 
( I 45 nw-o-i>~o_il-o_ 
N / H H OH 

11. Thymidine 5’-diphosphate 
or 0 0 0H 

0/011 50 RV—~O—g—O——JE‘/ 
R“—O—g (‘)H 0H 

0H 12. Thymidiue 5'-triphosphate 
7. Thymidine 5'-phosphate: O 0 OH 

0 55 g {g u/ 
RV—0- -o- -O—P 

I H 0H 0 OH H AB \on 
H'- ""lz_i__ "Cmog Mononucleotides in general possess useful therapeutic 

I ii! 011 60 and biological properties or may be employed as interme 
HO /N OH diates for compounds having such properties. ATP pos 

| sesses useful therapeutic applications which have indica 
N CH, tions of being very important while AMP and ADP not 

only possess therapeutic properties themselves but are also 
or 65 useful as intermediates in the preparation of ATP. 

0 0H Di?iculties have been found ‘in the synthesis of nu 
g/ cleoside polyphosphates and the most suitable methods up 

BB4)“ \ to now suggested for the preparation of ADP, ATP, UDP 
0H and UTP have been from natural sources. The general 

Examples of nucleoside polyphosphates are: I 
1. Adenosine 5'-pyrophosphoric acid (or adenosine di~ 

phosphate, hereinafter termed ADP): 

problem is the linking up of two molecules of phosphoric 
compounds to form an anhydride-like pyrophosphate bond. 
During this reaction the spare unsubstituted hydroxyl 
groups in the phosphoric grouping need to be prevented 

g1) E/OH from taking part ‘in the reaction and it has been suggested 
B—O—-P—O—- temporarily to block these hydroxyl groups while the re 

(Im 01; 75 action is in progress. In the intermediates employed con~ 
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taining these blocking groups, it has also been found neces 
sary to have the hydroxyl groups, which are required to 
react, substituted with radicals such as chlorine in order 
to cause preferential reaction of these groups. These fac 
tors have made the synthesis expensive, dif?cult to effect 
on a large scale and productive of low yields at certain 
stages. There has been the further di?iculty of ?nding a 
suitable solvent medium, especially in the case of using 
AMP or UMP as a starting material. In fact there does 
not appear to have been suggested for these nucleotide 
compounds any synthesis which is suitable economically 
and technically for industrial application. 

It is an object of the present invention to provide a 
direct synthesis of nucleoside polyphosphates which avoids 
the necessity of utilizing intermediates with temporarily 
blocked hydroxyl groups and which is suitable for in 
dustrial application. 

According to the present invention, a process for the 
preparation of a nucleoside polyphosphate comprises re 
acting a mononucleotide with phosphoric acid in the 
presence of a carbodiimide and an aqueous pyridine sol 
vent medium, said mononucleotide having at least one un 
substituted hydroxyl group in the phosphate grouping 
thereof. 

It is found that the presence of the carbodiimide will 
cause the direct linkage of the main reagents to give a 
direct synthesis of nucleoside polyphosphates. The car 
bodiimides have the formula R'N=C=NR" where R’ 
and R" may be the same or different and may be either 
aliphatic (including cycloaliphatic) or aromatic groups. 
Examples of R’ and R" are as follows: 

The mononucleotide reagent in this reaction must neces— 
sarily possess at least one unsubstituted hydroxyl group 
in the phosphate grouping in order to effect linkage of 
the type illustrated above, and will generally possess more 
than one such unsubstituted hydroxyl group. In the latter 
case it will be found that, quite surprisingly, the pyridine 
solvent medium will prevent the spare hydroxyl groups 
from taking part in the reaction and there is thus avoided 
the expensive blocking of these spare hydroxyl groups 
which has hitherto been found necessary. 

It is desirable to use a substantial excess of the phos 
phoric acid in order to minimize the reaction of the nu 
cleotide starting material with itself to form a dinucleotide. 
Preferably 5-15 molecules of the phosphoric acid are used 
per molecule of the nucleotide starting material. 

Following the reaction of the present invention, a mixed 
product is generally obtained from which the desired prod 
uct may be extracted if required in the pure state. 
A number of factors effect the relative proportions of 

these ingredients of the ?nal product. It is believed, for 
example, that ADP is ?rst formed by reaction of one 
molecule of AMP with one molecule of phosphoric acid, 
and that ATP is then formed by reaction of ADP with a 
further molecule of phosphoric acid. The extent of for 
mation of ATP can therefore be controlled to a certain 
extent by limiting the availability of the phosphoric acid 
and/ or by limiting the duration of the reaction. Similar 
factors are involved in the reaction using other nucleotides 
as starting materials. It has been found that the main 
factor correlating the extent of formation of the triphos 
phate to the reaction time is the solubility of the starting 
material in the pyridine-water solvent. This is believed 
due to the fact that the effective concentration of the re 
actants in the reaction phase is higher. Thus the reaction 
with UMP which is soluble in non-aqueous pyridine 
proceeds faster than the reaction with AMP which is in 
soluble in non-aqueous pyridine. 
The relative proportions and total amounts of pyridine 

C1 

10 

15 

20 

25 

30 

35 

40 

45 

50 

60 

70 

75 

6 
and water used in the solvent reaction medium also in 
?uence the proportions of ingredients in the ?nal product 
but at the same time are determined to a certain degree 
by the following factors: 

1. AMP and phosphoric acid both need an appreciable 
proportion of water in the aqueous pyridine solvent before 
they will dissolve and therefore this proportion should be 
at least 5%, or preferably 10%, by volume of the pyridine. 

2. In the presence of the phosphoric acid, the car~ 
bodiimide will react with the water and be rendered un~ 
available to this extent for the main reaction. Water must 
therefore be kept to a minimum. Although theoretically 
only one molecule of carbodiimide is necessary for two 
molecules of nucleotide, the presence of water will make 
more carbodiimide necessary, in some cases considerably 
more, e. g. of the order of ?fty molecules per molecule of 
nucleotide. The larger the proportion of water the larger 
will be the amount of carbodiimide required. 

3. Carbodiirnides are soluble in pyridine and other 
organic solvents but completely insoluble in Water. Dilu 
tion of the pyridine with water reduces the solubility of 
the carbodiimide in the solvent medium and this of course 
renders it advisable to keep the proportion of water in 
the solvent medium to a minimum. 

In the case of the synthesis of UDP and UTP from UMP 
it was found that the UMP was quite soluble in the 
pyridine. However, it was necessary to incorporate some 
water because the pyridinium salt of orthophosphoric acid 
was relatively insoluble in anhydrous pyridine. More 
over, as in the case of the synthesis of ADP and ATP 
from AMP, the proportion of water used should be 
regulated in order to achieve the best results. Although 
the phosphoric acid is relatively insoluble in a pyridine 
solution containing small quantities of water, the car 
bodiimide is relatively insoluble in pyridine solutions con 
taining large quantities of water. 

Similar considerations arise in connection with the prep 
aration of other nucleoside polyphosphates depending 
upon the degree of solubility in pyridine of the reactants 
involved. 

In view of the above factors it will generally be pref 
erable, in the case of a nucleotide starting material which 
is insoluble in pyridine, for the aqueous pyridine solvent 
to contain between 5 and 30% by volume of water, the 
remainder being pyridine; it is, of course, possible to use 
less water but the reaction is correspondingly less cf? 
cient. In the case of a nucleotide starting material which 
is soluble in pyridine, the proportion of water may be 
reduced to as low as 2% with a preferred upper limit 
also of 30%. Clear homogeneous solutions of the reac 
tion mixture will not generally be obtained using large 
excess of carbodiimide with the aqueous pyridine, and 
in this event two liquid phase reaction mixtures may be 
agitated together mechanically. 
The following examples are given to illustrate the in 

vention. In these examples, the reference (a) refers to 
G. A. Lepage, Biochem. Preparations, vol. 1, l & 5 
(1949), and reference (b) refers to W. E. Cohen and 
C. E. Carter, J. Am. Chem. Soc., 72, 4273 (1950). 

EXAMPLE 1 

AMP (200 mg.) and commercial phosphoric acid 
(85%; 800 mg.) were dissolved in aqueous pyridine (2 
cc. Hz0+6 cc. pyridine) and dicyclohexyl carbodiimide 
(4 g.) added. The mixture was agitated mechanically 
for ?ve hours when a further quantity of dicyclohexyl 
carbodiimide (2 g.) and pyridine (2 cc.) were added. 
The vigorous shaking was continued for 12 hours further 
and dicyclohexyl carbodiimide (l g.), pyridine (1 cc.), 
and water (0.1 cc.), were added. After a total reac 
tion period of 26 hours, the precipitated dicyclohexyl 
urea was ?ltered off, and washed thoroughly with small 
amounts of water (total volume of water added 10 cc.). 
The ?ltrate was repeatedly extracted with ether and the 
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residual aqueous solution freed from ether in vacuo. 
Addition of Lohmann’s reagent (a) caused the precipi 
tation of mercury salts of AMP, ADP and ATP. The 
free acids were liberated by passing hydrogen sulphide 
through the water suspension of mercury salts at 0° C. 
After neutralization with sodium hydroxide to pH 6, 
ADP was separated and estimated by the techniques of 
paper chromatography and ion exchange, methods for 
which are now well established (b). ADP was recov 
ered as the barium salt from the neutralized eluate after 
evaporation at 0°-5 ‘’ C. and treatment with excess barium 
acetate. These methods of isolation are also previously 
described (a). Yield of ADP 30-50%. 

EXAMPLE 2 

The preparation of ADP as described in Example 1 
was repeated, dicyclohexyl carbodiimide being replaced 
by di-p-tolyl carbodiimide. Yield of ADP was similar. 

EXAMPLE 3 

AMP (200 mg.) and commercial phosphoric acid 
(85%, 850 mg.) were dissolved in aqueous pyridine (2 
cc. H2O+2 cc. pyridine) and a soltuion of dicycloh‘exyl 
carbodiimide (4 g.) in pyridine (10 cc.) added. The 
mixture was agitated mechanically for 4 hours when di 
cyclolhexyl carbodiimide (2 g.) and pyridine (2 cc.) were 
added. The vigorous shaking was continued for further 
16 hours and dicyclohexyl carbodiimide (l g.), pyridine 
(1 cc.) and water (0.1 cc.) were added. After another 
6 hours shaking the mixture was ?ltered from dicyclo 
hexyl urea which was washed repeatedly with water. 
The combined ?ltrate was exhaustively extracted with 
ether. Mercury salts of ATP and contaminating ADP , 
and AMP were prepared as described in Example 1. The 
free acids were liberated by passing hydrogen sulphide 
through aqueous suspension of mercury salts. ATP was 
isolated by the technique of ion exchange chromatography 
([1). Yield of ATP 40-60%. 

EXAMPLE 4 

The preparation of ATP as described in Example 3 was 
repeated except that di-p-tolyl carbodiimide was used in 

The yield of ATP 
was similar. 

EXAMPLE 5 

AMP (200 mg.) and commercial phosphoric acid 
(85%, 800 mg.) were dissolved in aqueous pyridine (2 
cc. H2O+2 cc. pyridine) and a solution of dicyclohexyl 
carbodiimide (4 g.) in pyridine (10 cc.) added. The 
mixture was agitated mechanically for 4 hours when di 
cyclohexyl carbodiimide (2 g.) and pyridine (2 cc.) were 
added. The vigorous shaking was continued for further 
16 hours and dicyclohexyl carbodiimide (l g.), pyridine 
(1 cc.) and water (0.1 cc.) were added. After another 
6 hours shaking the mixture was ?ltered from dicyclo 
hexyl urea which was washed repeatedly with water. 
The combined ?ltrate was exhaustively extracted with 
ether. After acidi?cation of the aqueous solution to pH 
2, addition of Lohmann‘s reagent (0) caused the precipi 
tation of mercury salts of AMP, ADP and ATP. The 
free acids were freed with hydrogen sulphide and neu~ 
tralized with sodium hydroxide. Separation of unreacted 
AMP, ADP and ATP was achieved on an ion exchange 
column (b) (Dowex 2, chloride form, 200-400 mesh). 
Elutions were carried out successively with 0.003 N hy 
drochloric acid (AMP), 0.01 N hydrochloric acid con 
taining 0.025 N sodium chloride (ADP), and 0.01 N 
hydrochloric acid containing 0.25 sodium chloride (ATP). 
The eluates containing ADP and ATP were precipitated 
from the residues as their barium salts by the addition 
of barium acetate solution. The yields were ADP 30% 
and ATP 40%. 
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EXAMPLE 6 

The method of Example 5 was repeated except that a 
different separation technique was used. In place of an 
ion exchange column, the following method based on 
the observations of M. W. Kalckar (J. Biol. Chem, 148, 
127 (1943) was used. The solution of free acids 
(AMP, ADP and ATP) obtained from decomposition of 
their mercury salts in Example 5 was freed from hydro 
gen sulphide and carefully brought to pH 3.8 with sodium 
hydroxide. Addition of barium acetate at this pH caused 
the precipitation of barium salt of ATP. After being 
kept for several hours at 0°, this was collected by cen 
trifugation and ADP was precipitated from the clear 
supernatant by raising the pH to 8.5. To obtain pure 
products it was necessary to repeat the above precipita 
tion procedure once. The yields were similar to those 
obtained in Example 5. 

EXAMPLES 7-1 1 

In these examples the influence of the amount of phos 
phoric acid, the water content, and the total volume of the 
pyridine employed in the production of UDP, UTP and 
higher phosphates was studied. In all these experiments, 
the amount of UMP used was 100 mg, with a reaction 
time of 6 hours. The dicyclohexyl carbodiimide used 
was in large excess over the ‘amount of UMP used, being 
from 20 molecular proportions to 40 molecular propor 
tions. 

Dicyclohexyl carbodiimide (DCC) was added to a solu 
tion of UMP and 85% phosphoric acid in aqueous pyri 
dine and the non-homogeneous mixture was agitated 
mechanically. Crystals of dicyclohexylurea began to sep 
arate in 10-20 minutes. After being agitated for vary 
ing lengths of time, the reaction mixture was diluted with 
water, under cooling, and ?ltered from the urea which 
was washed thrice with small amounts of water. The 
combined ?ltrate and washings were extracted repeatedly 
with ether to remove excess of pyridine, the residual 
aqueous solution being freed from dissolved ether through 
suction under agitation. An aliquot of the solution con 
taining an equivalent of approximately 2 mg. of UMP 
originally employed was adjusted to pH 7 with ammo 
nium hydroxide and applied on a Dowex-Z ion-exchange 
resin (200-325 mesh, chloride form) bed (1.5 cm. long x 
1 cm. diameter). After washing the column with approx 
imately 20 cc. of water, which removed pyridine, uridine 
phosphates were eluted as below, the eluant being changed 
when optical density of the e?luent at 260 mp. fell below 
0.050. Average flow rate of liquid was 1 cc. per minute: 
UMP with 0.01 N HC1+0.015 M NaCl (40-50 cc.); 
UDP, 0.01 N HCl+0.1 M NaCl (70-80 cc.); UTP, 0.01 
N HCl-|-0.2 N NaCl (80-90 cc.); higher phosphates 
l N HCl (ca. 40 cc.). Table I records the results of ion 
exchange analysis (followed by determination of the total 
optical density of the respective eluates) of reaction prod 
ucts obtained in some typical experiments. 

Table I 

Yield, percent Phos- Pyrl- 501 
Example phoric DUO dine- vent, 

acid water cc. Higher 
ratio UMP UDP UTP phos 

phates 

7 ________ _ . 10 40 5 12 41 10 40 ...... . _ 

8 ........ _ . 6 45 15 11 15 16 55 14 
9 ________ _ _ 4 20 15 8. 2 17 22 40 21 
10 _______ _ _ 4 30 15 6. 1 ll 23 36 20 
11 _______ _ _ 2 20 15 6. 2 19 32 31 18 

EXAMPLE 12 

The reaction of Example 10 was repeated, except that 
the in?uence of time on the reaction product was deter 
mined. The results are given in Table II 
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Table 11 

Yield, percent 

Time, hr. Higher 
UMP UDP UTP phos 

phates 

14.8 30.1 44.0 11.1 
14.8 25. 6 A4. 2 15. 4 
14. 3 24. 0 45.1 16. 6 
15. 4 24. 7 41 18. 0 
l4. 1 21. 8 40. l 24. 0 

EXAMPLE 13 

Five hundred mg. of UMP was liberated from an ap 
propriate amount of the barium salt by passing a solution 
of the latter in dilute acetic acid through a Dowex-50 
ion-exchange resin column (5 cm. long x 2 cm. diam 
eter) and complete removal under suction of water and 
acetic acid; the removal of the latter is aided by re 
peated evaporation after addition of water to the resi 
due. To the solution of UMP and 85% orthophosphoric 
acid (720 mg.) in a mixture of water (2.45 cc.) and pyri 
dine (36.5 cc.) was added 6 g. of DCC and the mixture 
was vigorously shaken mechanically for two hours. It 
was then diluted with 25 cc. of water under cooling and 
?ltered under suction from dicyclohexylurea which was 
washed with three portions of water (total volume, 20 cc.). 
The combined ?ltrate and washings were extracted six 
times with 100-cc. portions of ether, the aqueous solution 
then freed from dissolved ether under agitation and con— 
centrated to ca. 15 cc. at l0—15° in a vacuum. The con 
centrate was passed in two equal parts through two Dow 
ex-50 ion-exchange resin (200-325 mesh, hydrogen form) 
columns (6 cm. long x 2 cm. diameter), the columns 
being washed with water until the pH of the e?luents rose 
to neutrality. The combined eluate which was collected 
in ?asks chilled in an ice-salt-bath, was freeze-dried, the 
?ask containing the frozen solution being kept immersed 
in ice-water throughout. The residual gum was dissolved 
at below 0° in 10 cc. of ethanol and transferred to a 200 
cc. centrifuge tube. The gum and the cloudy ethereal 
solution resulting on the addition of 100 cc. of cold an 
hydrous ether were centrifuged at 0° and the clear ethereal 
solution poured oil’. The process of precipitation from 
ethanol-ether mixture was repeated three times, using 
?rst 10 cc. of ethanol and 100 cc. of ether, then 15 cc. 
of ethanol and 100 cc. of ether in the next two precipi 
tations. All the operations were performed as far as 
possible at or below 0°. The partly solid gum ?nally 
obtained was dissolved in 5 cc. of cold water, the solution 
rapidly neutralized with N sodium hydroxide solution and 
stored at ~—20° until required. The solution of the sodi 
um salts of uridine phosphates was absorbed on the top of 
a Dowex-2 ion-exchange resin (200-325 mesh, chloride 
form) column (7 cm. long x 2 cm. diameter). After a 
water (100 cc.) wash, which did not remove any appre 
ciable amount of ultraviolet absorbing material, UMP 
was removed with 0.01 N HCl+0.0l5 M NaCl solution 
(total volume 490 cc., optical density at 260 mn 1.7). 
UDP was then eluted with 0.01 N HCl-l-0.l M NaCl, 
a ?ow rate of approximately 4 cc. per minute being main 
tained. Six hundred and sixty cc. of eluate with optical 
density of 5.5 at 260 me was collected before optical den 
sity fell below 0.5, the next 300 cc. of the e?luent being 
discarded. UTP was eluted next with 0.01 N HC1+0.25 
M NaCl solution, 520 cc. of eluate with optical density 
6.2 being collected. 
The neutralized eluate containing UTP was evaporated 

to complete dryness at 10—l5° in vacuo (8-10 mm. pres 
sure), the last 20 cc. of water being removed at 0° in a 
high vacuum. The dry residue was transferred to a fritted 
glass funnel and extracted with three Z-cc. portions of 
water, the extracts being collected through ?ltration un 
der suction. (The residual sodium chloride cake did not 
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contain any appreciable amount of ultraviolet absorbing 
material). To the combined extracts was added 2 cc. 
of 1 M barium acetate solution and the precipitated bari 
um salt centrifuged otf after being kept at 0° for 6 hours. 
It was washed once with one-half cc. of water (the wash 
ing being added to the mother liquor), twice with 5 cc. 
of 50% ethanol, then ethanol and ether, wt. 160 mg. A 
further amount (60-80 mg.) of practically pure barium 
salt of UTP was obtained on addition of 4 cc. of ethanol 
to the above mother liquor, the barium salt being washed 
thoroughly with 50% ethanol to redissolve some sodium 
chloride which also was precipitated on the addition of 
ethanol. 

19.8 mg. of the barium salt was dissolved in 25 cc. of 
0.01 N HCl and a 2-cc. aliquot diluted further to 25 cc. 
Optical density at 260 mp using a Beckman spectropho 
tometer (model DU) was found to be 0.720; from this, 
18.9 mg. of Ba2UTP-4H2O was calculated to be present 
in the original 25 cc. of solution, the synthetic sample 
being thus 95.5% pure. Ion exchange analysis showed 
only a trace (<2%) of UDP to be present. 
The procedure for the isolation of UDP was identical 

with that described above for UTP, except for addition 
of 6cc. of ethanol for the precipitation of the barium 
salt. The concomitantly precipitated sodium chloride 
was removed during washings with 50% ethanol; wt. of 
the barium salt, 195 mg. 50 mg. of this sample was dis 
solved at 0° in ice-cold 0.05 N hydrochloric acid and 
the mono barium salt (CsHmOuNzPBa-SHzO)16 precipi 
tated with equal volume of cold ethanol, collected by 
centrifugation and Washed with ethanol and ether; yield 
36 mg. 
The synthetic sample was found to be homogeneous 

and was free from “inorganic" phosphates. Spectropho 
tometric estimation carried out as described for the bari 
um salt of UTP showed this sample to be 98% pure with 
respect to the above formula. 

It should be understood that methods corresponding 
to those described above for adenosine and uridine may 
be used with the other nucleotides. For example, it is 
possible to prepare guanosine 5’-diphosphate, guanosine 
5’-triphosphate, cytidine 5'-diphosphate, cytidine 5’-tri 
phosphate, inosine 5'-diphosphate, inosine 5'-triphosphate, 
desoxyadenosine 5'-diphosphate, desoxyadenosine 5’-tri 
phosphate, desoxycytidine 5’-diphosphate, desoxycytidine 
5’-triphosphate, desoxyguanosine 5'-diphosphate, desoxy 
guanosine 5’-triphosphate, thymidine 5'-diphosphate and 
thymidine 5'-triphosphate by corresponding methods. 

Although the invention is normally used with the nu 
cleoside monophosphate as the starting material and sub 
sequently converting this to the di- or triphosphate, it will 
be understood that the invention is broader in its scope. 
The invention can be considered as a method of adding 
one or more phosphate groups onto any nucleoside phos 
phate. Thus, if desired, the diphosphate could be used 
as the starting material and converted to the triphosphate. 

I claim: 
1. A process for the preparation of a nucleoside poly 

phosphate which comprises reacting a mononucleotide 
with phosphoric acid in the presence of a carbodiimide 
and an aqueous pyridine solvent medium, the water in 
said solvent forming 2—30% by volume of the pyridine 
in the solvent, said mononuclcotide having more than one 
unsubstituted hydroxyl group in the phosphate grouping 
thereof. 

2. A process ‘as claimed in claim 1 in which 5-15 
molecules of phosphoric acid are employed per molecule 
of mononucleotide. 

3. A process for the preparation of an adenosine poly 
phosphate comprising reacting an adenosine phosphate 
with phosphoric acid in the presence of a carbodiimide 
and an aqueous pyridine solvent medium, the water in 
said solvent forming 5—30% by volume of the pyridine 
in the solvent, said adenosine phosphate having more than 
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one unsubstituted hydroxyl group in the phosphate group 
ing thereof. 

4. A process for the preparation of a uridine poly 
phosphate comprising reacting a uridine phosphate with 
phosphoric acid in the presence of a carbodiimide and 
an aqueous pyridine solvent medium, the water in said 
solvent forming 240% by volume of the pyridine in the 
solvent, said uridine phosphate having more than one 
unsubstituted hydroxyl group in the phosphate grouping 
thereof. 

5. A process for the preparation of an adenosine poly 
phosphate comprising reacting adenosine monophosphate 
with a substantial excess of phosphoric acid in the pres 
ence of a carbodiimide and an aqueous pyridine solvent 
medium, the water in said solvent forming 5—30% by 
volume of the pyridine in the solvent. 

6. A process for the preparation of a uridine poly 
phosphate comprising reacting uridine monophosphate 
with a substantial excess of phosphoric acid in the pres 
ence of a carbodiimide and an aqueous pyridine solvent 
medium, the water in said solvent forming 2—30% by 
volume of the pyridine in the solvent. 

7. A process as claimed in claim 5 in which 5-15 
molecules of phosphoric acid are employed per molecule 
of adenosine monophosphate. 

8. A process as claimed in claim 6 in which 5-15 
molecules of phosphoric acid are employed per molecule 
of uridine monophosphate. 

9. A process for the preparation of an adenosine poly 
phosphate selected from the group consisting of adeno 
sine diphosphate of adenosine triphosphate comprising 
reacting adenosine monophosphate with a substantial ex 
cess of phosphoric acid, said phosphoric acid being 
present in an amount of 5-15 molecules per molecule of 
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adenosine monophosphate, in the presence of a carbodi~ 
imide and an aqueous pyridine solvent medium, the water 
in said solvent forming 5-30% by volume of the pyridine 
in the solvent, and separating the adenosine polyphos 
phate from the reaction products. 

10. A process for the preparation of a uridine poly 
phosphate selected from the group consisting of uridine 
diphosphate or uridine triphosphate comprising reacting 
uridine monophosphate with a substantial excess of phos 
phoric acid, said phosphoric acid being present in an 
amount of 5~-l5 molecules per molecule of uridine mono 
phosphate, in the presence of a carbodiimide and an 
aqueous pyridine solvent medium, the Water in said 
solvent forming 2—30% by volume of the pyridine in the 
solvent, and separating the uridine polyphosphate from 
the reaction products. 

11. A process for the preparation of an adenosine 
polyphosphate comprising reacting an adenosine phos— 
phate with phosphoric acid in the presence of a carbodi 
imide and an aqueous pyridine solvent medium, the 
water in said solvent forming 5—30% by volume of the 
pyridine in the solvent. 

12. A process for the preparation of an adenosine 
polyphosphate selected from the group consisting of 
adenosine diphosphate and adenosine triphosphate com~ 
prising reacting adenosine monophosphate with phos 
phoric acid in the presence of a carbodiimide and an 
aqueous pyridine solvent, the water in said solvent form 
ing 5—30% by volume of said pyridine in the solvent. 

13. A process as claimed in claim 12 in which 5-15 
molecules of phosphoric acid are employed per molecule 
of adenosine monophosphate. 
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FIhis invention relates to the ‘synthesis of pyrimidine 
neeleesiae "S’LmGn‘TQph‘ds‘phates a?d ‘2",’5'- and ‘3",d’hdiphbs 
phates. In this, speci?cation, the term “pyrimidine? in 
cludes both pyrimidine and derivatives thereof, such as 
‘uracil and cytosine. - 
A neucleosi‘de is herein deiined as an N=glycoside of a 

heteroeyelic base. ‘In ‘the 'nucleosirles of the ‘present inven 
these ‘heterdcy'clic pyrimidine-er derivatives - 

‘thereof. 
Examples “are: 
( 1) Uridine: 

(2) Cytidine: 

‘The pyrimidine nue‘leo'side ‘phosphates efrthe presentin 
ventio‘ii may be either imonoplrosphates tor ‘dIP'lJOSPha-IES. 

‘Examples‘a're: ' e 4 ‘_ a a 

(3) Pyri‘midit‘ie tnu‘c'le'os‘ide I5'-.plro”sphate: 

Ill . 
‘ yonziolhon 

2 ,10‘ s 'OH 

a at ‘ 
H 1" in 

. El .. ' CHgOJPhOH 

H 

10 

U15 

20 

2315342 
Patented Dec‘. 3, 1957 ICC 

2 
(5) Pyrimidine nucleoside 3',5’-diphosphate: 

In the above examples R is a pyrimidine group such 
as uracil or cytosine or pyrimidine itself. 

Nucleosides and nucleoside monophosphates (Example 
3 above), in general, possess useful therapeutic and bio 
logical properties. In addition they may be used as inter 
mediates in the synthesis ‘of nucleoside polyphosphates 
which also possess useful therapeutic and biological prop 

, erties. A suitable synthesis of nucleoside polyphosph‘ates 
, from nucleoside .monophosphates ‘is given in my co-pend 
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ing application, Serial No. 437,006, ?led June 15, 1954, 
and published in the Journal of the American Chemical 
Society 776, pages 3517 and 5056 (1954). 
_ Nucleosides and nucleoside monophosphates may also 
be used as intermediates in the synthesis of nucleoside di— 
and triphosphates which also possess useful therapeutic 
and biological properties. Nucleoside 5'-phosphates have 
previously been obtained as products of enzymetatic deg 
radation of ribonucleic acids, and have been reported by 
(“John and Volkin in the Journal of Biological Chemistry, 
203, (1953). Recently cytidine diphosphate and 
uridine diphosphate (shown in Examples 4 and 5 above) 
have been required in certain enzymatic studies.‘ 

‘The problem of chemical phosphorylation of nucleo 
s'ides is one of considerable importance and complexity. 
The common phosphorylating agents and welleknown sim 
ple methods have not been used- because of the well 
known lability of the N-glycosidic linkage, especially in 
the purine nucleosides. Therefore, more complex phos 
phorylating agents and techniques have been used. 

For example, Levene & Tipson, who reported their work 
in the Journal of Biological Chemistry 106, 113 (19.30) 
and 121, 131 (1937), Michelson and Todd,‘who reported 
their work in the Journal of the Chemical Society, '2476 

and Holiday, who reported their 
work in Journal of the Chemical Society, 746 ‘( 1940), 
used phosphorus oxychloride as the phosphorylating agent, 
with fair results. Bredereck, Berger and Ehrenberg, who 
reported their work in Berichte 73, 269 (1940), used di 

The most satisfactory re 
suits were obtained, however, when dibenzyl phosphoro 
chloridat'e was used as the phosphorylatin-g agent. This 
reagent was also used by Michelson and Todd and re 
ported in the Journal of the Chemical Society, .2476 
"(1949). 

It is the main object of the present invention to disclose 
a convenient, economically and technically suitable, pro 
ce ure or the synthesis of pyrimidine nucleoside 5'-mono 
phosphates, and nucleoside 2',5‘- and 3',5'~diphospha'tes. 

According to the present invention, the process for the 
preparation of a pyrimide nucleoside phosphate comprises 
reacting a compound, selected from the group consisting 
of a pyrimidine nucleoside and its 2',,3’-isopropylidene 
derivative with activated phosphoric acid. 
In the present application, the term “activated phos 

.p'hor'ic acid” is de?ned as phosphoric acid which has been 
_ Vader reactive :by the addition of energy, either in the form 
of heat or by the addition of P205. 



- previously known methods. 
> techmque of Cohn and Volkin, reported in the Journal of 
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The preferred nucleosides of the present invention are 

de?ned by the following formula: 

The numbers represent the designation of the various 
carbon atoms in the D-ribose part of the nucleoside. R 
is a pyrimidine group such as uracil or cytosine or pyrimi 
dine itself. 
The nucleoside 5'-monophosphates are preferably pre-“J 

pared using a 2',3’-isopropylidene nucleoside of the fol 
lowing formula: 

0 

HaC/ \CHs ,. 

CHzOH 

~ where R is a pyrimidine. The nucleoside 2',5’- and-335' 
diphosphates are preferably prepared using the free nu 

. cleoside although they may'also be prepared from‘ the _ 
I 2',3’-isopropylidene derivative. ‘ 

It has been generally convenient to follow the course 
1 of the synthesis reaction by paper chromatography. 2',3' 
isopropylidene uridine was dissolved in a mixture of phos 
phorus pentoxide and phosphoric acid at about 60° C, 
Aliquot portionswere drawn o? periodically, diluted, and I" 

Y heated to a temperature of about 100° C. for about 2 
hours. The purpose of the heating was to hydrolyse the 

- inorganic polyphosphates and to remove the isopropyli 

tastmaee ,. ._ I - 
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The‘ isopropylidene uridine gradually dissolved to form 
a liquid yellow solution. Aliquots of 0.2 cc. were re 
moved at intervals and diluted with 2 cc. of water. The 
clear solutions were heated at 100° C. for one half hour 
and then neutralized with 4.5 N lithium hydroxide solu 
tion. The supernatant liquid, after separation of lithium 
phosphate by centrifugation was examined by paper 
chromatography in the solvent system 1% ammonium 
sulfate-isopropyl alcohol (1:2 v./v.). Three spots, lo 
cated by their absorption of ultraviolet light, had R, 
values corresponding to uridine, uridine 5'-monophosphate 
and uridine 2'(3'),5’-diphosphate. Their relative. con 
centrations were determined by elution with 3 cc. of 0.01 
N hydrochloric acid, and measurement of the optical 
density of the resulting solutions at 260 mu. Table I 
records the results thus obtained.v ' 

I - ~Urldine - Uridlne 5'- Uridlne 2’(3’), 
Time (hours) (percent) phosphate 5'-dlphosphate 

_ _ (percent) (percent) 

' 1 _____________ -_ 37. 4 62. 6 ________________ __ 

2 ............. -- 11. 7 80. 4 7. 9 
8.5 ............ -. 6. 3 70. 6 23. 1 

35 

dene group. After a two hour reaction period the‘main. .. 
product of the reaction was uridine 5'-monophosphate; 
longer periods of time resulted in some “phosphorolytic” 

- cleavage of the isopropylidene group to form the diphos 
. phates. ' 

40 

In a large scale (5 g.) two hour experiment, after the . 
~ hydrolitic treatment, most- of the resulting orthophosphoric 
. acid was removed as lithium phosphate (by the addition of 
- lithium hydroxide). The uridine 5 ’-monophosphate (the 
main product) was freed from the small amounts of the 
accompanying uridine and uridine diphosphates on a, 
Dowex 2 ion exchange column. After a water wash which ' 

. removed uridine, uridine 5’-phosphate was eluted, along 
- with the residual orthophosphoric acid, with 0.015 N hy 
‘ drochloric acid. _The R; values of the uridine 5'-mono 
. phosphate prepared by this method on paper chromato 
grams in several solvent systems were identical with those 
of a sample of uridine 5’-monophosphate prepared by 

The elegant ion exchange 

Before discussing these results it should be mentioned 
that the time is variable depending upon the temperature 
of the reaction. Thus, the lower the temperature, the 
longer the reaction time. 
Thus it is evident from the above table that the reac 

tion time of two hours gives the optimum yield of the re 
quired uridine 5’-monophosphate. Less reaction time re 
sults in an appreciably less conversion of uridine to uridine 
5’-monophosphate, while greater than two hours results 
in the greater phosphorolytic cleavage of the isopropyli 
dene group thus forming more of the diphosphates. 

Example lI.-Uridine 5 '-m0n0ph0sphate 
5 g. of dry 2',3’-isopropylidene uridine was phos 

phorylated with 25 cc. of warm freshly prepared solu 
tion of phosphorus pentoxide in 85% phosphoric acid, as 
described in Example 1. After a reaction period of two 
hours, 100 cc. of cold water was added and the clear solu 
tion heated at 100° C. for one-half hour, when the solu 
tion attained a light pink colour. The solution was then 
neutralized with 4.5 N lithium hydroxide solution to a 
pH of 9, and the heavy precipitate of lithium phosphate 
removed by centrifugation, the precipitate being thor 
oughly washed with three 40 cc. portions of water. The 
combined ?ltrate and washings (about 500 cc.) were con 
centrated under reduced pressure to about 50 cc., when 
some more lithium phosphate was precipitated. This was 
removed, by centrifugation, and the supernatant liquid 

> absorbed on the top of a Dowex 2 ion exchange resin (220 
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Biological Chemistry 203, 319 (1953), which success- ~ 
1 fully differentiated uridine 5’-monophosphate from the 
> 1somer1c 2’- and 3’-monophosphates was usedas a fur 
> ther check that the product of the reaction was indeed 
the 5’-isome_r. Finally, rigid chemical evidence was also 

‘The following examples are given to illustrate the meth 
I 0d of preparation of the nucleosides 5’-phosphates and 
- 2'(3')5'-d1phosphates_by the present application. 

Example I.——-Ph0sph0rylation of 2’,3'-is0propylidene 
uridine > 

'200 mg. of 2’,3'-isopropylidene uridine was stirred into 
a warm freshly prepared solution (1 cc.) of phosphorus 

~ pentoxide ‘in 85 % phosphoric acid (11:1,3 w./w‘.) and the 
7 mixture, which was stirred at intervals, was maintainedy: 
I‘ at a temperature of 60° C. with the ,vexcluslionuof moisture. 
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-: obtained concerning'the identity of the reaction product. - 
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:to. 325 mesh; chloride form, in a column 14 cm. long 
by 4 cm. diameter) and the column washed with water 
until the optical density fell below 0.05. After removal 
of the uridine in this way (about 1 litre of water was re 
quired) 0.015 N hydrochloric acid was passed through 
the column at a ?ow rate of 15 cc. per minute. Optical 
density at 260 me) of the e?iuent began to rise after 800 
cc. of the solution had passed through the column. Four 
litres of orthophosphoric acid, were collected before the 
optical density fell below 0.8 again. This solution was 
concentrated at 30 to 35° C. under reduced pressure to 
a volume of 'about'20 cc., the concentrate sucked under 
a high vacuum for six hours, and the ?nal residue kept in 
an evacuated desiccator over potassium hydroxide and 
phosphorus pentoxide for'two days. It was then washed 
twice with 50 cc. portions of dry ether, dissolved in 10 
cc. of anhydrous ethyl alcohol, and the uridine 5’-mono 
phosphate precipitated‘by the addition of 100 cc. of an 
hydrous ether. The last operation was repeated twice, the 
ethereal layer being clari?ed through centrifugation. 
The residual gum, which was almost completely free 



eeiéfsea 
from bft'hiipho‘slplio'rie "aéid, changed into a ‘brittle resin 
on storage “in an evacuated ‘desiccator 'over phosphorus 
pentgnide. This brittle resin was then taken ‘up in 40 
cc. of water, and neutralized to pH 9 with 4.5 N lithium 
hydroxide. To this solution was :added 10 cc. of 2 M 
barium acetate solution, and the .mixture set aside for 
‘several hours. The precipitate of barium phosphate 
(0.340 g. dry weight, admixed with some barium uridine 
5'-monoph_osphate) was removed by centrifugation, and 
?ie'remaining 'bariu'm‘ur'idine "S’Qmonophosphate in solu 
iron was precipitatediby the addition of an equal volume 
of ethyl alcohol. The product was collected by centrifu 
gation,‘ and washed‘ ‘twice with 25cc. ‘portions ‘of 50% 
ethyl alcohol, then with ethyl alcdhol"alone, and ‘?nally 
with ether. The yield of hydrated barium salt was 5.42 
g. and was found to contain 3.74 g. of free uridine 5’ 
monophosphate (65% yield). Paper chromatography 
in a number of solvent systems gave a single strong spot, 
having R; values identical with those obtained using a 
sample of uridine 5 ’-monophosphate prepared by the pre 
viously used methods. The method of paper chroma 
tography of uridine 5'-monophosphate in a number of 
solvent systems is being presented to the Journal of 
American Chemical Society in an article by Hall and 
Khorana entitled “Nucleoside Polyphosphates 111.” 

Example lII.—-Cytidine 5'-phosphate 
2’,3'-isopropylidene cytidine was phosphorylated as de 

scribed for the corresponding uridine compound in Ex 
ample II, except that the time of reaction was one hour 
at a temperature of 60° C. After this time, water was 
added and the clear solution heated on a water bath for 
1/2--1 hour. The solution was evaporated to a syrup un 
der vacuum and the syrup extracted twice with ethyl 
ether. Orthophosphoric acid was removed in this way 
and the insoluble mixture of cytidine phosphates dissolved 
in water, neutralized with sodium hydroxide and applied 
Em top of a Dowex 2 ion exchange resin column (formate 
orm). 
Cytidine 5’-phosphate was eluted with 0.02 N formic 

acid. Evaporation of the formic acid solution gave crys 
talline cytidine 5'-phosphate in a yield of about 60%. 

Example lV.—-Uridine 2'(3’), 5'-diph0sphate 
To one gram (4.1 m. mole) of uridine (dried pre 

viously at 1l0°/0.1 mm. over phosphorus pentoxide for 
12 hours) was added 5 cc. of warm freshly prepared phos 
phorylating agent (see Example II above) and the sealed 
reaction ?ask maintained at 60° in an oven. Uridine 
dissolved under frequent agitation during the ?rst one 
half hour to form a clear dark syrup. Direct examina 
tion by paper chromatography of a suitable amount of 
the ?uid removed after a period of 2.5 hours and diluted 
with water showed only a small amount of unreacted uri 
dine. After a total period of 20 hours the syrup was dis 
solved in 60 cc. of water and a. small quantity of 6 N hy 
drochloric acid added to reduce the pH of the aqueous 
solution to 0. After being heated at 100° for 15 min— 
utes, the solution was neutralized with 4.5 N lithium hy 
droxide solution to pH 9. 
The heavy precipitate of lithium phosphate was re 

moved by centrifugation and washed thoroughly with 
small portions of water. The combined supernatants 
were allowed to pass slowly through a bed (12.5 sq. 
cm. x 4.2 cm.) of Dowex 2 ion exchange resin (200-325 
mesh; chloride form). After a water wash which re 
moved some uridine (about 4.4% of the amount of uri 
dine used), uridine monophosphates and orthophosphoric 
acid were eluted with .01 N hydrochloric acid+.015 M 
sodium chloride solution (total volume, 4 litres represent 
ing 4.7% of the amount of uridine used). The diphos 
phates were then eluted with .01 N hydrochloric acid+.1 
M sodium chloride solution and found to represent a con 
version of 80.6% of the amount of uridine used to the 
diphosphates. 
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This eluate was neutralized with.sodiumlhydroxideland 
then concentrated under partialpressure to about 18 cc. 
Aftert?ltr'ation of the solution, to remove any suspended 
matter, through a s’inter glass ‘funnel,- which was later 
washed with 2 cc. of water, thepH was adjusted to 9 
with‘ lithium hydroxide solution and the ‘barium salts 
werepr'ecipitated by the addition'of '7 cc.'o'f 2 .M'barium 
acetate solution and collected through centrifugat'ion. 
‘These were washed three ‘times with 50% ethyl ‘alcohol, 
‘then ethyl alcohol and ether and allowed to equilibrate 
with air at room temperature. Wt., 2.52 .g., 75% yield. 

Example V.~—Cytidine 2'(3’),5'-diphosphate 
A 6mixture ‘of *two' 1hundred ‘mg (0.824 ‘m. Maid) of 

cytidine (previously dried at 1l0°/0.1 over ‘phos 
phorus pentoxide for 12 hours) and 1 cc. of a freshly pre 
pared solution of phosphorus pentoxide in phosphoric 
acid (1:1.3, W./W.) was heated when cytidine slowly 
dissolved to give a clear homogeneous syrup. After a 
period of 20 hours the syrup was dissolved in 15 cc. of 
water and the solution treated as described above for 
uridine diphosphate. After removal of lithium phosphate 
the solution (about 50 cc.) was slowly passed through a 
Dowex 2 (200-325 mesh; formate form) ion exchange 
bed (12.5 sq. cm. x 2.0 cm.). After a water wash (1000 
cc.) which removed only negligible amount of ultra-violet 
absorbing material (showing the absence of cytidine), 
1500 cc. of 0.01 N formic acid +.05 N sodium formate 
solution were passed, a ?ow rate of 15 cc. per minute 
being maintained during this and the following elutions. 

Cytidine monophosphates thus removed corresponded 
to 4.7% of the amount of cytidine employed. The di 
phosphates were next eluted with 4.0 N formic acid +.01 
M sodium formate (and found to represent 74% of the 
amount of cytidine employed). Subsequent elution with 
1.0 N formic +1.0 M sodium formate removed a small 
amount of material (about 3% of the amount of-cytidine 
employed) corresponding presumably to 2', 3', 5’-tri 
phosphate. The eluate containing the diphosphates was 
concentrated to half its volume in vacuo, then diluted with 
an equal volume of water and reevaporated. This proc 
ess was repeated four times before the volume was re 
duced to 25 cc., this solution being freeze-dried. 
The residue was dissolved in 2.5 cc. of water, ?ltered 

through a fritted glass funnel, which was subsequently 
washed with 1 cc. of water. To the combined ?ltrate and 
washing, after neutralization with 4.5 N lithium hy 
droxide solution to pH 9, was added 1.6 cc. of 2 M 
barium acetate solution. Ten cc. of 95% ethyl alcohol 
was added and the precipitated barium salts were col 
lected by centrifugation and washed thoroughly with 
three portions of 60% ethyl alcohol, then with ethyl alco 
hol and ether. Yield 430 mg. 

I claim: 
1. A process for the preparation of a pyrimidine nu 

cleoside 5’-monophosphate which comprises reacting a 
2’,3'-isopropylidene pyrimidine nucleoside with a mixture 
of phosphorus pentoxide and phosphoric acid. 

2. A process for the preparation of pyrimidine nu 
cleoside monophosphate which comprises reacting a 2',3, 
isopropylidene pyrimidine nucleoside with a warm mix 
ture of phosphorus pentoxide and concentrated phos 
phoric acid. 

3. A process as claimed in claim 1 in which the ratio of 
phosphorus pentoxide to phosphoric acid is 1.3 to 1 on a 
Weight basis. 

4. A process for the preparation of a pyrimidine nu 
cleoside selected from the group consisting of 2',5'-di 
phosphates and 3’,5'-diphosphates which comprises re 
acting a pyrimidine nucleoside with a mixture of phos 
phorus pentoxide and phosphoric acid. 

5. A process for the preparation of a pyrimidine nu 
cleoside selected from the group consisting of 2',5'-di 
phosphates and 3’,5'-diphosphates which comprises re 
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* acting a pyrimidine nucleoside with a mixture of phos 
phorus pentoxide and phosphoric acid. 

6. A process as claimed in claim 5 in which the ratio 
of phosphorus pentoxide to phosphoric acid is 1.3 to 1 
on a weight basis. ‘ 

7. A process for the preparation of a pyrimidine nu 
cleoside 5’-monophosphate which comprises reacting a 
2',3’-isopropy1idene pyrimidine nucleoside with a mixture 
of phosphorus pentoxide and phosphoric acid and hy 
drolysing the reaction product to remove the isopropyli 
dene group. 

8. A process as claimed in claim 1 in which the pyrimi 
dine is uracil. 

9. A process as claimed in claim 1 in which the pyrimi 
_ dine is cytosine. 

10 

715 

8 
References .Cited in the ‘?le of thispatent 4. .. ~ 

UNITED STATES PATENTS I 

2,052,029 Harris _____________ .... Aug. 25, 1936 

FOREIGN PATENTS 
141,280 Australian ___________ __ Mar. 4, 1948 

OTHER REFERENCES 
Hudson et al.: “Advances in Carbohydrate Chemis 

try,” vol. 6, published by Academic Press (N. Y.), 1951 
(page 170 relied on). 
Atherton et al.: “Journal Chemical Society,” 1945., (pp. 

382 to 385 relied on.) 


